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The gold standard for pulpitis irreversible treatment is root canal treatment. However, it caused the loss of tooth vitality. To restore tooth
vitality, materials that have regenerative ability in the pulp is needed. The exfoliated deciduous teeth stem cells (SHED) not only expressed
specific markers for mesenchymal stem cells (MSC) but also induced the odontoblastic differentiation, and stimulating the formation of
endothelium and fibroblast. The combination SHED with platelet rich fibrin (PRF) and chitosan were able to facilitate and increase the
migration, proliferation and odontoblastic differentiation of dental pulp cells. Based on that fact, the combination of SHED, PRF and chitosan
as three-dimensional tissue engineering is promising as new modality to pulp regeneration in the clinical setting. The purpose of this review is
describing the potential combination of SHED, PRF, and chitosan scaffold as three-dimensional tissue engineering for pulp regeneration.
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INTRODUCTION
Pulpectomy, a procedure to remove the dental pulp, is mainly
done to prevent the continued inflammation of the pulp that
can cause root channel infections and pain related. Even
though pulpectomy followed by root canal treatment can
remove the primary cause of pulpitis, it cannot regenerate
the already nonvital tooth. External stimuli tolerance declines
in nonvital teeth due to total loss of immune and perception
systems, and the tooth is vulnerable due to metabolic
capability loss.[1] Moreover, the root canal retreatment
success rate is not high and often has to be repeated. The
repeated treatment makes the teeth more fragile and causes
the roots to crack or fracture, which leads to decrease of the
well-being.[2]

The gold standard for sealing material after pulpectomy and
root canal treatment is calcium hydroxide. This material has
disadvantages and low properties, such as has higher
solubility, able to dissolve within saliva, and unable
completely setting, to completely closing the pulp cavity
and sealing the root canal after application.[3] In some
cases, calcium hydroxide showed internal resorption that
confined to the tooth and did not show any clinical
symptoms. The internal resorption of root systems,
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increase in interradicular radiolucency, and also presented
with clinical symptoms of abscess and mobility.[4]

To restore tooth vitality, material that has regenerative ability
in the pulp is needed. Tissue engineering is creates three-
dimensional functional tissues combining cells, bioactive
molecules, and scaffolds. This uses the basic principles of
engineering and life sciences to establish biological
replacement that improve, maintain, or restore the
functions of tissue. The fundamental principle of tissue
engineering started with cells that were isolated from a
source and expanded into a cell culture system, then
seeded onto a matrix that provides structural support along
with addition of appropriate growth factor. The cells
differentiate, proliferate, and migrate to carriers and
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forming new tissues, replacing the old one.[5] In irreversible
pulpitis treatment, tissue engineering is convinced to be a new
innovation because it can form new tissue with its complex
properties, so it can regenerate the dental pulp.

Human exfoliated deciduous teeth stem cells (SHED) have
the ability to form odontoblast-like cells to reparative dentin
building and pulp repair. These stem cells are combined with
growth factor in form of platelet-rich fibrin (PRF) to direct the
growth and differentiation of stem cells and planted in with
chitosan scaffold to facilitate required tissue pulp formation,
establishing the three-dimensional of tissue engineering that
has the ability to optimize pulp regeneration. This treatment
aims to accelerate the regeneration of pulp tissues by in vivo
regeneration of complicated functional tissues that consist of
a cell, growth factor, and scaffold produced from natural
materials for its structural support and proper medium for its
differentiation and proliferation.

PERSPECTIVE
SHED are stem cells extracted from pulp tissue in healthy
human deciduous teeth.[6] Using an exfoliative deciduous
tooth as a source of stem cell will not face ethical problems.
SHED expressed positive expression a specific marker for
mesenchymal stem cells (MSCs) such as CD19,[7] CD29,[8]

CD31,[7] CD34,[7] CD90,[9] CD146,[10] CD105,[10] CD73,[11]

CD44,[12] and CD10.[13] SHED are able to induce the
Figure 1: The combination of SHED, PRF, and chitosan for dental pulp regene
rich fibrin.
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odontoblastic differentiation by increased factor related to
differentiation such as dentin matrix protein-1 (DMP-1), and
dentin sialophosphoprotein (DSPP). Both are the key of
noncollagenous proteins involved in dentin mineralization
and main factor for the pulp tissue forming.[14]

SHED display a similar pattern of expression for a number of
endothelium-associated markers such as the vascular cell
adhesion molecule 1,[13] smooth muscle such as a-smooth
muscle actin,[13] bone such as alkaline phosphatase (ALP),
[15] type I collagen (COL-1),[13] type II collagen (COL-2),[10]

osteonectin (ONN),[13] osteopontin (OPN),[13] osteocalcin
(OCN),[10,13] bone sialoprotein (BSP),[9,10] runt-related
transcription factor-2 (Runx2),[8] fibroblasts such as type
III collagen (COL-3),[13] and fibroblast growth factor 2
(FGF-2).[13]

