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Abstract  

 

Introduction: Alexander Friedenstein described for the first time, 40 years ago, a spindle-

shaped cell that did not follow the hematopoietic differentiation lineage, but had the abilities 

to differentiate into bone and cartilage forming cells. This cell was later named mesenchymal 

stem cell (MCSs) by Arnold I. Caplan 25 years ago. Ever since their discovery clinical trials 

and experiments have shown promising results both in vitro and in vivo.  

Objectives: Summarise the current knowledge of dental MSCs in teeth and tissue 

regeneration in physiological conditions through an extensive review of articles, experiments, 

and research conducted on the matter.  

Methodology: Systematic approach was conducted to collect scientific articles to answer the 

primary objective through credible sources. Exclusion criteria narrowed down the search to 

49 unique sources that were used for this paper.  

Discussion: Tooth-related structures and associated structures of the mouth, like the Bichat 

fat pad, have been explored as sources of MSCs. Their phenotypes have proven similar to the 

ones of the pancreas and bone marrow. MSCs from pulp tissue, periodontium, and Bichat fat 

pad has been used to regenerate lost tissue. Demands for easier and efficient harvesting 

methods shifted the interest of researchers to the mouth.  

Conclusion: MSCs from different sources of the oral cavity were successfully used in pulp 

regeneration in pulpectomy treated canines for dogs, bone regeneration in periodontal 

patients, and severe atrophic mandibles. Limitations are still evident as physiological 

variations for individual patients will alter results and are yet to be discovered in detail by 

researchers. Proper protocols are still not available and need be developed for clinical use in 

public. Further research is therefore needed to assure a safe and stable approach to tooth-
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tissue regeneration with MSCs. Despite MSCs still being in their early stages, their place in 

future clinical practice remains promising. 
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Resumen 

 

Introducción: Alexander Friedenstein describió por primera vez hace 40 años un tipo celular 

fusiforme que no seguía el linaje de diferenciación hematopoyética, pero que tenía la 

capacidad de diferenciarse en células de hueso y cartílago. Este tipo celular fue 

posteriormente denominada célula madre mesenquimal (MSC, por sus siglas en inglés) por 

Arnold I. Caplan hace 25 años. Desde su descubrimiento, los ensayos clínicos y los 

experimentos han mostrado resultados prometedores tanto in vitro como in vivo. 

Objetivos: Resumir el conocimiento actual de las MSC dentales en la regeneración de 

dientes y tejidos en condiciones fisiológicas a través de una extensa revisión de artículos, 

experimentos e investigaciones realizadas al respecto. 

Metodología: Se realizó un enfoque sistemático para recopilar artículos científicos para 

responder al objetivo principal a través de fuentes creíbles. Los criterios de exclusión 

redujeron la búsqueda a las 49 citas únicas que se han utilizado para este artículo. 

Discusión: Diferentes estructuras relacionadas con los dientes y asociadas a la boca, como la 

bolsa de grasa de Bichat, se han explorado como fuentes de MSCs. Sus fenotipos son 

similares a las MSCs extraídas del páncreas y la médula ósea. Se han utilizado MSC de tejido 

pulpar, periodontal y de la bolsa de grasa de Bichat para regenerar tejido perdido. La 

necesidad de métodos de recolección de MSCs más fáciles y eficientes han aumentado el 

interés de los investigadores hacia la boca. 

Conclusión: Las MSCs provenientes de diferentes fuentes de la cavidad oral se han utilizado 

con éxito en la regeneración pulpar de caninos tratados con pulpectomía en perros, la 

regeneración ósea en pacientes periodontales y en casos de mandíbulas atróficas graves. 
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 Las limitaciones aún son evidentes, ya que las variaciones fisiológicas en pacientes 

individuales alterarán los resultados obtenidos en laboratorio. Aún no se han desarrollado 

protocolos adecuados para el uso clínico de este tipo celular y, por lo tanto, es necesaria más 

investigación para garantizar un enfoque seguro y estable para la regeneración del tejido 

dental a través de las MSCs. 
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1. INTRODUCTION  
 

About forty years ago in the mid-1960s, Alexander Friedenstein, a soviet scientist, first 

described a stromal cell with clonogenic potential that could give rise in culture to fibroblasts, 

as well as other mesodermal cells (1). They were described as spindle-shaped with proliferating 

abilities that formed colonies attached to plastic found in the bone marrow (2). Friedenstein 

discovered that the stromal cell did not adhere to the known hematopoietic cell lineage, but had 

the abilities to give rise to bone and cartilage forming cells instead.  

Further investigations confirmed and established that these cells could indeed be isolated 

by plastic adherence and give rise to osteoblasts, chondrocytes, adipocytes and myoblasts. They 

were officially named mesenchymal stem cells (MSCs) more than 25 years ago by Arnold I. 

Caplan (1).  

Currently, MSCs or MSC-like cells have been established from several tissues including 

fetal tissues, circulating blood, placenta, amniotic fluid, heart, skeletal muscle, adipose tissue, 

synovial tissue and pancreas (3). Therefore, MSCs represent a class of stem cells found in 

humans and mammals which can be isolated and differentiated in culture to induce a variety of 

mesodermal tissues including bone, cartilage, adipose tissue, muscle or even heart 

cardiomyocytes. For all these facts, MSCs are studied for their potential use in regenerative 

medicine. Whether MSCs from different tissues are a unique cell type or a family of related 

stem cells is currently a debated topic. 

The oral cavity is a source of MSCs and these cells can be found in teeth, the apical papilla, 

alveolar bone, maxillary sinus, PDL granulation tissue, Bichat fat pad and salivary glands. 

Different types of MSCs can be isolated from teeth. Dental Pulp Stem Cells (DPSCs) are teeth 

MSCs that can be isolated from the pulp of permanent adult teeth (4). DPSCs can be 
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differentiated into osteoblast, chondrocytes, adipocytes and myoblasts like MSCs isolated from 

other tissue, representing therefore an easily accessible source to isolate them. Importantly, a 

small-scale phase-I clinical trial has been published regarding the possibility to use DPSCs to 

replace infected pulp tissue by Nakashima and Iohara in 2014, reinforcing the idea of using 

MSCs in teeth repair in the future (5). 

The periodontal ligament is the source of Periodontal Ligament Stem Cells (PDLSCs) (6). 

