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Abstract

With the advances in technology in dentistry, there is an active search moving toward biomimetic materials which produce a
tooth-like environment rather than using artificial synthetic substances. In the early days, tooth structures were replaced by
hard substances having similar strength and mechanical properties like silver amalgams, metal implants, and so on. Now using
biomimicry artificially produced substances mimic the naturally found tooth structure like enamel dentine and pulpal system.
Since the advent of amalgam, now till regeneration of pulp and stem cell scaffolds are used in the field of pediatric dentistry to
restore the form and function of the teeth. This essay reviews the use of various biomimetic materials used in preventive,
restorative, pulp capping, pulp therapy, root end closure procedures and future trends like gene therapy, pulpal stem cells,

regenerative procedures, and bioengineering in pediatric dentistry.
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Introduction

For a very long time, biomimetics has been acknowledged
as having substantial scientific and technological
significance. Biomimetics is a new technology which had
recently been developed for a wide range of applications in
dental science. It is influenced by engineering and material
science as well as pure sciences including chemistry and
biology ™. Otto Herbert Schmitt, a well-known American
biophysicist, first introduced the terminology "biomimetics"
in the 1950s (Julian et al. 2006) @ The Greek terms "bios"
and "mimesis,” which mean "life" and "to imitate,"
respectively, are known as "biomimetics™ (Bar-Cohen 2006)
Bl In her book "Biomimicry: Innovation Inspired by
Nature," scientist Janine Benyus defined "biomimicry" as
"an innovative science that observes nature's models and
previously mimics or takes inspiration from those designs
and techniques to solve human challenges ™. "This
biomimicry technology is being widely applied in dentistry
to create materials that are artificially identical to the natural
tooth and turn them into a substance that is biocompatible.
This review focuses on the biomimetic materials used in
pediatric dentistry, from early developments to changing
trends for a diverse range of applications.

History

Early Etruscans employed metals like gold to mimic the
architecture of teeth as early as 500 BC. For dental
restorations, gold was used in Egypt (2500 BC) while
copper was utilized in Mesopotamia (3000 BC) [l
Furthermore, ivory and animal bones were utilized for tooth
reconstructions. Later, they restored teeth using beeswax,
gums, alumina, honey, pulverized mastic, powdered pearl,
and even white Corelle . One of the earliest materials
available for tooth repair was gold foil, which Robert
Woofendale introduced to dentistry for the first time in the
year 1795 €l The Crawcour brothers later developed the
amalgam commercially available in the United States in

1833 by splitting silver from coins and adding mercury [,
Silicate cement, the very first tooth-colored compound with
a high fluoride release, was established in the late 19th
century. Yet it presented pulp irritation risks, leading to the
invention of direct filling methyl methacrylate resins in
1947. Despite having an excellent aesthetic appearance,
these acrylic materials were unsuccessful because of
polymerization shrinkage, secondary caries, postoperative
sensitivity, and marginal leakage . The development of
bonding systems and composites in dentistry was made
possible by Dr. Buonocore's discovery of acid etching in
1955 Pl R. L. Bowen's research and trials resulted in the
creation of composites in 1962, which mimic the tooth color
in appearance and entirely replaced the usage of silicate and
acrylic resin in cosmetic dentistry % Wilson and Kent
made the discovery of glass ionomer cement in 1972 after
conducting an extensive study. It is made of glass particles
made of fluoro aluminosilicate and polycarboxylic acid ™,

Biomimetic materials in pediatric dentistry from the
past to the future

1. Glass ionomer cement (GIC)

Due to its adhesiveness to teeth, mimicking of tooth's
appearance, fluoride release characteristics that make it anti-
cariogenic, and most significantly due to its
biocompatibility with the pulpal tissue, GIC is regarded as
the first biomimetic material in pediatric dentistry. Hence
the name “MAN MADE DENTINE” “DENTINE
SUBSTITUTE” 12 GIC was first thought of as a
replacement for amalgam but due to its weak mechanical
properties, GIC reinforced with silver alloy particles (metal
modified GIC) was introduced in 1977 by Williams 31,
Both the conventional GIC and metal-modified GIC showed
low viscosity which led to the formation of highly viscous
or condensable glass ionomer [*4 151, Compared to standard
GIC, resin-modified GIC displayed better mechanical
characteristics and reduced solubility rates. But had the
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major disadvantage of poor biocompatibility due to the
release of HEMA [ 7 Since the presence of the
carboxylic acid group causes the ionomer cement with high
solubility, polyacid-modified composite resins, also known
as compomers, were developed for the treatment of dental
cavities and aesthetic rehabilitation with good mechanical
properties and anti-cariogenic potential 17,

