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Introduction

Stem cell research presents an opportunity for 
scientific evidence that goes far beyond regenerative 
medicine. Dentists are at the forefront of engaging 
their patients in potentially life‑saving therapies derived 
from their own stem cells located either in deciduous or 
permanent teeth.

Two studies on research of human teeth in 2000 by 
The National Institute of Health (NIH) mentioned the 
discovery of adult stem cells in impacted third molars and 
even more resilient stem cells in deciduous teeth.[1] All 
the dental, oral, and craniofacial structures are formed 
by neural crest derived and/or mesenchymal cells during 
native development. Dental stem cells can be used in 
the regeneration of dentin and/or dental pulp; biologically 
viable scaffolds will be used for the replacement of 
orofacial bone and cartilage, and defective salivary 
glands will be partially or completely regenerated.[1]

Tooth banking is based on the firm belief that 
personalized medicine is the most promising avenue 
for treating challenging diseases and injuries that 
would occur throughout life. Individuals have different 
opportunities at different stages of their life for banking 
their valuable cells. Recent studies have shown that 
SHED have the ability to develop into more types of body 
tissues than other types of stem cells.

Two different populations of stem cells have been 
considered for tooth formation:
1. Epithelial stem cells (EpSC), which will give rise to 

ameloblasts.
2. Mesenchymal stem cells (MSC) that will form the 

odontoblasts, cementoblasts, osteoblasts, and 
fibroblasts of the periodontal ligament.[2]

Epithelium Stem Cells

Although significant progress has been made with 
MSC, there is no information available for dental epithelial 
stem cell (EpSC) in humans. There is an absence of 
dental epithelial stem cell (EpSC) populations in erupted 

Recent exciting discoveries isolated dental stem cells from 
the pulp of the primary and permanent teeth, from the 
periodontal ligament, and from associated healthy tissues. 
Dental pulp stem cells (DPSCs) represent a kind of adult 
cell colony which has the potent capacity of self‑renewing 
and multilineage differentiation. Stem cell‑based tooth 
engineering is deemed as a promising approach to the 
making of a biological tooth (bio‑tooth) or engineering of 
functional tooth structures. Dental professionals have the 
opportunity to make their patients aware of these new 
sources of stem cells that can be stored for future use as 
new therapies are developed for a range of diseases and 
injuries. The aim of this article is to review and understand 
how dental stem cells are being used for regeneration 
of oral and conversely nonoral tissues. A brief review on 
banking is also done for storing of these valuable stem 
cells for future use.
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teeth, precluding their use in tooth tissue engineering 
applications because their precursors are eliminated 
soon after eruption.[3] Stem cell technology appears to 
be the only possibility to recreate an enamel surface.[2]

Mesenchymal Stem Cells

The potential of dental MSC for tooth regeneration 
and repair has been extensively studied in the last years 
which can differentiate into chondrocytes, osteoblasts 
and adipocytes, and myocytes.[4] Hence, MSCs are more 
promising for therapeutic applications than other types 
of stem cells.[5]

Following types of mesenchymal progenitors have 
been assessed from teeth and have been used for 
regeneration of dental tissues.[6,7]

Stem cells have been called DPSC (dental pulp 
stem cells), when found in permanent teeth, and 
SHEDs (stem cells from human exfoliated deciduous), 
when found in deciduous teeth in the periodontal 
ligament (periodontal ligament stem cells – PDLSCs).[6,8]

Stem cells from human exfoliated deciduous teeth

These cells exhibited a high plasticity since they could 
differentiate into neurons, adipocytes, osteoblasts, and 
odontoblasts. In vivo SHED cells can induce bone or 
dentin formation.[3] SHEDs have a higher proliferation 
rate and these cells might represent a more immature 
population of multipotent stem cells.[9]

Adult dental pulp stem cells

Dental pulp stem cells (DPSCs) can be isolated from 
the dental pulp.[10] It has been shown that adult dental 
pulp contains precursors capable of forming odontoblasts 
under appropriate signals like calcium hydroxide or 
calcium phosphate materials. Tooth repair is a lifetime 
process, thus suggesting that MSC might exist in adult 
dental pulp. The in vivo therapeutic targeting of these 
adult stem cells remains to be explored.[2]

