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Restorative dentistry has completely changed as a result of dental implants, which
have improved the consistency and durability of treatment for edentulism and tooth loss. In
order to promote osseointegration and guarantee optimal function and aesthetics, the intrinsic
properties of the biomaterials utilized are therefore intrinsically linked to the effectiveness of
dental implants. The increasing awareness of oral wellness has led to a great deal of study on
dental diagnostic and therapy techniques. Dental biomaterials like polymers, metals, and acrylic
resins are crucial for restoring teeth damaged by diseases or accidents as a consequence of several
studies in this field. Ceramics provide a unique characteristic in contrast to other biomaterials
like metals or polymers. Because of their high intrinsic strength, materials like zirconia and
alumina are suitable for biological applications such as artificial joints or dental implants.
They also exhibit exceptional biocompatibility, which reduces the likelihood of negative side
effects or inflammation. Certain ceramics such as bioactive glasses and hydroxyapatite, even
promote tissue regeneration and integration. Furthermore, due to their versatility, they can
be carefully created and molded to highlight particular qualities. Although yttria-stabilized
tetragonal zirconia has exceptional mechanical and biocompatibility qualities, low-temperature
deterioration raises questions about its long-term durability. In order to improve the robustness
and dependability of biomedical applications, scientists have created improved oxide-based
materials including alumina-zirconia composites and non-oxidic ceramics like silicon nitride.
Emphasized the latest developments in ceramic dental implants in this study; detailed examples
and uses of several ceramic-based materials, such as zirconia, alumina, and cellulose are given.
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Osseointegration was first introduced,
dental implant has been changing all the time to
improve success and long-term survival rates. It
has changed the way oral rehabilitation is done
for conditions like periodontal and dental disease,
which has led to better performance and quality of
life. Periodontal and tooth repair has been done in

a number of ways, such as with dental implants,
removable dentures, and fixed prostheses. But as
the number of people who need dental implants
has grown, there have been problems in the
center. One thing that can make it more likely for
a dental implant to fail is immune-inflammatory
reactions like peri-implantitis. It slows down tooth
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restoration by breaking down peri-implant tissue
and causing inflammation of the mucosa.

There have been many attempts to treat
peri-implantitis, but none of them have been
successful in keeping the problem under control.
Because of these problems in the clinic, dental
implants need to be made that might be able to
kill bacteria. A good tooth implant should be
biocompatible, look good, make it harder for
plaque to stick to it, and have surfaces that kill
bacteria. Furthermore, it should be mechanically
stable and not rust or wear down easily.! Titanium
(7i) and its alloys are generally thought to be the
best materials for dental implants because they are
biocompatible and have good mechanical qualities.
But the biggest worry about 7i dental implants
is that they might release metals ions when they
corrode. These ions could cause immune system
reactions in the tissue around the implant, which
would then raise failure.

Changed the concept of planting material
that don’t use metal, and ceramic dental bio-
materials like ZrO, and Al,O, have been introduced
as a possible option to material. ZrO, doesn’t allow
the plague to grow.® However, ZrO, tooth implants
can lead to peri-implantitis, and their bioinertness
often makes it harder for them to integrate with
the body. The biocompatible ceramic could be
used to make tooth implants and fake crowns. A
lot of works on ceramic materials, but there isn’t
a single piece that gathers the most important
studies to make a full study on the material’s
effects and how it can be used to restore bone
and teeth. Because of this, this review paper talks
about the most current research on ceramics and
cellulose for dental restoration. Our review aims
to helps the researchers to understand present state
of considering ceramics and cellulose for dental
restoration materials. We hope that this will help
this field move forward to improve people’s better
life who have teeth problems.

The current age, which was characterized
by the discovery of titanium’s compatibility with
bone, evolved from earlier dental implant attempts
that employed crude materials with low success
rates. Modern dental implantology produces more
long-lasting and visually beautiful results thanks to
improved materials, digital planning, and increased
success rates. The earliest dental implants date back
to the Mayan civilization, about 600 A.D., when
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archaeologists found sculpted stone and seashell
fragments hammered into the jawbone to replace
lost teeth. European practitioners experimented
with materials like as porcelain, platinum, and gold
during the 18" and 19" centuries. The first metal
“screw” style implants were made in the early
to mid-20" century using iridio-platinum with a
soldered gold crown and a cobalt-chromium alloy
called Vitallium. The field was revolutionized
by the Swedish orthopaedic surgeon Per-Ingvar
Branemark, who discovered osseointegration,
which is the process by which titanium can fuse
with living bone tissue. Fig. 1 discusses the history
of dental implants. Photograph of damaged tooth
and the replace tooth with biomaterial is shown in
Fig. 2. Various kind of dental implant materials are
mentioned in Fig. 3.

