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1. Introduction
Regenerative medicine is an interdisciplinary approach in-

volving the utilization of live cells to repair, replace, or restore 
the normal function of damaged human tissues and organs (1). 
Tremendous advancements in this field have been made since 
Leland Kaiser first introduced the term in 1992 (2). One that 
holds great potential in this field is stem cell engineering, which 
could be the future of regenerative medicine.

Difficult clinical dentistry situations such as teeth loss and 
periodontal diseases could be alleviated using stem cell engi-
neering, as it isolates readily accessible post-natal stem cells 
from the teeth and provides a non-invasive way of harvesting 
stem cells, especially from teeth meant for extraction. The mes-
enchymal stem cell (MSC) is one of the widely known types of 
stem cells that have been found suitable for regenerative medi-
cine due to its high proliferation and multi-potential capabilities. 
There are many MSC which originated from the teeth, and they 
are named according on the site of the teeth where they are 
harvested, includes dental pulp stem cells (DPSCs), stem cells 
from human exfoliated deciduous teeth (SHED), periodontal lig-

ament stem cells (PDLSCs), dental follicle progenitor stem cells 
(DFPCs), and stem cells from apical papilla (SCAPs) (3). In 
stem cells and tissue engineering, the scaffold is a supporting 
matrix onto which the stem cells and tissue grow. To ensure the 
successful growth of the cell and its differentiation, materials 
from the scaffold must be able to interact with the host tissue 
and provide an ideal environment to support the tissue growth.

2. Dental pulp regeneration
The dental pulp is a complex structure comprising connective 

tissue, MSCs, neural fibers, blood vessels, and the lymphatic 
system. It plays a role in producing dentin and serves to sup-
port the biological and physiological vitality of the dentin (4). 
Various types of cells exist in the pulp tissue, including immune 
cells, fibroblasts, MSCs, vascular cells, and nerve cells. It has 
been established that odontoblasts play important roles in den-
tinogenesis. Dentin plays a significant role in the formation of 
teeth. Dentin regeneration occurs during primary and second-
ary dentinogenesis (5).

Important aspects of pulp regeneration include the vascular-
ization of tissues, the formation of neurons, and deposition of 
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ABSTRACT

Dental pulp regeneration via stem cell engineering approach offers a great potential in 
tackling the difficulty in dental clinical situations such as teeth loss and periodontal diseases. 
One of the potential approaches in dental tissue engineering includes the application of 
dental stem cells-based therapy. In this approach, dental stem cells are generally cultured on 
special biodegradable membrane filters or scaffolds, allowing for three-dimensional (3D) pulp 
tissues formation before it can be inserted into the area of damaged dental pulp for dentin 
regeneration. The naturally derived scaffold, onto which stem cells are let to grow include 
platelet rich fibrin (PRF), collagen, hyaluronic acid (HA), polysaccharides, silk and amniotic 
membrane (AM). Biological scaffolds offer special characteristics such as biocompatibility, 
biodegradability, low immunogenicity and ability to support cells growth for various 
applications of tissue engineering. This review discusses the available naturally derived 
scaffolds for dental pulp regeneration and highlights their potential advantages. We also aim to 
improve the understanding of the application of natural scaffolds in dental pulp regeneration.
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dentin (6). An ideal scaffold for dental pulp regeneration should 
allow direct contact between the restorative material and the 
pulp. It has to meet three criteria: first, biocompatibility of the 
scaffold; second, the material must be stiff to withstand repeat-
ed masticatory pressure; and third, the material should provide 
a tight seal against the dentinal wall to prevent infiltration of 
oral microorganisms into the pulp chamber (7). This complex 
and dynamic environment associated with the dental pulp is 
maintained in a delicate balance, with odontoblasts support-
ing the mineralized tissues. At the same time, other cell types 
are positioned to support the activity of the odontoblasts. For 
dental pulp tissue maintenance and repair, a native population 
of MSCs provides a reservoir of pluripotent cells with the ca-
pacity of differentiation into a variety of cells as required. The 
long-term function of the whole tooth depends on the progenitor 
cells. Therefore, progenitor cells are an important consideration 
when designing scaffolds for dental pulp regeneration (8).

