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Abstract

The use of mesenchymal stem cells in regenerative medicine is at the forefront of both stem cell and dental
research. Various tissue engineering therapies are being investigated and integrated into common oral surgical
procedures. Mesenchymal stem cells are multipotent stem cells that can differentiate into many cell types, and
dental mesenchymal stem cell populations have been identified from various sources in the oral cavity.
Mesenchymal stem cells are being considered as a means of tissue regeneration for various craniofacial
structures both in the alveolar ridge itself and in surrounding facial tissues. The aim of this review is to
completely and concisely review the current clinical application and use of orally derived stem cells in oral
surgery, focusing on application in a clinical setting based on the regenerative potential that these cells
possess.
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Abbreviations

MSCs: Mesenchymal Stem Cells; DPSCs: Dental Pulp Stem Cells; SHED: Stem Cells From Human
Exfoliated Deciduous Teeth; PDLSCs: Periodontal Ligament Stem Cells; DFSCs: Dental Follicle Stem Cells;
TGPCs: Tooth Germ Progenitor Cells; GMSCs: Gingival Mesenchymal Stem Cells; ABMSCs: Alveolar Bone
Mesenchymal Stem Cells; SCAP: Stem Cells From The Apical Papilla; DSSCs: Dental Socket Stem Cells;
PDL: Periodontal Ligament; PRP: Platelet Rich Plasma; PRGF: Platelet Rich In Growth Factors; PRF:
Platelet Rich Fibrin

Introduction

Oral health and overall health have shown to be correlated throughout an individual’s lifetime [1].
Consequently, continual developments in oral surgery for the regeneration of teeth and orofacial bone
along with repaired function of these structures serve to guard against general decline in oral health and
associated quality of life. Current research highlights improving therapeutic treatments of various
dental, oral, and craniofacial diseases and procedures that often result in tissue loss. Regenerative
medicine for the preservation of oral health is an emerging field of biotechnology that includes tissue
engineering and the use of different biomaterials to regenerate, replace, or repair lost tissues. The goal
of personalized medicine in general in dentistry is to incorporate individualized biomaterials that
complement traditional restorative surgery techniques into common clinical practice. The reasoning
behind advancing personalized medicine is to utilize the body’s natural ability to heal itself, regenerate
new tissue, and produce new cells as a part of the wound healing process. Stem cell therapy for tissue
regeneration is the main focus of many of these advancements in research and testing, specifically in the
field of dentistry [2]. It is well known that stem cells migrate from surrounding tissues and play an
important role in the healing process. Stem cells are influential to the field of regenerative medicine
because they are autologous to native host tissue, pose low tumorigenesis risk, and are unlikely to be
rejected by the host immune system [3].

The three main classifications of stem cells: mesenchymal stem cells, embryonic stem cells, and induced
pluripotent stem cells. Mesenchymal stem cells (MSCs), also known as adult stem cell, are immature
multipotent cells that have the capacity to mature, multiply indefinitely, and differentiate into various
more specialized cells and tissues. These cells may originate from neural crest cells and stem cells during
embryonic and postnatal development [4]. To be classified as MSCs, the cells must exhibit the capacity
to both self-replicate and differentiate into multiple cell types [5]. MSCs are the most frequently
researched and most clinically utilized stem cell group. As multipotent progenitors, MSCs exercise the
capacity to mature and differentiate into three distinct mesenchymal tissue lineages: mesodermal,
ectodermal, and endodermal lineages [6]. Additionally, MSCs are distinguished by their capability to self-
renew via mitosis and proliferate to sustain the source undifferentiated stem cells. MSCs have also
demonstrated various immunomodulatory functions including supporting angiogenesis, anti-
inflammatory, and anti-apoptotic processes which highlight their great potential for use in regenerative
medicine [2,3]. Moreover, MSCs are not extensively involved in ethical controversy and can be
harvested from many adult bodily tissues and thus is the topic of this review [5-7].
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The study of human MSCs started after their identification in bone marrow. Experiments have
demonstrated that these bone marrow derived mesenchymal stem cells (BM-MSCs) are able to
regenerate specific skeletal tissues including bone, cartilage, adipose, and fibrous tissues [8]. Research
has illustrated the use of BM-MSCs to be effective in tissue regeneration in many areas of the body as a
treatment for various diseases and conditions, however, the relatively invasive cellular harvesting
methods make BM-MSCs an unlikely candidate for expansion and normalization of personalized
medicine treatments. Consequently, subsequent scientific research has examined methods to harvest
and isolate MSCs from alternative tissues in the body. MSCs have been found and isolated from variety
tissues in the human body including blood [9], spleen [10], adipose tissue [11], endometrial tissue [12],
salivary glands [2], umbilical cord [13], liver [14], synovial membrane and fluid [15], oral tissues [2], bone
[8], muscles [16-19] and others. Contrary to BM-MSCs, MSCs from oral sources are some of the most
easily accessible stem cells and can be harvested via minimally invasive procedures at different points
throughout an individual’s lifetime [20]. In addition, once the cells are harvested, they can be
cryopreserved and stored until they are needed. Stem cell banking is a proactive form of personalized
medicine as the individual chooses to bank their cells for their future medical needs. MSCs from oral
sources exhibit similar immunomodulatory characteristics as BM-MSCs [21]. This ease of accessibility
has caused researchers to explore their clinical applications in regenerative medicine. This review
focuses specifically on dental tissue derived stem cell therapy for oral procedures and thus, excludes
other sources of stem cells found in the body as well as non-oral applications of dental tissue derived
stem cells.