These cells are still poorly defined regarding their origin, location as well as their in vivo 

differentiation capacity. Since periodontal disease is the major cause of tooth loss in western 

countries and the replacement of periodontal tissue is difficult, understanding the nature of 

PDLSCs is the focal point of several recent studies.  

Since their discovery, MSCs have remained a biological enigma with huge potential. In this 

review, a brief description of their discovery and the current knowledge about their nature will 

be given. Furthermore, a description of MSCs in the oral cavity, specifically focusing on teeth-

derived MSCs and MSCs from associated structures, like DPSCs and PDLSCs, will be 

highlighted extensively. The position of MSCs currently, and the knowledge surrounding their 

use in teeth and tissue repair in physiological conditions will also be discussed in depth.  
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1.1. What is a mesenchymal stem cell and what potentials does it present?  

Mesenchymal stem cells (MSCs) received their name, MSCs, about 25 years ago. Since 

then, the terms MSC and marrow stromal cell have been used to describe the same type of cell 

interchangeably. However, it’s important to highlight the fact that neither of the two terms 

describes this type of cell in a sufficient matter. The word mesenchymal derives from the word 

mesenchyme, the embryonic connective tissue, that originated from the mesoderm and that 

follows the hematopoietic differentiation lineage. This interchange of words is a common 

mistake made by many as MSCs do not follow the hematopoietic differentiation lineage but 

are multipotent cells that can differentiate into a variety of cells, such as chondrocytes, 

myocytes, adipocytes and osteoblasts. The word marrow stromal cell however, originates from 

stromal cells which are connective tissue cells creating the infrastructure and scaffold in which 

the functional cell of the specific tissue will reside and be situated. As this describes only one 

of the many functions of an MSCs it’s therefore apparent that the word is not sufficient enough 

to describe and cover the many other functions 

Pluripotency is defined as the capacity of a cell to give rise to all the different cell types 

of an adult organism. Embryonic Stem cells (ESCs) are pluripotent cells and were isolated first 

from mice in the 80s. It was not until the end of the 90s that it was possible to isolate human 

Embryonic Stem cells (hESCs). In 2004 the knowledge surrounding hESCS was further 

improved as the first words of the possibility to reprogram and adult cell into ESC-like cells 

was published. These cells were termed induced-Pluripotent Stem cells or iPSCs. Shinya 

Yamanaka was awarded the Nobel prize in 2012 for this discovery. Despite their potential, 

there is currently no clinical protocol based on embryonic stem cells, mainly due to their 

capacity to form tumors. Usage of these cells has strong ethical concerns. 
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MSCs however, are multipotent stromal cells. Multipotency is defined as “cells that 

have the capacity to self-renew by dividing and to develop into multiple specialized cell types 

present in a specific tissue or organ. Most adult stem cells are multipotent stem cells” (7). 

Multipotency describes a progenitor cell, meaning cells implicated in tissue homeostasis and 

tissue repair and therefore, have stem cell-like activity. MSCs have the gene activation potential 

to differentiate themselves into discrete cell types. Less ethical complications are therefore 

surrounded these cells, even though ethics will always present itself as a large influential factor 

in biomedicine.  
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1.2 Where can we find mesenchymal stem cells? 

Multipotent stem cells such as mesenchymal stem cells have been found in various 

locations of the body. It has been found in various parts such as the umbilical cord blood, 

adipose tissue, cardiac cells, bone marrow, and in more specific places in the oral cavity like 

third molars and the periodontium. The periodontium is a well-known term used within 

dentistry and describes the structures around a tooth. These structures are the periodontal 

ligament (PDL), alveolar bone, gingiva and cementum in which most of them have been shown 

to be a source of MSCs. 

More specifically, MSCs have been harvested and located in the dental pulp, apical 

papilla, maxillary sinus, Bichat fat pad and also the major salivary glands. Out of all the sources 

of MSCs in the oral cavity, the PDL and dental pulp have shown to be the more common places 

to harvest MSCs. They both present about 27%, individually, of the MSCs harvested from the 

oral cavity (Figure 1) (8).  

Fig.1 Table of the most common sources of harvesting mesenchymal stem 

cells in the oral cavity 
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1.3 Mesenchymal stem cell from the oral cavity  

The oral cavity is defined as the area located posteriorly to the teeth. It is limited by the 

hard and soft palate superiorly, the floor of the mouth inferiorly, the cheeks laterally and the 

pharynx posteriorly. It is considered the first section of the digestive tract serving as the primary 

entrance point for food to the body. It presents functions such as speech and breaking down 

food. It also functions as an organ aiding respiration secondary to the lungs. The main structures 

found here are the teeth, gingiva, retromolar trigon, hard palate, cheek mucosa, tongue and the 

floor of the mouth. Other associated structures such as the major and minor salivary glands and 

Bichat fat pad are also found here.  The oral cavity has traditionally been looked at as an area 

of expertise for dentists with teeth as their main focus. However, new demands for efficient 

and easy harvesting of MSCs have shifted researchers’ interest to the mouth and its associated 

structures.   

1.3.1 Teeth 

The teeth are the hardest substance in the human body and are composed primarily of 

three layers: enamel, dentin, cementum (Figure 2). The outermost layer is called the enamel 

(Figure 2) and presents itself as the hardest and most mineralized layer. The underlying layer 

is called the dentin (Figure 2) and is composed of cylindrical tube-like structures called the 

dentin tubules. Changes in an environment like temperature or acidity will follow the path of 

the tubules and be registered by the nerves in the inner chamber of the tooth (9), this chamber 

is called the pulp (Figure 2) and is located in the pulp chamber. The pulp presents itself as a 

sack-like structure derived from neural crest cells from the ectomesenchyme. During 

odontogenesis, the neural crest cells proliferate and undergo condensation to form the dental 

papilla from which the mature pulp is later developed. The characteristics of the pulp resemble 

the ones of the embryonic connective tissue which is surrounded by a layer of specialized cells 
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and odontoblasts. The pulp is highly innervated and vascularized and is therefore the main 

source of pain related to dental pathologies (10). The potentials of the pulp are yet to be clearly 

defined, but the findings of mesenchymal stem cells have allowed us to further explore the true 

potential of the pulp. 