3. Types of scaffolding for tissue engineering in 
dental pulp regeneration

Damaged teeth are commonly attributed to caries infection 
or traumatic injury. In cases of irreversible damage, it is critical 
to develop regeneration modalities to restore dental pulp in-
tegrity and functions. Stem cells, scaffolds, and growth factors 
are essential to dental pulp tissue regeneration. During the re-
generation processes, growth factors induce proliferation and 
differentiation of stem cells into specific cells for tissue defects, 
and scaffolds provide support for cell growth, differentiation, 
and formation of tissue. This approach may allow for regener-
ation of the entire tooth, local regeneration of the dental pulp in 
the dentin defect area from the residual dental pulp, or regener-
ation of the dental pulp from an apical dental pulp or periapical 
tissues, including the periodontal ligament and bone (9).

In regenerative endodontics, any type of scaffold should have 
a 3D structure that can support cell organization and vascu-
larization (10). The goal of dental pulp regeneration revolves 
around rebuilding dental material, as well as regenerating 
periodontal ligament, maxillofacial, and oral bones. In order to 
achieve successful regeneration, the scaffolds, cells, and bio-
active signaling molecules are required to induce stem cell dif-
ferentiation into the dental tissue type (11).

An ideal scaffold should be able to interact with cells, offer a 
platform for cell adhesion and proliferation, and enhance the 
regeneration of tissue (12). Early studies on dental pulp tissue 
engineering with tooth slices or segments have used polylactic 
or polyglycolic acid (PLGA) as scaffold materials. Subsequent-
ly, various other types of scaffolds, including naturally derived 
scaffolds such as alginate, collagen, and fibrin or synthetic 
scaffolds such as PLGA, polyethylene glycol (PEG), or self-as-
sembling peptide (SAP), have been explored (13).

Synthetic scaffolds are widely accepted as platforms for den-
tal pulp regeneration applications because they can be custom-
ized and optimized (14). However, it is challenging to design 
synthetic scaffolds that closely mimic the functions of native 
tissues. Therefore, naturally derived scaffolds are believed to 
provide a better platform for dental regeneration in clinical sit-
uations.

4. Naturally derived scaffolds
Naturally derived scaffolds can be produced from compo-

nents found in the extracellular matrix (ECM), such as collagen, 
fibrinogen, and HA. Natural scaffolds have desirable charac-

teristics such as biocompatibility, low immunogenicity, biode-
gradability, and mechanical properties similar to natural tissue. 
Natural polymers, such as collagen, protein, chitosan, silk, algi-
nate, HA, and their derivatives, were among the first materials 
used as scaffolds for tissue restoration and regeneration (14). 
In this review, we highlight several naturally derived scaffolds 
for dental pulp tissue regeneration, such as PRF, collagen, and 
HA, as well as polysaccharides such as alginate, chitosan and 
cellulose, silk, and AM. Table 1 shows the list of the key studies 
using natural scaffolds for dentin-pulp regeneration.

4.1 Platelet-Rich Fibrin

PRF is a natural fibrin-based scaffold rich with platelets and 
growth factors. It is a natural concentrate prepared from an 
anti-coagulant-free blood harvest (15), without any addition of 
biochemical compounds. PRF requires simple preparation. The 
PRF concentrate produces a strong natural fibrin matrix, which 
shows a unique architecture suitable for wound healing and re-
generation (16).

The material has immune capacity (17) and important cyto-
kines (16) as well as growth factors, which can accelerate the 
regeneration process. The presence of physiological thrombin 
in PRF creates equilateral junctions in polymerized fibrin, which 
results in the buffered release of growth factors (up to 28 days) 
and a flexible fibrin network, an appropriate microenvironment 
for cell migration. Thus, PRF is a preferable scaffold in regen-
erative endodontics and is initially used to accelerate tissue 
healing (17).

Chen et al. (18) studied the cytobiological effects of PRF on 
DPSCs and investigated the potential regenerative capacity 
of a novel PRF tissue-engineered transplant. They found that 
PRF induced the proliferation of canine DPSCs in a dose- and 
time-dependent manner. It also assisted in the differentiation 
of DPSCs to odontoblast or osteoblast by up-regulating the 
expression of the odontoblast markers and bone sialoprotein 
(BSP) gene. Transplantation of the PRF scaffold cultured with 
DPSCs helped in the regeneration of homogeneous and com-
pact pulp-like tissues with abundantly distributed blood vessels, 
and the deposition of regenerated dentin along the intracanal 
walls at 8 weeks post-operation. PRF scaffolds might serve as 
a potential therapy in regenerative endodontics for pulp revital-
ization or revascularization (18).