MSCs have been studied in other field of dentistry that do not necessarily fall under the category of oral
surgery or are considered non-surgical procedures. Advancements have been made in the field of
endodontics specifically in the treatment of pulpitis [22] and in the process of dentin regeneration [23].
Because they do not directly fall under the realm of oral surgery, discussion of these procedures has
been omitted from this review but is still acknowledged as application of MSCs in dental procedures.

Twelve populations of MSCs have been identified and isolated in teeth and their surrounding supporting
structures in the oral cavity. These sources include the following:

DPSCs Dental pulp stem cells are isolated from the dental pulps of primary or permanent teeth [24]. In
vivo they have been proven to differentiate into adipocytes, endotheliocytes, and myofibers
[25-27].

SHED Stem cells from human exfoliated deciduous teeth have been proven to differentiate into
adipocytes, osteoblasts, odontoblasts, neural cells, hepatocytes, and endothelial cells [20,28].

PDLSCs Periodontal ligament stem cells are important in regeneration of the tissues involved with the

periodontal complex [29]. In vitro they have been proven to differentiate into osteoblast-like
cells, cementum tissue, Sharpey’s fibers, adipocytes, and collagen-forming cells [30,31].

DFSCs Dental follicle stem cells are found in the connective tissue surrounding the developing tooth
germ [32]. The have been proven to differentiate into osteoblast, cementoblast, alveolar bone,
dentin-like tissues, PDL, cementum, adipocyte, chondrocyte, cardiomyocyte, and neuron-like
cells [31,33-35].

TGPCs Tooth germ progenitor cells (TGPCs) are found in the tooth germ of third molars [36]. They have
been proven to differentiate into adipogenic, chondrogenic, osteogenic, odontogenic, and
neurogenic like cells [2].
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GMSCs Gingival mesenchymal stem cells of periodontium [37].
PSCs Periosteum stem cells are still under investigation regarding differentiation capabilities.
ABMSCs Alveolar bone mesenchymal stem cells have been proven to differentiate into osteoblasts,

adipocytes, and chondroblasts [38, 39].

SCAP Stem cells from apical papilla are located within immature roots of teeth and can be isolated
from the immature permanent apical papilla [40-42]. SCAP have been proven to differentiate
into odontogenic, chondrogenic, osteogenic, adipogenic, neurogenic, and hepatogenic cells
[43].

DSSCs Dental socket stem cells (DSSCs) are still under investigation regarding differentiation
capabilities [44].

SGSCs Salivary gland stem cells (SGSCs) are still under investigation regarding differentiation
capabilities [35].

iPAPs Inflamed periapical tissues are still under investigation regarding differentiation capabilities
[35].

Table 1: Twelve populations of MSCs.

MSCs as stated above exist in the oral mucosa (GMSCs, OESCs, PSCs) and have osteogenic and
neurogenic differentiation capacities [35]. However, these cells are not well understood, and few stem
cells from oral mucosa have been isolated to date. Additionally, while research and clinical applications
exist regarding the use of many MSCs in dentistry, no information is currently available regarding OESCs
[42,45]. Variation in the levels of cell proliferation and range of differentiation capability exists between
these stem cell sources. Novel discoveries continue to be made about which stem cells have the most
favorable qualities for success in applications in oral regenerative medicine procedures.