 

 

 

 

 

 

 

 

 

 

Fig.2 Dental anatomy presenting all the main anatomical landmarks  
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1.3.2 Gingiva 

The surrounding and protective tissue found around the teeth is known as the gingiva. 

It is composed of stratified squamous epithelium with an underlying layer of connective tissue 

called the lamina propria. The two layers connect to each other through projections from the 

lamina propria piercing into the epithelial layer. These projections are called the connective 

tissue papilla and are separated by epithelial and rete ridges. The epithelial layer derives from 

the ectoderm whilst the underlaying lamina propria derives from the mesoderm and neural crest 

cells. The gingiva offers protection and a seal surrounding teeth and bone assuring resistance 

to mechanical trauma and microorganisms. It presents itself with great tissue regenerative 

potential that’s been explained through several mechanisms. One of these mechanisms is the 

modulation of adult stem cells. The gingiva’s rapid self-renewal potential has therefore been 

of great interest and emphasized within oral mucosa stem cell studies.  

Its easy accessibility for the dentist has therefore allowed it to be one of the main sources of 

mesenchymal cells for tissue regeneration specifically. However, further research is needed to 

determine the true potential of the gingiva within the world of mesenchymal stem cell research 

(11) 
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1.3.3 Cheek Mucosa and Floor Of The Mouth  

Other areas of the oral cavity that have shown great potential are the cheek mucosa and 

the floor of the mouth. Having mentioned both, their actual structure is not of much interest in 

regards to MSC’s but rather the anatomical structures found within these two areas. Those of 

the major salivary glands located inferiorly to the floor of the mouth (submandibular gland) 

and the parotid gland in the cheek area, and also the buccal fat pad/Bichat fat pad located 

laterally to the inner cheek mucosa. The retromolar trigon does indeed follow the same 

principles as the anatomical position of the retromolar tragion is less relevant in itself but it 

being the birthplace of 3rd molars has made it rather interesting for the harvesting and 

accessibility of MSC’s related to 3rd molars.  

 

1.3.4 Tongue and Hard Palate  

As for the tongue and hard palate; these areas in the oral cavity have not shown to be 

areas of great interest within the field of MSC’s. However, their relevancy within the field of 

regenerative dentistry, specifically within tissue repair, remains relevant and highly useful for 

today’s practitioners. The hard palate especially has shown to be the most common area, 

together with the maxillary tuberosity, to harvest tissue grafts within implantology and 

periodontology (12,13). The hard palate is composed of two bones in particular: the palatal 

process of the maxillary bone and the joining of the two palatine bones, more specifically the 

horizontal plates of both palatine bones. The underlying bony structures are layered with a 

protective layer of keratinized mucosa. The keratinized mucosa and underlying bone are 

described as the hard palate.  
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Experiments in mice have shown that mouse embryonic palatal mesenchymal cells do 

indeed present strong osteogenic potential like MSC’s harvested from other structures. Their 

use has mainly been towards bone regeneration or as coadjuvant cells to help initiate 

regeneration of the palate in cases of cleft palate (14). Regeneration of palatal bone has also 

shown possible; however, this has been done with help from the MSC’s of exfoliated deciduous 

teeth cell sheet and not MSC’s from the hard palate itself. (15) The potential of the MSC’s 

found in the hard palate is yet to be described in full detail in regards to their use in humans 

and remains still unknown when compared to MSCs from other locations. 

The oral cavity has a lot of other related structures, which are not included in the 

definition of the oral cavity. Two of these associated structures are the Buccal fat bad or Bichat 

fat pad, located in the cheek area, and the major salivary glands meaning the Parotid gland, 

Submandibular gland and Sublingual gland.  
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Fig.3 Anatomy of the oral cavity highlighting the anatomical landmarks  
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1.4 Mesenchymal stem cell from associated structures of the oral cavity  

1.4.1 Buccal Fat Pad or Bichat Fat Pad 

The buccal fat pad has traditionally been looked at as an associated structure to the oral 

cavity without much function. It is not until recent times, the last decade, that its function and 

potentials have been highlighted in articles and research (16). The buccal fat pad is an 

anatomical structure located in the cheek with adjacent structures such as the facial artery, 

parotid gland and its duct and buccinator muscle located close by. It is composed of three main 

lobes called the posterior, intermediate and anterior lobe, all encapsulated by independent 

membranes. The three lobes together are considered the body of the buccal fat pad extending 

in four directions: Pterygopalatine, Pterygoid, Temporal and Buccal extension (17). Its 

physiological function is mainly predominant during the early stages of life. Fat tissue 

differentiation has been reported to begin as early as the second trimester of gestation with its 

size increasing up until the 29th week of gestation (18). The buccal fat pad allows for cheek 

prominence of adults and new-borns being the first adipose tissue that develops. The three main 

functions are separation of the masticatory muscle from adjacent bony structures, the protective 

function of the neurovascular bundle and the prevention of negative pressure in newborns 

during sucking (17). Its application today within the fields of maxillofacial surgery and regular 

oral surgery have progressed increasingly (19).  Buccal fat pad flaps have been commonly used 

for either sinus complications or pathologies causing oroantral communication and fistulas. 

However, in recent times scientists have developed knowledge allowing them to explore further 

the regenerative properties relying on adipose-derived stem cells from the buccal fat pad (17). 

Harvesting of MSCs have traditionally been derived from bone marrow aspiration. 

However, new studies suggest now that MSCs harvested from adipose tissue is equally or even 

superior in some situations. Adipose tissue does present a large cell yield of between 100 to 
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500 times greater than the ones of bone marrow (20). This tissue can be obtained from 

minimally invasive techniques and minimal discomfort for the patient. As only a small sample 

is required the procedures can be minimally invasive and still obtain a high number of MSCs. 

One of the more common locations of adipose tissue in the oral cavity is the Bichat fat pad. 

The cells found here present themselves with a similar phenotype to other adipose tissues from 

other locations of the body. Adipose tissue is composed of mainly two different fractions. One 

fraction being the stromal vascular fraction including the MSCs, fibroblasts and erythrocytes 

(20) The other fraction is mature adipocytes. Dedifferentiated fat cells from the buccal fat pad 

have been produced from mature adipocytes from ceiling culture technique (20) 

From the two different fractions it was showed that the MSCs from the stromal vascular 

fraction were key to further differentiate adipose tissue, chondrocytes, osteocytes, myocytes 

and neurons. Cells taken from Bichat fat was in 2010 isolated and under an appropriate 

condition, differentiated into chondrocytes, osteoblasts or adipocytes in vivo (21). Other 

research has also been conducted showing recent use of buccal fat pad stem cells together with 

iliac bone block grafts to regenerate new bone formation in jaws presenting extensive atrophy. 