Dental implant specifications

Implant dental was surgical part which
put into alveolar bone to hold dental prosthesis,
such as a crown, an abutment, or a removable
denture. In this case, the way of processing,
biocompatibility, and osseointegration are very
important. Biocompatibility is made up of two
parts: biological (tissue and immune response)
and material response (chemical and physical
qualities), both of which affect how well the dental
implant works. So that the dental implant works,
it’s important that the peri-implant tissue and the
implant’s surface come into direct touch with each
other.*> The dental implant and the host tissue have
several complex interfaces. These include, (i) the
sub-gingival interface between the implant and
bone, (ii) the trans-gingival soft tissue interface
between the implant neck and the gingiva, and (iii)
the supra-gingival and trans-gingival interfaces
between the implant abutment, the oral cavity, and
saliva.

Features like hydrophilicity, roughness,
and topography can speed up osseointegration of
dental implants,® which can affect how stable and
successful the implant is in the long run. In this
way, the osteogenic potentials are the first and
most important step in osseointegration. Different
cells under soft tissue contact is necessary for
attaching the gums to the teeth and making sure
the gums seal tightly.” Also, bacterial growth
was main reasons why peri-implantitis happens.
Inflammatory response can stop osseointegration
and lead to bone loss, which means the tooth
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implant doesn’t work. So, the contact needs to be
able to stop the formation of biofilm by making it
hard for bacteria to stick to it and killing bacteria.
If the binding tension is above 30 mN/m, the
surface is hydrophilic. If it is below 30 mN/m, the
surface is hydrophobic.! We found that surfaces
with a hydrophilicity between 40 and 70 are best
because they work well with cells and body fluids.
It is known that osseointegration works best with
tooth implants that are hydrophilic and have an
uneven surface.’ It is possible for the rough surface
to improve mechanical coupling and lower the risk
of implants. For these two factors to be balanced,
surface roughness between 1 and 2 um was said
to be important.’® To do this, the tooth implant’s
surface should be hydrophilic, have the right
amount of roughness, and be able to kill bacteria to
help it fuse with the bone and speed up the healing
process.
Ceramic based biomaterials for dental implants
In the past thirty years, all-ceramic
restorative dentistry equipment has come a long
way. This is mostly because more and more
people want repairs that don’t use metal. Newer
techniques used in traditional dentistry are heat

The history of dental implants
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pressing, slip casting, and CAD-CAM. When it
comes to rigid structure, all ceramics have a range
of 35 to 99 vol%, which is higher than metal
ceramics. It makes sense that those materials with
more crystallization would have better mechanical
qualities, like being harder and less likely to wear
down. This faster rate of crystallization has been
used in a lot of different ways to make things
stronger and harder to wear. Some examples are
strain conversion and crystal strengthening. The
zirconia ceramic based dental implant materials
are provided in Fig. 4.
Zirconia

Zirconia is now a good material that could
someday be used instead of titanium, which is the
best material for dental implants. zirconia, also
written as ZrO,, has three different solid forms:
monoclinic, cubic, and tetragonal. It is thought
that the tetragonal and cubic phases are the most
stable and are best for use in implants. A tetragonal
and cubic phage is made by adding many showing
agents, such as yttrium, cerium, calcium, and
others. Some of the zirconia ceramics that are
utilized in dentistry are yttrium-doped tetragonal
zirconia polycrystals (3Y-TZP), partly stabilized
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zirconia doped with magnesium cation, zirconia-
toughened alumina (ZTA), and zirconia doped
with cerium. There are many zirconia-containing
ceramics systems on the market right now, but
many of them are only used for dental implants.
Yttrium-doped tetragonal zirconia

Due to its various advantages, including
a reduced requirement for tooth preparation, a
decreased risk of chipping, and ease of handling,
zirconium dioxide partly stabilized by yttria
(Y-PSZ) materials are frequently utilized in dental
restoration. Because of its many beneficial qualities,
including being stronger, less radioactive, more
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resistant to wear, more able to withstand damage,
and less reactive to chemicals, the three mol%
yttria stabilized tetragonal zirconia polycrystal
(3Y-TZP) type of Y-PSZ is frequently used to create
dental prosthetics.'"'? These characteristics make
3Y-TZP an excellent option for tooth restorations
due to its long lifespan. 3% stabilized zirconia
contains crystallites with a load of 49.05 N and
sizes ranging from 5.8 to 8.0 nm. Its mechanical
strength is increased by its fracture toughness,
which varies from 4.6 to 6.4 MPa/m1/2 for 3%
stabilized. For instance, conventional monolithic
Y-PSZ may provide fracture resistance ranges of

