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Summary 

Introducción: las células madre han demostrado su potencial para su uso en odontología 

regenerativa y terapéutica. Se clasifican en diferentes grupos en función de sus características 

y su origen. En este trabajo se incluyen las más relevantes para la odontología. 

Objetivo: El objetivo principal fue identificar y discutir diferentes aplicaciones de las células 

madre en la investigación y el uso clínico, mientras que el objetivo secundario fue analizar los 

usos futuros potenciales de las células madre. 

Metodología: se utilizaron las bibliotecas en línea de Cochrane, Medline Complete y Dulce 

Chacón para obtener revisiones, ensayos clínicos y artículos que trabajaron con criterios de 

exclusión y que ayudaron a lograr los objetivos propuestos. 

Discusión: se han recopilado y revisado una serie de ensayos clínicos y preclínicos para evaluar 

el efecto que sus resultados podrían tener en el trabajo en el mundo real. Las áreas de la 

odontología analizadas fueron la regeneración del tejido periodontal, la endodoncia 

regenerativa y la disfunción de las glándulas salivales, y se analizaron los ensayos clínicos de 

terapias con células madre relevantes para evaluar la importancia de los resultados y si tienen 

potencial para convertirse en tratamientos habituales. La mayoría de los ensayos mostraron 

aplicaciones exitosas de células madre, pero sufrieron por tener tamaños de muestra 

pequeños que se estudiaron durante períodos de seguimiento cortos. Los posibles desarrollos 

futuros fueron la regeneración dental completa, la ingeniería de la raíz biológica, las células 

madre derivadas no orofaciales para su uso en odontología y el tratamiento de 

inmunomodulación para afecciones inflamatorias. 



 
 

Conclusión: La investigación y la utilidad de las células madre están en desarollo todavía y, por 

lo tanto, muchos de los ensayos deben limitarse a pequeños estudios preclínicos y clínicos. Sin 

embargo, muchos de los ensayos realizados muestran resultados prometedores en la mejora 

de los resultados de ciertos tratamientos, destacando el gran papel que podrían desempeñar 

las células madre en el futuro de la odontología. 

Abstract 

Introduction: stem cells have demonstrated their potential for use in regenerative and 

therapeutic dentistry. They have been classified into different groups based on their 

characteristics and their origin and those most relevant to dentistry have been included in this 

work. 

Objective: the primary objective was to identify and discuss different applications of stem cells 

in research and clinical use, whilst the secondary objective was to analyse potential future 

uses for stem cells in the field of dentistry. 

Methodology: the online libraries of Cochrane, Medline Complete and Dulce Chacón were 

used to source reviews, clinical trials and articles that worked within the exclusion criteria and 

that helped to accomplish the objectives.  

Discussion: a number of pre-clinical and clinical trials have been collated and reviewed to 

assess what effect their results could have on real world working. The areas of dentistry looked 

at were periodontal tissue regeneration, regenerative endodontics and salivary gland 

dysfunction and clinical trials of relevant stem cell therapies, which were analysed to evaluate 

how significant the results were and if they have potential to become common treatments. 

Most of the trials showed successful applications of stem cells but they suffered from having 



 
 

small sample sizes that were studied over short follow up periods. The potential future 

developments were complete tooth regeneration, bio-root engineering, non-orofacial derived 

stem cells for use in dentistry and immunomodulation treatment for inflammatory conditions 

Conclusion: Stem cell research and utility is in its infancy and therefore many of the trials must 

be limited to small pre-clinical and clinical studies. However, many of the trials carried out 

show promising results in improving the outcomes of certain treatments, highlighting a 

significant role stem cells could play in the future of dentistry. 
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1. Introduction 

Stem cells are recognised in the medical world as having great potential for advancing 

reparative and regenerative therapeutic treatments. These unique cells have the ability of 

self-renewal and differentiation, meaning they can become cells from many different lineages 

(1). They are classified according to the variety of different cells into which they can 

differentiate and are as follows: embryonic stem cells, adult stem cells (further broken down 

into hematopoietic and mesenchymal stem cells) and induced pluripotent stem cells (2).  

- Embryonic stem cells (ESCs) are pluripotent, being able to differentiate in vitro into 

every somatic cell lineage as well as all germ cells and therefore have great therapeutic 

potential (2). However, harvesting of these cells can only be done from a fertilised 

embryo and therefore their use is limited by laws and ethical concerns. 

- Mesenchymal stem cells (MSCs) are multipotent and can be harvested from bone 

marrow, skin, oral and maxillofacial areas, and adipose tissue.  Their potential for 

differentiation is more limited than pluripotent cells’. The cell types they can become 

are dictated by the cell type from which they originate. For instance, blood stem cells 

(example of hematopoietic adult stem cells) can become many different blood cell 

types but cannot become bone cells (3). A great advantage of their use is that they are 

not rejected by immune systems and can be used autologously (1).  

- Hematopoietic stem cells (HSCs) are classified as being able to form blood and can 

differentiate into: red blood cells, white blood cells and platelets (4). There exist two 

types of HSCs; long term and short term repopulating cells. The former maintain self-

renewal capabilities for the entirety of their life cycle and the latter has partial self-
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renewal (5,6). Sources of HSCs include bone marrow, peripheral blood cells and 

umbilical cord blood (4).  

- Induced pluripotent stem cells (iPSCs), as the name suggests, share the embryonic 

stem cells ability to become many different cell types but are not constrained by the 

same ethical and legal restrictions. This new development involves artificially 

modifying adult stem cells into an embryonic-like form (7). 

The classification of MSC is the one most used and therefore most important to dentistry. 