Periodontal ligament stem cells

PDL contains STRO‑1 positive cells that maintain 
certain plasticity since they can adopt adipogenic, 
osteogenic, and chondrogenic phenotypes in vitro. 
According to Seo, et al.[11] it is thus obvious that PDL 

itself contains progenitors, which can be activated 
to self‑renew and regenerate other tissues such as 
cementum and alveolar bone.[2,10]

Stem cells from the apical part of the papilla

SCAP exhibit a higher proliferative rate and appears 
more effective than PDLSC for tooth formation. 
Importantly, SCAP are easily accessible since they can 
be isolated from human third molars.[2,10]

Stem cells from the dental follicle

DFSC have been isolated from follicle of human 
third molars and express the stem cell markers Notch1, 
STRO‑1, and nestin. Immortalized dental follicle cells are 
able to recreate a new periodontal ligament (PDL) after 
in vivo implantation.[2,10]

Types of Stem Cells from Human Exfoliated 
Deciduous [Figure 1]

Adipocytes

Adipocytes have successfully been used to repair 
damage to the heart muscle caused by severe heart 
attack. There are also preliminary data to indicate that 
they can be used to treat cardiovascular disease, spine 
and orthopedic conditions, congestive heart failure, 
Crohn’s disease, soft tissue grafts for facial soft tissue 
reconstruction and augmentation,[4] have the ability to 
repair damaged cardiac tissues following a heart attack, 
and can be used in plastic surgery.[12‑14]

Chondrocytes and osteoblasts

Chondrocytes and osteoblasts have successfully been 
used to grow bone and cartilage suitable for transplant. 

Figure 1: SHED derived mesenchymal stem cells
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They have also been used to grow intact teeth in 
animals.[12,15,16]

Mesenchymal

MSC‑derived myocytes can be used to treat muscular 
dystrophy and facial muscle atrophy. Since they can form 
neuronal clusters, mesenchymal stem cells have the 
potential to treat neuronal degenerative disorders such 
as Alzheimer’s and Parkinson’s diseases, cerebral palsy, 
as well as a host of other disorders.[12,15‑18]

SHED and banking

Existing research has clearly shown that primary 
teeth are a better source for therapeutic stem cells than 
wisdom teeth, and orthodontically extracted teeth.[16] 
With the documented discovery of SHED in 2003 by 
Dr. Shi,[15] an accessible and available source of stem 
cells has been identified which can be easily preserved 
and used for future cure of ailments. SHED are immature, 
unspecialized cells in the teeth that are able to grow 
into specialized cell types by a process known as 
“differentiation.” Abbas, et al.[19] investigated and stated 
that SHED are of neural crest origin.[12]

The main advantage of banking SHED cells is that 
it provides a guaranteed matching donor (autologous 
transplant) for life and saves cells before natural damage 
occurs. Apart from these, the other advantages are as 
follows:
• Simple and painless for both child and parent and less 

than one third of the cost of cord blood storage.[12]

• SHED cells are complementary to stem cells from 
cord blood.[16]

• SHED may also be useful for close relatives of the 
donor.[5]

Also these are adult stem cells and thus are not the 
subject of same ethical concerns as embryonic stem 
cells.[5,20]

Collection, isolation and preservation of SHED

For deciduous teeth, the best candidates for isolation 
are canine and incisors with the presence of healthy pulp 
that are starting to loosen. In children, other sources for 
easily accessible stem cells are supranumerary teeth, 
mesodens, overretained deciduous teeth associated with 
congenitally missing permanent teeth and prophylactic 

removal of deciduous molars for orthodontic indications. 
When a deciduous tooth becomes extremely mobile 
it is likely that the pulp has been separated from its 
blood supply. The tooth might still maintain its gingival 
attachment and be retained for weeks in the mouth 
with a necrotic pulp. Adolescents have two excellent 
opportunities for banking their stem cells from extracted 
teeth: following extraction of bicuspid teeth for orthodontic 
treatment and when their wisdom teeth are extracted. 
The follicular sac of an unerupted tooth may also prove 
to be a valuable source for stem cells.[5]