A study was conducted by integrating PRF into fibrin glue 
to enrich the microenvironment with growth factors. The study 
showed promising results when transplanted with dental pulp 
cells. An animal was used to develop a complete tooth with 
crown, root, pulp, enamel, dentin, odontoblast, cementum, 
blood vessels, and periodontal ligaments in indiscriminate 
shape. The study demonstrated that dental pulp cells seeded 
into fibrin glue-PRF were able to regenerate a complete tooth 
(19). Studies have also shown that PRF is more superior com-
pared to collagen as a scaffold for human periosteal cell prolif-
eration. In addition, rapid healing of the wound was observed 
without pain, dryness, or discharging complications (16).

4.2 Collagen

Collagen is a natural component in the dental pulp with col-
lagen type 1 being the most used collagen type used. Colla-
gen-based scaffolds is widely used in dental regeneration (20). 
Collagen scaffolds have been shown to provide a suitable en-
vironment for pulp progenitor and adult stem cells with odon-
toblastic properties in vitro, and adequate new tissue develop-
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Table 1: List of the key studies using natural scaffolds for dentin pulp regeneration

Natural scaffold Study by Results

PRF Ji et al., 2014 (15)

Zhang et al., 2017 (16)

Bakhtiar et al., 2017 (17)

Yang et al., 2012 (18)

Stimulates proliferation and mineralization of PLDCs in vitro and regenera-
tion of tooth-periodontal ligament-alveolar interfaces in vivo

Similar expression of cytokines in fresh and lyophilized PRF which able to 
promote cells proliferation and differentiation

Successful regeneration of pulpal contents in immature teeth 

DPSCs differentiated to complete tooth in vivo

Collagen

HA

Yang et al., 2012 (19)

Soares et al., 2016 (20)

Leong et al., 2016 (21)

Chrepa et al., 2017 (22)

Induced high proliferation and odontoblastic differentiation of DPSCs in vitro 
and in vivo when enriched with BMP-7

Induced cell proliferation and odontoblastic capacity of DPSCs when inte-
grated with calcium aluminate

Regeneration of dental pulp tissue with angiogenesis and neurogenesis in 
vivo

Induced high odontoblastic markers and posses better cell viability

Alginate Colombo et al., 2014 (8)

Kumabe et al., 2006 (23)

Fujiwara et al., 2006 (24)

Yu et el., 2017 (25)

Induced odontoblast-like cells differentiation when treated with TGFβ1

Induced odontoblastic markers and differentiation to odontoblast-like cells

Induced differentiation of rat dental pulp cells into odontoblast-like cells and 
stimulates calcification

Induced proliferation and adhesion of human dental pulp cells

Chitosan Amir et al., 2014 (26)

Li et al., 2014 (27)

Increased macaque DPSCs proliferation, ALP activity and mineralization

Induced repair mechanism of dental pulp when applied to exposed pulp 
tissue on canine

Cellulose Teti et al., 2015 (28) Induced adhesion, cell viability, odontogenic and osteogenic markers of 
DPSCs

Silk
Yang et al., 2015 (29)

Woloszyk et al., 2015 (30)

Induced DPSCs viability and generated pulp-like tissue structure

Induced mineralization of DPSCs and support dental pulp regeneration

AM Alshehadat et al., 2016 (31) Promoted DPSCs attachment, proliferation and differentiation without any 
notable inflammatory responses

ment with low immunogenic reactions in vivo (21). However, 
collagen mechanical properties are weak and easily degrade in 
biological media. Therefore, there are many studies that have 
instead used a construct of the collagen scaffold composite in-
tegrated with other materials for dental pulp regeneration.

Yang et al. (22) investigated the feasibility and efficacy of a 
chitosan/collagen human bone morphogenetic protein-7 (BMP-
7)-enriched scaffold using DPSCs for in vitro and in vivo stud-
ies. The in vitro results indicate that DPSCs on the gene-ac-
tivated scaffold demonstrated higher proliferation rates and 
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odontoblastic differentiation behaviors compared to cells on the 
pure scaffolds. The subcutaneous in vivo implanted chitosan/
collagen BMP-7-enriched scaffold showed up-regulated ex-
pression of dentin sialophosphoprotein (DSPP) compared to 
the pure scaffold groups. Therefore, the chitosan/collagen-en-
riched BMP-7 scaffold appears to be an effective candidate for 
gene delivery; it also enhanced DPSCs differentiation for odon-
toblast-like phenotype in vitro and in vivo (22).