MSCs are further categorised into groups based on their source, that is to say, the part of the 

body they are harvested from (as can be seen in figure 1).  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Categorisation of stem cells (14) 
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Stem Cells used in Dentistry  

MSCs 

In 2006 the International Society for Cellular Therapy (ISCT) established a minimum of three 

criteria for defining MSCs. Firstly, they must be able to adhere to plastic in standard culture 

conditions. Secondly, they need to present certain surface molecules: CD73, CD90 and CD105 

whilst at the same time lacking the molecules: HLA-DR, CD79alpha, CD19, CD34, CD45, CD14 

or CD11b. Thirdly, they require the ability to differentiate into osteoblasts, adipocytes and 

chondroblasts in vitro (8). Many MSCs used clinically today are derived from oromaxillofacial 

tissues (examples of which can be seen in figure 2).  

Figure 2. Visual depiction of stem cell sources (46) 

(a) Bone Marrow-Derived Stem Cells (BMSCs) 

Bone marrow contains two types of adult stem cells: HSCs and MSCs (9). This makes BMSCs 

very useful for regenerative treatments since the HSCs can become cells from blood cell lines 

and whilst MSCs, as previously mentioned, can become osteoblasts, adipocytes and 

chondroblasts, thus making them a useful source of multipotent stem cells. The varying cell 



4 
 

characteristics mean these stem cells can develop into bone, cartilage, tendon, muscle, 

adipose tissue and neuronal tissue (10,11).  BMSCs are currently being used in a range of 

clinical applications as they help promote new bone growth, owing to their ability to develop 

into osteoblasts and form new areas of vascularisation (12). Most common delivery forms are 

to inject suspensions of single cell BMSCs into a site for regeneration or adding them to 

scaffolds or hydrogels for use in mandibular bone graft treatments (13). They have been 

shown to have some phenotypic variance between donors, which can make their efficacy and 

use somewhat unpredictable. BMSCs used in dentistry are typically harvested from two 

locations: orofacial bones and the iliac crest.  

Bone marrow aspirate from the iliac crest yields some of the most commonly used BMSCs in 

dental regenerative treatments (14). They present great potential for differentiation into 

myogenic, osteogenic, chondrogenic, adipogenic and nonmesenchymal neurogenic cell lines. 

One main disadvantage of stem cells derived from the ilium is that it requires an invasive 

surgical treatment to harvest them. Another downside is that characteristics such as age and 

gender of the donor has some slight effects on outcome of use, with some studies reporting 

a decrease in chondrogenic differentiation potential for iliac crest BMSCs from older male 

populations when compared to female populations. Increasing age affects the viability, 

multilineage proliferation potentials, expression kinetics and immunoregulation. The age of 

the patient receiving the treatment, however, does not influence its regenerative capacity 

(15,16).  

Orofacial bones can also serve as a source for BMSCs. Dental treatments such as: implants, 

surgical extractions of impacted teeth, enucleation of cysts and orthognathic surgery provide 
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opportunities to collect BMSCs from both the maxilla and the mandible (17). These cells can 

be extracted from donors of all ages, however, their gene expression can be affected by age 

(18). According to studies, orofacial bone marrow stem cells (OBMSC) produce better results 

than iliac crest stem cells when they are used for grafts in craniofacial areas, producing larger 

quantities of bone. A study in 1990 compared outcomes of bone grafts to bridge alveolar cleft 

defects using the ribs as a source versus bone from the mandibular symphysis. The group that 

received the rib graft showed higher levels of bone resorption and more complications such 

as wound dehiscence. This could be due to the embryological origins of facial bones compared 

to the ilium; the maxilla and mandible grow from the neural crest cells during embryo 

development whereas the iliac crest bone comes from the mesoderm (19). A 2004 study 

looked at how the biological features of BMSCs change depending on where in the body they 

came from by comparing alveolar bone with iliac crest bone. The results found that whilst the 

alveolar stem cells had great osteogenic potential, they presented worse chondrogenic and 

adipogenic potential when compared to iliac crest cells. This can mean less fat production 

while the bone is healing which is beneficial for regeneration (20). The main downside to 

OBMSCs is that extracting the marrow from craniofacial bones produces far less volume than 

from the iliac crest (21).  

(b) Stem Cells from Human Exfoliated Deciduous Teeth (SHED) 

SHED were first isolated from the dental pulp of exfoliated primary teeth in 2003 (22).  They 

represent an excellent source of postnatal stem cells. For instance, they are readily available 

and easily acquired as part of a natural process, not requiring any form of additional treatment 

to source them. Their accessibility is such that even carious primary teeth can have their stem 
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cells isolated (23). Furthermore, ethical and legal issues surrounding SHED are few, owing to 

the fact they are easily attained without the risk of harm to the donor, which results in them 

being very useful in the field of research and development. SHED are considered multipotent 

and have the ability to become adipocytes, endothelial cells, neurons, osteoblasts and can 

self-renew, making them similar to BMSCs and they therefore can be used in many 

regenerative procedures. Moreover, SHED can excel in bone regeneration specifically, having 

been shown to, in vivo, participate in osteogenesis by promoting osteogenic differentiation of 

the host’s own cells (23). In 2008, experimental work revealed the potential SHED displays in 

regenerating dental pulp. The researchers attached SHED as scaffold material for xenologous 

teeth implants into a mouse to determine if the SHED had the capacity to specialise into 

odontoblasts capable of producing tubular dentin (24).  