Damaged tooth
replaced by
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Fig. 2. Photograph of damaged tooth and replaced tooth
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3.5to 4.5 MPa/m1/2 and bending ranges exceeding
1000 MPa. This enables the creation of restorations
with thin walls and numerous small components. '

The yttria proportion can be altered to
4%, 5%, 8%, or 16%. This allows you to adjust the
grain size, which alters the materials’ mechanical
characteristics and enlarges them for various dental
applications.'* To determine how dental implants
bond with bone in the mouth, Kalinnikova et al.'
conducted an in vivo investigation. Pandoleon
et al.'® examined the effects of Y-TZP implant
abutment material on the adhesion and survival of
human gingival fibroblasts in order to determine
whether these materials are biocompatible. Akarsu
et al.'” explain the addition of MoCl, and NiCl,
to three mol% yttria-doped zirconia (3Y-TZP) in
their publication. They cultivate 1929 fibroblast cell
lines on the material’s surface in order to analyse
it in a lab. Cell viability and growth tests revealed
that none of these specimens exhibited color-
related cytotoxicity. Tests using confocal laser
scanning microscopy revealed that every model
interacted well with laboratory cells. All models
exhibited improved cell attachment, adhesion, and
proliferation, according to a study conducted with
a scanning electron microscope.

Cone beam computed tomography
(CBCT) was utilized by Warren et al.'® to
examine the metal object composed of ceramic
and titanium dental implants. Two human skulls
with missing teeth were implanted, and pictures
were obtained using low-dose 180 and standard-
dose 360 CBCT scans. The metal size object was
determined by considering the pixel intensity data.
Additionally, a modified Likert scale was employed
for quantitative assessment. For titanium implants,
the average pixel level was found to be between
123.5 and 507, while for ceramic implants, it was
between 500 and 1088.5. According to a qualitative
analysis of CBCT images, titanium implants are
less likely than ceramic implants to have metallic
flaws.

Magnesium-doped zirconia

One possible dopant in the zirconium
system is magnesium (MgO). It is regarded as the
most interesting dopant because, depending on its
history of heat treatment, it can result in remarkable
mechanical properties and highly complex
microstructures. The most often used composition
in the industry to produce magnesium partially
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stabilized zirconia (Mg-PSZ) is magnesium with
equilibrium at 8-10 mol%.'° The grain size of Mg-
PSZ is 13.4 im, and its fracture strength is 6.29
to 0.18 GPa. At 1700 °C, the sintered specimen’s
Vickers hardness is 13.5 GPa.*® The current
study demonstrates Mg-PSZ’s higher resilience
to environmental breakdown when compared to
Y-TZP. In orthopaedic implants, particularly total
joint arthroplasty, magnesium-PSZ is utilized. Cho
et al.?! demonstrated the physical and mechanical
characteristics of Mg-PSZ as well as its production
using the spark plasma method.
Ceria-doped zirconia

Ceria doped TZP (Ce-TZP) is an
alternative material that has better fault tolerance
and fracture toughness (more than 10 MPa/m1/2)
than Y-TZP. Due to the absence of oxygen gaps,
Ce-doped zirconia has the advantage of being
resistant to aging at low temperatures, which
could make the fabrication of intricately tailored
components easier. Because of comparatively low
strength (400-600 MPa) caused by substantial
grain boundary mobility in normal sintering
procedures around 1400 &%C, which causes huge
grain size to surpass several microns, pure Ce-TZP
has not been employed very often. When 12% Ce
is present, Zr exhibits improved fracture resistance
of 11.96-1.31 and 11.43-0.45 MPa/m1/2, as well
as greater flexural strengths of 76.06—770.90 and
61.14-601.72 MPa. Coprecipitation, spark plasma
sintering, and spark plasma sintering were used
to create Ce-doped zirconia. Single-layer silver
(Ag) and cerium-stabilized zirconia (Ce-SZ)
nanocoating was created on titanium substrates
using the co-evaporation technique and the electron
beam physical vapor deposition (PVD) method.