Some oral and maxillofacial surgical procedures that could benefit from the application of MSCs include
are surgical assistance with periodontal disease, dentoalveolar surgery, surgical placement of dental
implants, surgical correction of maxillofacial skeletal deformities, orthognathic surgery, cleft and
craniofacial surgery, maxillofacial trauma, temporomandibular joint correction, treatment of various
pathologic conditions, and reconstructive and cosmetic surgeries. Not all of these procedures have
extensive research regarding the application of MSCs, but each of these surgeries require bony and soft
tissue management or reconstruction therefore stem cell therapy as a component of convention
treatment should be considered.

Discussion

Recent research regarding stem cell applications in oral surgical procedures focuses on determining
which oral source of MSCs is most effective in tissue regeneration, the ideal means of transplanting the
stem cells to the treatment site, the best microenvironment for the MSCs [46], and the best growth
factors to encourage proliferation and differentiation [47]. There is an enormous amount of techniques
regarding cellular transplant therapies because there are no specific protocols established for which
biomaterials should or should not be used. Each study or trial performed includes an old method, a
combination of methods, or a new proposed method for stem cell transfer. The goal is to determine the
optimal means of transplantation and combination of other biomaterials to find the ideal technique and
then implement it into clinical practice after repeated human trials. Tissue regeneration is very complex
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and difficult to study due to the many factors that can affect the success of regeneration. Current
therapies for reconstruction of craniofacial defects include the use of the following guided tissue
regeneration techniques: use of both resorbable and non-resorbable membranes and scaffolds,
autologous grafts, allografts, xenografts, hydrogel and fibrin gels, cellular injections, cellular sheets, and
various other biomimicking bone substitute materials.

Tissue Regeneration Techniques

There are four main types of tissue grafts typically found regenerative medicine studies using MSCs:
autologous grafts, allografts, xenografts, and synthetic grafts [48]. Autologous grafts are obtained from
an individual somewhere in the body and then used as a treatment to that same individual at the site of
regeneration even if it differs from where the cells were obtained. In an allogenic transplant, the cells
are obtained from a donor and then transplanted to the recipient at the site of regeneration. Xenografts
are transplants from a donor that is a different species than the recipient. Various other synthetic grafts
exist that function to mimic the native tissue and aid in regeneration and allow the transplant recipient
to avoid an autologous graft. The synthetic materials are based on cells obtained from BM-MSCs and are
able to induce differentiation.

Cellular grafts can either be placed surgically or injected directly to the site of regeneration which does
not require surgery. When the cell graft is injected, there is no structure accompanying the transplant,
the cells are simply injected into the regeneration site and allowed to proliferate and integrate with the
native tissue. A fibrin gel like material or a platelet rich plasma gel is often used in the injection to
provide some medium for the cells during transplantation [49,50].

If the cells must be placed through surgical means, there is often a scaffold used as a transport medium
to aid in transplanting the cells to the specific site of regeneration. Additionally, there is often a
membrane placed between the tissue graft and the gingiva. The membrane alone does not result in
tissue regeneration but instead functions to prevent the gingiva from growing towards the site of
regeneration [51]. The membrane is not able to recruit surrounding stem cells or signaling molecules to
induce differentiation. The function of an optimal scaffold is to provide a structure at the site of
regeneration with enough initial strength to give space for the tissue regeneration to take place [52].
The scaffold should aid in osteogenesis, and eventually decompose and become integrated with the
native tissue. The scaffold should not trigger an immune or inflammatory response. The following
characteristics should be considered when determining which scaffold to use in a procedure: tendency
to facilitate proliferation and differentiation of cells, allowance of cell migration, capability to adhere to
cells, and ability to integrate into the native tissue structure. Various materials, both natural and
synthetic, have been found to function well as cellular scaffolds. Some natural materials include
collagen, elastin, fibrin, silk, chitosan, and glycosaminoglycans [53]. Also, there are different surfaces or
textures of scaffolds created such as porous scaffolds and scaffolds with a gel consistency. The hydrogel
scaffolds have been found to integrate well with native tissue and provide similar mechanical support
mimicking that of the native tissues [54,55].
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Cellular Sheet Alternative to Scaffolds

There exists a non-scaffold alternative option for transport of the cells: cellular sheets. Cellular sheets
negate the need for a scaffold because the cells themselves form a macrostructure that functions like a
scaffold. The cellular sheet imitates the extracellular matrix [56]. The cells are held together by different
proteins on their membranes and are able to function with any defect anatomy to create the desired
anatomy.