(c) Dental Pulp Stem Cells (DPSC) 

Similar to exfoliated deciduous teeth, adult dental pulp tissues also represent a bank of useful 

stem cells and are the most frequently used source. First isolated in 2000, DPSCs have been 

shown to be osteogenic, odontogenic, myogenic, adipogenic, neurogenic and can contribute 

to pulp-dentin complex production (1,25). An advantage that DPSC share with SHED is that 

they have good accessibility, with only a small surgical access being necessary to harvest the 

tissue. Cryopreservation means that once extracted and isolated, the stem cells can be stored 

for later use in scaffolds for example (26). Adult dental pulp is different physiologically to 

deciduous pulp tissue and therefore differences between the stem cells derived from each are 

to be expected. SHED, by comparison, present higher proliferation rates, cluster formation 

and differentiation potential, resulting in higher levels of osteocalcin being produced as well 
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as greater alkaline phosphate activity when differentiating osteogenically (27). Despite this 

DPSC are still a very viable and commonly used option for research and clinical use.   

(d) Stem Cells from Apical Part of Papilla (SCAP) 

Stem cells were first discovered in the apical tissue of teeth when, upon inspection, they were 

seen to express the STRO-1 marker, with STRO being an indicator of mesenchymal stem cells. 

The regenerative potential of SCAP can be demonstrated by immature teeth with necrotic 

pulps still being able to complete their root development and, furthermore, root maturation 

stops when no SCAP is present (28,29). SCAP is harvested following tooth extractions when 

the tissue attached to the apex of the tooth is removed with tweezers. Then using collagenase 

and dispase, the tissue is isolated in a single cell suspension. SCAP have strong proliferation, 

migration and regeneration characteristics, being able to produce pulp-dentin complex in vivo 

(30).  

(e) Periodontal Ligament Stem Cells (PDLSC) 

Multipotent stem cells were first found in human periodontal ligament in 2004, again, 

recognised by their expression of the STRO-1 marker (31). In vitro they have adipogenic, 

chondrogenic and osteogenic potential, whilst in vivo they can differentiate into different 

components that make up the periodontium, such as cementum, periodontal ligament and 

alveolar bone (32,33). PDLSC are obtained after a tooth extraction and can be sourced from 

either the root of the extracted tooth or from the alveolar bone in the socket. In fact, the 

origin of the tissue from which the cells are harvested affects their behaviour. PDLSCs taken 

from the roots of deciduous teeth have stronger proliferation, adipogenic and osteogenic 

ability than from the roots of permanent teeth, whilst alveolar bone PDLSC have even greater 
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capacity for these characteristics than root tissue stem cells (34,35). More recently, infected 

granulation tissue and supernumerary teeth are newly discovered sources of PDLSC. With 

these being tissues requiring removal, the PDLSCs can be the by-product of otherwise 

necessary procedures (36).  

(f) Dental Follicle Stem Cells (DFSC) 

DFSC are derived from the follicle that surrounds a tooth during the cap stage of development. 

The dental sac (as it is otherwise known) is comprised of ectomesenchymal progenitor cells 

and for this reason it is suggested that DFSC could display more plasticity than other stem cells 

from dental tissues. These cells are typically harvested from the follicle surrounding third 

molars (37).  

(g) Periosteum Derived Progenitor Cells (PDPC) 

Periosteum is the tissue that surrounds bones, providing protection and a stream of nutrients 

and blood. Progenitor stem cells live within the specialized connective tissue that makes up 

the periosteum. Despite the osteogenic nature of periosteum first being suggested in 1932, it 

was not until 2009 that stem cells were shown to be present in periosteum (38,39). PDPC are 

characterised as multipotent, since they can differentiate into adipocytes, chondrocytes, 

osteoblasts and skeletal monocytes, making them suitable for bone regenerative therapies 

(40).  

(h) Gingival Derived Stem Cells (GSC) 

GSC represent an encouraging branch of dental stem cells since they have an abundant source, 

with collecting the tissue only requiring a minimally invasive practice, as opposed to tooth 
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extractions for instance. GSC have a greater proliferation than BMSCs and do not have 

tumorigenic potential (40). Moreover, they have been found to have immunomodulatory 

functions, making them good candidates for regenerative applications (41). 

(i) Adipose Derived Stem Cells (ADSC) 

Adipose tissue is one of the most readily available sources of stem cells and they have 

potential for proliferation, differentiation and expression of immunophenotypes (42). This is 

because adipose tissue has a higher concentration of MSCs than most other sites (43). A 

benefit of ADSC over BMSC is that the procedure to collect it is far less invasive and has a low 

donor site morbidity rate (44).  Subcutaneous fat stores have adipose tissue amounts that are 

very plentiful, however the buccal fat pad is more commonly used as a harvest site for stem 

cells since it is highly accessible and the progenitor cells within the fat pad have been shown 

in animal studies to differentiate osteogenically. Furthermore, they have been used in bone 

regeneration procedures in jaw resections (45).  

 

2. Objective  

The main objective in this work is to analyse the different uses of stem cells in dental research 

and clinical practice in order to identify and discuss applications of stem cells in these 

situations. 

As a secondary objective, the potential future developments of stem cell usage in dentistry 

will be evaluated. 
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3. Methodology 

Study search analysis: the strategy employed was to use online libraries to source and locate 

publications relevant to the work. Online libraries used were Cochrane, Medline complete and 

Dulce Chacón. In order to obtain a brief and quick outline of the content surrounding the topic 

the keywords “dentistry AND stem cells” were used to give a broad array of works which then 

could have filters applied to them, allowing specific themes to be focused on. For example, 

the initial search was refined to display only reviews, since they provide an accessible 

summary of the topic. This meant an understanding of what was relevant to the objectives 

could be achieved in a time efficient manner. The search was then filtered to locate texts 

specific to stem cell utility and research in dentistry to help achieve the objective. To realise 

both objectives, clinical trials were collated for review and comparison using the online 

libraries mentioned previously. 