Bejugama et al.* investigated the niobium
and Ce-doped zirconia (Nb-CSZ)-based implants’
cytotoxicity, cellular response, and in vitro
behaviour. The results showed that Nb-CSZ does
not respond negatively, encourages cell adhesion
and proliferation, and shows a strong resilience to
low-temperature deterioration. Ceria and calcium-
doped zirconia’s mechanical characteristics were
described by Tovar-Vargas et al.>*2*. They get
to the conclusion that the change in grain shape
and size reduction in 10Ce-1CaO composites
and 10Ce-1Ca0-5A1,0, improves their strength
and microhardness when compared to 10Ce-TZP.
When compared to the average hardness and
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strength of 10Ce-TZP ceramic (500 MPa and 6
GPa) improvement in the characteristics were seen
in compositions, but for 10Ce-1Ca0-5A1,0, (739
MPa and 10.2 GPa). Additionally, none of these
composites deteriorate with age.

The preclinical investigation of Ceria-
TZP-doped composite dental material in dogs
was assessed by Chacun et al.”® Six beagle dogs

Zirconia
biomaterial

Zirconia Yttria
biomaterial

Ceria-doped zirconia
biomaterial

2694

had their mouths fitted with 24 ceramic and 24
titanium tooth screws that had been etched using
sandblasting. Four- and thirteen-weeks following
implantation, a histological assessment of the
surrounding tissue was conducted. Histological
studies revealed that the inflammatory tissue
response to titanium implantation was similar to
that of ceramic implants (Fig. 5). The ceramic and

Magnesium-doped
partially stabilized
zirconia biomaterial

Alumina-toughened
zirconia biomaterial

Fig. 5. Left shows titanium (a) and ceramic composite (b) implantation. Right shows the histological imaging at 4
and 13 weeks for titanium and ceramic implants.?



2695

titanium dental implant groups’ bone to implant
contact (BIC) values did not alter.
Alumina-toughened zirconia

Tiny alumina particles in a delicate
zirconia matrix make up the ceramic composite
known as Alumina-toughened zirconia (ATZ).
For structural purposes, alumina is a great ceramic
material. In a minipig model, Schierano et al.?
assess the ATZ in vivo for use in dentistry. Using
histology and mRNA expression, a minipig animal
model evaluated bone repair at different points in
time (8, 14, 28, and 56 days). According to the
histological investigation, the ATZ and titanium
subgroups experienced comparable cellular
remodeling of bone fragments, with the peak of

Titanium
dental implants

Titanium alloy
dental implants

o—y

Cobalt chromium alloy
dental implants —)

Stainless steel
dental implants

.
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activity taking place eight days post-implantation.
In comparison to titanium dental implants, the
3D study that measured the bone surrounding the
implant at 56 days consistently revealed a denser
bone matrix across the ATZ, particularly in the
medial area. Femtosecond laser micro structuring
of alumina-toughened ceramic zirconia for
dental implant surfaces improves preosteoclast
attachment, MC3T3-E1 cells, according to
Carvalho et al.?".

The mechanical characteristics of ceramic
zirconia that has been hardened with alumina for
dental implants were assessed by Tang et al.?.
They evaluated the high sinter ability (99.2%) of
monolithic ALLO, and Al O,-reinforced 3Y-TZP

_———

-

Metals and their alloys dental implants

Fig. 6. Metal and metal alloy based dental implants image is provided.
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zirconia composites. According to the linear rule
for mixtures, Young’s modulus decreased as the
concentration of 3Y-TZP rose. It was discovered
that the content of 3Y-TZP increased linearly with
hardness due to the compression surface stress field
produced by the stress-dependent phase change.
ZTA zirconia composite materials produce residual
hoop compressive strain, which is probably what
gives them their improved strength, fracture
toughness, and fissure deflection intensity. The
histological and biomechanical characteristics
of moderately rough ATZ dental implants in rat
femoral bone was assessed by Kohal et al.”. Each
group’s histological specimens showed signs of
immune cell inflammatory infiltration, according to
histological examination. Bone-to-implant contact
was noted in each cohort. A rough ATZ surface can
be seen under higher magnification to show bone
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growth coming from the implant surface, including
cells, as well as bone development from nearby
regions toward the implant surface.
Metal and metal alloy implants
Titanium and titanium alloys

William Gregory made the discovery of
titanium, the ninth most plentiful metal, in 1791.
In its pure state, it manifests as a silver metal with
special physical-chemical properties, including
high strength (590 MPa) and low density (4506
g/cm?).*® Rapid reactions between titanium and
oxygen result in the oxide layer creation over
metals surface, which protects it from corrosion.
Usage in sports, jewellery, pigments, marine
equipment, aircraft, and medicine are just a few
of the many topics for which research is being
conducted on this metal. Compared to stainless
steel and chromium-cobalt, titanium, and their

