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INTRODUCTION 

Stem cells  are  undifferentiated biological cells that can differentiate into specialized cells and 

can divide (through mitosis) to produce more stem cells. They are found in multicellular organisms. 

In mammals, there are two broad types of stem cells: embryonic stem cells, which are isolated from 

the inner cell mass of blastocysts, and adult stem cells, which are found in various tissues. 

In adult organisms, stem cells and progenitor cells act as a repair system for the body, replenishing 

adult tissues. In a developing embryo, stem cells can differentiate into all the specialized cells—

ectoderm, endoderm and mesoderm (see induced pluripotent stem cells)—but also maintain the 

normal turnover of regenerative organs, such as blood, skin, or intestinal tissues.  

There are three known accessible sources of autologous adult stem cells in humans: 

1. Bone marrow, which requires extraction by harvesting, that is, drilling into bone (typically 

the femur or iliac crest). 

2. Adipose tissue (lipid cells), which requires extraction by liposuction.  

3. Blood, which requires extraction through apheresis, wherein blood is drawn from the donor 

(similar to a blood donation), and passed through a machine that extracts the stem cells and 

returns other portions of the blood to the donor. 

Stem cells can also be taken from umbilical cord blood just after birth. Of all stem cell types, 

autologous harvesting involves the least risk. By definition, autologous cells are obtained from one's 

own body, just as one may bank his or her own blood for elective surgical procedures.  

Adult stem cells are frequently used in medical therapies, for example in bone marrow 

transplantation. Stem cells can now be artificially grown and transformed (differentiated) into 

specialized cell types with characteristics consistent with cells of various tissues such as muscles or 

nerves. Embryonic celllines and autologous embryonic stem cells generated through Somatic-cell 

nuclear transfer or dedifferentiation have also been proposed as promising candidates for future 

therapies.  
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TYPES OF STEM CELLS 

There are three types of stem cells  

 Totipotent stem cells  

 Pluripotent stem cells 

 Multipotent stem cells 

 

Stem cells are important for living organisms for many reasons. In the 3- to 5-day-old embryo, called 

a blastocyst, the inner cells give rise to the entire body of the organism, including all of the many 

specialized cell types and organs such as the heart, lungs, skin, sperm, eggs and other tissues. In 

some adult tissues, such as bone marrow, muscle, and brain, discrete pop ulations of adult stem cells 

generate replacements for cells that are lost through normal wear and tear, injury, or disease.  Given 

their unique regenerative abilities, stem cells offer new potentials for treating diseases such as 

diabetes, and heart disease. However, much work remains to be done in the laboratory and the clinic 

to understand how to use these cells for cell-based therapies to treat disease, which is also referred to 

as regenerative or reparative medicine. 

 

STEM CELLS IN DENTISTRY 

Human tissues are different in term of regenerative properties. Stem cells are a promising tool for 

tissue regeneration, thanks to their particular characteristics of proliferation, differentiation and 

plasticity. Several "loci" or "niches" within the adult human body are colonized by a significant 

number of stem cells. However, access to these potential collection sites often is a limiting point. The 

interaction with biomaterials is a further point that needs to be considered for the therapeutic use of 

stem cells. Dental pulp stem cells (DPSCs) have been demonstrated to answer all of these issues: 

access to the collection site of these cells is easy and produces very low morbidity; extraction of stem 

cells from pulp tissue is highly efficiency; they have an extensive differentiation ability; and the 

demonstrated interactivity with biomaterials makes them ideal for tissue reconstruction. SBP-DPSCs 

are a multipotent stem cell subpopulation of DPSCs which are able to differentiate into osteoblasts, 

synthesizing 3D woven bone tissue chips in vitro and that are capable to synergically differentiate 

into osteoblasts and endotheliocytes. Several studied have been performed on DPSCs and they 

mainly found that these cells are multipotent stromal cells that can be safe ty cryopreserved, used 

with several scaffolds, that can extensively proliferate, have a long lifespan and build in vivo an adult 

bone with Havers channels and an appropriate vascularization. A definitive proof of their ability to 

produce dentin has not been yet done. Interestingly, they seem to possess immunoprivileges as they 

can be grafted into allogenic tissues and seem to exert anti- inflammatory abilities, like many other 

mesenchymal stem cells. The easy management of dental pulp stem cells make them feasible for use 

in clinical trials on human patients. While stem cells can be found in most tissues of the body, they 

are usually buried deep, are few in number and are similar in appearance to surrounding cells. With 

the discovery of stem cells in teeth, an accessible and available source of stem cells has been 

identified. The tooth is nature's "safe" for these valuable stem cells, and there is an abundance of 
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these cells in baby teeth, wisdom teeth and permanent teeth - Tooth Eligibility Criteria. The stem 

cells contained within teeth are capable of replicating themselves and can be readily recovered at the 

time of a planned dental procedure. 