The inclusion and exclusion criteria were all English publications released as recently as 

possible. The clinical trials used were from the last 10 years, since they represent what the 

current findings and knowledge is. However, some sources used for theoretical knowledge are 

older than that, since that knowledge is still pertinent to today. Publication types used were 

reviews, clinical trials, and articles. 

4. Discussion  

Following on from the discovery of stem cells, the attention of the scientific community turned 

to their potential uses and applications. Owing to their biological dynamism and variability 

many of the uses in clinical practice revolve around tissue regeneration and gene therapies. 

Since stem cells and their utility is a recent venture in scientific terms, numerous clinical trials 
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have been undertaken to evaluate the outcomes of their clinical use. Many of the studies 

involve tissue engineering by way of transplanting the stem cells into a site, to achieve this, 3 

biological requirements are necessary: the stem cells, growth and homing factors and finally 

a scaffold to transport the cells to the site (62). 

4.1 Periodontal Tissue Regeneration  

Periodontitis is a chronic condition that involves inflammation and subsequent destruction of 

the supporting structures of the teeth. Based on global figures in 2016, it was the 11th most 

prevalent disease in the world, with a range of 20% - 50% of the global population having the 

condition. With it being one of the leading causes of tooth loss in adults the necessity for 

advances in therapeutic methods of combating the disease is undeniable (47). The main 

objective of the treatment of periodontitis is to halt its advancement and achieve periodontal 

tissue regeneration (PTR) (48). Traditional methods of treatment include scale and root 

planing (SRP) and then for more severe cases, periodontal surgery with guided tissue 

regeneration (GTR) and flap debridement techniques. Complete regeneration of the 

destroyed tissue thus far has not been possible using these procedures and has mostly only 

been successful in postponing the eventual loss of teeth (49). The advent of stem cell isolation 

and cultivation has opened new opportunities to attain PTR in a predictable and repeatable 

manner which is less technique sensitive. 

i) A randomized control trial (RCT) conducted in 2018 looked at the efficacy of using 

DPSCs in the regeneration of intrabony defects. As seen previously, DPSCs have great 

osteogenic potential and therefore represent a fitting candidate for the 
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redevelopment of lost bone tissue when impregnated onto a scaffold and then 

implanted into the site of the defect, much like in figure 3 (1,23).  

 

          Figure 3. Theoretical example of stem cells being loaded onto a scaffold to treat an intrabony defect (51) 

 

During the trial, 29 patients with intrabony defects related to periodontitis had 

autologous micro-grafts (containing the stem cells) surgically placed into the defects 

in a collagen sponge scaffold, with the results being recorded after half a year and then 

again after a whole year. The outcomes of the trial were compared against a control 

group which only received a standard collagen sponge at the area of bone loss. At both 

the 6 month and 12 months follow up periods, the trial group showed better 

radiographic and clinical responses. The probing depth parameter showed a 

recuperation of 4.8mm in the trial group against 3.3mm in the control group at 6 

months and 4.9mm to 3.4mm respectively at 12 months whilst the parameter of 

radiographic intrabony defect depth showed an improvement of 3.7mm (trial) 

compared to 1.5mm (control) at 6 months and 3.9mm to 1.6mm at 12 months. Clearly 
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the difference in these results is not insignificant and therefore represents a promising 

area of study for further development of the treatment. This study, however, is not 

without its drawbacks. For instance, the study only includes 29 patients, split into two 

groups of 15 (trial group) and 14 (control group) so the actual sample size is quite small 

and therefore the precision of the results and the power to draw conclusions from the 

study are not ideal. Another drawback to the trial is that the autologous graft of the 

DPSCs came from a vital tooth that needed to be extracted. This reduces the 

applicability of the results to real world situations because not all patients that have 

bony defects will need an extraction of a vital tooth and therefore the results, whether 

positive or not, would apply to a smaller category of patients (50).  

 

ii) Early preclinical findings have suggested that PDLSCs would be adequate for restoring 

periodontal tissues. The periodontal ligament shows an ability to regenerate itself and 

this is achieved by the progenitor cells that constitute part of the apparatus, owing to 

the propensity of the cells to produce bone, fibre, and cementum tissues (29). 

Motivated by these findings, a clinical RCT conducted in 2016 explored the safety and 

efficacy of PDLSC use as grafts into bone defects. Similar to the previous trial, this one 

used a control group that received bovine bone substitute (Bio-oss) that would be used 

in standard GTR and a trial group that received the same Bio-oss but combined with 

an autologous PDLSC graft material, with the group split being 21 teeth involved in the 

control group and 20 in the trial. The parameters measured were firstly the number of 

unwanted medical problems associated with the treatment counted over the course 

of the 12 month follow up period and then secondly, the amount of bone defect 
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regrowth in contrast to the baseline depth of the bone loss. In terms of the safety of 

using PDLSCs for this kind of treatment, the results showed that there were no 

significant risks or complications arising solely due to the inclusion of the stem cells. 