As such, it is inevitable that 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. It 
is needless to say that this means potentially storing 
for decades, and the cost and technical difficulty of 
doing this properly make stem cell therapy using one’s 
own cells a still uncertain bet. Tooth banking is not 
very popular but the trend is catching up mainly in the 
developed countries.[12]

Step 1: Tooth collection

With prior informed consent, the first step is to place 
the tooth in a sterile saline solution[12] or in fresh milk in 
the storage container along with frozen gel packs. The 
kit is then ready for delivery to their lab.[21] The tooth 
exfoliated should have pulp which is red in color, and 
not necrotic, thus indicating that the pulp received blood 
flow till the time of removal, which is indicative of cell 
viability. After its recovery, the tooth is transferred into 
the vial containing a hypotonic phosphate buffered saline 
solution, which provides nutrients and helps to prevent 
the tissue from drying out during transport (up to four 
teeth in the one vial). The vial is then carefully sealed 
and placed into the thermette, a temperature phase 
change carrier, which is then placed into an insulated 
metal transport vessel. This procedure maintains the 
sample in the hypothermic state during transportation 
and is described as sustentation.[12]

Step 2: Stem cell isolation[12]

When the tooth bank receives the kit or vial, all the 
cells are isolated and the stringent protocol is followed 
for cleaning of the tooth surface by various disinfectants; 
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isolation of pulp tissue from pulp chamber and cells is 
then cultured in a mesenchymal stem cell medium (MSC) 
under appropriate conditions. By making changes in the 
MSC medium different cell lines can be obtained such 
as odontogenic, adipogenic, and neural. If cultures are 
obtained with unselected preparation, colonies of cells 
with morphology resembling epithelial cells or endothelial 
cells can be established.

Usually cells disappear during the course of successive 
cell passages. If contamination is extensive, then a 
change in procedures can be performed: in which 
STRO‑1 or CD 146 can be used. This is considered as 
most reliable.

The time from harvesting to arrival at the processing 
storage facility should not exceed 40 hours.

Step 3: Stem cell storage

In the light of present research, either of the following 
two approaches is used for stem cell storage:

(a) Cryopreservation

(b) Magnetic freezing

Cryopreservation[4,11,21,22]

Cells are preserved by cooling them to subzero 
temperatures, at which biological activity is stopped. 
The cells are preserved in a liquid nitrogen vapor at a 
temperature of less than −150° C. This preserves the 
cells and maintains their latency and potency.

Magnetic freezing[12,23]

Hiroshima University uses magnetic freezing rather 
than cryogenic freezing. The idea of this technique is to 
completely chill an object below the freezing point, by 
using a magnetic field, without freezing, thus ensuring, 
distributed low temperature without the cell wall damage 
caused by ice expansion and nutrient drainage due to 
capillary action, as normally caused by conventional 
freezing methods. Then, once the object is uniformly 
chilled, the magnetic field is turned off and the object 
snap freezes.

Using CAS, Hiroshima University claims that it can 
increase the cell survival rate in teeth to a high of 83%. 
This system is a lot cheaper than cryogenics and more 
reliable as well.[2]

Licensed tooth banks are the following:[24]

•	 Reliance life sciences, Delhi.
•	 Life call, Chennai.
•	 Stemade Biotech Pvt Ltd. India.
•	 The Norwegian Tooth Bank.

