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T Stem cells can self-revitalize and form specific cell types, thus providing new strategies to regenerate missing tissues 

and treat diseases. oral mucosal cells are thought to provide potential source for genetically reprogrammed cells such as 
induced pluripotent stem (iPS) cells as adult mesenchymal stem cell are found mostly in oral mucosal cells and form a 
therapeutic target for stem cells. As stem cell and tissue engineering therapies in dentistry continue to attract increasing 
clinical interest, this review outlines various types of intra- and extra-oral tissue-derived stem cells with regard to clinical 
availability and applications in dentistry.
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INTRODUCTION:
Stem cells have inherent capability of forming in to many 
specialized cells by mitosis in the body during early life and 

1growth . Appreciation of developmental process of specific 
2structure is very important to reinstate a specific tissue . 

Ernest A. McCullough and James E. Till (1960s) were the first 
to set forth into the field of stem cells research at the 

1University of Toronto . Development of new tissue or organ 
begin by the tissue rebuilding with the help of pluripotent 
stem cells and these evolve in to multipotent cells of different 
origin like, epithelial, mesenchymal and other tissue specific 

3,4,5stemcells . Totipotency, pluripotency, multipotency and 
6unipotency are various characteristics of stem cells . 

Over recent years, studies have shown that oral tissues are a 
7source of stem cells . So auther's used tissue engineering and 

utilization of stem cells in dentistry to overcome the clinical 
complications such as gingival recession, gingival 
inflammation, crestal bone loss and inflammation of the 
surrounding periodontal tissues in substitution of missing 
teeth with dental implants in partially edentulous and 
completely edentulous patients as bone resorption continues 
throughout the life significantly in mandible as they incapable 
of mimicking the chemical, physical and biological 
properties of natural tooth materials (i.e. enamel, dentin, 
cementum, pulp and periodontal ligament) and their 

8,9,10physiological functioning . 

One of the foremost inventive by professor paul sharpe and 
his team from kings college of london in 2004 was the 
development of "lab tooth " from cellular components. They 
used embryonic oral epithelium from 10 day old developing 
murine embryoes with bone marrow cells from 6-9 week old 
mice. these formed to explants when transplanted to renal 
capsule.The resultant teeth simulated late cap/earlybell 
stage morphology and composed of ameloblasts, 
odontoblasts, enamel, dentin, dental pulp and surrounding 
bone tissues. A well developed teeth with dentin, predentin 
and periodontal ligament was formed by implanting the 
above mentioned explants in to the tooth-less region of adult 
mice. As a sequence additional studies were done to traverse 
the use of human cells in cellular combination and 
transplantation experiments. For this, human gingival 
epithelial cells were collected, cultured and combined with 

embryonic mesenchymal cells from 14-day-old mice 
embryos.Then the resultant explants were transplanted into 
murine renal capsules and after six weeks of in vivo 
development, the resultant teeth shows dentin, dental pulp, 

11and cementum and some hard tissues .

In 2003 Dr. Songtao shi, a pedodontist found dental pulp stem 
cells in exfoliated deciduous teeth of his daughter.Numerous  
scientists have been accomplished work on dental pulp, 
looking for stem cells and they confirmed that dental pulp was 
rich in various forms of stem cells as, adipocytes, 
chondrocytes, osteoblasts and mesenchymal stem cells. 
These are seen in both children and adults and has wide 
therapeutic actions. Aging and death of odontoblasts due to  
severe injury to dental pulp from trauma or infection limited 

12the regenarative ability of dental pulp stem cells .

Undifferentiated cells can be isolated from the three types of 
13teeth, they are : 

Ÿ Deciduous Teeth: These are rich source of viable stem 
cells and have extreme proliferative capability even in 
small quantities. 

Ÿ Wisdom teeth: This is exceptional source for dental pulp 
stem cells.

Ÿ Permanent teeth: These are potential resource of stem 
cells. 

Prosthodontic applications:
1) Regeneration of tooth: Tooth development requires 

epithelial mesenchymal exchanges. It includes 
reciprocal exchange of signals between the two germ 
layers. Which results in the formation of inimitable 
terminal phenotypes with their suppoerting cells. In 
ductive morphogens, stem cells and scaffolds are the key 
elements in tooth regeneration.