The cells harvested from the buccal fat pad and their potential to differentiate into osteoblasts 

have been proven. Their great potential to regenerate both bone and periodontal tissue allows 

us to consider the buccal fat pad as a source of mesenchymal stem cells in regenerative dentistry 

(20). 
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1.4.2 Salivary Glands 

The oral cavity is composed of many different types of salivary glands. The major 

salivary gland composes most of the salivary production whilst the minor salivary glands are 

found all over the mouth with less saliva production. The three main salivary glands are the 

parotid gland, sublingual gland and the submaxillary gland (submandibular). These are 

considered to be the major glands. The minor glands are found all over the oral cavity especially 

concentrated on the palate, buccal wall, lips and tongue. All salivary glands contribute to the 

many functions of the mouth like speech, taste, deglutition, mastication and also lubrication.  

Their composition is mainly based around two different cell types that produce saliva. 

These are the mucous and serous acinar cells and myoepithelial cells. These cells, controlled 

by both cholinergic and adrenergic innervation, facilitate saliva extraction and modification of 

salivary composition (22). Other cells found in salivary glands are stem or progenitor cells. 

These cells are characterized by presenting the actions of self-renewal and differentiation 

capacity. Their main function is therefore to replace damaged cells and give the salivary glands 

the possibility of self-renewal. However, these cells’ potential to differentiate into cells related 

to dentistry is still yet to be discovered. Harvesting of such cells have been done with the aim 

to treat damaged or atrophic/necrotic glands and not the regeneration of other tissues. 
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1.5 Mesenchymal stem cells from teeth related structures 

New and modern stem cell research have allowed us for the first time to explore the 

secrets of tissue development. Tissue regeneration is a natural process occurring due to the 

presence of stem cells in our body. They present the ability to self-regenerate and differentiate 

into new cells and therefore create new tissue. Even though tissue regeneration is a natural 

process, factors like age have shown to heavily slow down the regenerative potential. This 

means that with age, the body is less capable to repair damage from degenerative, ischemic, 

inflammatory and tumor based-diseases (23). In the last decades, further investigation of stem 

cells has shown that these cells cannot only be isolated from the more common sources like 

bone marrow, pancreas and connective tissue, but also from teeth, tooth-related tissues and 

associated structures of the mouth. The dental pulp, exfoliated deciduous teeth, PDL, dental 

follicle and apical papilla have all shown to be potential sources of these cells (23). Cells 

collected from either, but especially the pulp, have shown great potential and capacity to 

differentiate into many different cell types (23). One of their greater features has been described 

as their osteoblastic potential and dentinogenic potential through osteoblasts and odontoblasts 

(24). Other differential potentials from the pulp are adipogenic, chondrogenic, myogenic and 

neurogenic differentiation through adipocytes, chondrocytes and neural cells. (23,24) 
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1.5.1 Dental Pulp 

Tissue engineering with the help of mesenchymal stem cells have presented itself as a 

potential groundbreaking discovery.  The topic of dental pulp regeneration within dentistry and 

especially regenerative endodontics has for the first time been introduced into the world of 

dentistry. The dental pulp, together with the dentin, is what keeps a tooth vital. The pulp 

presents itself as a sack-like structure containing cells, connective tissue, vessels and nerve 

endings. This vascular structure is found within the tooth itself inside an area called the pulp 

chamber. The layer surrounding the pulp chamber is the dentin. The dentin and pulp together 

are considered the endodontium, or the dentin-pulp complex. They act as one complex and are 

in many ways interrelated depending on each other for the tooths survival. The pulp itself is 

highly vascularized and innervated including various cell types such as fibroblasts, 

odontoblasts, histocytes, macrophages, mast cells and plasma cells (25). The function of the 

pulp can be described easily in four ways: formation and nutrition of the dentin, and defense 

and innervation of the tooth (25).  

The stem cells found in the pulp are multipotent with great proliferative capabilities that 

can be cryopreserved with immunosuppressive properties. Earlier studies have also shown that 

the pulp express markers such as CD13, CD29, CD44, CD59 together with many other CD 

markers, and STRO-1 (23). Both in vivo and in vitro studies have been conducted on the matter. 

Experiments conducted in vitro showed results were MSCs from the dental pulp formed 

mineralized nodules under osteoconductive conditions creating dentin-like material which was 

microscopically proven similar to physiological dentin (23). Furthermore, when a similar trial 

was conducted in vivo, structures similar to reparative dentin was developed on top of, the 

already present, physiological dentin (23) 
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Other studies have also been conducted describing great potentials from the MSCs 

harvested from the pulp. It was proven that when pulp MSCs were applied together with 

hydroxyapatite/ tricalcium phosphate it produced structures close to dentin. This structure, 

when microscopically examined, showed a newly created line of odontoblast surrounding a 

pulp-like tissue in vivo (26,27).  

1.5.2 Exfoliated Deciduous Teeth  

As already mentioned, human exfoliated deciduous teeth (HEDT) could also be a source 

of stem cells. These stem cells present similar properties to the ones of the pulp but are 

considered more accessible (28). HEDT are considered clinically and biologically discarded 

tissue due to these teeth being exfoliated naturally at age 6-12 and are described as the most 

promising source of mesenchymal stem cells for tissue regeneration (28). 