Dental tissue regeneration

The goal of tissue engineering is to restore tissue 
function through the delivery of stem cells, bioactive 
molecules, natural/synthetic tissue support or scaffold 
to build a three‑dimensional living construct that is 
functionally, structurally and mechanically equal to or 
better than the tissue that is to be replaced.[25]

Currently there are two major approaches to tooth 
regeneration:
1. By using principles of tissue engineering.
2. By reproducing the developing processes of 

embryonic tooth formation.[26]

By using principles of tissue engineering Yelick’s group 
have used dental epithelium and pulpal mesenchymal 
tissues and seeded the mixture of heterogenous single 
cells onto tooth‑shaped biodegradable polymer scaffold 
consisting of polyglycolic acid and polycoglycolide 
copolymer resulting in tiny tooth like tissues (such as 
enamel, dentin, pulp) within implant, which resembled the 
crown of natural teeth after 25‑30 weeks of placement of 
this cell scaffold construct into the body of animal host. 
Further studies are required to achieve structurally sound 
teeth as the success rate of natural tooth like looking 
teeth is 15‑20%.[27]

Developing processes of embryonic tooth formation

Hu, et al.[28] have shown that under experimental 
conditions, nondental mesenchymal cells, i.e., bone 
marrow cells rather than dental mesenchymal cells, 
can give rise to ameloblast‑like cells that form enamel 
while Sharpe’s group[29] reported that bone marrow cells 
when placed in contact with oral epithelium possess the 
potential to differentiate into dental mesenchymal cells 
forming dentin and pulp.

Root regeneration

Current understanding of the cellular and molecular 
mechanisms of tooth root development is still in its infancy, 
although a number of genes involved in tooth crown 
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development have been identified. Sonoyama, et al.[30] 
explored the potential for reconstructing a functional tooth 
in miniature pigs in which a bio‑root periodontal complex 
is built up by postnatal stem cells using stem cells from 
apical root papilla (SCAP)[31] and periodontal ligament 
stem cells to which an artificial porcelain crown is fixed 
and concluded that dental stem cell engineering can be 
used for human tooth root regeneration.[30]

Limitations in tooth regeneration research

Certain limitations are listed below as suggested by 
Nakahara and Idle:[32]

1. Will the principles of tissue engineering related to 
tooth regeneration be able to resemble correct tooth 
morphology or not?

2. There is no suitable substitute for the embryonic oral 
epithelium even though adult bone marrow cells can 
replace dental mesenchymal cells and at the present 
time there is no embryonic environment that enables 
bone marrow cells to differentiate into tooth germ cells.

3. Concern over host immune rejection and ethical 
issue on use of human embryo still exists till date.

Dental stem cells for regeneration of nondental 
tissues [Figure 2]

Fang, et al.[33] in 2007 demonstrated that bone marrow 
MSCs were capable of generating bone structures and 
bone‑associated marrow elements on the surfaces 
of the orofacial bone. In addition, they found that the 
subcutaneous transplantation of another population 
of MSCs, the human periodontal ligament stem 
cells (PDLSCs), could form substantial amounts of 
collagen fibers and improve facial wrinkles in mouse.[34]

Otaki, et al.[35] in 2007 reported that dental pulp 
cells (first to eighth passage) produced bone instead 
of dentin when those cells were implanted into 
subcutaneous sites in immunocompromised mice with 
HA/TCP powder as their carrier. Their evidence showed 
that dental pulp cells are the common progenitors of 
odontoblasts and osteoblasts, or dental pulp cells are 
mesenchymal stem cells themselves.

Nosrat, et al.[36] in 2001 established an in vitro culture 
system to study the interactions between the dental pulp 
cells and trigeminal neurons. When DPC are cocultured 
with trigeminal neurons, they promote survival and a 

specific and elaborate neurite outgrowth pattern from 
trigeminal neurons, whereas skin fibroblasts do not 
provide a similar support. Interestingly, grafting the dental 
pulp tissue into hemisected spinal cord increases the 
number of surviving motoneurons, indicating a functional 
bioactivity of the dental pulp‑derived neurotrophic factors 
in vivo by rescuing motoneurons.

Application of dental stem cells in dentistry.

Application of dental stem cell in various fields of 
dentistry has been explored and has been mentioned 
briefly [Figure 3].

Regenerative endodontic techniques

These techniques are based on the basic tissue 
engineering principles.[37‑40]

Murray, et al.[37] identified several major areas of 
research that might have applications in the development 
of these techniques.

