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Abstract

Dental caries is among the most prevalent chronic diseases of childhood,
affecting larger part of children and adults. Non-treated enamel caries can lead to
destruction and then spreads into the underlying softer and sensitive dentine layer.
Dental restorative materials are applied to treat and reconstruct damaged teeth
clinically and recover their functions. Currently, there are various dental restorative
materials available, and many appropriate materials are used to restore dental cari-
ous teeth. The applicability of biomimetic principles can elicit innovations in restor-
ative dentistry for tooth conservation and preservation. There are three types of
materials commonly used in dental restorations: resin, alloys, and ceramic. During
the past decade, zirconia-based ceramics have been successfully introduced into the
clinic due to acceptable biocompatibility, lower price compared with gold restora-
tions, and better appearance than traditional metal-ceramic restorations. Recently,
zirconia restoration is an acceptable treatment option in restorative dentistry and a
developing trend in esthetic dentistry.

Keywords: dental caries, dental restorative materials, biomimetic principles, resin,
zirconia

1. Introduction

Human teeth have a complex structure with an inner core of highly vascular,
soft, and delicate pulp surrounded by the highly mineralized enamel and dentin
tissues (Figure 1) [1]. The structure of teeth can be altered by diet, age, or diseases
such as caries and sclerosis. Currently, dental caries is among the most prevalent
chronic diseases of childhood, affecting 60-90% of school-aged children and the
larger part of adults [2]. Non-treated enamel caries can lead to destruction and
then spreads into the underlying softer and sensitive dentine layer. Dental caries
could attack the cement of the root and cause gum recession and periodontitis [3].
Dental enamel is composed of long and parallel mineralized crystals containing
90-92% hydroxyapatite, 1-2% organic matrix proteins, and 4-12% water [4]. In
addition, the thickness of enamel is different in different anatomical parts of dif-
ferent teeth. For instance, the enamel thickness at the cementum-enamel junction
(CEJ) is thinner than the occlusal/incisal surface. Further, the average enamel
thickness of incisal edge, premolar cusp, and molar cusp are 2 mm, 2.3-2.5 mm,
and 2.5-3 mm, respectively [5]. Dentin is composed of inorganic (50% by volume)
and organic material (30% by volume; 90% of which is type 1 collagen and 10%
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Figure 1.
Structure of human tooth. Human teeth have a complex structure with an inner cove of highly vascular, soft,
and delicate pulp survounded by the highly mineralized enamel and dentin tissues.

non-collagenous proteins) [6]. Dentin covers most of the tooth structure, and it is
externally covered by enamel and cementum.

Unfortunately, dental caries is non-avoidable disease. The tooth’s hard tis-
sue, included the enamel and dentin, is typically damaged by dental caries. The
shape and function of the teeth are also impaired. In spite of much effort in oral
health promotion and preventive methods, dental restorations are still needed.
Natural teeth are always considered to be a reference while employing biomimetic
approaches to restore diseased or fractured dental tissues [7]. The main goal of
restorative dentistry is to create a restoration that can mineralize initial enamel and
dentinal lesions in native form. Besides, restorative dentistry aims to develop mate-
rial that can mimic natural teeth’ structural, functional, and biological properties.

Dental restorative materials are applied to treat and reconstruct damaged teeth
clinically and recover their functions [8]. Currently, there are various dental restor-
ative materials available, and many appropriate materials are used to restore dental
carious teeth. At a macrostructural level, various biomimetic restorative materi-
als can be applied to achieve the teeth’ biomechanical, structural, and aesthetic
integrity. For this purpose, materials scientists take natural teeth as a reference
during the development of dental restorative materials. The widespread applica-
tion of bionic principles in the field of dentistry can also promote the innovation
of restorative dentistry, especially in the field of protection and preservation of
teeth. For example, when restoring damaged parts of teeth, dentists should pay
more attention to factors, such as color tone, internal coronal anatomy, mechanics,
and tooth position in the dental arch [9]. There are three types of materials com-
monly used in dental restorations: resin, alloys, and ceramic [10]. In dental clinical,
resin dental composites and glass-ionomer cements are commonly used to restore
features depending on the extent of damage and aesthetic requirement. While alloy
and ceramic materials are mainly used for fixed restorations (e.g., fixed dentures),
removable restorations mainly use nano-resins and alloys. Recently, the most
prevalent clinical materials in oral restorations are ceramics and nano-resins.
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2. Dental restorative materials
2.1 Resin

Most dental ceramics and hybrid resin composites have the potential to mimic
the enamel and dentin, respectively. However, it has been suggested that moderate
damage to teeth could be restored with resin composites. For the resin composites
restorations, minimal preparation of teeth is required, reducing the likelihood of
pulpal involvement and tooth fracture [11].

