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ABSTRACT 
 
The regeneration potential of human tissue is very limited. With time and continuous research, science has reached a new level where we are almost 
capable of regenerating lost tissue. Adult stem cells are multipotent and can be induced experimentally to differentiate into various cell lineages. Hence, 
such cells play a role in achieving the promise of tissue regeneration. As of now, tests and trials are happening worldwide, but this advancement is still 
to be implemented in everyday practice. This article is our attempt to bring together all the relevant facts about stem cells, their use in tissue engineering 
and its application; through reviewing the key articles published so far on this topic so as to gather all the needful information about this utterly vast 
and complex matter. This review will also update the existing and current stem cells application in engineering tissue structures and its future prospects 
in the field of dentistry. 
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INTRODUCTION 
 
The regeneration of lost tissues has been of interest to mankind 
for many years; however, the subject of regenerative dentistry has 
gained great momentum only in the recent past. The various 
clinical trials on stem cells that are being conducted along with 
the increasing knowledge of regeneration of oral tissues are likely 
to pave a way for great advancements in the field of tissue 
engineering. The majority of structures in the oral cavity 
including the teeth are derived from mesenchymal cells (MCs). 
Development of any such structure includes migration of MCs 
from the neural crest, differentiation and subsequent participation 
in morphogenesis. Almost all craniofacial structures, such as 
bone, cartilage, ligaments, cranial structures, musculature, 
tendons, the periodontium, and the teeth develop by this process.1 
After birth, mesenchymal cells are referred to as the 
mesenchymal stem cells (MSCs). In the adults, MSCs maintain 
the physiological tissue turnover time and in the event of injury 
or disease, these cells differentiate to launch the event of tissue 
regeneration.2 New approaches in tissue engineering are being 
developed to reconstruct and restore the function of the damaged 
or diseased organ or tissue. The term “tissue engineering” was 
coined in 1993 by Langer and Vacanti3 to describe the process by 
which tissues and organs are regenerated by cell transplantation 
with or without a scaffold. Stem cells are defined by their capacity 
to produce daughter cells with different and more restricting 
properties. In human postnatal dental tissue, five different sources 
of mesenchymal stem cells (MSCs) are known which include the 
dental pulp, periodontal ligament, exfoliated deciduous teeth, 
dental follicle and root apical papilla.4-8 
 
Multipotency is a unique property of such cells to form multiple 
cell types. The stem cells, under suitable conditions, have wide 
differentiation potential with the capability to develop into almost 
any cell in the body.9 

Adult stem cells derived from dental tissue 
 
Stem cells have been derived from different parts of erupting, 
existing or exfoliated deciduous as well as permanent teeth. All 
these cells have been believed to share a common lineage of being 
derived from the neural crest.  
 

 
 

Figure 1: Different sources of the human dental tissue-derived 
mesenchymal stem cells 

 
DFPCs: dental follicle progenitor cells; ABMSCs: alveolar bone derived 

mesenchymal stem cells; GMSCs: gingival mesenchymal stem cells; 
DPSCs: dental pulp stem cells; SCAP: stem cells from the apical papilla; 

PDLSCs: periodontal ligament stem cells; SHED: stem cells from 
human exfoliated deciduous teeth; TGPCs: tooth germ progenitor cells. 

(Adapted from Chalisserry et al10) 
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Dental pulp stem cells Putative stem cells from the tooth pulp 
have been identified.11 They were isolated for the first time ever 
in the year 2000 by Gronthos et al.12 The possibility that tooth 
pulp might contain stem cells was first suggested by the 
observation that severe tooth damage that penetrates both enamel 
and dentin and into the pulp stimulates a natural repair process, 
by which new odontoblasts are formed, which produce new 
dentin to repair the lesion.13 Further characterizations revealed 
that Dental Pulp Stem Cells (DPSCs) were also capable of 
differentiating into other mesenchymal cells in vitro such as 
odontoblast, adipocyte, chondrocyte and osteoblast.14

 
DPSCs can 

be isolated both from permanent as well deciduous dentition, 
followed by in vitro expansion, and then applied for various tissue 
engineering purposes such as repair of bone defects.15 
 
Stem cells from human exfoliated deciduous teeth (SHED)  
 
Stem cells isolated from the pulp of human exfoliated deciduous 
teeth have the capacity to induce bone formation, generate 
dentine and differentiate into other non-dental mesenchymal cell 
derivatives in vitro.16 Studies using SHED as a tool in dental pulp 
tissue engineering in vivo, where the infected pulp was removed 
and replaced with stem cells, have revealed that the resultant 
tissue has architecture and cellularity closely resembling that of 
dental pulp, a tissue important for tooth vitality.17 SHED have 
been considered to be one of the best cell source candidates for 
the reconstruction of alveolar cleft owing to less surgical as well 
as psychological invasions in nature during the sampling and 
transplantation of these the cells.18  
 