(Of course there were the usual side effects of pain and inflammation.) For the 

regenerative ability of the stem cell graft, the trial produced no significant differences 

in bone restoration between the control group and the trial group. Both groups 

showed a positive reaction to the GTR. However, the addition of PDLSCs did not 

improve the response when compared to that measured from the control Bio-oss 

group. Despite this trial not demonstrating the efficacy of PDLSC use in bone defect 

therapy, it was important in furthering the wealth of information for stem cell research 

and use. Many of the early studies in this field have been carried out on animals or in 

pre-clinical settings, so clinical trials like this are significant because they move the 

evidential findings into the next stage of research. Unlike other similar studies in this 

field, this trial investigated the safety of PDLSC utility in a clinical setting. This is a very 

important aspect to consider when trying to incorporate burgeoning medical 

techniques into the repertoire of solutions available to medical professionals. A new 

technique may achieve the desired result; however, it is of no practical use if unsafe. 

Thus, this study has accomplished a vital task in demonstrating the safety of PDLSC 

utility in the clinic. It should be noted that the drawbacks to this study are similar to 

the first periodontal GTR RCT looked at, these being small sample size and the isolation 

of autologous PDLSC required 3rd molars that needed to be extracted, meaning that 

the results would apply to a smaller niche of patients in real world situations (52). 
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iii) In 2016 a phase I/II study looked at the use of BMSC grafts in the treatment of 

periodontitis. This clinical trial featured 10 periodontitis patients who had osseus loss 

requiring restorative treatment. The tests measured the clinical attachment loss 

recovered, the difference in probing depth, tooth mobility, linear bone growth and any 

adverse effects experienced during the 36-month analysis period. The results of the 

study were compared against a previous trial that measured the same parameters and 

graft therapy, except without the inclusion of BMSCs (53). The bone regeneration 

outcomes were enhanced by the BMSCs with the pocket depth and clinical attachment 

loss presenting double the gains of the standard techniques and linear bone growth 

was four times better. In the case of the tooth mobility, however, the results gained 

were not statistically significant since the data analysis demonstrated p values of 

>0.05. Moreover, the safety of the treatment was sound as none of the problems 

postoperatively were causally related to the addition of the stem cells. The positive 

results of this trial can provide support for the hypothesis that BMSCs used in the 

treatment of periodontal bone defects can improve the restorative outcome. However 

this trial represents the first small steps in developing this field. The sample size (10 

patients) is an obvious drawback and it is certain that more trials of this kind will be 

necessary. Nevertheless, this study is noteworthy for its length. The follow up period 

is 3 years, which is uncommonly long in stem cell clinical trials, most likely due to stem 

cell research being a relatively young endeavour, thus allowing for a more 

comprehensive understanding of the difference the stem cells can make in the 

treatment (54). 
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iv) In less severe cases of periodontitis, a non-surgical treatment plan is what is required. 

Scale and root planing (SRP) is the standard approach to rectify poor periodontal 

conditions that do not require surgery. However, in deeper pockets and hard to reach 

areas SRP does not always produce effective results so an adjuvant therapy can be 

helpful to achieve the desired effect (55). In 2018, Cairo University conducted an 

experiment in rats to assess the efficacy of using injected ADSCs as an adjunctive to 

SRP in non-surgical treatment of periodontitis. The study initiated periodontitis by 

encouraging plaque build-up in a group of 50 rats, with the group being divided into a 

control group (healthy periodontium), a group that would receive only SRP treatment, 

a group with SRP and ADSC injection and finally a group with SRP and the exosomes of 

ADSCs. Exosomes are extracellular vesicles that are given off by MSCs (and by many 

other cell types) that in recent years have been accredited with contributing to the 

reparative effect of stem cells (56). A third of the rats from each group were sacrificed 

at 3 different periods: after 2 days, 2 weeks and 4 weeks and then the samples were 

histologically analysed to reveal the amount of collagen and bone formation taking 

place. At each interval the results stayed consistent; the SRP group showed the least 

amount of tissue production, the ADSC group the second most and the ADSC exosome 

group showed the most positive results. An obvious drawback to this study is that it 

was carried out on rats and therefore the results will not necessarily be applicable to 

humans clinically. Nevertheless, this is a significant trial for various reasons; it is the 

first trial to use exosomes in the restoration of periodontitis and it is the first trial to 

evaluate the use of ADSCs as adjuvant therapy in SRP treatments (57). These 

pioneering trials using animals are important because they provide a basis for further 
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research into a certain field without risk of potential harm to human life. If the results 

gained show a positive correlation in favour of the hypothesis, then that is grounds to 

conduct more studies and hopefully develop theory into real world treatments. The 

recent advent of stem cell exosomes being found to be useful therapeutically 

demonstrates how stem cell research is continually evolving and making discoveries.  

4.2 Regenerative Endodontics 

Dental pulp plays an essential role in the maintenance and longevity of dental health and as 

such, significant effort is involved in preserving it with the ultimate aim of retaining natural 

teeth in the mouth for as long as possible. Traditionally, when affected by irreversible pulpitis 

or pulp necrosis the main goal of clinical treatment has been to remove the pulp, conform the 

canal and place an inert filling material to create a hermetic apical seal to, in theory, prevent 

bacteria from entering the canal space and possible apical infection from occurring. In 

practice, endodontic treatments do not always achieve this. Reasons for failure may be 

multifactorial and the technique sensitive and complex nature of the treatment can 

complicate outcomes. Worryingly success rates have not risen over the last 50 years, with 

figures staying between 68% - 85% (58), hence there is a desire to explore alternative methods 

of resolving affected pulp tissue. Regenerative endodontic procedures (REPs) represent a 

potential substitute for the traditional treatments. Regenerative medicine aims to replace lost 

structure or function and stem cells have been identified as being useful in accomplishing this 

aim. 

i) In 2020 a phase I/II RCT took place to evaluate the safety and efficacy of using MSCs to 

treat periapical lesions. The study was conducted clinically and had a sample size of 36 
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patients presenting necrosis of the pulp and apical periodontitis, with the total sample 

being split into 2 groups, one receiving the MSC based REP and the other receiving 

traditional endodontic treatment. The parameters measured include: pulp vitality test 

responses, radiographic size of the apical lesion and perfusion units measured with 

laser doppler flowmetry (LDF). These measurements took place at 6 months and 12 

months. The conductors of the trial also tracked any negative side effects experienced 

resulting from the therapy. The findings of this trial showed some statistically 

significant improvements made by the REPs over the standard treatments, meaning 

they reached the criteria of having P<0.05 (using the Mann-Whitney test). Specifically 

the parameters of vitality test responses (to cold, heat and electricity) and change in 

antero posterior apical lesion dimensions (as can be seen figure 4). 