 

Living stem cells found within extracted teeth were routinely discarded every day, but now, with the 

knowledge from recent medical research, it gives you the opportunity to save these cells for future 

use in developing medical treatments for your family. Aside from being the most convenient stem 

cells to access, dental stem cells have significant medical benefits in the development of new medical 

therapies.  Using one's own stem cells for medical treatment means a much lower risk of rejection by 

the body and decreases the need for powerful drugs that weaken the immune system, both of which 

are negative but typical realities that come into play when tissues or cells from a donor are used to 

treat patients. Further, the stem cells from teeth have been observed in research studies to be among 

the most powerful stem cells in the human body.  Stem cells from teeth replicate at a faster rate and 

for a longer period of time than do stem cells harvested from other tissues of the body. Stem cells in 

the human body age over time and their regenerative abilities slow down later in life.  The earlier in 

life that your family's stem cells are secured, the more valuable they will be when they are needed 

most.. 

What is dental pulp? 

Dental pulp is the soft living tissue inside a tooth. Stem cells are found inside the soft living tissue. 

Scientists have identified the mesenchymal type of stem cell inside dental pulp. This particular type 

of stem cell has the future potential to differentiate into a variety of other cell types including:  

 Myocardiocytes to repair damaged cardiac tissue following a heart attack  

 Neuronal to generate nerve and brain tissue 

 Myocytes to repair muscle  

 Osteocytes to generate bone  

 Chondrocytes to generate cartilage 

 Adipocytes to generate fat  

TYPES OF DENTAL STEM CELLS 

Stem cells from oral and maxillofacial region predominantly contain mesenchymal stem cells. In oral 
and maxillofacial area different types of dental stem cells can be isolated and characterized. They 
include 

 Dental pulp stem cells (DPSCs) 

 Stem cells from exfoliated deciduous teeth (SHED) 
 Periodontal ligament stem cells (PDLSCs) 

 Stem cells from apical papilla (SCAP 
 Dental follicle progenitor cells (DFPCs)  
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HOW TO ISOLATE DENTAL PULP STEM CELLS? 

 

DPSCs can be isolated and cultivated from adult or exfoliated tooth.Cell types can be  cultivated in 

the media with 2% of FCS supplemented with PDGF and EGF growth factors. Initial doubling time 
of cultures occurs from 12 to 50 hours for first 40 population doublings, after reaching 50 population 

doublings, doubling time had increased to 60-90 hours. Regression analysis of uncumulated 
population doublings proved tight dependence of population doublings on passage number and slow 
decrease of proliferation potential. DPSCs and MPCs are highly proliferative, clonogenic cells that 

can be expanded beyond Hayflick's limit and remain cytogenetically stable. Moreover have probably 
isolated two different populations of DPSCs. These DPSCs lines differed one from another in 

morphology. Because of their high proliferative and differentiation potential, DPSCs can become 
more attractive, easily accessible source of adult stem cells for therapeutic purposes.  
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USE OF DENTAL PULP STEM CELLS IN DENTAL DEFECTS 

 

 

These dental stem cells have MSC like qualities, such as self- renewal and differentiation potential.  

1. DPSCs were successfully isolated by Gronthos et al., in 2000. They were able to demonstrate 

odontoblast like cells from DPSCs producing ectopic dentin in the immunocompromized 
mice. 

2. SHED were identified to be cells of higher proliferation rate, with increased population 
doublings, immature multipotent clonogenic cells isolated from deciduous teeth that can 

differentiate into several cell types.  
3. PDLSCs were isolated from periodontal ligament of 25 human third molars by Seo BM et al. 

They demonstrated cementoid cells, adipocytes when transplanted into immunocompromized 

rodents. 
4. Sonoyama et al., isolated mesenchymal stem cells from apical papilla otherwise called SCAP 

which is capable of forming odontoblast like cells in vivo. 
5. Morsczeck C et al. obtained stem cells from dental follicle called dental follicle  precursor 

cells(DFPCs) that can form cementoblasts, PDL cells and osteoblasts.  

The structures of interest in oral and maxillofacial region include the enamel, dentin, dental pulp, 

cementum, periodontal ligament, craniofacial bones, the temporo mandibular joint, ligaments, 
skeletal muscles, tendons, skin, subcutaneous soft tissue, and salivary glands.  