 
 

Figure 2: Dental pulp engineered using SHED (adapted from 
Cordeiro et al19) 

 

 
 

Figure 3: Normal pulp from an extracted control tooth (adapted 
from Cordeiro et al19) 

 
Periodontal ligament stem cells  
 
The Periodontal ligament is a fibrous connective tissue that 
contains specialized cells locked between the bone like cementum 
and the inner wall of the alveolar bone socket. The PDL has long 
been recognized to contain a population of progenitor cells.20 
Recent studies have identified a population of stem cells from the 
human periodontal ligament capable of differentiating along-with 
mesenchymal cell to produce tissue rich in collagen.21 The 
periodontal ligament stem cells can easily differentiate into 

osteogenic and adaptogenic cells in vitro, thus aiding in 
periodontal regeneration in vivo.22 Direct transplantations of the 
periodontal ligament stem cells into the area of periodontal defect 
has been stated to result in periodontal regeneration.22 
 

 
 

Figure 4: Periodontal ligaments attached to the root surface of an 
extracted third molar (adapted from Seo et al20) 

 

 
 

Figure 5: Single colony formed from the cell clusters derived from 
periodontal ligaments (adapted from Seo et al20) 

 
Root apical stem cells 
 
A unique population of dental stem cells known as stem cells 
from the root apical papilla is located at the tip of growing tooth 
roots. The apical papilla tissue is only present during root 
development before the tooth erupts into the oral cavity. Such 
stem cells have the capacity to differentiate into odontoblast and 
adipocytes. Most human tissue from early in their development 
are not clinically available for stem cell isolation; however, 
because roots develop postnatal, stem cells from root apices are 
accessible in dental clinical practice from extracted wisdom 
teeth.23 Since apical papilla acts as the precursor of radicular pulp, 
it has been speculated that the root apical stem cells are similar to 
the stem cells found in the dental papilla, though in vitro 
comparison studies show certain differences.14 
 

 
 

Figure 6: Isolated apical papilla from extracted third molar 
(adapted from Sonoyama et al8) 
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Dental follicle stem cells  
 
The dental follicle is a loose ectomesenchyme derived connective 
tissue sac surrounding the enamel organ and dental papilla of the 
developing tooth germ before eruption. It is believed to contain 
the progenitor for cement oblast, PDL and osteoblast. 24 
 
Oral mucosa derived stem cells   
 
These stem cells comprise of either gingiva or oral epithelial stem 
cells. The oral epithelial stem cells are unipotent, further 
differentiating into epithelial cells in vivo. However, in vitro 
studies report the development of stratified oral mucosal graft that 
can be utilized in oral grafting procedures. Gingival stem cells, 
on the other hand, are multi-potent, abundant and easy to isolate, 
which renders their use in clinical practice quite viable. 25 
 
Human periosteum derived stem cells 
 
These stem cells have the capacity to give rise to chondrogenic, 
odontogenic, myogenic, as well as adaptogenic cells and are thus 
used in case of large orofacial defects as they produce cortical 
bone.25 
 
Stem cells derived from salivary glands   
 
These cells not only have the capacity to give rise to ductal and 
acinar cells but retain the potential to produce amylase and mucin 
as well. They can be highly beneficial to patients undergoing 
therapy which leads to decreased salivary gland function.25  
 
Stem cell banking 
 
Several dental stem cell banks have offered to harvest and store 
stem cells that may potentially enable the use of the stem cell for 
therapy in the future for treatment of disease and regenerative 
therapy. Dental pulp stem cells can be collected and isolated from 
patients at any age, preferably from young adults.9 Though it is 
still in its early years, the tooth stem cell banking is growing 
rapidly. Various countries such as USA, Japan, Norway and 
China have established tooth stem cell banks. In India, tooth 
banks such as “Stemade” and “Storeyourcells” are involved in 
banking dental stem cells.10 

 
Scaffold 
 
Scaffolds are porous, degradable structures fabricated from either 
natural material such as collagen or fibrin or synthetic polymers. 
The principle for the design of tissue engineering scaffolds 
remains clear. The scaffold should mimic the structure and 
biologic function of the native extracellular matrix as much as 
possible both in terms of chemical and physical structure. The 
main aim of tissue engineering is the regeneration of tissue or 
organ that can be put to use.  
 