Growth Factors to Aid in Tissue Regeneration

Along with the scaffold providing structure for tissue regeneration, various growth factors can promote
tissue generation by expediting the healing process at the site of regeneration. Whitman and Marx were
the first to investigate platelet-rich plasma (PRP), a platelet gel that contains various growth factors to
aid in tissue regeneration [57,58]. They determined it to aid the wound healing specifically by providing
a feedback response signal based on inflammation levels at the site of regeneration [59-62]. Later, a
type of PRP known as platelet rich in growth factors (PRGF) was developed which contained more
growth factors than PRP and required less blood for use [63]. A major disadvantage to PRGF is that after
processing, the PRGF was found to clot very quickly making clinical surgical use of PRGF difficult [63]. A
different platelet gel was then developed called platelet rich fibrin (PRF) that contained various growth
factors and unlike PRP and PRGF, contained a structure of elastic fibrin [64]. In 2013, Marrelli et al. [64]
investigated the application of PRF into the surgical sites of immediately placed implants. They observed
the complete filling of the peri-implant tissues and significant bone formation at the implant site as well
[64].

MSCs in Treatment of Periodontal Disease

Chronic periodontal disease is characterized by severe inflammation of the tissue structure that
surrounds the tooth and often results in both tissue and alveolar bone loss which can consequently lead
to tooth loss. Nyman et al. were pioneers in regenerative medicine when they invented the first
periodontal tissue regeneration in the field of dentistry in 1982 [65]. Conventional treatments of
periodontal disease include various means of guided tissue regeneration procedures including but not
limited to the utilising of natural or synthetic bone grafts, addition of various growth factors, and barrier
membranes [66]. The goal of these methods in clinical application is to control inflammation while
providing a healthy environment for the formation of tissues with similar structural and functional
characteristics as the native tissues at that site. However, these conventional treatments of periodontal
disease using guided tissue regeneration alone are not able to fully regenerate all of the necessary
periodontal supporting tissues to be considered full periodontal regeneration [66]. The general goal of
periodontal regeneration is to fully restore the lost or damaged PDL-cementum-alveolar bone complex.
This in itself poses challenges because there are various types of tissues involved in the complex all of
which must be regenerated in order for the periodontium to be considered fully regenerated [67]. Stem
cells, specifically MSCs, have been and continue to be considered as an allogeneic cell-based method for
treatment of periodontal disease, specifically based on the immunosuppressive effects they could have
in an inflamed microenvironment [68,69]. MSCs must differentiate into odontoblasts, cementoblasts,
and fibroblasts in order to fully regenerate the periodontium complex.
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PDLSCs in Treatment of Periodontal Disease

PDLSCs possess the cellular capability to create an immune response explaining their consideration for
treatment of advanced inflammatory periodontal disease [70,71]. PDLSCs were first identified in 2004
when they were derived from adult third molars [72]. PDLSCs demonstrate great proliferation and have
differentiated into cells of the PDL, alveolar bone, cementum, blood vessels, and peripheral nerves
[73,74].

In 2020, Park et al. [75] examined the regeneration of the periodontal complex utilizing human derived
PDLSCs in the form of an engineered cellular sheet. The cells obtained were induced to differentiate in
vitro then were implanted into immunocompromised mice and allowed to regenerate. Mineral
deposition and formation of collagenous fibers were observed suggesting the ability of the PDLSCs to
regenerate both alveolar bone and PDL-like tissues; however cementum must be regenerated also for
full periodontal regeneration. Further studies must be performed on the specific growth factors needed
for optimal regeneration of all tissues of periodontal complex [75].

