Biomimetics - A Niche for Bioinspiration in Endodontics
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Abstract

Biomimetic approaches have been widely implemented in several biomedical sectors, including
clinical dentistry, over the previous few decades. Endodontics is a speciality of dentistry that deals
with various pulp disorders to prevent tooth loss. Traditional methods have included pulp capping,
root canal therapy, apexification, and apexogenesis employing specific dental materials. Tissue
engineering, on the other hand, has been proposed as a viable clinical strategy to regenerate tooth
pulp.

New developments in regenerative endodontics are emerging, resulting in the replacement of
diseased and non-vital teeth into a functioning and healthy dentine-pulp complex. Root canal
therapy is the standard treatment choice when the tooth pulp is irreversibly injured. This treatment
modality entails removing soft tissue and replacing the resulting space with a synthetic material
employing the obturation procedure. When stem cells are injected into the root canal with an

appropriate scaffold material, tubular dentine and pulp-like tissue development ensues.
The present review aims to examine various biomimetic techniques in regenerative endodontics
to highlight current trends and future research potential in this field.
Review (J Int Dent Med Res 2023; 16(3): 1355-1360)
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Introduction

Biomimetics is a term instituted by Otto
Schmitt during the 1950s while contemplating the
nerves in a squid. He endeavoured to duplicate
and plan an artificial device that could reproduce
a similar procedure of synaptic impulse.
Biomimetics is characterized as the investigation
of the development, structure, or capacity of
organically created substances, materials,
biological mechanisms, and processes mainly to
synthesize artificial items which mimic natural
processes. A material manufactured by a
biomimetic strategy dependent on regular
processes found in natural frameworks is known
as a biomimetic material’.
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Biomimicry or biomimetics includes
examining nature's best improvements and
afterwards mirroring these plans to make new
materials. The primary burden with conventional
biomaterials utilized in the therapeutic field is that
they cannot incorporate with organic frameworks
through a cell pathway which can prompt the
failure of the material. A biomimetic way to re-
establish  tooth  structure  depends on
regenerative endodontic methodology by utilising
tissue engineering?.

Biomimetic materials in tissue engineering
are materials that have been structured to such
an extent that they evoke determined cell
reactions intervened by scaffold tethered
peptides from extracellular matrix (ECM)
proteins; basically, the incorporation of cell-
binding peptides into biomaterials through
chemical or physical modification. Host-
determined molecules are utilized to increase or
enhance wound healing, repair and even
regeneration of soft and hard tissues. In clinical
dentistry, we are tested to plan and create new
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biomaterials-bone, ligament, dentin, enamel, and
periodontal ligament and to give new diagnostics
and gene-mediated therapeutics for various oral
and systemic infections and disorders®*

BIOMIMETIC CONCEPTS IN
ENDODONTICS
Current therapies use bone

morphogenetic proteins and some other growth
factors for regenerating hard and soft tissues,
including  dentin, cementum, bone and
periodontal ligament®. The benefit of biomimetics,
when extended to a macro-structural level, is that
it can trigger innovative principles in restorative
dentistry. Three procedures have been embraced
for the formation of new tissues by mimicking
normal biological processes, namely, the
utilization of isolated cells or cell substitutes, the
addition of biologic tissue inducing molecules
such as morphogenetic molecules and the
utilization of individual or groups of cells placed
on or within biocompatible matrices®. A
biomimetic approach to restoring tooth structure
is based on regenerative endodontic procedures
by application of tissue engineering, which opens
up a whole new arena for the practitioner?'. The
key elements of tissue engineering are stem

cells, morphogens, and a scaffold of the
extracellular matrix’.
Stem cells : Stem cells can continuously

divide and produce progeny cells that develop
into other cells or tissues. There are two
significant types of stem cells, Embryonic and
Adult stem cells; their most important properties
are their ability to self-renewal and their ability to
grow in-vitro. Comparing the different stem cell
types, adult stem cells, which have the least
amount of ethical concerns, are presently being
used in medical therapies and are readily
accessible. Postnatal stem cells have been found
in almost all body tissues, including dental
tissues. To date, eight types of human dental
stem cells have been isolated and characterized:
Dental pulp stem cells (DPSCs), Stem cells from
human exfoliated deciduous teeth (SHED), Stem
cells from apical papillae (SCAP), Periodontal
ligament stem cells (PDLSCs), Epithelium-
originated dental stem cells (EpSC),
Mesenchymal stem cells (BMSC), Stem cells
from the dental follicle (DFSC), and Endothelial
progenitor cells (EPCs)®°.