Besides that, a chitosan-collagen scaffold integrated with 
calcium-aluminate mineral was found compatible with HD-
PCs. The findings showed that cell proliferation was associat-
ed with increased odontoblastic differentiation capability (23). 
Another study showed that a fibroblast growth factor-2 (FGF-
2)-enriched collagen hydrogel scaffold has excellent biocom-
patibility in periodontal tissue-engineering applications, includ-
ing periodontal attachment re-organization (24). Cells seeded 
onto collagen scaffolds implanted in animals for in vivo pulp 
regeneration demonstrated regeneration of pulp tissue with an-
giogenesis and neurogenesis. Interestingly, a combination of 
collagen and a synthetic scaffold, the PLGA scaffold, showed 
a regenerative capacity of swine DPSCs after replantation into 
the animal teeth (21).

4.3 Hyaluronic Acid

HA and collagen, which represent the main structural com-
ponents of ECM for several tissues, have been extensively 
tested for regenerative endodontic applications (25). HA and 
its derivatives are known to have excellent potential for tissue 
engineering because HA can be chemically and structurally 
modified for various applications (14). HA is also one of the 
glycosaminoglycans in ECM and plays important roles in main-
taining morphologic organization by preserving extracellular 
spaces (26). 

In addition, the HA sponge has the appropriate physical 
structure, biocompatibility, and biodegradability to work as an 
implant for dental pulp regeneration (14). However, combina-
tions of growth factors with the HA sponge are needed for the 
development of restorative treatment of dental pulps with sound 
dentin. According to Gathani and Raghavendra (26), other ad-
vantages of HA include its ability to assist in the differentiation 
of dental MSCs to odontoblasts, contribution to the formation 
of dentin matrix and dental pulp, its bioactive, non-immunogen-
ic, and non-thrombogenic properties, and its beneficial role in 
wound healing. The HA can also be used as an injectable scaf-
fold.

Chrepa et al. (27) demonstrated Restylane, an FDA-ap-
proved HA-based injectable gel, as having promising potential 
as a scaffold for regenerative endodontic procedures. In their 
study, SCAPs were cultured either alone or in mixtures with 
either Restylane or Matrigel scaffolds. It was shown that the 
HA-based scaffold possessed better cell viability compared to 
the Matrigel and control. Restylane also had significantly higher 
ALP activity and promoted high expression of the odontoblas-
tic markers, DSPP and DMP-1, when compared to the control. 
These results indicate for the first time that an FDA-approved 
product can be used as a promising scaffold for regenerative 
endodontic procedures and that it may, along with other factors, 
lead to dental pulp regeneration (27).

4.4 Polysaccharides 

Polysaccharide scaffolds are characterized by high-porosity 
materials, which provide a great surface for seeding cells for 

tissue repair, regeneration, or remodeling. It has several char-
acteristics that could make it an excellent scaffold. Some exam-
ples of polysaccharides used in tissue engineering are alginate, 
chitosan, and cellulose. Polysaccharides have been applied in 
various forms and have been tested in the engineering of sev-
eral types of tissues including dental, blood vessels, bone, car-
tilage, neural tissue, and others (28).

4.4.1 Alginate

Alginate is a natural polysaccharide derived from brown 
seaweed and has good characteristics as a scaffold such as 
low immunogenicity, biocompatibility, and mildness of gelation 
conditions (14). Alginate hydrogels are compatible with MSCs 
derived from the gingiva and periodontal ligament, and, when 
loaded with TGFβ1, were found to induce odontoblast-like cell 
differentiation in a human tooth slice model (8).

Kumabe et al. (29) observed expression of DSPP mRNA cod-
ing dentin sialoprotein (DSP) when beta-glycerophosphate was 
added to a culture medium. An increase in alkaline phospha-
tase (ALP), an early marker for odontoblast differentiation, was 
also demonstrated. The study showed that subcultured dental 
pulp cells actively differentiated into odontoblast-like cells and 
induced calcification in the alginate scaffold. In another study 
by Fujiwara et al. (30), an alginate scaffold seeded with rat den-
tal pulp cells and HDPCs was implanted in the back of nude 
mice. The findings indicate that the seeded cells differentiated 
into odontoblast-like cells and stimulated calcification. 

Alginate hydrogel scaffolds are relatively stable and can re-
tain high levels of biological activity to promote the proliferation 
of HDPCs. Various shapes and sizes of the scaffolds can be 
prepared to suit the needs of dental pulp regeneration. It is also 
known that, by seeding cells at a high concentration, better cell 
adhesion to the scaffold materials can be promoted (31).