DFSCs in Treatment of Periodontal Disease

DFSCs possess the necessary MSCs surface markers to aid in development of teeth prior to eruption.
During tooth formation, DFSCs function to develop PDL precursor cells, cementoblasts, and odontoblasts
suggesting their possible inclusion in treatment of periodontitis [76]. Limited experimentation shows the
ability of DFSCs to generate all tissue types present in the periodontal complex [68]. This was confirmed
in 2012 when Guo et al. [77] observed the regeneration of PDL-cementum-alveolar bone complex by ex
vivo transplanted DFSCs in immunocompromised mice.

GMSCs in Treatment of Periodontal Disease

GMSCs were first identified in 2009 in the lamina propria layer of gingival tissue [78]. Human gingiva
plays an important role in establishing teeth in the alveolar bone even though gingival tissue is not
directly a component of the periodontal complex. These cells are to be considered for treatment of
advanced periodontal disease specifically due to the minimally invasive means through which they may
be accessed. In 2013, GMSCs were used in treatment of induced furcation defects in beagle dogs [79].
Yu et al. [79] observed that the GMSCs differentiated into osteoblasts, cementoblasts, and PDL
fibroblasts and enhanced the regeneration of alveolar bone, cementum, and PDL in the dogs [79].
Similar findings were represented by Fawzy et al. [48] in 2016 confirming GMSCs as a source of MSCs
which aid in regeneration of periodontal tissue.

Current research from Qiu et al. [80] compares the regeneration characteristics of GMSCs and PDLSCs
[80]. Conditioned medium of both GMSCs and PDLSCs were compared in the molars of rats specifically
at the site of periodontal defects. There was found to be no significant difference between the
periodontal regeneration of conditioned medium from DPSCs and from GMSCs. Thus in addition to
PDLSCs, GMSCs is confirmed as an alternate source of MSCs for periodontal tissue regeneration [80].
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DPSCs in Treatment of Periodontal Disease

DPSCs have been shown to differentiate into chondrocytes, osteocytes, adipocytes, and neural cells
[81,82]. However there exists support that DPSCs may not be the best MSCs to be used clinically for
periodontal regeneration as indicated by Park et al. [68] in 2011, Hynes et al. [83] in 2012, and Bassir et
al. [84] in 2016.

In 2017, Tomasello et al. [85] researched the ability of DPSCs and GMSCs to treat advanced periodontal
disease specifically directing their investigation on the cells’ tendency to regenerate bone [85]. The
DPSCs and GMSCs were taken from teeth already infected with periodontitis and then allowed to
proliferate and differentiate in vitro. A control sample of cells was taken from healthy teeth and used for
comparison. The cellular markers of the MSCs were not affected by the inflammation and the MSCs
were still observed to have osteogenic capabilities in vitro. Tomasello et al. [85] also found that the
periodontally infected DPSCs and GMSCs showed greater proliferation and osteogenic capacity than the
control DPSCs and GMSCs which may be attributed to the proinflammatory cytokines present [85].
Tomasello et al., conclude their findings suggest the clinical application of autologous cell-based tissue
engineering seems promising in the near future.

In 2011, Park et al. [68] researched the effectiveness of three types of dental tissue-derived adult stem
cells to treat induced advanced periodontal disease specifically directing their attention to the condition
of the apical region of the tooth root [68]. Ten-month-old beagle dogs served as both the source of stem
cells and the test subjects for periodontal regeneration. The study aimed to mimic human advanced
periodontitis and the subsequent treatment using autologous dental stem cell transplantations using
the immature dog molars. The stem cells chosen were PDLSCs, DPSCs, and DFSCs. This study is
significant because the induced periodontitis, including induced inflammation and attachment loss, in
the canines serves as an more accurate representation of human periodontitis compared to previous in
vitro studies or studies on smaller periodontal defect size as is the case when smaller animals participate
in the study. PDLSCs were found to be the most effective at generating periodontal tissues when
evaluated histologically, upon morphological inspection, and regarding clinical application [68].
Contrastingly, DPSCs were not observed to be capable of regenerating a cementum-like structure. The
PDLSCs showed the best success in quality and quantity of tissue generated, clonogenic capability,
proliferation, and calcium deposition in bone formation. Park et al. [68] call for further testing regarding
the specific cytokines of MSCs that function to most successfully regenerate diseased periodontal tissue
[68]. Thus, based on current research, it can be concluded that at the present time DPSCs are not the
most suitable MSCs to be considered for periodontal tissue regeneration.