Cells from HEDT have been shown to present a greater proliferation rate. Experiments 

conducted in 2010 showed that when stem cells from HEDT were transplanted onto the dorsum 

of immunocompromised mice, dentin-like tissue was formed. However, the stem cells were 

unable to recreate or regenerate the dentin-pulp complex. These results suggested that the 

generation of odontoblasts from HEDT is possible in vivo (29).  
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1.5.3 Apical Papilla 

The apical papilla has presented itself as a new source of stem cell. It’s been described 

as a potentially new type of cell found specifically in immature permanent teeth. The dental 

papilla comes from the ectomesenchyme overlaying the dental lamina during tooth 

development. This portion specifically will later develop, becoming the pulp, after odontoblasts 

encapsulates it and produce dental tissue. The apical papilla, or the apical portion, is located 

further down in the root apex during root development. This portion have been named the 

apical papilla and through several recent studies have shown great capabilities to aid and 

regenerate new tissue (30). MSCs surface marker STRO-1 has been found in the apical papilla 

and was the first proof of their existence. The apical papilla appears on the root apex of 

immature permanent teeth as a little sack, loosely adhered, that can be extracted easily with a 

pair of tweezers (30). These mesenchymal stem cells can be isolated and grown in cultures 

where they have shown to undergo dentinogenic differentiation with stimulants like 

dexamethasone with L-ascorbate-2-phosphate and inorganic phosphate (30). They have also 

shown further differentiation potentials like osteogenic differentiation, adipogenic and 

neurogenic capabilities (23,30)  

The cells extracted from the apical papilla have shown special use in root formation. 

Cells from the apical papilla showed to present potentials in apexogenesis. Trials showed that 

when transplanted into an immature tooth presented with periradicular periodontitis or abscess, 

the cells from the apical papilla had the ability to induce the formation of the root tip. (23). 

Similar results were shown in an experiment where a young immature central incisor 

underwent root canal treatment whilst keeping the apical papilla intact (30). The formation of 

the root continued even though the pulp was removed.  Further investigation is of course 

needed; however, the results highlight the potentials of the apical papilla. 
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2. OBJECTIVES 

 

Mesenchymal stem cells remain a key topic in today’s scientific world. Their use can 

be potentially without great limitations and their use in developmental and regenerative 

dentistry is slowly emerging as a focal point in research. I would therefore like to approach this 

paper answering the following objectives: 

2.1 Primary objective:  

• Summarize the current knowledge of dental MSCs in teeth repair and tissue in 

physiological conditions. 

• Discuss possible applications of teeth MSCs in regenerative dentistry.  

2.2 Secondary objectives:  

• Definition of MSCs  

• Describe the different sources of MSCs inside the oral cavity 

• Link the human anatomy of the oral cavity with the sources of oral cavity MSCs 

• Describe dental MSCs 
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3. METHODOLOGY  

 

A systematic approach was conducted to collect and find scientific articles to answer the 

primary objective: to summarise current knowledge of dental MSCs in teeth and tissue repair 

in physiological conditions and discuss possible applications of MSC in regenerative dentistry. 

Trusted and well-known article databases were used such as Medline, PubMed, Wiley, 

ResearchGate, Elsevier and Hindawi. The online library of Universidad Europea de Madrid 

was also used to gain access to journals and books.  With the title “Mesenchymal stem cells. 

State of the art”, keywords such as mesenchymal stem cells, regenerative dentistry, oral cavity, 

tooth and tissue regeneration were used to find and collect articles as a backbone of information 

for this paper. Initially, a total of 83 unique references were found and identified after the 

removal of duplicates. After abstract screening with exclusion criteria such as articles cannot 

be older than 10 years and in vivo studies only, the article base was narrowed down to 68 

articles. A further thorough article assessment revealed a total of 49 unique articles fulfilling 

the requirements previously set and deemed relevant to answer the primary objective and 

therefore used as direct references for this paper. The remaining 19 articles of the 68 were used 

indirectly to gain sufficient knowledge and help guide this thorough review. The primary 

objective will be answered by firstly explaining the basic knowledge required for this content. 

The definition of MSCs, where MSCs can be harvested from, the potential use of MSCs and 

previous history. Experiments and trials on the matter will then be discussed to summarize and 

enlighten the current state of MSCs in teeth and tissue repair in physiological conditions and 

their application in regenerative dentistry. 
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4. DISCUSSION  

 

As mentioned briefly before, the oral cavity, together with some of its surrounding 

structures have proven to be sources of MSC’s. Their use in today’s biomedicine remains 

unclear when it comes to direct tissue regeneration. Several experiments have however been 

conducted showing signs of potentially groundbreaking discoveries within tissue regeneration 

and dentistry. This technology and the use of MSCs are still far from being common practice 

in most clinics or hospitals, however their discovery and potential may help guide regenerative 

dentistry towards a new an intuitive direction. 

4.1 Mesenchymal stem cells from the Bichat fat pad  

The Bichat fat pad has traditionally been looked at as a structure without much purpose 

and potential. Surgeons have traditionally used the Bichat fad pad for its anatomical structure, 

shape and convenient location as cover in sinus-related complications. However, recently 

researchers have started to understand more of the tissue potential the Bichat fat pad presents. 

A study published in 2017 explored the potential use of MSCs from the Bichat fat pad, more 

specifically adipose tissue-derived MSCs for bone regeneration. MSCs from adipose tissue has 

traditionally been harvested from underlying subcutaneous tissue. The difference between the 

two adipose tissues harvested from different locations have shown small differences. When 

compared their behavior and features have been described as quite similar with both being 

sensitive to osteo-differentiative stimuli (31). This was confirmed by Farré-Guasch et. al in 

2010 when they isolated fatty tissue from the Bichat fat pad and compared it to the abdominal 

subcutaneous tissue. The two adipose derived stem cells from the fat pad and abdomen showed 

to have similar phenotype, and when stimulated under in vivo conditions showed to both have 

great capabilities to further differentiate into chondrocytes, osteoblasts and adipocytes. (21).  
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Further investigation was conducted in 2012 when Shiraishi et.al demonstrated the 

possibility to form and engineer bone from MSCs derived from buccal fat pad (32). Adipose-

derived stem cells from the Bichat fat pad were isolated after surgical removal of the pad in 

patients with jaw deformity. The cells were then transplanted in pockets created on the spine 

of a mouse for 8 weeks. The newly formed bone-like tissue was then later analysed and 

compared. (32). The results showed that calcified nodules had been created in the space. The 

tissue created presented osteocyte-like cells, similar to the cells found in natural bone. The 

bone-like structure occupied between 13-40% of the space created showing variable results in 

regards to the amount of bone-like tissue created. Nevertheless, the findings demonstrated by 

Shiraishi proved that adipose-derived stem cells from the Bichat fat pad can indeed induce bone 

formation. Its relevancy remains still unclear as better technology and research have to be 

conducted to allow for reliable bone engineering in patients in day-to-day practice  