4.4.2 Chitosan

Chitosan is a chitin-derived biopolymer, a nitrogen-containing 
polysaccharide produced by glucose. Chitosan is biocompati-
ble, flexible, and possesses antibacterial properties that accel-
erate wound healing (32). It can be shaped into various struc-
tures, including microspheres, paste, sponges, and porous 
scaffolds with promising potential in tissue engineering (33). Its 
similarity with glycosaminoglycan, its good biocompatibility with 
pulp cells, and good antimicrobial activity are interesting fea-
tures that lend well to dentin regeneration.

Amir et al. (34) showed that a chitosan scaffold was capa-
ble of increasing cell proliferation, ALP activity, and mineralized 
matrix deposition on DPSCs in vitro. The chitosan scaffold in-
duced the repair mechanism of a dental pulp when applied to 
the exposed pulp tissue on canine teeth without any tissue ne-
crosis observed (35). Chitosan-collagen scaffolds have been 
extensively studied in mineralized tissue regeneration due to 
their similarity to bone/dentin ECM, controlled degradation rate, 
and mechanical strength (36).

4.4.3 Cellulose

Cellulose is the most abundant and renewable biopolymer in 
nature. Scientists in the fields of tissue engineering and regen-
erative medicine have shown increasing interest in cellulose 
scaffolds because of their low density and excellent biodegrad-
ability associated with low risks of ecological toxicity (37). The 
biocompatibility and low water solubility of cellulose allow for 
good control over scaffold design. In vivo applications of cel-
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lulose-based materials have also demonstrated insignificant 
inflammatory response reactions (38). Moreover, it has good 
mechanical properties because of the strong hydrogen bonding 
between the cellulose chains (39).

In a study by He et al. (38), a cellulose nanofiber scaffold 
was produced using a rotating collector with a water coagula-
tion bath. The nanofiber scaffold exhibited a distinct and uni-
form fiber texture, which makes it as an excellent platform for 
human dental follicle stem cell attachment and proliferation on 
the entire scaffold. Furthermore, Teti et al. (40) observed good 
adhesion and viability in cells cultured on a cellulose-hydroxy-
apatite hydrogel composite compared to cells cultured on a car-
boxymethyl cellulose hydrogel only. The former showed up-reg-
ulation of osteogenic and odontogenic markers in DPSCs.

Additionally, bacteria-derived cellulose has been established 
as a versatile biomaterial. According to Acasigua et al. (41), in-
tegration of HA acid and gelatin in bacterial cellulose scaffolds 
showed higher cell adhesion and proper cell distribution over 
time. Taken together, cellulose-based scaffolds could be con-
sidered as a promising candidate for dental pulp complex and 
periodontal tissue engineering.

4.5 Silk scaffold

The domesticated mulberry silkworm Bombyx mori produces 
a silk fibroin (SF) natural polymer. Silk scaffolds are biocompat-
ible and non-toxic, easy to process, have superior mechanical 
properties, controlled degradability, oxygen and water permea-
bility, and the ability to promote cell attachment and proliferation 
(36). Additionally, SF is less immunogenic and anti-inflammato-
ry, compared with either PLGA or collagen scaffolds, making it 
a popular scaffold candidate for the regeneration of cartilage, 
skin, bone, blood vessel, nerve, or ligament (42).

Recent evidence has shown that the silk fibroin scaffold is 
suitable for dental pulp tissue regeneration, especially in 3D 
structures of the scaffold compared to the 2D silk film, where 
higher cells adhesion were observed. A study showed that the 
hexafluoroisopropanol (HFIP)-based silk scaffold is more supe-
rior in assisting with soft dental pulp formation when compared 
to the aqueous-based silk scaffold. HFIP provides slower mate-
rial degradation and better support. Dental pulp cells seeded on 
HFIP silk scaffolds have promoted the formation of mineralized 
tissue, indicating the usefulness of these scaffolds in osteoden-
tin formation (36).

Yang et al. (42) assessed the potential of freeze-dried po-
rous silk fibroin scaffolds seeded with DPSCs and treated with 
basic FGF (bFGF) for dental pulp regeneration in an ectopic 
root canal transplantation model. They found that the bFGF-in-
corporated scaffold promoted DPSC viability and generated a 
pulp-like tissue structure. Histologically, the generated tissue 
was well vascularized, with new matrix deposition and den-
tin-like tissue formation, and consisted of both the transplanted 
and host-derived cells. Collectively, these data support the use 
of the bFGF-treated silk fibroin scaffold as a potential scaffold 
candidate for future treatment concepts in regenerative end-
odontics, particularly for dental pulp regeneration (42). Silk 
scaffolds also offer good mineralization potential to support 
dental pulp regeneration and regenerative endodontic therapy 
approaches (43). 