Regeneration of dentin, pulp 

Dental pulp tissue has the regenerative potential to form dentin in response to any injury.Tubular 
dentin formation was observed when human pulp stem cells with scaffold (hydroxyapatite/tricalcium 
phosphate) were implanted in immunocompromised mice. Reparative dentin formation on amputed 

pulp was found when stem cells were combined with recombinant human bone morphogenetic 
protein 2 (BMP 2) in experimental studies on animal models.  

Regeneration of the pulp inside the damaged tooth can be the basic clinical application of stem 
therapy in dentistry. Root canal treatment in a young permanent molar will stop the tooth's 
continuous maturation process there by leaving thin egg shell like weak tooth that is susceptible to 
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fracture. Regeneration of pulp with stem cell therapy will be a better option. Stem cells harvested 

from the pulp of unwanted teeth like third molar can be utilized to regenerate the pulp of severely 
injured tooth there by preventing the need for endodontic treatment in adults.  

Huang et al. in his review article summarized new protocol for endontically involved immature 
permanent teeth in which minimal instrumentation was done in it followed by disinfection with triple 
antibiotic paste. Treated tooth is coated with mineral trioxide aggregate (MTA) and filled with glass 

ionomer cement. Periodical observation was done to ascertain root maturation.  

STEM CELLS IN PERIODONTAL REGENERATION 

Stem cells will be a promising tool for regenerating the periodontal structures such as periodontal 
ligament and other supporting elements. BMSCs have been used by Kawaguchi et al. for their 

capability to regenerate periodontal tissue and repair periodontal defects. BMSCs have the ability to 
produce alveolar bone, periodontal ligament, and in vivo cementum after implantation into the 

periodontal defects. Thus, it was proved BMSCs provides an alternative source for the treatment of 
periodontal diseases. Autologous mesenchymal stem cells from iliac crest in combination with platlet 
rich plasma from peripheral blood was used for periodontal regeneration. Significant closure of bone 

defect and improvement of attachment level was observed after one year follow up. It also showed 
good healing and regeneration of interdental papilla.  

Nagatomo et al. in their experimental studies found that PDL cells having stem cell properties can 
regenerate periodontium. Transplantation of PDL derived cells into animal models were shown to 
regenerate periodontal tissue. 

Iwata et al. harvested and expanded primary canine PDL cells in vitro and also made into 
transplantable constructs containing PGA Scaffold and PDL cell sheets. The transplantable 

constructs in combination with porous bTCP(b –tricalcium phosphate) induced regeneration of 
periodontal structures, including alveolar bone, cementum, and periodontal fibers. Liu et al. 
regenerated periodontal tissue in miniature swine using scaffolds seeded with periodontal liga ment 

derived stem cells. PDLSCs can differentiate into cells that can colonize on biocompatible scaffold, 
suggesting an easy and efficient autologous source of stem cells for regeneration of dental 

tissues.Marie MKet al. in their experimental on goat was able to regenerate periodontal tissues 
around titanium implant using autologous bone marrow stem cells with scaffold.  

REGENERATION OF CRANIOFACIAL DEFECTS 

Stem cells can be useful in the regeneration of bone and to correct large craniofacial defects due to 

cyst enucleation, tumor resection, and trauma. The closure of a bone defect is commonly carried out 
with the transfer of tissue, which have disadvantages like, not able to restore the unique function of 
the lost part, donor site morbidity, accompanied by scarring, infection and loss of function.Adipose 

derived stem cells was used to treat the calvarial defect (120 cm2) of a 7-year-old girl who had severe 
head injury. Autologous adipose stem cells were extracted from gluteal region along with iliac crest 

bone graft. Autologous fibrin glue that holds the cells in place was prepared by cryoprecipitation. 
This successful technique has given new rays of hope that ADSCs can be used for difficult 
reconstructive procedures. 
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Soft tissue reconstruction in the oromaxillofacial region is of paramount importance when there is 

significant loss of soft tissues during surgery or trauma. Various methods including graft and flap 
transfer has been tried that produced donor site morbidity. Alhadlaq et al. in their experimental 

studies found human MSCs can turn into adipose cells when they exposed to adipogenic inducing 
medium. Adipose cells with appropriate shaped scaffold can be used for reconstruction of soft 
tissues. 

