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A review of recent studies on self-healing smart composites for application in
dentistry

Fatemeh Ahangaran and Amir H. Navarchian®

Department of Chemical Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran.
* P.0.B. 81746-73441, Isfahan, Iran, navarchian@eng.ui.ac.ir

Keywords Abstract
Dental composite Dental composites are widely used for dental restorations due to features such as maintaining the beauty of the teeth,
Micro-crack non-invasive and conservative nature, and improving the physical and mechanical properties. Dental composites are

Dental caries
Self-healing polymer
Fracture toughness

susceptible to damages such as micro-cracking caused by thermal and mechanical stresses, which can weaken the
properties of these materials. In dental composites, the detection of micro-cracks is very difficult and in some cases
impossible. In addition, it is not possible to repair these damages in situ by using conventional materials and methods.
Therefore, the self-healing ability in dental composites is necessary. In recent years, the spontaneous repair of
damages such as micro-cracking in dental composite materials has been developed without any type of human

intervention and the replacement of new components. The most common method for the preparation of self-healing
dental composites is microencapsulation of healing agent in polymeric shell and dispersion of the prepared
microcapsules in the acrylate matrix of dental composite. The self-healing properties of dental composites can be
investigated by determining the fracture toughness of composites before and after healing performance using single
edge V-notch beam test. In the present study, the studies on self-healing smart dental composites will be reviewed.
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Fig. 1 Approaches to self-healing include (a) capsule-based, (b) vascular,
and (c) intrinsic methods [13].
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Fig. 3 Self-healing methods using hollow fibers: a) Hollow fibers

containing single healing agent, b) Hollow fibers containing dual healing

agents, ¢) Hollow fibers containing healing agent and dispersed catalyst

in polymer matrix [22].
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(a) Capsule/catalyst (b) Dual-capsule

Fig. 2 Self-healing methods based on a) capsule-catalyst, (b) dual-
capsule, (c) single-capsule [17].
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Fig. 5 Self-healing process in lonomer system [25].
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Table 1 Important factors for developing microencapsule-based
self-healing materials [7].
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2 Self-healing mechanism
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Fig. 7 Free radical polymerization mechanism of TEGDMA in healing
process of dental composites [43].

oo o] W TEGDMA Lagige ol JIo0l, oo pordy )55 7 S8
[43] Slass cyemals

Sigibroro g5 Wiadhgh (S50 SUbCa 3s0lS 55 sos oS 035b-3-3
S 8l Eg )l S osis—dae 539> ook Ak
2Eilosl sladiges (Faigdmey Comals ol 6l p sl asain
sobie a4y el ooy plonil (Sl 5 Sl A cenSh Ll b o
Solite blg; liioas ! Sads 8 ne 033l b peoy 0 Shee L)l
latiiio 1 o (SNl 03jl (IS sk a4 iles S ol

5 Propagation

5 Termination

7 Cross-linked polymers
8 Healing efficiency

2 pegise (s, 5 pee i bole (sol> la oS ot Sl el
5595750 SnUlS b ST L sagige (lad ) g 09,5 0 S5 Sl
@ Gl 5 90,5 oo el ce s 4 (o ey a8 eelS i
Pt i Ol @5 Wigdon  00d sarly mes i Jole g ool 352

144] 6 Js) 35,5 0 oy (SIS (6 peudy ol

Polymer matrix Catalyst  Capsule of liquid monomer

| |
A o A [
" 4 e ¥ “ ’ -
°
r
" - 1 o b
’ R - a J : ’ P g

Monomer flows into crack

r D

Contact with catalyst
L] r\ .- b
- \/ = °

\ a

Fig. 6 Mechanism of healing in self-healing dental composites using
capsule-catalyst method [42].
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Fig. 8 SEVNB geometry for self-fixing dental composites (W=4mm,
B=3mm, S;=20m) [51].
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Fig. 12 SEM images of fracture surface of self-healing dental composite
a) before healing, b) after healing [54].
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Fig. 9 SEM images of (a) melamine modified UF microcapsule, and (b)
the interface of the microcapsule and the dental matrix [42].
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Fig. 10 SEM images of TEGDMA/PU nanocapsules [43].
[43] TEGDMA/PU (slo JguusS il SEM 3 5las 10 S5l

uTBS (MPa)

-
=]

A B C D E

Group
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Fig. 14 SEM images of self-healing dental composite (SHDC) cross-
sections. (A) SHDC with unsilanized microcapsules, (B) SHDC with
silanized microcapsules [51].
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Fig. 13 (A) and (B) Representative live/dead images of dental plaque
microcosm biofilms on control composite and that with DMAHDM,
respectively [54].
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Fig. 17 Protein adsorption onto composite surfaces [56].
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Fig. 18 (A) Flexural strength and (B) elastic modulus of self-healing
dental composites [56].
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Fig. 15 (A) flexural strength and (B) elastic modulus of composite
containing microcapsules at different mass fractions [55].
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Fig. 16 (A) Virgin and healed fracture toughness, and (B) Self-healing
efficiency as a function of microcapsule mass fraction [55].
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Fig. 20 (A) Virgin fracture surface of adhesive, and (B) the healed and
re-fractured surface of adhesive [57].
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Fig. 19 (A) Fracture toughness, and (B) self-healing efficiency of control
dental composite and composite containing 10% microcapsules
containing MCS, composite containing protein-resistant agent MPC, and
composite containing MCS microcapsule and MPC [56].
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Table 2 Summary of studies on self-healing dental composites.
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Table 2 (continue) Summary of studies on self-healing dental composites.
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