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ABSTRACT
Tissue engineering is a promising way of regenerating lost or damaged tissue structures. Arranging an environment that is 
suitable to carry out regeneration is done through, scaffolds, stem cells, biopolymers, growth factors, scaffold free method, 
and signalling pathways. Taking into consideration the regeneration of dental tissues, nanostructured biopolymers, such as 
nanofibre, hydrogels, scaffolds, dendrimers, hydrogels, films, and nanobioceramic, such as hydroxyapatite, bio glass/
bioactive glass ceramic, etc., in the form of nanocrystals, rods and particles, paste; spheroids and cells sheets and so on, are 
being used to regenerate both soft as well as hard tissues of the human body at the same time. These materials have a 
striking resemblance with tooth tissues that are enamel, dentin, cementum and pulp. In general this article focuses on the 
biomaterials that can be utilized to regenerate a tooth outlining their features as well as future strategies that will be 
required.
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INTRODUCTION

In the oral cavity, teeth perform the primary function of 
masticating ingested food: Chewing and grinding food to 
allow the tongue and oropharynx to mould it into a bolus 
that can be swallowed. Other than mastication, they also 
play a key role in phonation [1]. If the teeth are lost by any 
extreme wear, destruction, caries or fracture, the person 
might suffer from over close jaws, accentuated nasolabial 
folds, inability to make fricative sounds, loss of support by 
soft tissues and difficulty in chewing as well as 
swallowing. By keeping in mind the importance of healthy 
functional teeth, it is necessary to focus on ways for 
regenerating these lost tissues [2]. Tissue Engineering, a 
multidisciplinary field focusing on the regeneration and 
replacement of various tissues and organs of the human 
body, is a huge breakthrough in medical and dental 
sciences [3]. A felt need for tissue engineering was 
observed when treatments involving auto grafts, allografts, 
and transplants, although ground breaking, came up with 
severe flaws. They were expensive, painful and often came 
with the risk of patients rejecting to the graft with 
introduction of infections or diseases from the donor to 
the recipient. Tissue engineering, on the other hand, tries 
to repair or replace damaged tissues, by finding biological

alternatives rather than replacing them that help tissue
function be restored, maintained, or improved [4]. This
technique uses a combination of cells, and signalling
molecules and pathways along with 3D biomaterials to
restore impaired and ailing tissues [5]. The interaction of
cells whether it is autologous or allogeneic with foam or
sponge porous scaffolds, serves as a tissue forming
template and, produces 3D tissue architectures. At
predetermined rates, they develop, disintegrate, or are
resorbed [6]. In scaffold cell seeding, the first step is to
spread or circulate isolated cells within the scaffold
developing a 3D culture, and it could be critical in
influencing how tissue formation progresses [7]. Due to
this interaction the 3D culture should be able to form new
tissue in an organized and differentiated manner. These
scaffolds should be biocompatible, meaning they shouldn't
trigger an immune or other adverse reaction when they
come into contact with the host tissues; highly porous,
with a high surface area to volume ratio, letting cells to
affix, multiply, and in grow to fill the voids with newly
generated tissue; and biodegradable, which excludes the
need of surgical removal [8,9]. And as Oral health is
integral to general health, the felt need to recover dental
tissues is recognized for the sake of well-being of a patient
[10].

LITERATURE REVIEW

Strategies for regeneration of enamel

Mineralization of a tissue, in our body is found the most in
enamel. It is the strongest tissue in human body, and is
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primarily an assembly of hydroxyapatite crystals. It is 
formed by the process of Amelogenesis by the 
Ameloblast cells [11]. Enamel is made up of a lot of 
enamel rods that are the basic building blocks of it. Every 
rod is constructed up of closely packed nano HAP crystals 
ranging in size from 25 to 100 nm, which are then coated 
with enamel in. All these features add up to the enhanced 
properties of enamel [12]. But when the tooth 
experiences any kind of wear, trauma or microbial 
infection, the tooth structure is lost, especially enamel, 
and this hard tissue is unable to repair itself because of 
loss of Ameloblasts, following tooth development. Thus it 
is essential to regenerate this tissue. Under recent 
advances, it was observed that enamel cell rests of 
molasses could be cultured to form new Ameloblasts, 
which will eventually form sound enamel. For this culture 
to work, biomaterial substance is used. This substance 
must show the same properties as the nanofibrillar 
structure of the enamel. Peptide Amphiphile (PA) 
molecules are used to make favourable nanofibrillar 
biomaterial structures for depositing enamel mineral 
[13]. Cells from various sources for enamel regeneration 
were bone marrow stromal cells; human embryonic stem 
cell derived epithelial cells, oral keratinocytes and skin 
epithelial cells [14]. Studies also showed that nanoHAp 
has the potential for regenerating enamel especially 
because of its cell adhesive and proliferative activity. It 
also undergoes osteointegration and shows Alkaline 
Phosphatase (ALP) activity [15]. Nano HAP also has a 
high surface area to volume ratio. Its ultrafine structure 
and ratio mirror biological structures [16]. As a result, it 
becomes crucial in hard tissue engineering [17]. Another 
capability for enamel regeneration was seen in structures 
called dendrimers. Dendrimers are a type of synthetic 
polymer with a distinct dendritic architecture defined by 
the regular emission of cascade-branched repeating units 
from a central point: Radially symmetrical and a huge 
surface end groups [18]. Dendrimers have a molecular 
weight that is typically uniform, with no distinct 
molecular weight dispersion. PAMAM dendrimers, for 
example, which are now widely in use where the first of 
their kind to be developed [19]. These dendrimers have 
the capability of mimicking amelogenin nanospheres just 
like the ones found in enamel. Amelogenin are 
hydrophobic in nature and thus can organise themselves 
into nanospheres, because of which they can perform 
formation, orientation, and mineralization of 
hydroxyapatite crystals found in enamel, similar to the 
nano HAp crystals [20].