 

 

 

 

 

 

Figure 4. Results of the trial showing the differences in lesion sizes between the two groups (59) 

 

Interestingly these statistically significant differences were only found at the 12 month 

follow up period and not at 6 months which holds promise for the long-term success 

rates of these particular treatments. A major conclusion drawn from this trial is that 

MSCs are safe to use in REPs, since every tooth subjected to the new treatment type 
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stayed in the mouth throughout the entire follow up period and by comparison to the 

other group did not present a deterioration in condition (59). The main drawback 

presented by this trial is the length of the follow up period. Typically, the success rates 

of endodontically treated teeth decline the more time passes since the treatment and 

1 year is not enough time to be able to draw proper conclusions on the efficacy of new 

pulp treatments. This study is, however, looking into pioneering techniques that are in 

their infancy and have shown promising steps in the right direction based on the 

results of the trial. The evidence for clinical safety shown can serve as a foundation for 

further and more extensive clinical trials involving stem cell utility in REPs.  

ii) In immature permanent teeth with an open apex, damaged or necrotic pulps can be 

regenerated using revascularisation techniques. The aim of the treatment is to allow 

the immature tooth root to develop into a mature one and complete the process of 

apical closure. In the past, artificial materials were used to create a man-made apical 

closure, but with advances in stem cell research, revascularisation has emerged as a 

new treatment option. It relies upon the ability of remnant stem cells within the pulp 

tissue to renew and proliferate, allowing for a natural maturation and closure of the 

root apex (60). This technique, unfortunately, is only indicated in immature teeth with 

an open apex and is therefore limited to a smaller subsect of patients. Nevertheless, 

using the success of these therapies, studies have emerged that are attempting to 

achieve full pulp restoration in mature teeth with a closed apex. One such study in 

2011 delved into this innovative approach to REPs by focusing on the outcomes of 

inserting autologous DPSCs into the root canal of the teeth of dogs that had their pulp 

tissue completely removed. The stem cells were attached to a collagen scaffold which 
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occupied the space in the canal left behind by the original pulp tissue. The aim of the 

study was to induce new pulp tissue that was capable of forming new neurons and 

vessels, two requisite features of functional dental pulp (61). Promisingly, the findings 

showed complete pulp formation, with pulp that demonstrated vasculogenesis and 

neurogenesis. Of course, a limitation of this trial is that the stem cells used were 

autologous to the dogs and so performing the same investigation with humans and 

their autologous DPSCs might not yield the same results. However, the histological 

discussion of the study does highlight the CD105 cells isolated from the dog pulp stem 

cells as being the cells that bring the potential for neuron and vessel formation. Human 

CD105 pulp cells have shown that they also his capability, meaning that there is 

promising potential for this to be expanded onto human trials (62).  

iii) Following on from ground-breaking animal trials involving complete pulp 

regeneration, the next step is to test the pulp formation capacity of transplanted stem 

cells in human subjects. Spurred on by the success of human DPSC demonstrating pulp 

renewal properties when grafted into the roots of mice, a 2017 pilot clinical study 

investigated the efficacy and safety of using autologous DPSCs to treat pulpitis in 

humans (63). The trial used 5 patients with irreversible pulpitis and for whom the only 

treatment option was the complete removal of the pulp tissue. Suspended in a 

collagen scaffold the stem cells were placed into the now clean canals and then the 

patient responses were monitored at 1, 2, 4, 12, 24, 28 ,32 weeks after the treatment. 

The safety of the technique was evaluated by the frequency of harmful side effects 

and the efficacy of the transplant was determined by patient response to electrical 

vitality tests and by MRI scanning to reveal newly formed tissue. The results of the 
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safety parameter showed no adverse effects linked to the transplant, whilst the 

electric vitality test demonstrated a change from negative vitality to positive vitality in 

four of the five patients and the MRI showed a pulp state that was consistent with 

normal healthy pulp. A drawback of this trial is that it was only performed on five 

patients and therefore the sample size is very small making conclusions hard to draw. 

A further drawback is that electrical vitality tests are not completely accurate as they 

rely on the subjective feeling of the patient and can give false positives (64). The 

electric tests combined with the MRI scanning does go some way to improving the 

accuracy of the claims, however. Within these limitations the results of this trial are 

incredibly promising for the future of regenerative endodontics and more larger scale 

trials of this nature will be necessary. 

4.3 Salivary Gland Dysfunction  

The body’s saliva possesses a multitude of essential functions, without which the health 

of the oral cavity and quality of life would be compromised. It contributes towards 

phonation, mastication, gustation and protection and so a disruption to the production of 

saliva would have a great negative impact (65). In terms of dental health, saliva provides 

direct protection from bacterial tooth decay by diluting harmful acids, buffering acids to 

neutralise them, whilst salivary flow offers mechanical protection and the mineral content 

helps to remineralise the tooth after exposure to acidic conditions. Therefore, the 

importance of the body’s saliva cannot be understated. The ability of the salivary glands 

to function properly can be affected by pathological conditions and syndromes, and by 

radiotherapy in cancer treatments, leading to  xerostomia(66). Currently medical research 

is investigating the efficacy of using stem cells to restore function to salivary glands.  