SCAP in Treatment of Periodontal Disease

SCAP were first identified in human immature permanent teeth in 2006[86]. SCAP demonstrate great
proliferation, self-renewal, and differentiation capacity in various cell lineages. Li et al. [87] investigate
the effect of SCAP on periodontal tissue regeneration in swine [87]. SCAP improved the periodontally
infected tissue after the cells were transplanted to the site of periodontal disease via injection making
them a promising candidate for human application in treatment of advanced periodontal disease.
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SHED in Treatment of Periodontal Disease

SHED were first identified in 2003 when they were obtained from human dental pulp of exfoliated
deciduous teeth [20]. SHED demonstrate great proliferation and have been proven to regenerate bone
and dentin-like tissues and contribute to the initiation of bone regeneration. They also possess certain
immunomodulatory functions explaining their consideration for treatment of advanced inflammatory
periodontal disease [88]. In 2018 Gao et al. [88] observed the regeneration of periodontal tissues in rats
in response to treatment of induced periodontitis with multidose transplantation of SHED [88].
Regeneration attributed to SHED was observed in the form of decreased inflammation, new
attachments of the PDL, and increased alveolar bone volume. These findings suggest that SHED may
positively contribute to periodontal regeneration and a decrease of the associated inflammation.

DSSCs in Treatment of Periodontal Disease

DSSCs are obtained from the dental socket following tooth extraction. In 2014, Nakajima et al. [44]
experimented with DSSCs in the treatment in a periodontal defect model. They found the DSSCs
demonstrate great proliferation and differentiate into osteocytes, adipocytes, and chondrocytes. The
DSSCs when combined with B8-TCP/PGA were shown to contribute to bone formation and form
connective tissue like structures to that regenerated bone. When transplanted into the defected area,
the DSSCs regenerated cementum-like and PDL-like tissues in addition to the alveolar bone [44].

In addition to researching the most effective source of stem cells for treatment of advanced periodontal
disease, current research focuses on the ideal means of transplanting the stem cells to the periodontal
complex as well as in what microenvironments the cells proliferate and differentiate most abundantly.
In 2015, Cao et al. [89] investigated the effect of human growth factor on the regeneration of
periodontal tissue using DPSCs as well as the advantages of using cellular sheets compared to
dissociated cellular injections [89]. Periodontitis was induced in swine which were then treated with
transplantations of DPSCs both with and without human growth factor. The DPSCs engineered sheets
both with and without human growth factor showed greater tissue regeneration than either group of
the injected cells. Cao et al. [89] recognize, however, that the engineered cellular sheets must be placed
through surgical means while surgery is not required with the injections of DPSCs [89]. Additionally, it
was found that the addition of the human growth factor to the DPSCs engineered sheets significantly
increased the regeneration capacity of the transplanted cells. These results were later confirmed in a
similar study by Hu et al. in 2016 [90].

In conclusion, research shows that the different sources of stem cells described above play varying roles
in the regeneration of periodontal tissue in treatment of periodontal disease suggesting they are an
innovative approach in the realm of personalized medicine to treat periodontal disease. The stem cells
continue to be considered for treatment due to their general ability to differentiate into multiple
lineages, proliferate, and maintain their stemness in an immunocompromised and inflamed
environment. When considering the research discussed, the delivery of the MSCs to the periodontal
disease site often resulted in regeneration of one or more of the tissues that comprise the periodontal
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complex or generated precursor cells that functioned to aid in inducing tissue formation. A major
limitation to current research is that the majority of the studies are carried out using animal models.
Due to the anatomical and oral bacterial differences between animal models and humans, it is difficult
to recreate or mimic the correct microenvironment that is present in a human mouth. Human clinical
trials are needed in multitudes before application of MSCs based treatment may become common in
clinical practice. Additionally, future research should investigate and determine the adequate
extracellular matrix scaffold, cellular sheets paired with bone graft, and other various complementary
growth factors that help to optimize the function of the MSCs during transplantation. In general, the
current application of MSCs in treatment of advanced periodontal disease while biologically possible,
presently remains clinically unpredictable.