2. Glass ionomer bioactive materials

= Bioactive glass (Bag) infiltrated glass ionomer
In order to increase bioactivity and encourage tooth
regeneration, BAG has been combined with GIC. In
dentistry, the use of bioactive materials has received
attention, especially for the goal of dentin
remineralization. The formation of an Ap layer seems
beneficial to the biocompatibility of the BAG-GICs.
Due to its remineralization processes, nano BAG
incorporated into GIC can be utilized as a pulp capping
agent and in pulpotomy treatments [18 1°1,

= Hydroxyappatite infiltrated glass ionomer (Glass
carbomer)
HA-infused GICs, often referred to as glass carbomers,
are applied as pit and fissure sealants in pediatric
dentistry due to the formation of enamel-like substances
when they come in contact with the tooth 21, The ionic
interactions between polyacrylic acid and HA crystals
increased its mechanical propertiessHA has bone
inductive and bioactive properties hence considered a
biocompatible filler material ., When nano HA is
infused into GIC in increases the release of fluoride
ions The only disadvantage is its brittle nature which
can be overcome by the addition of silicone oil. Various
in-vitro and clinical studies are needed on HA-infused
GIC for its application in pediatric dentistry 24,

= Zeolite-infused AG-GIC
Zeolite incorporated in Ag-reinforced GIC showed
comparable mechanical characteristics to GIC with
minimal water solubility and an anti-cariogenic activity
against E. feacalis. It is more effective in treating teeth
of persistent apical periodontitis [?21,

=  Gi impregnated gutta-percha

The Gl-impregnated Gutta-Percha (GP) cones promise
to provide adhesive bonding of the active GP to
intraradicular dentine and are bondable to GIC-based
sealer %%,

Hence more research for the incorporation
nanoparticles like hydroxyl- (or fluoro-) apatite,
titanium oxide, zirconia, and resin and combinations
with GIC should be carried on which will produce a
more biomimetic environment 2],

3. Calcium sulfate hemihydrate

A bone substitute that promotes tissue regeneration in
dentistry is  calcium  sulfate, which  possesses
osteoconductive characteristics. This calcium sulfate breaks
down into calcium and sulfate ions, which interact with
phosphates in bodily fluids to generate calcium phosphate.
Growth factors are also released, which promote the growth
of bone at damaged locations. For direct pulp capping of
primary molars with Class | cavities, calcium sulfate
hemihydrate was found to be equally effective as calcium
hydroxide 241,
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4. Resin-based composites

= Smart dentine replacement
SDR is a first-generation flowable composite material
that can be filled in class | and ii cavities of primary
teeth in increments of up to 4mm and exhibits low
polymerization stress, low polymerization shrinkage,
and high cure depth 21,

=  Self adhesive restorative composites

Introduced in the year 2009. These are low viscosity
products recommended for minor, non-cavitating class
1 cervical lesions. However, there are very few in vitro
reports and clinical studies that support the use of SACs
as a restorative material in primary teeth; as a result,
more study is required before it can be used clinically in
pediatric dentistry [?°1,

= Self-healing composites

Self-healing polymers represent a significant advance.
The approach recently introduced with a urea-
formaldehyde (UF) shell and disseminated in an epoxy
matrix is the source of research in dental composite
self-repair systems. A microcapsule's shell was
shattered when the fracture front reached it, allowing
DCPD to be released by capillary inside the crack
plane. The wvascular networks with self-healing
materials that will cause the release of active healing
chemicals in various situations have largely replaced
the capsules. This self-healing mechanism allows for
the recovery and restoration of mechanical qualities
including tensile fracture strength 261,