The filling resin composite can strengthen the remaining tooth structure in some
cases. For example, cemented porcelain restorations are recommended for severely
damaged, worn, or broken teeth in dental clinics. Besides, alumina and nano-
hydroxyapatite are also widely used in dentistry [12]. Alumina is recommended
because it has good fracture resistance, abrasion resistance, and high compressive
strength. In addition, nano-hydroxyapatite is an essential part of teeth and bones.
Therefore, it should achieve biomimetic properties in the restoration. Glass iono-
mer cement has a bactericidal effect because it releases fluoride and can stimulate
hardened dentin [13]. In addition, these cements have properties comparable to
dentin, thus realizing the concept of bionics. Glass-ionomer cements are used as
restorative materials in deep class I or II cavities in pedodontics and restoration
of class V cavities [14]. Glass-ionomer cements are not generally recommended
in load-bearing posterior dentition due to low tensile strength. Therefore, in the
context of mismatched elastic modulus between enamel and the direct restorative
materials, more stresses may be transferred to teeth, leading to either tooth damage
or failure of the restoration.

Nowadays, many clinicians take direct resin composite posterior restoration as
their first choice in treating carious lesions or other tooth defects, including restora-
tion of large cavities [15]. However, partial indirect restorations (inlay, onlay, and
overlay) for excessive posterior tooth defects have started to replace direct resin
composite restorations since the development of modern chairside computer-aided
design/computer-aided manufacturing (CAD/CAM) systems [16].

One of the most important advancements in chairside CAD/CAM systems is the
production of resin composite blocks [17, 18]. Paradigm MZ100, as an industrial
polymerized version of direct resin composite (Z100), is the first product in this
field [19]. Paradigm MZ100 contains bisphenol A-glycidyl methacrylate (Bis-
GMA), triethylene glycol dimethacrylate, and 85% (by weight) zirconia-silica filler.
Therefore, its degree of polymerization and mechanical properties are better than
7100 [20]. Later, a new resin composite block containing urethane dimethacrylate
instead of Bis-GMA was produced under high temperature and pressure. This kind
of resin was developed with the ambition of increasing the degree of polymeriza-
tion [21, 22]. Recently, the flexibility and convenience of CAD/CAM resin com-
posite are similar to resin composites, combined with durability, and surface finish
characteristics are identical to ceramics. In addition, compared with glass ceramics,
the resin composite block has minor wear on the relative teeth and can maintain its
gloss for a longer time. Their non-fusion and composite-like properties make them
easier to grind, polish, and adapt. Due to the less brittleness, the resin composite
block has better edge characteristics. Furthermore, these materials produced less
blunting on the drills during milling. They can also be repaired using resin com-
posites with cutback or adding techniques. Besides, physical (color stability, water
sorption, and water solubility) and mechanical (fracture-resistant, wear, compres-
sive strength, hardness, and elastic modulus) properties of resin composite blocks
were found better than that of conventional resin composite because of their higher
degree of polymerization [23, 24].
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Tunac et al. evaluate the 2 year clinical performance of computer-aided design/
computer-aided manufacturing (CAD/CAM) resin composite inlay restorations in
comparison with direct resin composite restorations. According to FDI standards,
the results show that the 2 year clinical performance of CAD/CAM resin composite
inlay restorations is similar to that of direct resin composite restorations. After
2 years of clinical trials, CAD/CAM resin composite inlays have shown exemplary
performance in class II cavities and meet clinical needs [25].

Despite the above advantages, due to the high degree of polymerization, discol-
oration, tarnishing, and fracture of the resin composite block overtime after the
repair, the adhesion failure of the cement interface is a problem that may need to
be considered for its long-term clinical performance [26]. However, data on CAD/
CAM resin composite partial crowns (inlays, onlays, and overlying) restorations are
limited. Therefore, more clinical trials are needed to draw further conclusions about
its clinical behavior.

2.2 Alloy

Porcelain fused to metal (PFM) restoration comprises a metal coping that sup-
ports overlying ceramic (Figure 2) [27]. PFM restorations have a long clinical track
record. However, the PFM fixed partial denture (FPD) failure rates were 4% after
5 years, 12% after 10 years, and 32% after 15 years [28].

To date, PFM restorations remain the most widely and successfully used option
for FPDs because their failure rates are often low (8-10% within 10 years) [29]. It
was reported that clinical survival rates of FPDs are between 72% and 87% after
10 years, between 69% and 74% after 15 years, and 53% after 30 years [30, 31].
However, as is well-known, the metals used in PFM restorations can cause allergic
or toxic reactions within soft or hard tissue [32]. Besides, PFM is known to cause
graying of the gingival margin because of metal show-through [33].