MSCs in Reconstruction of Craniofacial Defects

Possible explanations for a significant craniofacial bone defect are loss of bone due to the surgical
extraction of a tooth and altered anatomy due to craniofacial trauma or genetic developmental skeletal
conditions. These along with other various explanations for bone loss could result in the loss of ability to
chew and functional tooth structure thus affecting overall health and appearance of the individual.
MSCs are currently being explored as an option for treatment of craniofacial bone defects because of
their ability to differentiate into both chondrocytes and osteoblasts. This differentiation potential
suggests they may have a positive contribution to bone regeneration in craniofacial structures with bone
defects. Thus, new and improving cellular-based bone regeneration therapies have much attention in
the field of oral and craniofacial surgery. Tissue engineering and the application of MSCs is considered a
state-of-the-art treatment option for bone regeneration [91]. Stutz et al. [92] researched the
effectiveness of BM-MSCs in regeneration of the maxillary bone. Human BM-MSCs were transplanted to
mice maxillary bone injured sites and induced to proliferate. Maxillary bone regeneration attributed to
the transplanted cells was observed 90-150 days after transplantation. The injured site showed great
osteogenesis upon histological analysis.

Specifically considering BM-MSCs from the alveolar bone, Liu et al. [93] compared the osteogenic
capacity and differentiation potentials of human ABMSCs and BM-MSCs from the iliac bone both in vitro
and in vivo [93]. Upon histological comparison in vitro, no apparent histological differences were
observed. However, ABMSCs were found to have greater osteogenic differentiation capacity, showed
greater mineral deposition, and showed more osteogenic marker genes when compared to BM-MSCs
from the iliac crest. The stem cells were transferred via MSCs sheets to rabbit calvarial bone defects and
allowed to proliferate and differentiate in vivo. ABMSCs regenerated bone that was observed to be both
greater in volume and density, specifically trabecular thickness, compared to the BM-MSCs from the iliac
bone [93]. Liu et al. [93] concluded that their finding suggest the use of ABMSCs to be considered for
further testing working towards including this cellular therapy in a clinical setting [93].

Treatment of Bone Defects Related to Surgical Placement of Dental Implants
Placement of dental implants to restore function and appearance of the alveolar ridge is becoming more
popular and accessible, however certain requirements exist regarding the anatomy or bone structure
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necessary to successfully place a dental implant and ensure it is maintained throughout the remainder
of the individual’s life without failure. Alveolar bone augmentation and thickening is often needed as a
step of the dental implant placement procedure. Sometimes a sinus augmentation is needed if there is
alack in depth of bone and there is risk of sinus perforation during implant placement. Also, cellular
scaffolds are often able to provide structure for bone regeneration where a certain amount of bone
volume is necessary for placement of a dental implant. Current research regarding bone formation after
surgical placement of dental implants focuses on the osseointegration of the implant, the surface or
composition of the implant itself and how that may affect osseointegration, the crestal bone levels, and
the regenerated bone density at the site of implantation. In 2009, McAllister et al. [96] performed a
histologic evaluation of the efficacy of the use of a MSCs allograft in a sinus augmentation procedure.
The cell populations were obtained from cadavers and cryopreserved. The cryopreserved cells are
tested to determine if their MSCs characteristics and cellular markers still remain after cryopreservation.
Although they obtained results suggesting the positive contribution of BM-MSCs.

In 2020, Piglionico et al. [94] investigated the effect of DPSCs on the osseointegration of implant in an in
vitro implant model study. Both classical titanium and porous titanium implants were investigated with
DPSCs. Testing was performed to observe the DPSCs adhesion capabilities to each implant surface, their
differentiation capacity, and ability to proliferate. Observed significant delayed differentiation of the
DPSCs on the porous titanium implants than was observed on the classical titanium implants. This is
attributed to the DPSCs need to solely proliferate until they fully cover the porous implant before they
begin differentiating. However, once differentiation was observed, the DPSCs showed greater
proliferation and calcium deposition on the porous titanium implants [94]. These findings suggest the
porous titanium implants along with the incorporation of DPSCs may incorporate into the native bone
and allow greater osseointegration of the implant than the classical titanium implants would allow.

In 2021, Choi et al. [95] researched the impact of ABMSCs on the osseointegration of dental implants
that have undergone different surface treatments [95]. The study was performed on rabbits using mini
implants as an in vivo human implant model. The bone formation seen resulting from the integration of
ABMSCs in implantation was statistically more than the implants without ABMSCs. These findings were
confirmed radiographically and upon histological inspection suggesting the possible future clinical
application of ABMSCs in placement of implants [95].