Stem cells isolated from dental pulp has a potential to differentiate into osteoblasts and are a good 
source for bone formation. Stem cells from oral and maxillofacial region can be combined with bone 

marrow stem cells to correct larger defects. Oromaxillofacial bone tissue repair with stem cells was 
done using collagen sponge scaffold and dental pulp stem cells harvested from third molars of the 
same patient. Lagenbach et al. in their in vitrostudies used microspheres (scaffold free tissue 

construct) to close the critical size bone defects. They found osteogenically differentiated 
microspheres with outgrowing cells can be used to fill up bone defects. This new procedure has 

added advantage of permitting the transplantation of more cells and better integrity compared with 
cell suspensions or gels.Stem cells isolated from SHED has significantly promoted wound healing in 
nude mice, proving deciduous teeth can be utilized for the treatment of chronic wounds. This 

application can be extended into oromaxillofacial region to enhance wound healing.  

DENTAL STEM CELL ADVANTAGES      

The advantages of stem cells from oral and maxillofacial region is that  

1. Have high plasticity. 

2. It can be cryopreserved for longer period (Ideal for stem cell banking).  
3. It showed good interaction with scaffold and growth factors.  

4. Stem cells transplantations can cause pathogen transmission and also need 
immunosuppression, so autologous stem cell source is the best option. Dental pulp stem cells 
will be better fitting tool due to easy surgical access, the very low morbidity of the 

anatomical site after the collection of the pulp.  

FUTURE ASPECTS 

Future tissues like tissue engineered bone grafts, engineered joints and cranial sutures can be 
developed with stem cell therapy. A team of professionals including stem cell biologists, molecular 

biologists, geneticists, polymer and materials scientists, mechanical engineers and clinicians with 
knowledge of oral and maxillofacial disorders is needed to develop the field of craniofacial tissue 

engineering. The ability to design anatomically viable and functional bone would have great 
potential for oromaxillofacial reconstructions of congenital defects, cancer resections, and trauma. 
The anatomically shaped viable bone grafts like articular condyles can be engineered by using adult 

mesenchymal stem cells and biomimetic scaffold bioreactor.  

Tissue engineered temporo mandibular joint was created by having natural bone building process as 

an inspiration. Condyle shaped scaffolds were made using decellularized bone with help of digitized 
clinical images. Stem cells were seeded into the scaffold and placed in a bioreactor chamber 
containing culture medium. In future this technique can be applied to regenerate other bones in 

oromaxillofacial region. 
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TOOTH REGENERATION 

The regeneration of adult teeth will be possible in future with the newer advancement in stem cell 
therapy and tissue engineering. Regenerative procedures would be better fitting and alternative tool 
in place of dental implants. Experimental studies with animal models have shown that the tooth 

crown structure can be regenerated using tissue engineering techniques that combine stem cells and 
biodegradable scaffolds. Epithelial mesenchymal interac-tions are mandatory in tooth development. 

―These interactions are characterized by the reciprocal ex-change of signals between these two naïve 
germ layer tissues and result in the emergence of unique terminal phenotypes with their supporting 
cells‖. 

Tooth regeneration involves three key elements which include  

 Inductive morphogenes 

 Stem cells 

 Scaffold 

Steps involved in regeneration of tooth are 

1. Harvesting and expansion of adult stem cells.  

2. Seeding the stem cells into scaffold which provides optimized environment.  

3. Cells are instructed with targeted soluble molecular signals spatially.  
4. Confirming the gene expression profile of the cells for next stage in odontogenesis.  

Duailibi et al., in their experimental studies were able to form tooth structures from single cell 

suspensions of cultured rat tooth bud cells. They demonstrated bioengineered rat teeth developed in 
12 weeks with PGA and PLGA scaffold.  Honda et al. developed tissue engineered teeth, when 
implanted into omentum of rat using porcine tooth bud cells and PGA fiber mesh scaffold that 

resembles the model of odontogenesis. Young et al., using porcine tooth bud cells, PGA and PLGA 
scaffolds generated a hybrid tooth bone for the treatment of tooth loss along with alveolar bone 

resorption. 

CONCLUSION 

The future dentistry will be more of regenerative based, where patients own cells ca n be used to treat 
diseases. Stem cell therapy has got a paramount role as a future treatment modality in dentistry. 
Regenerative dentistry will have to go in pace with regenerative medicine. On the other hand, stem 

cells should be differentiated to the appropriate cell types before they can be used clinically, 
otherwise it might lead to deleterious effects. Determining the role of local conditions such as the 

type of scaffold and the presence of the microorganisms should be very carefully analyzed. Longer 
patient follow up is needed to study the life time of regenerated tissue. Stem cells in the human body 
age over time and their regenerative abilities slow down later in life.  The earlier in life if family's 

stem cells are secured, the more valuable they will be when they are needed most.  
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