Applications of Bone morphogenic
proteins In Dentin Pulp Regeneration: Signalling
molecules or morphogens are extracellular

secreted signalling molecules that play a crucial
role in signalling many of the events of repair and
regeneration, including tertiary dentinogenesis, a
response of pulp-dentin repair'®. Growth factors
are soluble proteins that act as signalling agents
for cells and influence critical functions, such as
cell division, matrix synthesis, and tissue
differentiation. Primarily, five eminent families of
growth factors appear to regulate the process of
odontogenesis: Fibroblast growth factor, Bone
morphogenic  protein  (BMP),  Hedgehog,
Wingless (WNT) and Transforming growth
factor''. There is evidence suggesting that if the
odontoblasts are lost due to cavities, the
formation of new pulp cells can be stimulated by
the presence of BMPs. These proteins exist in
odontoblasts, ameloblasts and the dentin matrix,
being capable of inducing undifferentiated pulp
cells into odontoblast-like cells — the molecules
that belong to the BMPs group act as important
signalling molecules, both in dental development
as in reparatory processes, stimuli in mature
tooth tissue, being isolated initially from the
osseous cell-matrix and having the capability to
induce ectopically osseous formation'. BMP-2
and BMP-4 induce the expression of Msx-lI and
Msx-2 genes, which function as transcription
factors controlling the transcription of other
genes, suggesting the widespread signalling
functions of BMP-2 and BMP-4 in
morphogenesis and organogenesis''. Clarkson
et al. reported that, of all studies conducted on
animals, with BMPs extracted from purified and
recombining BMP-7, these proteins presented as
capable of regenerating tubular and intratubular
dentin when used on vital exposed pulp'2. Lianjia
et al. reported that a week after pulp protection
with BMP, a small sign of inflammation was
found; however, at the end of the second week,
these signs were gone, and a substantial amount
of dentin and osteopontin was observed, being
well distinguished in two regions, in the
osteopontin and the regular dentin surrounded by
osteopontin areas. At the beginning of the third
week, dentin formation was inducted, the dentin
bridge was completely formed, and the
calcification process started.

For clinical application, it is essential to
the efficiency of the carrying material, which
should promote bioaccessibility to the host
tissues of the BMP and ensure its uniform and
gradual  distribution. Among the tested
biomaterials as carriers include various
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extracellular matrix components, combined or
isolated, calcium hydrate and calcium phosphate.
The structure or the molecular organization of the
carrier can contribute to cell guidance and
facilitate the reparatory and regenerating process

in the newly formed tissues'. These
morphogenetic factors induce a large amount of
dentin on the amputated pulp without affecting
the remaining pulp. Inflammatory cytokines are
molecules that control the cell behaviour of bone
under inflammation, infection and wound healing.
The scaffold or the extracellular matrix is a blend
of proteins, including collagen, fibronectin,
polysaccharide hyaluronic acid, proteoglycans,
and laminins, shaping an elastic network
surrounding most cells and tissue structures'"3,
Current scaffolds : The current scaffolds used in
tissue engineering can be grouped into three
main categories; natural scaffolds, mineral-based
scaffolds and synthetic scaffolds. Collagen,
lyophilized bone and coral are the most
commonly used natural scaffold. The main
disadvantage of natural scaffolds is that they
often need more structural integrity for their
independent use in load-bearing areas. Mineral-
based scaffolds usually are made of calcium
phosphates in the form of hydroxyapatite or beta
Tricalcium phosphate, and by varying the content
of calcium, the rate of degradation of these
scaffolds can be controlled. They lack the
strength of natural scaffolds and are brittle,
making them susceptible to fracture, and hence
were introduced the synthetic scaffolds. These
include porous ceramics, spongiosis collagen,
fibrous titanium mesh, poly lactic acid (PLA),
polyglycolic acid (PGA), and their copolymers,
poly lactic-co-glycolic acid (PLGA), which are all
polyester material that degrades within the
human body. They have the advantage of being
able to function in load bearing but have the
disadvantage of lacking osteoinductiveness and
the inherent difficulty in obtaining high porosity
and regular pore size. This has led researchers
to concentrate efforts to engineer scaffolds at the
nanostructural level to modify cellular interactions
with the scaffold™.
BIOMIMETIC
REGENERATION
Creating and conveying new tissues to
replace infected, missing or damaged pulp is
alluded to as regenerative endodontics. In any
case, the test lies in structuring and
manufacturing biomimetic materials like enamel,

APPROACHES FOR

dentin, cementum, pulp, bone, and periodontal
ligament and the focus ought to be on recovering
the diseased and necrotic tissues as opposed to
replacing them with some conventional
substitution  materials. Current  biomimetic
approaches for the recovery of the tooth and its
related structures are:

Root canal revascularization : Treatment
of the young permanent tooth with a necrotic root
canal system and an incompletely developed root
is laden with difficulty. The root canal system is
frequently hard to completely debride, and the
thin dentinal walls increase the risk of a
consequent break. Other than the procedure like
neurogenesis or acetogenesis, root canal
revascularization is a methodology to establish
the vitality in a non-vital tooth to permit the repair
and regeneration of tissues. The typical
revascularization protocol advocates that the
immature tooth, diagnosed to have apical
periodontitis, ought to be accessed to and
irrigated with either 5% NaOCI _ 3% H202 or
5.25% NaOCI| and Peridex TM (Procter and
Gamble, Cincinnati, OH. An antimicrobial agent
(either an antibiotic such as metronidazole,
ciprofloxacin or ciprofloxacin, metronidazole,
minocycline or Ca (OH)2 should be then applied
into the root canal system, and the access cavity
is sealed. After an average of 3 weeks, in the
absence of symptoms, the tooth is reentered, the
tissue is irritated until bleeding is started and a
blood clot is produced, and then MTA is placed
over the blood clot, and the access is sealed.
Within the next two years, a gradual increase in
root development can be observed. However,
revascularization  procedures need more
standardization of treatment protocols with a
myriad of reported techniques, intracanal
medicaments and irrigants'®.

Stem cell therapy: The simplest method to
administer cells of appropriate regenerative
potential is to inject the postnatal stem cells into
the disinfected root canal system. Autologous
dental stem cells are the most accessible stem
cells for this therapy. The eight different postnatal
dental stem cells are; Dental pulp stem cells
(DPSCs), Stem cells from human exfoliated
deciduous teeth (SHED), and Stem cells from the
apical papilla (SCAP), more commonly used in
the field of regenerative endodontics*'. The most
striking feature of DPSCs is their ability to
regenerate a dentin-pulp-like complex that is
composed of a mineralized matrix with tubules
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tissue
containing blood vessels in an arrangement
similar to the dentin-pulp complex found in
regular human teeth. The use of SHED might
bring advantages for tissue engineering over the
use of stem cells from adult human teeth as
follows: SHED was reported to have a higher
proliferation rate compared with stem cells from
permanent teeth, which might facilitate the
expansion of these cells in vitro before
replantation, SHED cells are retrieved from a
tissue that is "disposable" and readily accessible
in young patients. It also has the added
advantage of abundant cell supply and painless
stem cell collection with minimal invasion. In
contrast, DPSCs are likely the source of
replacement odontoblast. Since these stem cells
are in the apical papilla, they are benefited by its
collateral circulation, which enables it to survive
during the process of pulp necrosis'®"".

Pulp implantation: In pulp implantation,
replacement pulp tissue is created by tissue
engineering triad and is transplanted into cleaned
and formed root canal systems*. One of the
potential issues related to the implantation of the
cultured pulp tissue is that specific methods
might be required to guarantee that the cells
legitimately stick to root canal walls. While
implanting pulp into the root canals that have
blood supply just from the apical end, improved
vascularization is required to  help its
imperativeness. Ongoing endeavours in creating
scaffold systems for tissue engineering have
been concentrating on making a system that
advances angiogenesis for the development of a
vascular network. These frameworks are
impregnated with growth factors, for example,
VEGF (vascular endothelial growth factor) and
platelet-derived growth factor or, further, with the
expansion of endothelial cells'®°.

Injectable scaffold delivery :Rigid tissue-
engineered scaffold structures help cells utilized
in bone and other body regions where the
designed tissue is required to give physical
support. This will permit tissue-engineered pulp
tissue to be controlled in a soft three-dimensional
scaffold  matrix. Among the injectable
biomaterials researched up until now, hydrogels
are increasingly alluring in the field of tissue
engineering. Hydrogels are injectable platforms
that can be conveyed by syringe and can be non-
invasive and straightforward to convey into root
canal systems. In principle, the hydrogel may

lined with odontoblasts and fibrous

advance pulp recovery by giving a substrate for
cell proliferation and differentiation into a
composed tissue structure?®.