Figure 2: Uses of dental stem cells in regeneration of 
nondental tissues

Figure 3: Dental Stem cells in dental tissue regeneration
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These techniques are as follows:
• Dentin regeneration by pulp implantation.
• Revascularization of root canal.
• Three‑dimensional cell printing.
• Gene delivery‑based approaches.
• Postnatal stem cell therapy.
• Scaffold implantation and delivery.

Cultured cells from tooth bud tissue were then 
harvested and seeded onto biodegradable polyester 
scaffolds, the purpose of which was to provide a support 
onto which seeded dental progenitor cells – postnatal 
dental stem cells (PNDSC)[41] – can adhere and orient 
themselves with respect to each other, allowing for 
requisite epithelial and mesenchymal dental cell 
interactions for tooth initiation and development.[2]

Damaged odontoblasts can be replaced by newly 
generated populations of odontoblasts,[42] derived 
from stem cells from pulp and regenerate dentine/pulp 
tissue[43,44] resembling normal physiologic tissue.[45‑47]

Seve ra l  case  repo r t s  have  documen ted 
revascularization[48,49] of necrotic root canal systems of 
immature permanent teeth by disinfection followed by 
establishing bleeding into the canal system[31] via little or 
no instrumentation to avoid fracture of thin dentinal wall.

The formation of a blood clot might serve as a 
protein scaffold, permitting three‑dimensional ingrowth 
of tissue[37,50,51] and both dentin and platelets provide 
sources of certain growth factors.[36]

The three‑dimensional cell printing technique can be 
used to precisely position cells, and this method has the 
potential to create tissue constructs that mimic the natural 
tooth pulp tissue structure. However, early research has 
yet to show that three‑dimensional cell printing can create 
functional tissue in vivo.[37]

The major reason for using stem cells in cell‑based 
gene therapies is that they are a self‑renewing population 
of cells and thus may reduce or eliminate the need for 
repeated administrations of the gene therapy. The clinical 
applications of hematopoietic stem cell‑based gene 
therapies are diverse, extending to organ transplantation, 
blood and bone marrow disorders, and immune system 
disorders.[45,52] Both in vivo and ex vivo approaches 
can be used for gene therapy. The ex vivo approach 
involves genetic manipulation of cells in vitro, which 
are subsequently transplanted to the regeneration 

site. The successful bone induction has been reported 
after application of the BMP family members, Bmp2, 
Bmp4, Bmp7, and Bmp9 by gene therapy using viral 
vectors. Rutherford[53] in his work used ferret pulps with 
cDNA‑transfected mouse BMP‑7 but failed to produce 
reparative response, suggesting that further research in 
the potential of pulp gene therapy is needed.

Periodontal regeneration

Recent studies revealed the presence of progenitor cells 
in the dental follicle, which can contribute to the formation 
of periodontal tissues (including cementum and the 
periodontal ligament) known as Dental follicle stem cells and 
odontoblasts. Kramer et al.[54] demonstrated that PDL‑like 
tissue can be developed from periodontal progenitor cells 
and from mesenchymal stem cells in contact with either PDL 
factors or the tissue itself. Saito et al.[55] suggested the use 
of bone morphogenetic protein BMP‑2 as a promoter for 
the differentiation of progenitor cells from the dental follicle 
into cementoblasts and odontoblasts in order to reestablish 
the integrity of the PDL.[45]

The potential use of bone‑marrow‑derived MSCs 
(BMSSCs) for the regeneration of dental structures 
was tested in a study by Kawaguchi and colleagues[56] 
where autologous cells were transplanted into surgically 
created dental defects in beagle dogs in experimental 
class III furcation defects. Newly formed cementum 
was detected covering the surface of the roots and the 
presence of Sharpey’s fibers inserted into the cementum 
was noted.[57]