Table 1. Different cellulose for the dental applications

Author Type Description Applications
Baranov et al.¥  Carboxymethyl Derivative that dissolves in water and Utilized to create hydrogels,
Cellulose (CMC) is produced by adding carboxymethyl films, and coatings for use in
groups to the backbone of cellulose. medications, dental adhesives,
and implant coatings,
among other applications.
Cui et al.®® Hydroxyethyl A non-ionic, water-soluble form of Utilized in the creation of
Cellulose (HEC)  cellulose that can thicken and dental adhesives and as a
stabilize materials. binder and thickening
agent in dental impression
materials.
Ali et al.”! Methyl Cellulose derivative that dissolves Utilized in dental applications,
Cellulose (MC) in water and gels when heated. including scaffolds for tissue
engineering and impression
materials.
Janmohammadi  Bacterial Bacterial extracellular polysaccharide,  Used in dentistry for things
et al.’? Cellulose (BC) such Gluconacetobacter xylinus. like tooth implants, bone
regeneration, and building
scaffolds for tissue
engineering.
Hasan et al.* Cellulose Nanoparticles that look like rods Added to tooth composites
Nanocrystals and are made by breaking down and adhesives to make them
(CNCs) cellulose with acid. stronger, more biocompatible,
and better at killing germs
Klemm et al.** Cellulose Fibrillated cellulose products with To make them stronger,
Nanofibers high aspect ratios that have been more biocompatible, and
(CNFs) separated by chemical or more bioactive in areas

mechanical means.

like tooth composites,
drug delivery systems,
and tissue engineering
scaffolds.
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alloys were recognized as nontoxic and huge
biocompatible for the dental sector.’! They also
work well with magnetic resonance imaging,
and computed tomography. Production of dental
implants and prostheses is based on these titanium
biomaterials.

Titanium oxide was most frequently
considered material in dental implant research
because of the various characteristics seen in
titanium forms. TiO, is created when titanium metal
reacts with air to form hydroxyl and hydroxide
groups, which increases the metal’s resistance to
corrosion. Titanium is granted its biocompatibility
by this oxide layer. In ambient settings, TiO, exists
in three distinct crystalline forms: rutile, brookite,
and anatase. Synthesized metal heat treatment
allows for the phase transitions. Although rutile and
anatase, which both exhibit octahedral geometry,
were easily made, brookite, which is structured in
orthorhombic geometry challenging to grab.*

The rutile and anatase phases differ from
one another because of aberrations in the octahedral
structure that TiO, forms. These structures

PEEK
dental implant

PMMA
dental implant

PTFE
dental implant
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can be created using a variety of techniques,
including hydrothermal and electrochemical
ones. Consequently, one of the desired phases will
occur preferentially when the physicochemical
parameters of the synthesis are altered. Therefore,
the phase has a direct impact on how well its dental
applications work. Anatase is most frequently
utilized in dental implants since it is frequently
linked to applications that call for osseointegration.

Titanium is currently the most often used
material in dental implant manufacturing, while
other materials, such as ceramics or polymers, are
also utilized depending on their chemical makeup.
There are currently six varieties of titanium
available as biomaterials for implants. Of these,
two are titanium alloys (Ti-6Al-4V and Ti-6Al-4V
extra low interstitial alloys) and four are grades of
commercially pure titanium (CPTi), which ranges
from 98 to 99.6% pure titanium (Grades I, 11, III,
and IV). The ductility, strength, and corrosion
resistance of these grades vary.

The material of biocompatible with
sufficient strength, toughness, and withstand to

Polymers for dental implants

Fig. 7. Polymer based dental implants
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corrosion and fracture is suitable for making dental
implants. These characteristics typically have to
do with the metal’s O, debris. Grade IV CpTi was
frequently utilized form of 7i for implants due to
its large O, availability (0.4%) and, as a result,
superior mechanical strength.

Titanium alloys were first developed as a
possible metallic material for the biomedical sector
with the goal of lowering the cost of manufacturing
devices. Alphas (o) stabilizers, which include Al,
0,, N,, C, and carbon, and beta () stabilizers,
which include vanadium, Fe, Ni, and Co, make up
the majority of the alloying elements that are added
to Ti. Consequently, there are three structural forms
of dental titanium alloys: o, 3, or o0 — B, which is
a combination of the two. In dental applications,
the most common alloy is Ti-6Al-4V, sometimes
known as the combination. It is extremely robust
and corrosion-resistant, with 6% Al and 4%
vanadium. The Al stabilizes the &-phase. It reduces
the alloy’s density and boosts its strength.