More research has also been conducted in more recent times. In 2016, Khojasteh et. al. 

assessed the potential to use MSCs derived from the Bichat fat pad as coadjuvant graft material 

together with iliac bone graft for treatment of alveolar ridge defects. A smaller number of 

patients, eight in total, were selected to undergo a procedure for extensive jaw atrophy. The 

procedure constituted of reconstructive surgery using iliac crest bone blocks. The spaces 

between the bone blocks were filled with cells derived from the Bichat fat pad. The level of 

newly formed bone was assessed in six points along the alveolar ridge using cone beam 

computed tomography (CBCT) as the main tool of assessment. The results showed that the test 

group receiving cells derived from the Bichat fat pad presented greater new bone formation 

than patients in the control group not receiving it. The bone formation in the test group was 

65.32% compared to the 49.21% in the controlled group translating to 3.94 ± 1.62mm to the 

3.01 ± 0.89mm in the controlled group (33). This study did not investigate the use of the cells 
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from the Bichat fat pad alone, however it demonstrated its potential usefulness as a coadjuvant 

tool due to its differentiation potential. This further highlights the potentials cells derived from 

the Bichat fat pad may present 

4.2 Mesenchymal stem cells from the major salivary glands  

The major salivary glands present themselves as an easily accessible source of MSCs. 

Their potential has been described mainly in vitro in which cells have been extracted and 

isolated from major salivary glands like the parotid gland and submandibular gland. The 

potential displayed by these cells have been researched and shown great ability to differentiate 

along all three mesenchymal lineages (34). The cells found in the major salivary glands have 

been compared to the ones of the pancreas, which is already known as a source of mesenchymal 

stem cells within regenerative medicine. When extracted cells from the pancreas and salivary 

gland were compared the results showed that they both presented similar abilities to 

differentiate spontaneously into cells with the three embryonic layers. Their phenotypes were 

also described as comparable with proven differentiation potential into adipogenic, 

chondrogenic and osteogenic cells. The similarity in MSCs from both was explained by their 

common embryonic origin; the foregut (35). Discoveries like this have allowed researchers to 

direct their interest towards the major salivary glands and their potential.  

 A recent study by Najafi et.al investigated the possibility to regenerate functional 

salivary gland tissue in a rat presenting a necrotic submandibular gland. MSCs were extracted 

and later cultured from healthy rats and locally injected into the atrophic gland. When later 

examined by a histopathologist the results showed that the glands receiving MSC therapy 

presented a considerably lower density of the serous acini than the group of rats not receiving 

therapy. A further comparison of the rats receiving therapy and the healthy rats showed that 

histopathologically the two presented similar density of their glandular structure compared to 
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the high density and morphological changes found in the ones not receiving therapy. 

Additionally, further testing showed that the overall serous and mucin secretion increased 

together with the cell amount in the atrophic gland over a 2-week post-transplant period. This 

study proved that transplanted MSCs indeed could regenerate the necrotic duct and increase 

secretory granules (36). 

A similar study was also conducted in 2013 by Lim.et al using rodents. Mice were 

induced salivary gland dysfunction through radiation with 15Gy. Measures of salivary flow 

was noted pre- and post-radiation. A local injection of MSCs was then carried out into the 

submandibular gland, similarly done to the study conducted by Najafi et al. The results showed 

a considerable increase in salivary flow for the mice undergoing MSCs treatment compared to 

the control group not receiving the injection. The increase in salivary flow was around 41% 

and concluded that MSCs from the salivary gland could increase and improve salivary flow in 

dysfunctional glands (37) 

Other studies have also been conducted on the matter. Jensen et al. 2014 conducted a 

study reviewing the MSC therapy for patients presenting salivary gland dysfunction, 

xerostomia or salivary gland dysfunction induced by radiotherapy. The more severe forms of 

xerostomia resulting in reduced quality are found in Sjögren syndrome and patients undergoing 

radiotherapy for head and neck cancer. The study highlighted the current role of MSCs in 

salivary gland research. Several articles were mentioned, including Lim et al. 2013 and many 

others. Jensen.et al highlights that even though studies conducted with direct MSCs injections 

into the dysfunctioning gland have presented positive and promising outcomes; transferring 

this knowledge to humans is still far from common clinical practice. Real-life patients present 

larger variations in destruction related to their radiotherapeutic dosage. The damage caused is 
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therefore specific to the patient which would alter the results considerably compared to mice 

(38) 

As the studies mentioned about presents themselves as great discoveries to build on 

further for the future; the question of whether or not MSCs from salivary glands can be used in 

regenerative dentistry remains unknown.  The studies presented previously only conclude that 

MSCs from salivary glands can be effective and beneficial in salivary gland issues. Whereas 

this is a great discovery in itself and for regenerative medicine, their use in regenerative 

dentistry is still unknown and no studies have been conducted so far on the matter. MSCs from 

these glands seem to limit themselves to salivary gland-related issues only and thus not 

appropriate to use in regenerative dentistry based on today’s knowledge.  

4.3 Mesenchymal stem cells from pulp and periodontium 

The pulp and the periodontal ligament have been two known common sources of 

multipotent MSCs. Many studies, both in vivo and in vitro, have been conducted on the matter. 

Cells from the dental pulp and periodontal ligament presents great potential and their 

multilineage differentiated in vitro and dental tissue regeneration in vivo have both been proven 

(39). Their known ability to regenerate dental tissue was discovered in the early stages of their 

discovery. However recent times have shown that their abilities stretch over a far greater 

differentiation lineage which have increased the popularity and interest around these cells (40). 