Bone and craniofacial regeneration

Stem cells have been used in the tissue engineering 
of a human‑shaped temporomandibular joint. MSCs 
were first isolated from bone marrow and exposed 
separately to either chondrogenic or osteogenic 
supplemented culture medium.[1,4] Alhadlaq and 
Mao[58,59] used MSC‑derived cells encapsulated in a 
poly {ethylene glycol} diacrylate (PEGDA) hydrogel that 
was molded into an adult human mandibular condyle in 
stratified yet integrated layers of cartilage and bone. The 
osteochondral grafts in the shape of human TMJs were 
implanted in immunodeficient mice for up to 12 weeks. 
Upon harvest, the tissue‑engineered mandibular joint 
condyles retained their shape and dimensions.[1]
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According to Pittenger, et al.[60] bone marrow‑derived 
MSC are now under consideration for the repair 
of craniofacial bone and even the replacement or 
regeneration of oral tissues.[1,61] Reconstruction of 
craniofacial and dental defects using MSC avoids 
many of the limitations of both auto‑ and allografting 
techniques.[62] Clinical studies are being conducted 
using stem cells for alveolar ridge augmentation and 
long‑bone defects.[63,64] Vascularized bone grafts are also 
in development using stem cells, and reconstruction of a 
patient’s resected mandible has been carried out using 
this technique.[1]

In study by Alejandro, et al.[65] the authors used 
osteogenically differentiated fat‑derived stem cells 
to repair surgically created rat palatal bone defects. 
Hematoxylin and eosin staining, immunohistochemical 
staining for osteocalcin, and histomorphometric 
measurements of new bone were performed. Newly 
formed bone stained positive for osteocalcin.

Changes in the expression of stem cell markers in oral 
lichen planus and hyperkeratotic lesions

Despite the pivotel role of stem cells in homeostasis 
of oral epithelial the location of this cell population within 
the tissue is uncertain. How disease influences these 
cells in vivo also remains to be elucidated.

Kose, et al.,[66] in a study showed the location of stem 
cells in normal nonkeratinised buccal epithelium (NOM) 
by immunohistochemical staining for the putative stem cell 
markers alpha 6 and beta 1 integrins, melanoma‑associated 
chondroitin sulphate proteoglycan (MCSP), NG2 the rat 
homologue of human MCSP, notch 1 and keratin 15 (k15). 
This is the first study to show alterations in stem cell 
marker expression in oral lichen planus (OLP) and oral 
hyperkeratotic lesions (OHK) which indicates pathological 
signaling may regulate expression of these markers. This 
implicates adult stem cells in the pathogenesis of these 
mucosal disorders where epithelial differentiation and 
proliferation is known to be perturbed. k15, NG2 and beta 
1 staining was continuous in the basal layer of NOM while 
α6 and β1 and MCSP were upregulated in both OLP and 
OHK. NG2 remained unchanged and notch 1 was absent 
in all samples. Therefore, the stem cell phenotype in OLP 
and OHK may be altered in response to pathological 
signaling. Classification of these changes is essential to 

understand the role of adult stem cells in the pathogenesis 
of oral diseases characterized by abnormal keratinocyte 
proliferation and differentiation.

Staining pattern observed in the study showed that 
α6 integrin and MCSP are the most likely adult stem 
cell markers in oral epithelium. High expression of the 
integrin family of receptors is believed to be responsible 
for stem cells being more adhesive to basement 
membrane than other basal cells. Further studies of these 
molecular perturbations are essential to understand the 
fundamental role of adult stem cells in the pathogenesis 
of benign mucosal disease.

Conclusion

The current research on dental stem cells is expanding 
at an unprecedented rate. At present, stem‑cell‑based 
tissue engineering approaches provide the most 
promising solution. Within the next few years, these 
cells will be used to restore the form and function of the 
oral cavity using autologous cells, thereby overcoming 
histocompatability mismatch and transmission of viral 
disease. While we can see the promise of human 
stem cell therapies for the future, dentists know that 
it is important to act now to harvest and store these 
mesenchymal stem cells from deciduous teeth and 
extracted permanent teeth because the opportunity to 
bank patient’s dental stem cells will have greatest future 
impact if seized while patients are young and healthy for 
future regenerative therapies, although there are many 
ethical controversies and legal and social questions 
which need to be addressed before stem cell‑based 
therapies become clinically available.
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