Conversely, vanadium stabilizes the
-phase.** Compared to 4 stabilizers, beta stabilizing
components are costlier.** Therefore, the industry’s
current demand is to replace the prevalent a
stabilizers with less expensive alternatives. Due
to its strength and affordability, iron is the element
most frequently utilized in place of the a-stabilizing
element in this regard. High temperatures, however,
have been shown to encourage the development of
inter-metallic product like TiFe or Ti,Fe, adversely
affect ductility and mechanical characteristics of
alloys. Because it affects how the titanium implant
interacts with the bone, its surface is significant.
The oxide TiO, makes up the surface of the primary
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dental implant materials (CpTi and Ti-6Al-4V),
providing excellent corrosion resistance and a
clinical victory of 99%.

Despite being the most often utilized and
significant 4 stabilizer, aluminium has been shown
to make titanium alloys challenging to work with
and machine. According to reports, Ti-6Al-4V
has good biological uptake.*> Small amounts of
vanadium and aluminium are eventually liberated,
though, and this could trigger an inflammatory
reaction. Vanadium is cytotoxic and can cause
allergic reactions, whereas aluminium prevents
bone mineralization, resulting in bone deformity.
For this reason, CPTi is used increasingly frequently
to make dental implants. Vanadium-free alloys like
Ti-6Al-7Nb and Ti-5A1-2.5Fe have been created to
avoid these biological issues. Additionally, alloys
made of non-toxic elements including Pd, Zr, Ta,
and Nb are being developed.

Binary composition of 83-87% of Ti,
and 13-17% Zr (Roxolid®, Straumann, Basel,
Switzerland) is the basis for a recently created
novel dental alloy. In comparison to CpTi and Ti-
6Al1-4V, were reported to have superior tensile and
fatigue strength properties. Following insertion in
various animal models, in vivo investigations have
demonstrated bone integration of threaded zirconia
implants that is equivalent to Ti.*

Ceramic implants were developed for
dental implants because titanium is unsightly in the
frontal region. In order to enhance osseointegration,
it was first applied for covering material for metal
implants. Dental implants have been coated with
a variety of ceramic materials in recent years.
Numerous medical, orthopaedic, and dental

Cellulose based biomaterials

1

Dental applications

Dental
adhesives

Periodontal
therapy

Bone
grafts

Bone tissue
regeneration

Fig. 8. The overview of cellulose-based dental materials.
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applications make extensive use of inert ceramics
like zirconium oxide and aluminium oxide, as well
as bioactive ceramics like calcium phosphates and
bio glasses.

Cobalt chromium alloy

The excellent wear resistance of Co-
Cr alloys is a second crucial feature for their
application in restorative materials. Furthermore,
commonly known that some metals are harmful to
human health. Similarly, it is crucial to ascertain
and then validate if the low wear characteristics
of Co-Cr alloys are associated with a lower
level of toxicity to the human body. Numerous
investigations have been conducted on Co-Cr
alloys used in hip and knee replacements, where
exposure levels may be significant.’”*

In order to continuously enhance current
alloys and enable their optimization through the
inclusion of new metals, wear is still a phenomenon
that is extensively researched. However, a recent
analysis in the particular field of dentistry combines
the key factors related to restorative material
wear. Naturally, the toxicity that the discharged
particles may later produce is connected to all of
these-research on the wear levels of biomedical
equipment. Concerns regarding particle size
produced by the wear of implants and prostheses
made of (Co—Cr) alloys have surfaced more
recently. Size of wear particles released by metal-
on-metal (MoM) hip implants under normal and
edge-loading circumstances was investigated by
Kovochich et al.*.

Stainless steel

SS316L is frequently used in joint
replacement procedures, including hip and knee
replacements. For example, because of its strength
and resistance to corrosion, SS316L is frequently
used in the femoral components (a metal stem)
of hip replacements. To support body weight
and permit movement, these implants need to be
extraordinarily robust. Additionally, SS316L is
widely utilized in the production of screws and
bone plates, which are necessary for the internal
fixation of fractures.*” Metal and metal alloy based
dental implants image is provided in Fig. 6.
Polymers based dental implants
Polyetheretherketone (PEEK)

Polyetheretherketone (PEEK) is a
synthetic polymer with many applications owing
to its exceptional characteristics that serve human
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needs. These applications encompass its utilization
as a biomaterial for dental implants, prosthetic
materials, abutment materials, post and core
materials, crowns, and frameworks for detachable
partial dentures. Due to its extensive applications,
PEEK is regarded as a comprehensive solution for
dentistry. Minimizing marginal bone loss during
functional loading is essential for the effectiveness
of dental implants.