Other factor is that SHED are able to induce the secretion of
proinflammatory cytokine such as interleukin 1b (IL-1b),
interleukin 6 (IL-6), interleukin 10 (IL-10), and tumor
necrosis factor-a . SHED are also capable of inhibiting the
CD178 of the lymphocytes, suppressing the proliferation of
lymphocyte, and decreasing the secretion of IL-4 and IFN-g
while sequentially increasing the number of T-reg cells.[16]

Further research has shown that SHED can be induced into
functional odontoblast in vitro. It can differentiate into
odontoblast-like cells and regenerate the tissue with
ration. SHED, Human exfoliated deciduous teeth stem cells; PRF, platelet-
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comparable cellularity and architecture to the physiological
dental pulp when cultured in scaffolds.[11]

SHED are highly capable of differentiation and proliferation,
and able to represent as a good cell sources for dental tissue
regeneration mediated by mesenchymal stem cell (MSC)
[Figure 1], which contain stem cells that can express specific
gene such as pulp dan dentinal complexes while having an
appropriate tissue regeneration capacity. SHED have the
abilities to form odontoblast-like cells, indicated by
odontoblastic differentiation markers such as DSPP and
DMP-1.[17] DSPP are processed by proteases and interact
with integrin 6 to induce SMAD 1/5/8 phosphorylation and
nuclear translocationviaP38andERK1/2pathway, resulting in
differentiation intoodontoblast-likecells.DMP-1is involved in
maintaining dentin mineralization.[18] The regenerated pulp
tissue built bySHEDhas the similar cellularity and architecture
to the physiologic dental pulp.[6] The potential of SHED, not
only able to formodontoblast-like cells but also able to suppress
the inflammation by inhibit the proinflammatory cytokine
production.[16]

PRF has an equilateral fibrin branch junction that makes its
architecture flexible, allowing it to support cellular migration
and enmeshment of cytokine. PRF can gradually release
growth factors such as transforming growth factor b
(TGF-b), insulin growth factor (IGF), platelet derived
growth factor (PDGF), epidermal growth factor (EGF),
vascular endothelial growth factor (VEGF), and fibroblast
growth factor (FGF) to the tissue. TGF-b serves as the
mediator for tissue regeneration by forming fibroblast and
regulating odontoblast differentiation. PDGF is the main
regulator for migration and proliferation of the stem cells.
EGF has the ability to stimulate mitosis in stem cells. IGF and
FGF enhance odontogenic differentiation via activation of
MEK/ERK signaling pathway and deposition of extracellular
matrix in differentiating cells. VEGF serves to increase the
formation of new blood vessels, carry nutrients, and increase
the blood flow direction toward the regenerating area.[19]

In various research, PRF is able to increase cervical calcific
bridge formation,[20] lateral dentinal wall thickening and
apical closure.[21] The root canal is also filled with the
pulp-like tissue formation,[22] consisting of blood vessels
and fibroblast-like cells.[23]

The characteristics of hydrogels have relatively low-
viscosity formulations, and are more applicable to
treatments that require flowing materials to allow easy
injection into empty endodontic spaces with millimeter
diameter ranges. The high porosity and hydrophilic
property facilitate and enhances cell colonization and
proliferation. Chitosan scaffold can promote the
regeneration of dental pulp by stimulated significantly
higher expressions of COL-1, ALP, DSPP, and DMP-1
that leads to about five times more mineralized matrix
deposition. This condition able to induced apical closure
and root growth by increasing the thickness, which is needed
in dental tissue regeneration.[24]
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SHED attached well to the structure of chitosan while
remaining viable. Moreover, the proliferative activity of
SHED on the chitosan scaffold is increased significantly
by the combination of growth factor. The SHED itself-able
to the enhanced the osteogenic differentiation, such as strong
mineral deposition, up-regulation of ALP, BSP, COL1, and
expression OCN gene/protein.[25]

The combination of SHED, PRF, and chitosan scaffold is
promising as a new treatment for complex root and pulp tissue
system. The three combinations support each other to form
new networks. Chitosan as the main carrier for SHED and
PRF is expected to be able to bring cells and growth factors to
reach and fill all the root canals until they reach the apical
foramen. The apical foramen is the main source of vascularity
and innervation for a tooth. SHED at this point are expected to
be able to differentiate into odontoblast cells that can build
functional pulp tissue, differentiate into neural networks and
blood vessels as an initial step to start the formation of new
tissue supported by the presence of PRF as a blood vessel.
With the synergy of these three materials, it is hoped that the
formation of new pulp tissue can occur. The idea of these
combinations is very likely to be implemented and begin to be
analyzed both at the in vitro and in vivo levels. The potential
of each component has been proven to have the ability and
support to form a pulp and dentinal tissue system in the root
system. An important key of the three components is SHED,
which have the main ability to form odontoblast-like cells and
fibroblasts to build pulp structures.
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