Regeneration of teeth involves the following steps:
1. Adult stem cells are harvested and spread out. 
2. Optimized environment is facilitated by seeding the stem 

cells as scaffolds.
3. Targeted soluble molecular signals are given to cells.
4. For odontogenesis gene expression profile is confirmed 

14,15,16,17,18by the cells .
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2) Regeneration of periodontium: Regeneration of 
periodontal tissue allways shows certai challenges 
because it includes both soft and hard tissues. Allografts, 
autologous bone grafts or alloplastic materials of recent 
techniques have restrictions and can not be used in all 
clinical conditions. Therefore, the therapeutic alternative 
is a cellmediated bone regeneration technique. 
Kawaguchi et al. and Hasegawa et al, stated that 
periodontal ligament cells cultured invitro were 
effectively reimplanted into periodontal defects in order 
to countersign periodontal regeneration. Resultant 
studies by the same group stated a parallel approach in 
humans. This studies presented certain evidence that 
stem cells are to regenerate a tissue as complex as the 

19periodontium .
3) Regeneration of craniofacial structures: osseous 

defects of the jaw were grafted with TRCS and biopsies 
harvested for 6 and 12 days for analysis and followed for 
12 months after oral implant therapy. Clinical, 
radiographical and histological findings demostrated 

20that cell therapy accelerated the regenerative response .
4) Regeneration of Alveolar bone:  Mesenchymal 

condensation by aggregation of mesenchymal stem cells 
seen in the development of  bone. I t  includes 
intramembranous and endochondral bone formation 

21mechanisms . Bone have the intrinsic capability of 
regeneration during adulthood. Incase of minor injuries 
regeneration takes place by the local cells like 
chondroblasts, osteoblasts, endothelioblasts and 
fibroblasts. In severe injuries self healing alone can't 
repair the defect. So adequate supply of stem cells is 

22requird for the regeneration of efficient bone . Oral 
mesenchymal stem cells have more potential of bone 

23regeneration .
5) Regeneration of muscle tissue: Arminan et al said that 

cardiomyocytes-like cells can be separated from dentin 
pulpal stem cells when cultivated with neonatal rat 

24cardiomyocytes for about 4 weeks in vitro . Yang et al said 
that dystrophin producing muscle cells can be separated 
from dental pulp stem cells in cardiotoxin- paralyzed 
muscles in a mouse model and can be used as a treatment 

25of choice for muscular dystrophy .

CONCLUSION: 
Excellent regenerative ability of oral epithelial and 
mesenchymal stem cells can be applied not only in dentistry 
but also in various fields of medicine like repair of cornea, 
neural, bone, muscle, tendon, cartilage, and endothelial 
tissues without neoplasm formation. But most of the studies 
lack strict quantitative analysis for testing the ability of these 
cells to self-renew, proliferate, and differentiate, especially in 
vivo. experimental studies need to resolve the following 
issues before clinical application: 1) massive cell death in the 
transplanted site (it has been reported that in the damaged 
spinal cord only a few percent of the transplanted oral stem 
cells could survive, and they have difficulty to integrate into 
the local tissue therefore, viability and functional 
differentiation of oral stem cells in vivo need to be improved); 

26particularly for neuronal regeneration , 2) the interaction 
between transplanted oral stem cells and local cells or 
microenvironment needs to be analyzed; 3) in vivo cell 
lineage tracing of transplanted oral stem cells isrequired for 
understanding their fate and behavior; 4) since oral stem 
cells, especially oral epithelial stemcells, are often involved in 
neoplasia, the cellular and molecular mechanisms that allow 
oral stem cells tochoose self-renewal, canceration, and 
differentiation should be well studied.

REFERENCES:
1. Stem cell - Wikipedia, the free encyclopedia. en.wikipedia. org/wiki/ 

Stem_cell.
2. Behjati S, Huch M, van Boxtel R, et al. Genome sequencing of normal cells 

reveals developmental lineages and mutational processes. Nature. 2014;513: 
422–425.

3.  Doetschman TC, Eistetter H, Katz M, Schmidt W, Kemler R. The in vitro 

development of blastocyst-derived embryonic stem cell lines: formation of 
visceral yolk sac, blood islands and myocardium. J Embryol Exp Morphol. 
1985;87:27–45.

4. Odorico JS, Kaufman DS, Thomson JA. Multilineage differentiation from 
human embryonic stem cell lines. Stem Cells. 2001;19(3):193–204.

5.  Vainio S, Karavanova I, Jowett A, Thesleff I. Identification of BMP-4 as a signal 
mediating secondary induction between epithelial and mesenchymal 
tissues during early tooth development. Cell. 1993;75(1):45–58.