= Remineralizing composites
They are composites made from Calcium
Orthophosphate  (CaP) resin. The calcium and
phosphate ions that promote remineralization are
deposited along with the enamel HAP hydroxyapatite
crystals. They are regarded as bioactive materials
because, in an acidic solution, they release ions that
promote remineralization [27],

= Nanocomposites

Despite  having a slight microleakage, the
nanocomposite has been found to be a great dental
material for penetrating deep pits and cracks. As a
result, it can be suggested for usage as a pit and fissure
sealing agent in pediatric dentistry patients 281, When
compared to traditional composite, nanocomposite
showed  noticeably  better  binding  strength.
Additionally, the binding strength of both types of
composites was much weaker when affected dentin was
present [28]

5. Calcium-enriched mixture

Calcium-enriched mixture (CEM) cement has been
introduced by BioniqueDent in Tehran, Iran as a new
endodontic biomaterial %, It is composed of silicon
dioxide, phosphorous pentoxide, silicon trioxide, and
calcium oxide. It has the potential to induce cementogenesis
and stem cell differentiation [, This water-based tooth-
colored cement also exhibits a superior antibacterial effect
and enhanced handling properties. It is a biocompatible
combination cement that releases calcium and phosphate
ions to generate hydroxyapatite to encourage the
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construction of a dentinal bridge BY. CEM can be
effectively used in pulpotomies of primary teeth and it is
economical when compared to MTA 2,

Researchers advise using CEM cement in pulp treatment
methods for permanent teeth such indirect and direct pulp
capping, pulpotomy, and root-end fillings because of the
material's alleged benefits, potential impact on healing of
the remaining pulp, and induction of dentinal bridge
development 33 34 Although there have been few studies
comparing CEM cement and MTA as dressing materials for
direct pulp cap and pulpotomy in primary molar teeth, the
few articles that have been published have found that these
biomaterials are appropriate for the treatment [, Clinical
and radiological results demonstrated that vital pulp therapy
utilising calcium-enriched mixture (CEM) cement can

successfully treat primary molars with permanent pulpitis
[36]

=  Cem pulpotomy

CEM pulpotomy uses a bioregenerative material that is
biocompatible, is faster and simpler (which is
advantageous when treating children), and does not
require canal access. The only significant danger
associated with this unique technology is the use of
NaOCI irrigation, which is reduced by efficient
isolation, high vacuum evacuation, controlled irrigation,
and efficient child management 7],

Recent randomized clinical trials show that direct pulp
capping and pulpotomy of primary molar teeth with
CEM cement result in effective treatment outcomes [81,
Additionally, a recent examination of a primary molar
pulpotomy using CEM cement using cone beam
computed tomography and histology revealed complete
tubular dentin bridge development for the first time
beneath the biomaterial (%,

6. Calcium hydroxide

Hermann introduced Calcium Hydroxide to dentistry in
1928. The mineralizing and antibacterial properties of
calcium hydroxide have long been known. Depending on
the existing odontoblasts reactionary or reparative formation
occurs 401,

However, because it frequently causes the development of
chronic pulpal inflammation and internal root resorption, the
use of calcium hydroxide is not typically advised for
primary dentition 14,

7. Bioceramics

= Mineral trioxide aggregate

Only the MTA seems to have specific qualities as to be
considered as an appropriate material: its biocompatibility,
its ability to harden in a humid environment, and its sealing
properties. As of today, there is no scientific evidence that
makes clear which is the most appropriate material to be
used in deciduous teeth pulpotomy 1,

Besides primary teeth pulpotomy, MTA is used for various
applications like permanent and primary pulp capping,
repair material for perforations, apical closure material as in
apexification of necrotic immature permanent teeth, and
apexogenesis of immature vital teeth 44,

= Biodentine
Due to MTA's shortcomings, such as its lack of
affordability, extended setting time, challenging
handling characteristics, and discoloration features,
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septodont  produced "BIODENTINE,"  which
demonstrated superior biocompatibility as well as better
mechanical and sealing properties with dentine. Due to
its biocompatibility, bioactive nature, and good physical
and mechanical qualities, this substance—known as
"Bioactive Dentine Substitute” or "Dentine In
Capsule”—is regarded as an ideal restorative material
145 461 By producing TGF-BETA, it has the capacity to
trigger pulpal cells to start early mineralization,
promoting pulp repair 71, Biodentine was employed in
a study by Nowicka et al. as a pulp capping material,
and it was discovered that it showed dentine bridge
production without any inflammatory response. One of
the main benefits of utilizing biodentine in pulpotomy
is that it is less time-consuming and serves as both a
filling and a dressing material at the same time. Also
used in apex closure and root repair procedures [l