Strategies for regeneration of dentin

The dentin is the most densely packed component of the 
human tooth. Pulp, the soft tissue of the tooth is 
protected from harmful stimuli by dentin. It also gives 
enamel crucial support, allowing heavily mineralized and 
consequently brittle enamel to resist occlusal as well as 
masticatory forces and stresses without cracking. Dentin 
is the first vital tissue to be irritated by an external 
stimulus, and rather than acting as a passive mechanical 
barrier, it can play a role in dentin pulp complex 
defensive mechanisms [21]. The dentin is mineralized

and contains collagenous and non-collagenous proteins. 
Like enamel it also contains apatite crystals encased in 
ECM. These contents all together perform various 
processes in dentinogenesis. These processes involve 
stimulation, control, regulation, and mineralization in 
formation in dentin [22]. Dentin is composed of dentinal 
tubules that run away from the pulp towards the enamel. 
These tubules are filled with dentinal fluid [23]. Dentin 
cannot undergo remodelling unlike bone, but shows 
response to injury or trauma by formation of reparative 
and sclerotic dentin. Thus it becomes evident to 
regenerate dentin on loss of this tooth structure [24]. 
Polymers that are biodegradable in nature such as poly L 
lactic acid have attracted a lot of attention as scaffold 
matter used in regeneration of tissue because they are 
compatible and degradable biologically [25]. This 
scaffold material was successful in resembling the 
natural type 1 collagen on scanning electron microscopy. 
DPSCs have also been proven in earlier research to 
exhibit clonogenic capacities, high proliferation rates, and 
diverse differentiation potentials, making them an ideal 
cell source for dental tissue engineering [26-28]. Dentin 
contains closely aligned tubular pores which gives its 
porous nature. Materials like Nano hybrid matrix 
scaffolds made of poly (Ethyl Methacrylate co-
hydroxyethyl acrylate), pure along with a sol gel derived 
interpenetrated silica nano phase, were able to closely 
resemble and show this dentin behaviour [29,30]. Murine 
cells with phenotypic differences from those seen in 
dermal connective tissue colonised these biomaterials, 
demonstrating structural differences. A neo dentinal 
pattern was observed with colonisation and viability 
[31]. Another potent tissue engineering material that 
provided natural tissue elasticity, relative 
biocompatibility and had high water content was 
hydrogels [32]. In the presence of osteogenic 
supplements, it was observed that the PA Nano fibre 
hydrogel scaffolds when cultured with DPSC showed 
differentiation of hard tissues thus showing signs of 
dentin regeneration [33].