Compatibility between the ceramic and the metal alloy is of paramount impor-
tance. PFM ceramic veneers consist of an opaque ceramic (e.g., a titanium oxide
glass) that is required to mask the color of the underlying metal and provides the
bond with the metal alloy [34, 35].

Opaque ceramics are combined with metal alloys through an oxide layer formed
on the metal surface. This process is called degassing [36]. The degassing process can
also remove contaminants on the surface of the alloy—coating dentin/body ceram-
ics on opaque ceramics. Dentin ceramics can mimic natural dentin. Then apply the
incisal ceramic to the dentin/body ceramic on the incisal third. The restoration can
also be polished by using low-melting glazed ceramics or self-glazing.

Figure 2.
Porcelain fused to metal (PEM). Porcelain fused to metal (PFM) vestoration comprises a metal coping that
supports overlying ceramic.
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One of PFM restoration’s main disadvantages is its inability to transmit light,
thus having a negative effect on the aesthetic outcome of the restoration because it
may appear dark in color [37]. This drawback is noticeable at the restoration’s cervi-
cal area, where it is sometimes difficult to get enough room. Therefore, a sufficient
tooth structure should be removed to accommodate the ceramic material, mask the
underlying metal without overly modifying the restoration. In addition, the metal
braces should stop 1 mm from the buccal finish line, and ceramic edges (shoulder
ceramics) are recommended. Another disadvantage of a PFM restoration is allergic
reactions in some patients to metal elements such as nickel in the metal alloy [32].

2.3 Ceramic

All-ceramic restorations refer to ceramic restorations made entirely of ceramic
materials [38]. There are two kinds of all-ceramic restorations. One is monolithic
(single layer), which composes of a single ceramic material. The other is a two-layer
all-ceramic restoration which consists of a ceramic core material covered with a
ceramic veneer [39, 40]. In the bi-layered, all-ceramic restoration, the ceramic core
supports the restoration and gives it strength, while the veneer provides the restora-
tion with its final shape, shade, and aesthetic [41]. Nevertheless, the veneer-core
bond strength is considered one of the weakest links of the bi-layered all-ceramic
restorations because they are prone to delamination and fracture [39]. Nowadays,
with the increasing interest in aesthetics, a bi-layered all-ceramic restoration is
widely applied in dentistry. However, the main disadvantages associated with
this repair include delamination and fracture of the veneer [42]. In addition, it is
sometimes difficult to achieve excellent occlusal contact with the structure of the
opposing tooth. Finally, to achieve a lasting repair, the compatibility of the core and
veneer materials is crucial [43].

When aesthetics is the priority, dental ceramics are the material of choice
because they can successfully mimic the tooth substance’s character (Figure 3) [44].
Ceramics can successfully simulate the visual characteristics of the tooth substance.
Ceramics are biocompatible and inert material and have a high degree of intra-oral
stability. Therefore, they can be safely used in the oral cavity. For example, the use
of all-ceramic restorations has increased in recent years [45]. However, there are
many ceramic materials and systems on the market that can be used in dentistry.
The increased use of ceramics for restorative procedures and the need to improve
clinical performance hasled to the development and introduction of several new
ceramic restorative materials and techniques [46].

By Dr. Luo

Figure 3.
Ceramics. Cevamics can successfully simulate the visual characteristics of the tooth substance. Ceramics are
biocompatible and inert material and have a high degree of intra-oral stability.
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The all-ceramic restorations can be used as a bi-layered restoration, in which the
more aesthetic ceramic veneer is the core or framework. They can also be used as
full-contour (monolithic) restorations, which can be stained when required [47].

In the past decade, countless types of all-ceramic crown systems have been
introduced unprecedentedly. Many of these systems have been criticized for
their failure in restorations. It was reported that the survival rate of all-ceramic
restorations ranges from 88-100% after 2-5 years of use and can still reach 97%
after 5-15 years of use [48]. Although all-ceramic restorations have been greatly
improved, zirconia is still the best all-ceramic restoration currently available. Since
the end of the 1990s, due to many clinical and basic scientific research, this form of
partially stabilized zirconia has been popularized for application in dentistry due
to its excellent strength and excellent fracture resistance [49]. Currently, two main
types of all-ceramic FDP systems have been proposed. The first of these systems
involves the use of a single material to make full-contour crowns. For instance, a
single crown in anterior teeth and premolars is made by reinforced glass materials
successfully [50]. Further, a full-contour crown in the molar region is prepared with
polycrystalline zirconia with improved translucency [51]. For the second system,
porcelain and other glass materials are fused into a frame made of high-strength
ceramics [52]. Dense sintered polycrystalline zirconia-based materials are expected
to be used in FDP frameworks [53].