Enamel erosion or tooth attrition resulting
from dental prosthetics and restorations is a
prevalent phenomenon. The wear caused by any
dental restoration must not surpass physiological
wear values. Consequently, an appropriate material
must be chosen that offers stability and strength,
nearly resembling the hardness of enamel, while
minimizing excessive abrasion to the enamel
structure. Parekh et al.*' analysed the stresses and
found PEEK abutments can help to reduce stress
on the abutment compared to other materials
because of its elastic modulus is closer to that of
natural bone than titanium, allowing for better load
distribution and less stress transferred to the bone.
Polymethylmethacrylate (PMMA)

Dental implants are among the many uses
for the polymer polymethylmethacrylate (PMMA)
in dentistry. PMMA is commonly utilized in the
production of temporary or provisional crowns,
denture bases, and as a material for milled or
3D-printed prototypes for implant-supported
restorations, despite not being a direct implant
material. Additionally, it is utilized to anchor
implants during corrective surgery and in bone
cement for orthopaedic and dental applications.

Although materials containing
methacrylate polymer are currently in use, the
sensitivity of methacrylate materials is starting to
become a major concern in dentistry. Compression-
molded, heat-cured poly(methyl methacrylate)
dental prostheses can be produced economically
and sustainably in a microwave. Sun et al.*?
prepared the zirconia/PMMA composites for
dental applications and found that the mechanical
properties of 3Y-TZP/PMMA and 5Y-PSZ/PMMA
composites were tuneable to closely match to
human enamel, and showed the 3Y-TZP/PMMA
and 5Y-PSZ/PMMA composites showed proper
machinability for chairside CAD/CAM dental
restorations.
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Polytetrafluoroethylene (PTFE)

Dental implants use polytetrafluoroethylene
(PTFE), also referred to as Teflon, for a number of
reasons, chief among them being the protection of
implant components, the sealing of screw access
holes, and the function as a barrier material. It is
prized for its ease of manipulation and removal,
biocompatibility, and capacity to stop bacterial
leakage. Moraguez, and Belser*® prepared
polytetrafluoroethylene (PTFE) tape and used as
seal the screw access channel to protect the screw
head of the abutment and crown screw in implant-
supported restorations.

Carbonell etal. “review paper explainsabout
the expanded polytetrafluoroethylene (e-PTFE)
has been considered as a successful membrane
barrier for regeneration procedures. When this
material exposed to the oral cavity, its high porosity
increases the risk of early infection, which can
affect surgical outcomes. Fig. 7 indicates the
polymer based dental implants.

Cellulose and its derivatives

The most prevalent natural polymer on
Earth, cellulose, is mostly found in plant cell walls.
The a-D-glucose units that make up this linear
polymer are joined by &(1°!4) glycosidic linkages.
Cellulose and its derivatives are appropriate for
a number of uses, including dentistry, because
of their mechanical qualities, biocompatibility,
and biodegradability (Zheng et al.*’). There
are numerous beneficial dental uses for natural
cellulose that is made straight from natural sources
like cotton and wood (Ye et al.*).

Additionally, there are cellulose
derivatives with distinct properties for particular
dental applications, such as carboxymethylcellulose
(CMC), hydroxide-ethyl cellulose (HEC),
methylcellulose (MC), and bacteria cellulose
(BC) (Raut et al.*”). Cellulose composites and
nanomaterials, including cellulose nano crystals
(CNCs) and cellulose nanofibers (CNFs), have
become significant materials in dentistry due to their
enhanced mechanical properties, biocompatibility,
and antibacterial activity (Zhuorui et al.*®).
Overview of the dental applications of cellulose
is shown in Fig. 8. The overview of the cellulose
for the dental applications are mentioned in
Table 1.