While both studies discussed above indicate positive results associated with the incorporation of either
DPSCs or ABMSCs, there are limitations with each that must be acknowledged. The first study
performed by Piglionico et al. [94] is an in vitro, and the second performed by Choi et al. [95] is an in vivo
animal study. Application of these findings and research to human clinical testing must occur before the
use of stem cells in dental implant therapy may become part of conventional treatment.

Treatment of Bone Defects Associated with Third Molar Extraction Sites
There are many different diagnoses to account for the reason a tooth must be extracted. In the case of
third molars, they may be impacted, become infected if they partially erupt, or may grow and develop in
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a way that puts the stability of the second molars in question thus requiring their removal. Regarding all
teeth not just the third molars, they could require extraction due to some traumatic injury that injures
some part of the tooth structure. They may also be extracted as a part of orthodontic treatment if there
are supernumerary teeth or if there is found to be overcrowding in the mouth. Additionally, tooth
decay, disease, or abscessing at the tooth root may all require the extraction teeth. After a tooth is
extracted, a tooth socket is left behind in the bone structure where the tooth once was. The cavity in the
bone that is left behind is known as a bone defect, and treatment of this bone defect with MSCs may
result in an expedited healing process or reducing the bone loss due to resorption.

In 2009, d’Aquinoet al. [96] investigated using DPSCs to repair bone defects left in individuals as a result
of their third molars being extracted [96]. Specifically, the individuals included in the study expressed
alveolar bone resorption bilaterally, and the defect created had no walls making unprompted bone
generation unlikely and instead often induces loss of the second molars. Following extraction of the
third molars, DPSCs were obtained from the molars and allowed to proliferate. The cells were then
transplanted to the empty socket. Three months post treatment, the alveolar ridge was found to be
restored vertically and periodontal restoration was observed along the second molars [96]. Histological
and radiographic analysis showed full regeneration of the bone at the extraction site one year after
treatment [96]. These findings suggest DPSCs aid in the bone regeneration of alveolar bone defects
created by the extraction of third molars. However, in 2018, Barbier et al. [97] obtained results could
not support the use of DPSCs in treatment of alveolar bone defects created by the extraction of third
molars. In their study, DPSCs were transplanted to the extraction site of impacted third molars,
specifically. Upon analysis of bone density and radiographic inspection there was no significant result to
indicate that DPSCS reduced bone resorption [97].

Treatment of Temporomandibular Joint Osteoarthritis

There is limited research investigating the use of MSCs in treatment of temporomandibular joint (TMJ)
disorders, but some research exists investigating the use of mesenchymal stem cell derived exosomes in
treatment of TMJ disorders [98-101]. In 2020, Lee et al. [98] investigated the effectiveness of utilizing
stem cell derived exosomes in tissue repair and tissue regeneration specifically to repair lost cartilage as
they possess similar regeneration capabilities as the MSCs themselves [98]. The exosomes were
investigated based on the immunomodulatory and anti-inflammatory effects that they possess similar to
MSCs. Condylar cartilage poses low self-regeneration capacity thus, stem cells from oral sources should
be considered and further analyzed for treatment of temporomandibular joint diseases.

Summary

The investigation of the use of orally derived stem cells has been on the forefront of research in the field
of oral surgery due to the discovery of different sources of adult stem cells in oral tissues and their ease
of accessibility. Progress is being made through research and the continued consideration of MSCs.
These cell-based therapies discussed seem to be a promising approach for restoring various dental and
maxillofacial tissues. Regardless of cell source, cell-based transplants seem to be superior to cell-free
treatment options for oral tissue regeneration. In various clinical applications MSCs have been used in
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combination with different scaffolds and growth factors to prove their benefit and ability to positively

contribute to tissue regeneration, but the optimal combination of scaffold and growth factors must be

determined. Most of the research to date uses solely in vitro experimentation and animal model studies.

Thus, more human clinical trials should be conducted successfully to evaluate the efficacy of these cell-

based therapies and increase the clinical predictability of these methods. The cost-effectiveness also

should be taken into consideration. Current research indicates that cell-based regenerative therapy

using dental derived stem cells is a promising tool for the treatment of various diseases in the future.

However, the remaining obstacles must be overcome before stem cell use becomes a part of

conventional treatment.
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