Yttrium partially stabilized tetragonal zirconia polycrystalline (Y-TZP), due to
its superior mechanical properties and excellent fracture resistance, has drawn lots
of attention in clinical applications. For instance, the fracture toughness of Y-TZP
ranges from 5 to 10 MPa m*?, and bending strength varies from 900 to 1400 MPa
[54]. Y-TZP-based systems are a recent addition to the high-strength, all-ceramic
systems used for crowns and fixed partial dentures.

Zirconia is a white crystalline oxide of zirconium with high mechanical strength,
toughness, and corrosion resistance. Besides, zirconia has excellent biocompatibil-
ity, which can significantly reduce dental plaque [55]. However, zirconia is degrad-
able at low temperatures, and this is a gradual, spontaneous phenomenon. Recently,
the introduction of stabilized zirconia is supposed to overcome this drawback and
promote the application of zirconia in dental restorations [56].

Marchack et al. proposed a custom-designed powerful grinding ceramic core
technology for all-ceramic crowns [57]. This technique can eliminate the porcelain
covering of the zirconia inner crown and frame to reduce the incidence of chip-
ping or cracking of the porcelain veneer. The fracture of veneering ceramic is the
most common complication for zirconia restorations. Thus, some suggestions for
optimizing the manufacturing process of zirconia-based FPDs have been issued,
including changes to the firing protocol. It was recommended because it can reduce
the chipping rate. In addition, zirconia-ceramic FDP shows more clinical problems
like prolonged fracture of the veneer ceramic [58]. Therefore, dentists should pay
more attention to zirconia-ceramic FDP generated by CAD/CAM system before all
treatment procedures [29]. On the other hand, with the development of ceramics on
zirconia, people invented the framework of lithium disilicate glass-ceramics.

Cercon ht (Dentsply Intl., York, PA, USA) is developed from a clinically proven
Cercon-based yttria-stabilized zirconia material formulation. It represents a new
generation of zirconia with excellent transparency and can be used for esthetic
restorations without build-up porcelain [29]. In order to better reproduce the color
of natural teeth, some zirconia-based materials have been developed as translucent
[59]. Among them, zirconia is widely applied as crown and FDP without veneer or
pressed ceramics. Zirconia has a high flexural strength of more than 1200 MPa and
has excellent veneer properties [60]. In the dental clinic, zirconia has proven to be a
durable and reliable frame material that can inhibit crack propagation and prevent
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catastrophic failure. However, there are clinical studies show that zirconia has an
abrasive effect on the dentition, leading to excessive wear of the tooth structure
[61]. The in vivo studies indicated that polished zirconia has higher wear resistance
and lower resistance to wear than porcelain [62]. Currently, the new zirconia
materials make the surface of the antagonist smooth, just like natural tooth enamel
[63]. Although more and more research is focused on zirconia, there is still much
to be understood about the production of zirconia and the production of zirconia
inner crowns and frames. Dentists and researchers need further studies with larger
sample sizes and extended follow-up periods to investigate the possible influencing
factors of technical failures.

Ceria-stabilized tetragonal zirconia polycrystalline (Ce-TZP) is a newly devel-
oped ceramic material, which has not yet been used in the dental field. Its fracture
toughness is 19 MPa m'?, which is significantly better than Y-TZP. However, Ce-TZP
has lower bending strength and hardness than Y-TZP [64]. Then, Ce-TZP/alumina
nanocomposite (Ce-TZP/A) was developed to improve the property of Ce-TZP [65].
Ce-TZP/A contains nano-sized Al,O; particles and Ce-TZP particles dispersed in
Ce-TZP grains and grain boundaries [66]. This uniform dispersion of alumina in
the Ce-TZP matrix plays a positive role in grain growth. However, it also negatively
affects flexural strength, hardness, and hydrothermal stability of tetragonal zir-
conia. As reported, Ce-TZP/A is currently the toughest zirconia material available,
and its fracture toughness reaches 19 MPa m'?, and the flexural strength is high as
1400 MPa [65]. More importantly, Ce-TZP/A is entirely resistant to low-tempera-
ture aging degradation (LTAD), a critical drawback of Y-TZP [67]. The tremendous
improvement of these characteristics is expected to extend the clinical application
of dental ceramics to all-ceramic restorations and other areas, such as implant abut-
ments, implants, removable denture bases, and components.

3. Conclusions

In conclusion, various dental restorative materials are available, and many
appropriate materials are used to restore dental carious teeth. Among them,
zirconia-based ceramics have been successfully introduced into the clinic due to
acceptable biocompatibility, lower price compared with gold restorations and better
appearance than traditional metal-ceramic restorations. In summary, zirconia
restoration is an acceptable treatment option in restorative dentistry and a develop-
ing trend in esthetic dentistry.
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