The main consideration for dental implant
requirements is not age, but rather the attainment
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of skeletal maturity in younger patients, as well
as the maintenance of sufficient bone density and
general health in all age groups. Although there is
no upper age limit, older people may have to deal
with more medical concerns and may experience
delayed recuperation. Waiting until the jawbone is
fully matured is essential for people under the age
of eighteen in order to avoid problems like shifting
implants.
Emergence of different types of dental
biomaterials

Growing clinical demands for restorative,
regenerative, and aesthetically pleasing therapies
have fueled the development of a variety of
dental biomaterials, such as polymers, ceramics,
composites, and bioactive glasses. Modern dental
biomaterials, which are fueled by developments
in material science and nanotechnology, provide
improved biocompatibility and performance,
enabling the creation of long-lasting, aesthetically
pleasing restorations and the replacement of lost
tissues. These materials include naturally occurring
substances like collagen and chitosan as well as
robust alloys like titanium and zirconia. Research
on tissue engineering and nanomaterial creation is
still ongoing.
(i) Metals: For dental implants and restorations,
materials with mechanical strength and
biocompatibility, such as titanium alloys and other
metal alloys, are utilized.
(i1) Ceramics: These comprise zirconia and other
bioactive ceramics that offer biocompatibility
and good aesthetics for restorative applications,
crowns, and bridges.
(iii) Polymers: Used in fillers, adhesives, and
regenerative scaffolds, this large class include
resin composites, bioactive polymers, and natural
polymers like chitosan.
(iv) Composites: These materials, like resin
composites that add fillers to improve strength and
durability, combine several ingredients to provide
a synergistic effect.
Antimicrobial properties of dental implants

The long-term viability of dental implants
depends on specialized surfaces that prevent
bacterial adhesion and biofilm development; this
problem is solved by combining antimicrobial
coatings and physical surface modifications. Dental
implants have very little intrinsic antibacterial
activity. Typical tactics include coatings infused
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with silver, copper, or zinc, altering the physical and
chemical properties of the implant, or developing
bacterial-repelling nanostructured surfaces.
Through the inhibition of bacterial colonization and
biofilm formation, these alterations seek to avoid
peri-implantitis, the main cause of implant failure.
Bacterial growth is inhibited when bioactive glass
is surface treated with different chemical agents or
materials. Biocompatibility can be enhanced and
bacterial adhesion decreased by putting organic
coatings on polymers, antimicrobial peptides, or
other biomimetic films.

CONCLUSION

Dental implants and abutments made of
zirconia are becoming more and more popular
since they have clear benefits over conventional
titanium. Zirconia is a promising substitute due to
its superior fracture toughness (11.96 v 1.31 and
11.43 v 0.45 MPa/m1/2, Vickers hardness of 13.5
GPa), white color, decreased bacterial adherence,
and comparable osseointegration to titanium
(fracture toughness 7.07 to 10.10 MPa/m1/2,
Vickers hardness of 3.24 GPa). With improvements
in hardness of over 13.5 GPa, fracture toughness
of over 11.96 MPa/m1/2, osseointegration, and
bioactivity, this review highlights the bright future
of zirconium and its implants. Dental implants’
bioactivity is strengthened for better in vivo and
in vitro results by using bioactive materials (HA,
PDA, calcium phosphate) and chemical alterations
(acid etching, grit blasting, UV therapy) to
improve osseointegration. Even with significant
advancements, there are still unanswered questions,
especially about the biological reactions of the
implants, such as local cytotoxicity, fibrotic tissue
response, and immunological rejection. To advance
these materials as viable dental implants, more
pre-clinical research is required to fully address
some of these concerns. It is anticipated that the
next generation of zirconia implants will be altered
to remove all of the restrictions associated with
patient-specific implant integration.

The SS316L stainless steel, which shows
how important it is for biomedical uses in changing
implant surfaces so that cells stick to them and they
don’t grow germs. SS316L is very strong, doesn’t
rust, and is better at being compatible with living
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things. It is a material that is commonly found
in many medical implants used in orthopaedics,
dentistry, and heart health.

Given improvements in healthcare and
the worlds people’s increased life expectancy,
biomedical implants have very minor negative
influence on host tissues will develop, but those
are almost negligible. Despite being widely used
and helping with osseointegration, traditional
materials such as Ti or its alloys were a number
of disadvantages, such as metal ions and debris,
metallosis, or darkening of the implant area, and
poor visibility and local area stress shielding.

Because of their capacity to strengthen
mechanical characteristics, encourage tissue
regeneration, and increase osseointegration,
biomaterials are becoming more and more
important in dental implants. Opportunities
include 3D-printed composites with improved
biocompatibility, targeted drug administration,
and anti-infective qualities, as well as novel
bioactive coatings and nanostructured surfaces.
By addressing the drawbacks of conventional
materials, these advancements hope to increase
long-term stability, enhance patient happiness, and
lessen problems like peri-implant infections.
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