» Theracal LC

TheraCal LC is a fourth sgeneration calcium silicate
material that has been enhanced with light-curable
resin. It is a single paste calcium silicate-based
substance that the manufacturer recommends be used as
a protective liner for use with restorative materials,
cement, or other base materials, as well as a pulp
capping agent, pulpotomy 41,

8. Stem cells in pediatric dentistry

When employed in paediatric patients, stem cells have the
ability to promote apexogenesis and revascularization. The
DPSCs and SCAPs should ideally endure endodontic
therapy so as to support apexogenesis. The SCAPs are
stimulated by Hertwig's epithelial root sheath to create fresh
dentine deposits and the remaining apical tissue.
Perivascular tissues, areas near blood arteries, and
peripheral nerve ends are possible sites for DPSC niches.
Many studies are going on dental stem cells for its use in
practice 50,

9. Future dental applications of bioengineering with
stem cell

The creation of scaffolds and other support structures to
house the cells and growth factors is a crucial step in
bioengineering. In this new era of restorative dentistry,
research has advanced significantly in terms of leveraging
the biological activity of oral tissues to speed wound healing
and tissue regeneration. The nature, potential, and behaviour
of dental stem/progenitor cells are currently very little
understood. However, there are a tonne of prospects for
their use in dental tissue regeneration, which will have a big
impact on how dental disease is treated %,

Conclusion

The introduction of biomimetics into dental science has
made remarkable applications in preventive, restorative, and
endodontic procedures in pediatric dentistry to be used as a
fissure sealant, cavity liners, bases, restoration material,
obturation material, pulp capping, pulpotomy agents which
produce a natural tooth like environment thus making it
more biocompatible
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published before, and is not currently being considered for
publication elsewhere.



International Journal of Dental Sciences

Authors contribution

The authors confirm their contribution to the paper as
follows: Study conception and Design, data collection,
analysis and interpretation of results, and draft manuscript
preparation by Rajeshwari Baskar and Daya Srinivasan.

All authors reviewed the results and approved the final
version of the manuscript.

References

1. Noh | editor. Biomimetic medical materials: from
nanotechnology to 3D bioprinting. Springer, 2018.

2. Vincent JF, Bogatyreva OA, Bogatyrev NR, Bowyer A,
Pahl AK. Biomimetics: its practice and theory. Journal
of the Royal Society Interface,2006:3(9):471-82.

3. Bar Cohen Y. Biomimetics: biologically inspired

technologies. CRC press, 2005.

Benyus JM. Biomimicry: Innovation inspired by nature

Hinman TP. Methods of filling teeth with gold inlays.

Items of Interest. 1907;29(1):58-61Macdonald FW. The

evolution of the “inlay” in dentistry. The Dental

Register,1907:61(9):456.

6. Singh H, Kaur M, Dhillon JS, Mann JS, Kumar A.
Evolution of restorative dentistry from past to present.
Indian Journal of Dental Sciences,2017:9(1):38.

7. Stolker WF, Campbell JG. The amalgam war and its
modern echoes. Contact Point,1943:20:259-63.

8. COY HD. The selection and purpose of dental
restorative materials in operative dentistry. Dental
Clinics of North America,1957:1(1):65-80.

9. Ring ME, Michael G. Buonocore, the pioneer who
paved the way for modern esthetic dentistry. The
Journal of the American College of
Dentists,1992:59(4):20-8.

10. Minguez N, Ellacuria J, Soler JI, Triana R, Ibaseta G.
Advances in the history of composite resins. J Hist
Dent,2003:51:103-5.