6. Desai VD, Varma b, Maheshwari S, Bumb D. Tooth Regeneration By Stem Cells -
An Innovative Approach. Asian J. Pharm. Hea. Sci. 2012; 2(3):433-7.

7. Maghaireh M, Mangano FG.Stem Cells in Dentistry: Types of Intra- and 
Extraoral Tissue-Derived Stem Cells and Clinical Applications. 2018.

8.  Small PN, Tarnow DP. Gingival recession around implants: a 1-year 
longitudinal prospective study. Int J Oral Maxillofac Implants 2001;15:527-32.

9.  Heitz-Mayfield LJ, Mombelli A. The therapy of peri-implantitis: a systematic 
review. Int J Oral Maxillofac Implants 2014;29 Suppl:325-45. 

10. Osman RB, Swain MV. A critical review of dental implant materials with an 
emphasis on titanium versus zirconia. Materials 2015;8:932- 58.

11.  Ohazama A, Modino SA, Miletich I, Sharpe PT. Stem-cell-based tissue 
engineering of murine teeth. J Dent Res 2004;83:518-22.

12.  Friedlander LT, Cullinan MP & Love RM. Dental Stem Cells and Their Potential 
Role In Apexogenesis And Apexification. Int Endod J. 2009;42:955–62.

13.  Cherian E, Kurien J, Kurien A, Jayasekharan VP. Stem Cells In Dental Tissue. 
Ijoonline. 2013; 1(1): 26-32.

14. Chandra Mouli PE, Kumar S Manoj, Senthil B, Parthiban S, Priya R, Subha R. 
Stem Cells In Dentistry- A Review. J. Pharm. Sci. & Res. 2012; 4(7); 1872 – 6.

15.  Nakahara T, Ide Y. Tooth Regeneration: Implications For The Use Of 
Bioengineered Organs In Irst-Wave Organ Replacement. Hum Cell 2007; 
20:63-70.

16. Duailibi Mt, Duailibi Se, Young Cs, Bartlett Jd, Vacanti Jp, Yelick Pc. 
Bioengineered Teeth From Cultured Rat Tooth Bud Cells. J Dent Res 2004; 
83:523-8.

17. H o n d a  M j , S u m i t a  Y, K a g a m i  H , U e d a  M . H i s t o l o g i c a l  A n d 
Immunohistochemical Studies.

18.  Young C, Abukawa H, Asrican R, Ravens M, Troulis Mj, Kaban Lb, Et Al. Tissue-
Engineered Hybrid Tooth And Bone. Tissue Eng 2005;11:1599-610.

19. Saraswathi K Gopal Lankupalli AR, Stem Cell Therapy. J Clin Diagn Res. 2012 
6(1): 142-4. 

20.  Pelegrine AA, da Costa CE, Correa ME, Marques JF Jr. Clinical and 
histomorphometric evaluation of extraction sockets treated with an 
autologous bone marrow graft. Clin Oral Implants Res. 2010; 21(5):535–542. 
[PubMed: 20337664].

21. Khurana JS. Bone pathology. 2nd ed. Philadephia, PA: Springer; 2009.
22. Dimitriou R, Jones E, McGonagle D, Giannoudis PV. Boneregeneration: 

current concepts and future directions. BMC Med. 2011;9:66.
23. Yamada Y, Ito K, Nakamura S, Ueda M, Nagasaka T. Promisingcell-based 

therapy for bone regeneration using stem cells from deciduous teeth, dental 
pulp, and bone marrow. Cell Transplant. 2011;20(7): 1003–1013.

24.  Armiñán A, Gandía C, Bartual M, et al. Cardiac differentiation is driven by 
NKX2.5 and GATA4 nuclear translocation in tissuespecific mesenchymal 
stem cells. Stem Cells Dev. 2009;18(6):907–918.

25.  Yang R, Chen M, Lee CH, Yoon R, Lal S, Mao JJ. Clones of ectopic stem cells in 
the regeneration of muscle defects in vivo. PLoS One. 2010;5(10):e13547.

26.  Sakai K, Yamamoto A, Matsubara K, et al. Human dental pulp derived stem 
cells promote locomotor recovery after complete transection of the rat spinal 
cord by multiple neuro-regenerative mechanisms. J Clin Invest. 2012;122(1): 
80–90.

PARIPEX - INDIAN JOURNAL F RESEARCH | O May - 2020Volume-9 | Issue-5 |  | PRINT ISSN No. 2250 - 1991 | DOI : 10.36106/paripex

www.worldwidejournals.com 43