Strategies for regeneration of cementum

The periodontium, which surrounds and anchors the 
teeth, is made up of fibrous and efficiently mineralized 
tissues [34]. The mineralized or hard tissues are alveolar 
bone and cementum, and the fibrous or soft tissues are 
the PDL and gingiva and they all make up the 
periodontium. Cementum is an avascular structure that is 
not only a component of periodontium but also a part of 
tooth root. Along with principle fibres it plays a role in 
supporting the tooth. Cementum adjoins the alveolar 
bone with the help of periodontal ligament. It mainly 
anchors the tooth. In the alveolar bone, the tooth root is 
embedded in bony socket to hold them in position firmly. 
The tooth is surrounded by gingiva in a collar like 
fashion; it forms a barrier to avoid infection to enter the 
underlying bone [35,36]. Cementum forms a thin layer of 
hard tissue that protects the teeth's anatomic roots. 
Cementoblasts originate from undifferentiated 
mesenchymal cells in the connective tissue of the dental 
follicle to generate this structure. The texture of
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cementum is softer than dentin, and it is made up of 45 to 
50% inorganic material which is again hydroxyapatite 
and 50 to 55% organic matter and water by mass. 
Collagen and protein polysaccharides make up the 
majority of the organic part [37,38]. Some biological 
substances, including Enamel Matrix Derivative (EMD), 
Transforming Growth Factor (TGF), and Insulin like 
Growth Factor (IGF), have been discovered to enhance 
cemental tissue reformation [39]. In cementogenesis, 
using 3D scaffolds attempts were made to create 
formation of interfacial tissue between the pulp fibrous 
tissue and dentin [40]. Cementoblastic cells and similarly 
cementogenesis promoting biologics, such as platelet 
derived growth factor BB, were carried via PLGA 
scaffolds for cell activation and cementogenesis in in vivo 
contexts [41]. However, rather than architectural 
regulations for cementum formation, most research 
findings in this field have focused on the development of 
bio polymeric carriers for conveying bioactive molecules, 
as well as various physiological and pathological 
adaptations and cementogenic differentiations of dental 
stem cells in micro niches [42-44]. A setback occurred 
when difficulty was observed in regeneration of 
cementum in context to regulation of thin micron scaled 
mineral deposition on the tooth root surfaces. This was 
resolved with the introduction of biological activation of 
transplanted stem cells or biologically activated host 
tissues to the picture [45]. Despite the necessity to 
incorporate current techniques like as, cell sheet 
engineering, 3D printing, or cell spheroid approaches, 
these unique techniques will be the foremost dominating 
tactics for the new paradigm of periodontal regenerative 
approaches, with improved tediousness and 
controllability.

DISCUSSION

Strategies for regeneration of pulp

The pulp is that tissue of the tooth which is highly 
vascularized with blood connective tissues and is also 
innervated with nerves. This structure lies inside the 
pulp chamber. An ECM made up of collagen fibres and 
ground substance is also present [46]. Simply put, the 
pulp's four primary roles are dentin production and 
nourishment, as well as tooth innervation and defence. 
Dentin development is one of the pulp's most important 
functions, and the odontoblasts are responsible for it. 
The pulp also provides moisture and nutrients to the 
dentin in the form of albumin, transferrin, tenascin, and 
other proteoglycans. The pulp's protective function is 
carried out by the formation of neo dentin, which can act 
as a barrier between irritants and inhibit the progression 
of caries [47]. The pulp gets its blood supply from 
arterioles that enter from the apical foramen, crossing 
the periodontium and the radicular pulp. They reside 
under the odontoblastic layer. One to two arterioles along 
with a large venule is present in each pulp chamber [48]. 
The pulp is innervated by two main types of nerves: 
autonomic and afferent nerve fibres [49]. Diseases like 
reversible and irreversible pulpitis and periodontitis 
harm the pulp, which can be detrimental to the whole

tooth [50]. Among the various approaches to save the
dental pulp, scaffolding turns out to be a great way to
regenerate the pulp tissues, but it fails to mimic the
natural ECM. Creating an appropriate microenvironment
that replicates natural pulp's Extracellular Matrix (ECM)
and ensuring a sufficient supply of blood for cell
transplant survival are important challenges in pulp
regeneration. In this work, scaffold free micro tissue
spheroids of Dental Pulp Stem Cells (DPSCs) pre
vascularized by Human Umbilical Vein Endothelial Cells
(HUVECs) were used to test a unique strategy to pulp
regeneration [51]. The pulp regeneration of scaffold less
3 dimensional tissues generated from human DPCs was
tested in this work. DSP expression revealed that a pulp
like tissue was reformed in a human tooth root which
was able to generate dentin/bone resembling tissue
comprising of odontoblast cells towards the dentinal
surface which was vascular in nature [52].

CONCLUSION

In the case of enamel, all these investigations are
successful only in in vitro. The challenge to create a three
dimensional structure of hydroxyapatite crystals from
nano scale to micro scale with other components of
enamel still persists. To acquire the same strength and
hardness as enamel will be the major goal of future
investigations. In the case of dentin, PLLA nanofibrous
scaffolds turned out to be successful in regenerating
dentin like tissue by odontogenic dental pulp stem cells
differentiation in vitro as well as in vivo. Other
investigations like PA Nano fibre hydrogel scaffolds and
their ability to regenerate is still limited to in vitro. The
true potential of these materials is yet to be discovered.
The studies for cementum regeneration are also limited
to in vitro stages. PLGA scaffolds and stimulating different
ways of cementogenesis will be the aims to focus in the
future. Pulp, the soul of a tooth; is supposed to be
preserved for a tooth to be saved. Scaffold free
techniques are being used in the regeneration of pulp and
are fortunate to be able to do it to some extent. The
combination of nano medicine and tissue rehabilitation
and engineering has resulted in significant advancements
in the field of dental tissue regeneration. The loss of
parent cell after tooth eruption is the major limitation for
dental tissue engineering. More clinical trials are
supposed to be run in order to perfectly demonstrate the
potential futuristic clinical benefits of these materials.
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