Ravindran et al. conducted two studies in 2014 with the aim to regenerate dental pulp 

with the help of MSCs from the dental pulp, periodontal ligament and human marrow stromal 

cells. They established early that in order to develop and engineer a new dental pulp some vital 

factors had to be present. These factors are the MSCs themselves, a scaffold and a growth factor 

(41). The scaffold used in this study was a biomimetic pulp extracellular matrix (ECM). By 
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implanting MSCs from dental pulp, periodontal ligament and also human bone marrow stromal 

cells separately within a biomimetic pulp ECM Ravindran obtained odontogenic differentiation 

over a four-week period. Furthermore, vascularization through angiogenesis with help from an 

external vascular growth factor (VEGF) was also generated. Vascularization was achieved 

regardless of MSC type with help from this growth factor. With this Ravindran et al proved the 

possibility to develop healthy pulp tissue when implanting MSC from either dental pulp, 

periodontal ligament or marrow cells within a biomimetic ECM and growth factor, both in vivo 

and in vitro (41,42). Previous research had also been conducted on the matter with Iohara in 

2011 and Ishizaka in 2012. Both proving the possibility to regenerate pulp-like tissue in canines 

after a pulpectomy with the help of pulp derived MSCs (43,44) 

Iohara conducted in 2011 a study aiming to regenerate dental pulp in dogs after 

pulpectomy of their canine. This in vivo study was conducted with a total of sixty teeth from 

fifteen individual dogs. Dental pulp cells would then be isolated from their maxillary teeth 

previously and then transplanted later into the canines together with a scaffold and growth 

factor. The canine had undergone a previous pulpectomy following a standardized protocol for 

pulp removal pre-endodontic treatment in dogs. A control group of seven teeth without any 

intervention was kept as control. The results showed that when autologous pulp cells together 

with SDF-1were transplanted together into the root canal the apical formation was induced. 

After fourteen days pulp-like tissue was formed covering the root canal ranging from 5-30% 

of the total root canal surface. It was found that this pulp-like tissue had not only been created 

within the pulp chamber itself but also extending into the dentinal tubules. The tissue was fixed 

within the chamber due to odontoblast-like cells adhering to the dentin walls. After ninety days 

the pulp-like tissue had continued extending further into the cement-enamel junction, now 

filling a majority of the root canal. The most coronal part of the tissue created showed a 
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morphological build different from normal pulp. The tissue here was spindle shape whilst the 

middle and apical part resembled more of a natural pulp being stellate-like (43). Iohara proved 

through this study the possibility to regenerated pulp-like tissue with neurogenesis and 

vasculogeneis in vivo. This was the first time that complete pulp regeneration with pulp cells 

(CD105+) and SDF-1 had been done presenting itself as a potentially valuable clinical 

discovery for regenerative dentistry and endodontics especially. However, Iohara did not fail 

to mention that their discoveries did present some limitations. The use of autologous pulp cells 

is fundamental  for the success of pulp regeneration as demonstrated in the study. These cells 

are not as widely available as normal pulp tissue as the cells are limited to patients with 

discarded teeth which also presents adequate pulp. Furthermore, it was mentioned that another 

requirement is a healthy and younger patient. Age and diabetes were mentioned as two factors 

limiting the pulp potential and might require a different approach (43). 

 

 

 

 

 

Fig 4: A: Opening of the infected tooth, B: Pulpectomy of infected pulp, C: Treatment 

methodology, D: Final results with newly generated pulp 
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Iohara’s findings were later proven again by Ishizaka in 2012. A similar study was 

conducted with the same aim, however now using CD31 – cells from pulp instead of CD105+. 

SDF-1 was still used. The autologous cells were collected from extracted canines and later 

transplanted using thirty teeth from ten individual dogs. Ishizaka found that pulpal stem cells 

from previously extracted canines together with SDF-1 had induced and created pulp-like 

structure after fourteen days. This pulp-like structure had also developed vascularization and 

innervation. An odontoblastic layer was seen layering the pulp-like tissue allowing it to adhere 

to the dentin walls. Some odontoblastic structures were also discovered within the pulpal tissue 

itself. More odontoblastic development was found within the pulpal tissue when adipose cells 

were used instead of pulpal cells. This indicated that adipose MSCs might present a higher 

tendency to follow odontoblastic lineage than pulp MSCs (44).  Ishizaka concluded that MSCs 

from bone marrow, adipose or pulp can indeed induce pulp regeneration in vivo using canines 

from dogs. Furthermore, it was concluded that MSCs presents comparable potential in vivo 

independent of their source (44). This confirms that pulp regeneration is a real possibility in 

the clinic even though further studies and trials have to be conducted before seeing pulp 

regeneration with help from MSCs as common day-to-day practice. 

Further research has expanded the idea of using MSCs from the dental pulp to 

regenerate the periodontium; gingiva, PDL, alveolar bone and cementum. Treatment of 

periodontal disease is highly standardized and common practice for all clinics. Periodontal 

regeneration however is a new term introduced to the world of dentistry and has shown variable 

results with the help of MSCs. Periodontal regeneration should however not be confused with 

a periodontal repair. Periodontal repair is already a common phenomenon practiced by most 

implantologists and oral surgeons. The idea of using autologous grafts like bone grafts, 

allografts or alloplastic materials have already been introduced and is found as a common 
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practice amongst many practices around the world. Periodontal repairs aim to replace missing 

bone or ridge defects with materials from either the patient’s own body, synthetic materials or 

bone from same or different species. Bone presents a unique ability to generate itself 

completely if space and the correct environment is created. The graft material provides this 

space and the bone will in most cases replace the grafted material and replace it with natural 

bone (45). This is however considered a repair of the tissue and not regeneration.  

Periodontal regeneration has presented itself as a true challenge as regeneration of the 

periodontium in a patient with periodontal disease means regeneration of bone, ligament and 

cementum (46). MSCs have therefore allowed us for the first time to truly accept the challenge 

of periodontal regeneration due to their differential potential. Alloplastic transplantation of 

pulp-derived MSCs have shown to be an appropriate solution with promising results (40).  

Trails on mice were conducted in 2019 by Qiao on the effects of MSCs from exfoliated 

human primary teeth injected in mice with periodontal disease to see the effects on the 

regeneration of the periodontium. SHED was obtained from an already established oral cell 

bank. Qiao et.al used a total of fifteen mice, divided in three groups with five mice in each. A 

control group was obtained together with a group periodontal group and SHED group. SHED 

was then injected locally in three different administration sites: mesial, distal and in the middle 

of the molars. After a two-week period, the mice were reevaluated and the results showed a 

rapid proliferation rate of SHED. The capacity of SHED to undergo osteogenic and adipogenic 

differentiation was also proven. The SHED group had developed a greater periodontal 

regeneration than the periodontal group. CT scans were prescribed to evaluate the bone level 

and the SHED group presented greater new bone formation compared to the periodontal group, 

however bone levels were not generated back to a physiological state.  
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Furthermore, it was detected that the number of osteoclasts and inflammatory factors 

were reduced in the SHED group allowing them to believe the possible inhibitory activity of 

SHED on both. Further research is however required to draw any conclusions on SHED’s effect 

on osteoclasts and inflammatory factors. However, the overall results showed alveolar bone 

regeneration when SHED was injected locally in mice to treat periodontal disease (47). 