11. Wilson AD. Glass-ionomer cement  origins,
development and future. Clinical
materials,1991:7(4):275-82.

12. Berg JH, Croll TP. Glass ionomer restorative cement
systems: an update. Pediatric Dentistry,2015:37(2):116-
24,

13. Williams JA, Billington RW, Pearson GJ. The
comparative strengths of commercial glass-ionomer
cements with and without metal additions. Br Dent
J,1992:172:279-82.

14. Cho SY, Cheng AC. A review of glass ionomer
restorations in the primary dentition. Journal-Canadian
Dental Association,1999:65:491-5.

15. Frankenberger R, Sindel J, Krdmer N. Viscous glass-
ionomer cements: a new alternative to amalgam in the
primary dentition?. Quintessence International, 1997,
28(10).

16. Wilson AD. Resin-modified glass-ionomer cements.
International Journal of Prosthodontics, 1990, 3(5).

17. Palmer G, Anstice HM, Pearson GJ. The effect of
curing regime on the release of hydroxyethyl
methacrylate (HEMA) from resin-modified glass-
ionomer cements. Journal of dentistry,1999:27(4):303-
11.

18. Mabrouk M, Selim MM, Beherei H, EI Gohary MI.
Effect of incorporation of nano bioactive silica into
commercial Glass lonomer Cement (GIC). Journal of

o~

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

www.dentaljournal.in

Genetic Engineering and
Biotechnology,2012:10(1):113-9.

Choi JY, Lee HH, Kim HW. Bioactive sol-gel glass
added ionomer cement for the regeneration of tooth
structure. Journal of Materials Science: Materials in
Medicine,2008:19(10):3287-94.

Zainuddin N, Karpukhina N, Law RV, Hill RG.
Characterisation of a remineralising Glass Carbomer®
ionomer cement by MAS-NMR spectroscopy. Dental
Materials,2012:28(10):1051-8.

Park SJ, Gupta KC, Kim H, Kim S, Kang IK.
Osteoblast behaviours on nanorod hydroxyapatite-
grafted glass surfaces. Biomaterials
Research,2019:23(1):1-0.

Moshaverinia A, Ansari S, Moshaverinia M, Roohpour
N, Darr JA, Rehman |. Effects of incorporation of
hydroxyapatite and fluoroapatite nanobioceramics into
conventional glass ionomer cements (GIC). Acta
biomaterialia,2008:4(2):432-40.

Hasan AM, Sidhu SK, Nicholson JW. Fluoride release
and uptake in enhanced bioactivity glass ionomer
cement (“glass carbomer™”) compared with
conventional and resin-modified glass ionomer
cements. Journal of Applied Oral Science,2019:21:27.
Koch K, Brave D. A new endodontic obturation
technique. Dentistry today,2006:25(5):102-4.

Ulusoy AT, Bayrak S, Bodrumlu EH. Clinical and
radiological evaluation of calcium sulfate as direct pulp
capping material in primary teeth. Eur J Paediatr
Dent,2014:15(2):127-31.

Kaur M., et al. “MTA versus Biodentine: Review of
Literature with a Comparative Analysis”. Journal of
Clinical and Diagnostic Research JCDR 11.8, 2017,
ZG01-ZG05.19.

Pizzo G, et al. “Advances in Paeditric Restorative
Dentistry. In: Taggart JC, editor. Hand Book of Dental
Care Diagnostic, Pre-ventive and Restorative Services,
1st edition New York: Nova Science Publishers, 2009,
91-116.

Ilie N, Hickel R. Investigations on a methacrylate-based
flowable composite based on the SDR™ technology.
Dental Materials,2011:27(4):348-55.

Braga RR, Ferracane JL. Alternatives in polymerization
contraction stress management. Critical Reviews in
Oral Biology & Medicine. 2004 May;15(3):176-84. 56.
7. Garcia-Godoy F, et al. “Flexural strength and fatigue
of new Activa RMGIs”. Journal of Dental
Research,2014:93:254.

Deshmukh S, Nandlal B. Evaluation of the shear bond
strength of nanocomposite on carious and sound
deciduous dentin. International journal of clinical
pediatric dentistry,2012:5(1):25.

Asgary S, Shahabi S, Jafarzadeh T, Amini S, Kheirieh
S. The properties of a new endodontic material. Journal
of endodontics,2008:34(8):990-3.