4.6 Amniotic membrane (AM)

The AM structure consists of a single epithelial layer with two 

distinctive parts, a thick basal membrane and a stromal side, 
which is avascular (44). Besides having low immunogenicity 
and good mechanical properties, AM also releases many types 
of biological properties such as anti-inflammatory, anti-microbi-
al, anti-fibrosis, and anti-scarring characteristics (45).

Preserved human AM is a novel tissue engineered bioma-
terial with great potential in the field of medicine and dentistry, 
particularly for the regeneration of lost tissues and accelerat-
ed repair (46). Moreover, the potential of AM as a scaffold has 
gained great interest in many types of research focusing on 
clinical periodontology application (47) and dental pulp regen-
eration (28).

Various components in the scaffold such as collagen, lami-
nin, fibronectin and vitronectin in the AM basal membrane ECM 
play important roles in the attachment and growth of a cell to a 
scaffold. ECM molecules also serve as adhesion ligands, trans-
mitting signals via interaction at the cell surface receptors. Cells 
seeded on the AM scaffold can penetrate into the porous struc-
ture of the AM scaffold and are also highly interconnected (47).

In oral and periodontal surgeries, AM was observed to reduce 
scarring and inflammation besides enhancing wound healing. It 
could also serve as a scaffold for proliferation and differenti-
ation of cells, owing to its antimicrobial properties. Moreover, 
ECM and its components such as growth factors, provide an 
excellent biomaterial to act as a native scaffold for tissue engi-
neering. For large-scale application, AM is known to be repro-
ducible, easily procured, processed, and transported (48).

According to Chopra and Thomas (46), AM biological fea-
tures such as rapid re-epithelialization, vascularization, and 
formation of granulation tissue makes it a good biological 
dressing. The size of the AM can be customized based on the 
recipient-desired site. It can be cut, folded, and transplanted 
without compromising the cultured cells on the membrane. AM 
also has also shown promising ability to prevent damage during 
surgical practices; thus increasing the success rate of the pro-
cedures (49).

AM is widely used to assist osteogenic differentiation. One 
study by Chen et al. (50) showed that both the basal and stro-
mal sides of the accellular AM were able to provide a suitable 
matrix for osteogenic differentiation of dental apical papilla cells 
(APCs) with stem cell characteristics. Interestingly, a recent 
study done by Alshehadat (28) showed that AM provided a suit-
able environment for dental pulp stem cell attachment, and pro-
liferation and differentiation into odontoblast cells without any 
notable inflammatory response.

5. Conclusion
An important achievement in the field of regenerative medi-

cine is the ability to regenerate teeth rather than replace them. 
Rapid development in the field of stem cell-based therapies has 
shown great promise in the treatment of dental diseases due to 
the massive involvement of stem cells in dental pulp regener-
ation. In tissue engineering approaches for dental pulp regen-
eration, stem cells can be grown on scaffolds that function to 
mechanically support the cells’ biological actions for ultimate 
tissue replacement. 

 Naturally derived scaffolds offer great advantages due to 
their unique features such as biocompatibility, biodegradability, 
and low immunogenicity, and the ability to support stem cell 
growth and differentiation. They are suitable for dental implan-
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tation, and, are therefore favorable for tissue engineering ap-
plications. Next-generation naturally derived scaffolds in com-
bination with cells and therapeutic agents such as antibiotics, 
enzymes, growth factors, and DNAs, can successfully be incor-
porated in dental pulp regeneration strategies. This will enable 
a customized element to be specifically designed, fabricated, 
and applied to achieve the desired therapeutic outcome.

In addition to feasibility and technical concerns, process 
development is a significant hurdle that must be managed. It 
includes standardization and consistency of scaffolds in experi-
mental and clinical setups. Nevertheless, data from experimen-
tal procedures can be utilized for the process development of 
the scaffolds such that they will be ready for commercialization. 
Moreover, the efficiency of the scaffolds in supporting dental 
pulp regeneration in in vitro and in vivo experiments and trans-
lating this to clinical practice is pivotal in ensuring the success 
of this approach.
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