The effects on bone regeneration in humans with help from MSCs have also been 

conducted. Ferrarotti et al conducted research in 2017 aimed at regenerating infrabony defects 

with dental MSCs. A randomized clinical trial was carried out following two groups of patients 

over a twelve-month period.  The MSCs were isolated and collected from an extracted tooth of 

the patient.  A surgical approach was then followed raising a flap and surgically clean the root 

surface before the MSCs were placed. Fifteen boney defects received MSCs within a scaffold 

of collagen bio complex whilst the remaining fourteen boney defects received MSCs and 

collagen sponge. The control group received a protocolized approach for surgical debridement 

of a periodontal patient without any MSCs. The results showed that the overall gain in clinical 

attachment loss (CAL) was 4.9 ± 1.4mm and the reduction of probing depth (PD) was 4.5±1.9 

mm at twelve-month control. The results for the control group were lower at CAL gain 

2.9±2.2mm and PD reduction at 3.4 ± 1.7mm at twelve-month control (48). 

The limitations of the study should however not be overlooked despite positive results.  

Factors such as smoking habits, systemic disease with affectation on periodontal healing, 

pregnancy and furcation defects were excluded. This allows for the study to be conducted in a 

controlled environment contrary to the reality in day-to-day practice as a periodontal patient 

commonly present at least one of the excluded factors (49) 
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5. CONCLUSION  

 

The art of dentistry has been known for thousands of years. It is a profession that is rapidly 

evolving year by year. As of today, dentistry is a highly protocolized profession with new and 

modernized treatment methods and ways of diagnosing. The current state of dentistry is modern 

and efficient with safe methods of approach. Modernised technology stands central and is key 

to achieving successful results for patients, however it is not without its limitations. Even 

though today’s current technology has allowed dentistry to advance into new dimensions of 

safety, esthetics and efficiency, limitations especially within regeneration of soft and hard 

tissue, as well as dental tissue, remains apparent.  

After four decades since the discovery of mesenchymal stem cells their presence have 

gained rapid traction within biomedicine. The idea of implanting a cell with almost unlimited 

potential to regenerate seemingly any tissue have sparked light on potentially groundbreaking 

discoveries in regenerative dentistry and medicine. Mesenchymal stem cells are multipotent 

stem cells with abilities to differentiate into chondrocytes, myocytes, adipocytes and 

osteoblasts. They do not follow the traditional hematopoietic differentiation lineage known for 

pluripotent stem cells from the bone marrow. Their potential to create new bone, cartilage, and 

even dental tissue have allowed mesenchymal stem cells to introduce themselves as a focal 

point within regenerative dentistry. Today’s practice in regards to bone creation and healing, 

especially within periodontics and surgery, is more centered around grafts and membranes to 

repair the tissue rather than regenerate. 

 

 



38 
 

Increased knowledge about MSCs have allowed more efficient ways of harvesting them. 

By exploring the mouth and associated structures, researchers have found that some of the 

anatomy here, like the Bichat fat pad, dental pulp and periodontal ligament, presents equal 

potential to MSCs harvested from other sources like the marrow or pancreas. Discoveries such 

as this might deem to stand central in further MSCs research. Easy access to sources of MSCs 

through minimally invasive techniques will allow the cells to be more widely available, and 

permit harvesting prior to future studies to be more comfortable for the patient and 

economically beneficial for the researchers.  

After reviewing several articles undergoing trials and experiments the current role of MSCs 

in regenerative dentistry stands unassertive. Their potentials have been explored greatly inside 

the laboratory and the findings throughout the years have allowed scientists to further the 

knowledge of MSCs ability to regenerate tissue from in vitro to in vivo. Studies conducted have 

proven positive results in vivo within topics like bone regeneration in periodontal patients and 

complete pulp regeneration in dogs.  Positive results such as these permit the idea that MSCs 

could be a viable method of tissue regeneration within dentistry in the future.  

However, despite several studies showing great results in vivo. It is not to be forgotten the 

many challenges and limitations the future might bring. The majority of studies conducted 

today are conducted in relativity-controlled patients or samples allowing maximum potential 

from the cells. In some instances, the environment is even modified to improve results. It is not 

to be dismissed that patients in day-to-day practice do not present these benefits in normal 

physiological conditions. Patients will in most cases present interfering factors such as systemic 

diseases, medications, habits like drinking or smoking or in most cases; a combination of all 

three. The human factor will always be there and alter results. The unassertiveness surrounding 
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MSCs today is largely based on their fault to be used in a wide range of patients and 

physiological conditions.    

Today, the current status of MSCs research stands at a crossroad. Their potentials have 

been proven both in the lab, and in real living animals or humans, but are yet to be introduced 

into the general market and practices. Further research has to be conducted to generate 

necessary protocols, assure safety and efficacy, and at the same time assure affordability for 

the practitioner. MSCs find themselves at an early stage of life and usability, however there’s 

no doubt that MSCs do indeed have a role in the future of regenerative dentistry.     
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6. RESPONSIBILITY  

 

This extensive overview of the current knowledge of MSCs and the position it holds in 

today’s scientific world calls for analysis of several articles, experiments and research 

conducted on the matter. Research allows a professional field such as dentistry to expand and 

developed. New technology has allowed dentistry as a profession to evolve and expand into 

greater dimensions of treatment, efficiency and patient comfort. Limitations are however still 

present and especially in the field of periodontics, endodontics and surgery. MSCs present 

themselves with a unique ability to regenerate lost tissue. Repairs of lost tissue is commonly 

practiced in many clinics and hospitals around the world, however complete regeneration has 

never been possible before. The researchers and dental professionals of today have a 

responsibility to further expand and drive the profession further. As of today, the world of 

MSCs research stands at an early but exciting stage of its life. Introducing MSCs fully into 

regenerative dentistry can potentially revolutionize the field. Exploring their potentials further 

and developing methods to integrate them into the dental profession is therefore necessary as 

it will bring huge benefits to patients and quality of life. 
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