22 
 

i) Radiotherapy treatment of head and neck cancer exposes the salivary glands to 

potentially damaging levels of radiation, often causing xerostomia as an adverse effect 

of the treatment (67). In 2018 a team conducted a randomised placebo-controlled 

phase I/II trial in which MSCs were transplanted into the submandibular glands of 

patients who had undergone radiotherapy of the head and neck. Like most trials of 

novel treatments, safety of use was one of the parameters measured, along with 

efficacy of outcome. The safety was measured by the appearance of unwanted harmful 

side effects and the effectiveness of the treatment was measured by the flow rate of 

unstimulated salivary glands. A sample size of 30 patients was split evenly into two 

groups: one receiving the MSC therapy and the other receiving a placebo. The periods 

of assessment were one month before the start of the trial (to get a baseline value to 

compare against) and then one and four months after the transplantation of the stem 

cells. Assessment of salivary changes were done by the passive drooling technique to 

measure the salivary flow; this was supplemented then by patients taking a visual 

analogue scale (VAS) questionnaire to record any feelings of hyposalivation on their 

part. The results of the trial concluded that no harmful side effects were experienced 

by the sample group and the response of the trial group receiving the MSCs was overall 

positive. A significant increase of saliva flow was found in the sample group when 

compared to the placebo group and the answers to the VAS revealed that the patients 

felt the symptoms of xerostomia less. This trial was a success in terms of achieving its 

aim and producing results that significantly supported the hypothesis (68). The 

methods used to obtain the data were sound, the passive drooling technique is 

considered the optimum method for measuring salivary flow rates since it can yield 
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large samples and has the lowest risk for error (69). The VAS questionnaire is a 

subjective evaluation of a patient’s symptoms (70), so the data obtained from them is 

not totally reliable and the placebo effect could have some subconscious effect on the 

patient’s subjective feeling of having a dry mouth sensation. The patients in the trial 

were blinded as to which treatment they were receiving, but they knew they were 

receiving some type of hyposalivation therapy, so a placebo effect could affect a 

qualitative assessment of the condition. The same cannot be said for the saliva flow 

measurements since they are purely quantitative. A possible improvement that could 

be made to this trial would be to replace the placebo group with a group that is 

receiving the typical xerostomia treatments used today, for example, sialagogue 

medication which induces saliva flow. This would allow the results of the new 

technique to be compared against contemporary standards.  

ii) Sjogren’s syndrome (SS) is an autoimmune disease that acts by targeting the body’s 

own epithelial tissue causing damage to glands and disrupting their function. The 

disease is a slow acting progressive one that can take years for symptoms to appear. 

One symptom that is of interest to the dental profession is xerostomia. The sensation 

of dry mouth is caused as the disease destroys salivary glands. Currently, the only 

therapy for SS is to treat the symptoms and give immunosuppressant drugs. As things 

stand, the current treatment of SS’ symptoms are not at the desired level and leaves 

patients with worse quality of life (71). For this reason, research is driven to find more 

successful alternatives. In 2014 an experiment was conducted on mice that had 

induced “sjogren’s-like” disease to try and re-establish salivary gland function. The trial 

involved injecting BMSCs intravenously and then recording the salivary flow rates to 
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determine the effectiveness of the treatment. The trial did indeed find that that the 

flow rates were increased to regular values and thus the work served as a proof of 

concept (72). Following on from the success of this initial advance in the field a 

research group found that stem cells harvested from a sufferer of SS had 

immunoregulatory deficiencies, resulting in very high proliferation rates. In contrast, 

BMSCs taken from healthy patients were demonstrated to have lower proliferation 

rates (69). With higher rates comes an increased risk of tumour formation, posing a 

clear health risk and presenting a challenge to the progress of BMSCs used in this way 

because deploying stem cells autologously is often the most feasible method of use in 

practice. Consequently, using autologous stem cells to treat salivary gland dysfunction 

in an SS patient would carry a risk of tumour growth, owing to the dysfunctional 

proliferative nature of SS derived stem cells. These revelations demonstrate that stem 

cell research and clinical usage is still in its infancy and more studies must be 

undertaken to broaden current knowledge and potentially convert promising trial 

results into effective and safe treatments. 

 

4.4 Potential Future Developments  

As seen previously, there have been many encouraging outcomes in pre-clinical trials involving 

animals in addition to some human clinical trials.  Owing to the relative recency of stem cell 

research, particularly in the field of dentistry, there is still much to be discovered and great 

potential for development. Some proposed uses for stem cells in the clinic hold great potential 

and could become the standard treatment in years to come. 



25 
 

4.5 Complete Tooth Regeneration  

Dental stem cells have already demonstrated their efficacy in healing and replacing lost tissue 

in various trials, therefore one could see their prospective success in tissue regeneration. 

Bioengineering teeth represents a new field of dentistry that could rival the prosthetic 

replacement of lost dentition. For this to happen, techniques for inducing stem cells to form 

dentin and enamel that is consistent in its composition with natural teeth need to be 

developed. Research has demonstrated that, under the right conditions, it is possible for this 

to occur (73). 