Tissue engineering 
 
Tissue engineering is an emerging biotechnological area which 
combines various aspects of medicine, cell, molecular biology 
and engineering for the purpose of regenerating, repairing or 
replacing diseased tissue.26 Tissue engineering is emerging as a 
significant potential alternative or complimentary solution to 
Tissue and Organ failure as a result of injury, or other type of 
damage, whereby tissue and organ failure is addressed by 
implanting natural, synthetic or semi synthetic tissue and organ 

mimic that are either fully functional or that grows into required 
functionality.27 The young but growing field of tissue engineering 
is truly a multidisciplinary one, where living cells are harvested 
using stem cells, grown in the laboratory and stimulated to form 
specific tissues that mimic the complex structures and 
physiological behavior of natural tissue. 
 
Applications of tissue engineering 
 
Tissue Engineering in Orthopedics   
 
Musculoskeletal disorders have become one of the major health 
concerns because of aging and increased occurrence of sports 
related injury. Among other things, engineering of bone, cartilage 
and ligament has been the prime focus of tissue engineers. 
Autogenous grafts and allogenous grafts have been used for many 
years, but various problems such as failure of complete resorption 
of autologous bone, difficulty in shaping the bone graft to fill the 
defect and lack of sufficient parent material greatly limit their 
potential as bone substitutes.28,29 
 
Tissue Engineering in Skin  
 
Skin is the body's largest organ and the body's first line of defense 
against disease causing organism. Human Cadaver skin has been 
commonly used as a temporary covering, but insufficient supply, 
epidermal sloughing, immune reaction and disease transmission 
are the major limitation in this case. Autologous graft is also quite 
popular but though it provides timely wound coverage, it may 
lead to painful donor sites which are slow to heal and be 
unsuccessful due to underlying deficiencies. Tissue engineering 
is expected to have a great impact on wound repair. Skin is a 
difficult organ to transplant because of its strong immune defense 
system.30,31 
 
Cardiovascular tissue engineering   
 
Vascular grafting is a common surgical procedure for advanced 
cardiac disease, but it has significant limitations and 
complications. Arterial conduits have restricted dimensions and 
are limited in supply while venous conduits have various 
degenerative alterations that can lead to aneurysm formation 
during high pressure arterial circulation. Allografts are 
problematic because of the high rate of rejection.32 
 
Treatment of heart ailment is also difficult because heart lacks the 
ability to regenerate, as it lacks the population of proliferating 
cells. There are also no stem cells and injury to the myocardium 
results in an irreversible loss of cells. Cardiovascular tissue 
engineering is focusing on the development of blood vessels, 
heart valves and myocardium. Tissue engineering may also be 
used to improve the function of native tissue, such as congestive 
heart failure.33 
 
Dental Tissue Engineering   
 
Through Dental tissue engineering the hopes is to regenerate 
dento alveolar tissue including alveolar bone, periodontal 
ligament, dentin, enamel and perhaps a whole new tooth.34,35 
Recent isolation of stem cells from the human periodontal 
ligament represents potential therapeutically viable tissue 
forming cells for its regeneration. Though regeneration of whole 
new organs like teeth are certainly more demanding but by 
understanding the genetic control of the key process that form 
teeth in the embryo, the development of the teeth could be 
recreated in the mouth of a patient. 
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DISCUSSION 
 
It is clear that there is a need of clinical studies for such treatment, 
vast patient flow and an obvious consideration for financial 
resources. Dental stem cells are viable source of mesenchymal 
stem cells, which have multiple clinical utilizations. The 
efficiency and quality of tissue repair using dental stem cells, in 
relation to the cost involved will remain a matter of concern. The 
molecular basis of this phenomenon needs to be investigated 
because it might provide a paradigm for increasing stem cell 
numbers in cultures of other cell type.36 Promises of tissue 
engineering are great, but there exist major challenges that must 
be met for this new field to reach its potential application. 
Although clinical trials have been conducted and tooth stem cell 
banking has been established, the beneficial aspects for patients 
need to be taken into consideration. A critical challenge in tissue 
engineering is to regenerate tissue that grow or remodel in concert 
with the changing needs of the human body. Another principal 
requirement for tissue engineered in vitro is the sufficient supply 
of oxygen and nutrients. A solution to this may be the use of 
engineered scaffolds.37  
 
CONCLUSION 
 
Taken together, these recent findings clearly indicate the role of 
dental and periodontal structures in stem cell studies. Also, our 
review of recent studies on tissue engineering is clear indicative 
of the use of dental stem cells in tissue engineering. The 
identification of several types of epithelial and mesenchymal 
stem cells in the tooth and the knowledge of molecules involved 
in stem cell fate is a significant achievement. However, many 
problems remain to be addressed before considering the clinical 
use of these technologies.  
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