Three-dimensional cell printing: A
standout amongst the most encouraging
methodologies in tissue designing is the
utilization of a 3D scaffold, which gives cell
support and direction in the underlying tissue
formation stage. The porosity of the framework
and inward pore organization affect cell
movement and assume a noteworthy job in its
biodegradation dynamics, nutrient diffusion, and
mechanical stability. To control cell migration and
cell interactions inside the scaffold, novel
advances fit for delivering 3D structures as per
predefined configuration are required?'. In
principle, an ink-jet-like gadget is utilized to
administer layers of cells suspended in a
hydrogel to reproduce the structure of the tooth
pulp tissue. The three-dimensional cell printing
strategy can be utilized to position cells correctly,
and this technique can make tissue builds that
impersonate the natural tooth pulp tissue
structure. This may include situating odontoblasts
around the periphery, with fibroblasts in the
centre. The real test included is the exact
orientation of cell suspensions as indicated by
the apical and coronal asymmetry of the pulp.
Hypothetically, the inconvenience of utilizing the
three-dimensional cell printing method is that
watchful orientation of the pulp tissue build, as
indicated by its apical and coronal asymmetry,

would be required amid arrangement into
cleaned and formed root canal systems?.
Gene Therapy: Gene therapy is a

technique for conveying genes with viral or
nonviral vectors. The gene conveyance in
Endodontics is to convey mineralizing genes into
pulp tissue to advance tissue mineralization. Viral
vectors are hereditarily modified to take out the
capacity to cause disease without losing the
infectious capacity of the cell. Nonviral delivery
systems utilize plasmids, peptides, cationic
liposomes, DNA-ligand complex, gene guns,
electroporation, and sonoporation to address
safety concerns, for example, immunogenicity
and mutagenesis. Across the broad clinical
application, it still anticipates the advancement of
vectors that are safe, affordable, effective,
essential for application, and that can the
express the required level of the transgene for
the suitable long term. In the in vivo approach,
the gene is delivered systemically into the
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circulation system or locally to target tissues by
infusion or inhalation. The ex vivo approach
includes genetic manipulation of cells in vitro
transplanted to the regeneration site. The primary
difficulties for gene therapy in the following
decade will be the prerequisites to exhibit that
gene therapy can give cost-effective and safe
long-term treatments for conditions that would
otherwise lead to significant pulp necrosis. This
indicates the potential of adding growth factors
before pulp capping or incorporating them into
restorative and endodontic materials to stimulate
dentin and pulp regeneration??.

Bioengineered tooth: A definitive objective
of regenerative treatment is to develop fully
functional bioengineered organs that can
supplant lost or harmed organs following
disease, damage, or ageing. Research on the
manufacture of teeth from dissociated cells was
first performed utilizing tooth germ cells.
Whenever explanted, seeded with porcine third
affected tooth bud cells, were embedded for 20-
30 weeks into cementum, bioengineered teeth
were noticeable inside the explants. In any case,
the regenerated teeth were not indistinguishable
from their naturally formed counterparts®* %,
Ikeda et al. reported a fully functioning tooth
replacement achieved by transplanting a
bioengineered tooth germ into an adult mouse's
alveolar bone of a lost tooth region.
Bioengineered tooth, which was erupted and
occluded, had the correct tooth structure,
hardness of mineralized tissues for mastication.
However, the bioengineered tooth was smaller
than the other regular teeth. Also, the authors
could not regulate the crown width, cusp position,
and tooth patterning, including anterior/posterior
and buccal/lingual structures. However, in a more
recent study, Oshima et al. showed that the
crown widths and the cusp numbers of
bioengineered molar could be regulated by the
cell manipulation method?. Tooth regeneration is
an important stepping stone in establishing
engineered organ transplantation, which is one of
the ultimate goals of regenerative therapies.

Conclusions

The practice of endodontics has grown by
leaps and bounds in the past few decades.
Replacement of diseased or lost tooth structure
with biocompatible restorative materials is
currently the order of today, but each of these

procedures does have its limitations and
drawbacks. Regeneration of the lost tooth
structure rather than replacement during
treatment will ensure a better prognosis and
higher success rate. Hence the future of
Endodontics would involve the use of such
biomimetic materials which could successfully
replace lost enamel, dentine, cementum and
even the pulp tissue.

The potentials for the future as individuals
live longer and demand higher quality-of life
standards are endless and  exciting.
Nanotechnology @ has  provided  chemical
molecules to fabricate submicroscopic structures.
Tissue engineering provides us with the prospect
of using our cells or related cells to renovate,
replace, or regenerate dysfunctional organs or
tissues. This new era of biomimetics provides the
opportunity to introduce and change treatment
modalities for many diseases and disorders. By
its nature, it is interdisciplinary, and it has
tremendous potential for transforming everyday
dental practice. Only tight collaborations between
engineers, chemists, tissue engineers, material
scientists, and biologists will make these next-
generation materials a reality.
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