Junqueira MA, Cunha NN, Caixeta FF, Marques NC,
Oliveira TM, Moretti AB, et al. Clinical, radiographic
and histological evaluation of primary teeth pulpotomy
using MTA and ferric sulfate. Brazilian Dental
Journal,2018:29:159-65.

Asgary S, Eghbal MJ. Treatment outcomes of
pulpotomy in permanent molars with irreversible
pulpitis using biomaterials: a multi-center randomized



International Journal of Dental Sciences

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

controlled trial. Acta
Scandinavica,2013:71(1):130-6.
Nosrat A, Seifi A, Asgary S. Pulpotomy in caries-
exposed immature permanent molars using calcium-
enriched mixture cement or mineral trioxide aggregate:
a randomized clinical trial. Int. J. Paediatr.
Dent,2013:23(1):56-63. doi: 10.1111/j.1365-
263X.2012.01224.x

Ghajari MF, Jeddi TA, Iri S, Asgary S. Treatment
outcomes of primary molars direct pulp capping after
20 months: a randomized controlled trial. Iranian
Endodontic Journal,2013:8(4):149-52.

Memarpour M, Fijan S, Asgary S, Keikhaee M.
Calcium-enriched mixture pulpotomy of primary molar
teeth with irreversible pulpitis. A clinical study. The
Open Dentistry Journal, 2016, 10(1).

Tavassoli Hojjati S, Kameli S, Rahimian Emam S,
Ahmadyar M, Asgary S. Calcium enriched mixture
cement for primary molars exhibiting root perforations
and extensive root resorption: report of three cases.
Pediatric Dentistry,2014:36(1):23E-7E.

Ghajari MF, Jeddi TA, Iri S, Asgary S. Direct pulp-
capping with calcium enriched mixture in primary
molar teeth: a randomized clinical trial. Iranian
endodontic journal,2010:5(1):27.

Mehrdad L, Malekafzali B, Shekarchi F, Safi Y, Asgary
S. Histological and CBCT evaluation of a pulpotomised
primary molar using calcium enriched mixture cement.
European Archives of Paediatric
Dentistry,2013:14(3):191-4.

Sangwan P, Sangwan A, Duhan J, Rohilla A. Tertiary
dentinogenesis with calcium hydroxide: a review of
proposed mechanisms. International endodontic
journal,2013:46(1):3-19.

Law DB. An evaluation of vital pulpotomy technique.
J. Dent. Child,1956:23:40-4.

Magnusson B. Therapeutic pulpotomy in primary
molars-clinical and histological follow-up. Calcium
hydroxide paste as wound dressing. Odontol
Revy,1970:21:415-31.

Caicedo R, Abbott PV, Alongi DJ, Alarcon MY.
Clinical, radiographic and histological analysis of the
effects of mineral trioxide aggregate used in direct pulp
capping and pulpotomies of primary teeth. Australian
dental journal,2006:51(4):297-305.

Tziafas D, Pantelidou O, Alvanou A, Belibasakis G,
Papadimitriou S. The dentinogenic effect of mineral
trioxide aggregate (MTA) in short-term capping
experiments. International Endodontic
Journal,2002:35(3):245-54.

Rajendra prasad D. Review on biodentine: A boon to
pediatric dentistry. Int J Oral Heal Dent,2019:5(2):55-8.
Firla MT. Direct pulp capping with a bioactive dentine
substitute. Oral Health,2012:102(5):40.

Priyalakshmi S, Ranjan M. Review on Biodentine-a
bioactive  dentin  substitute. J Dent  Med
Sci,2014:13(1):51-7.

Nowicka A, Lipski M, Parafiniuk M, Sporniak Tutak K,
Lichota D, Kosierkiewicz A, et al. Response of human
dental pulp capped with biodentine and mineral trioxide
aggregate. Journal of endodontics,2013:39(6):743-7.
Dutta A, Saunders WP. Calcium silicate materials in
endodontics. Dental Update,2014:41(8):708-22.

Odontologica

www.dentaljournal.in

50. Caruso S, Sgolastra F, Gatto R. Dental pulp

regeneration in paediatric dentistry: The role of stem
cells. European Journal of Paediatric
Dentistry,2014:15(1):90-4.