One study has proposed two methods for tooth generation, one which suggests growing the 

dental tissue on tooth shaped scaffolds that are loaded with the regenerative stem cells to 

grow the tooth. As with many tissue engineering methods, the scaffold materials need certain 

properties, such as biocompatibility and the ability to promote cell growth. The other 

proposed method involved placing tooth derived stem cells into an in vitro organ culture and 

guiding stem cell interactions to form tooth structure (74).  

The framework for development of this idea has very much been set out by researchers. All 

that is required now is a series of appropriate pre-clinical and clinical trials to further the work 

done.  

4.6 Bio-root Engineering  

In recent years implants have increased in popularity and now are a viable option to 

accompany bridges and removable prosthesis, due to their growing accessibility. One 

drawback of implants is that they do not possess a periodontium tooth relationship in the 

form of periodontal ligament with the main structural reinforcement coming from 



26 
 

osseointegration. An alternative method to get around this problem has been proposed; to 

use PDLSCs to create a bio-root (a root generated by stem cells). This would allow for new 

ligament formation due to the PDLSCs and then once the root is secure an artificial crown can 

be attached (73). Early tests have placed gelfoam scaffolds carrying PDLSCs into minipig 

models. Periodontal ligament did indeed form around the bio-root, however its mechanical 

resistance was measured to be around two thirds of a normal root, thus the technique 

requires further inquiry if it is to one day rival implants as a treatment option (75).  

4.7 Non-orofacial derived stem cells for use in dentistry 

Orofacial derived stem cells, whilst very useful, carry with them some limitations. For instance, 

they can be difficult to harvest, sometimes requiring invasive techniques to access the tissue 

or in the cases where acquiring the tissue is easier because it comes as a by-product of a 

natural process (like SHED cells) or from a required treatment (PDLSCs harvested from 

extracted teeth) stem cells can still be difficult to isolate and cryogenically store. Therefore 

other, more accessible, sources of stem cells useful to dentistry are being investigated. 

Researchers specializing in regenerative medicine have suggested urine as a possible source 

of stem cells for growing teeth. Pluripotent stem cells isolated from human urine were 

manipulated into generating tissue with similar composition to tooth in a pre-clinical trial 

involving mice with the results yielding a 30% success rate in forming said tissue. If in the 

future urine derived stem cells can be developed further to offer a proper source of 

regenerative cells, this will promote greater research and utility in, since they would be low 

cost, non-invasive and autologous use of them will lower the chance of rejection (7).   
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4.8 Immunomodulation treatment for inflammatory conditions  

Stem cell therapies are mostly centred around tissue engineering and regeneration. However, 

as more is learnt about the mechanisms of stem cell treatments and what makes them 

valuable to dentistry, new areas of study for potential clinical uses arise. For instance, modern 

research suggests that the effectiveness of stem cells in tissue regeneration is due to a 

modulatory effect they have on innate and adaptive immune responses of the host (76). 

Building upon this, GSCs have been used in several inflammatory diseases to test their 

effectiveness and give further evidence to the immunomodulatory effects of stem cells. The 

clinical signs of contact hypersensitivity have been shown to improve when GSCs are given 

prophylactically and as a therapeutic dose (77). Additionally, GSCs administered systemically 

exhibited a tolerance to the host’s immune system, indicative of immunomodulation, 

achieving an improved survival of allogenic skin grafts (78). These first tentative results point 

towards the potentially useful immunomodulatory effects of GSCs in treating inflammatory 

conditions. This beneficial feature of stem cells suggests that in the future more treatments 

will be explored to see if their clinical outcome can be improved by stem cell 

immunomodulation.  

5. Conclusion  

Stem cell therapy represents an innovative and exciting branch of medical study and is a great 

avenue to advance the field. Having an intrinsic ability for regeneration means that there is 

the potential to restore not only structure but function too. For numerous pathologies faced 

in dentistry, the treatment method has not changed for many years and even in some cases 
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success rates have remained at an inadequate level, hence there is a great swell of interest in 

looking for alternative treatment options and stem cell research is at the forefront.  

As with any novel treatments, trials must start small and then build on any successes. The 

majority of stem cell studies being carried out at present begin with pre-clinical animal trials 

as a way of proving a hypothesis whilst only a small number of human clinical trials have been 

conducted. In most of the cases reviewed, the results have been positive, firstly in determining 

if the treatment is safe and secondly in showing that the stem cell therapy has an efficacious 

outcome. However, a consistent factor across all the studies looked at is the restricted sample 

sizes and the relatively short follow up periods. This highlights the need for a greater number 

of adequate studies to increase the data pool. A large-scale, long term clinical trial has yet to 

take place for any treatment type, so this would be the next logical step in clinical research. In 

addition to this, more RCTs are required to increase the evidence pool and broaden 

understanding of the topic.  

The future of stem cell research and utility is a bright one. Many new treatment ideas are 

being proposed and following proper testing could replace a number of the staple therapies 

used today in dentistry. 
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6. Responsibility  

This review outlines the potential benefits that stem cells can have in improving dental 

treatments, whilst also focusing on the lack of significant clinical trials and the need to conduct 

more on a larger scale to validate the use of stem cells findings in practice. This review also 

indicates the need to advance from successful pre-clinical trials to verified clinical trials which 

provide the scientific community indisputable evidence to support the building and 

development of stem cell therapies thereby improving upon the success rates of already 

established treatments and improving patient quality of life.  

As referenced, stem cell therapies allow for autologous individualized treatments meaning 

that many of the graft-based stem cell treatments in development benefit from having less 

risk of rejection. If less treatments fail due to improved practice then money, time, materials, 

and energy will be saved in the long term, thus increasing efficiency.  
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