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ABSTRACT
Dental materials are essential in modern dentistry, facilitating the diagnosis, treatment, and 
prevention of oral diseases. They are utilized in restorative, prosthetic, preventive, endodontic, 
and orthodontic procedures, with selection guided by mechanical, biological, chemical, 
and aesthetic properties. Innovations in nanotechnology, bioactive compounds, and digital 
dentistry have greatly enhanced both functional and aesthetic outcomes. This review explores 
the classification, properties, and recent innovations in dental materials. It examines restorative 
materials like composites, amalgams, and glass ionomer cements used for tooth repair and caries 
prevention. Prosthetic materials, including metals, ceramics, and polymers, are analyzed for their 
roles in fabricating crowns, bridges, and dentures. Additionally, impression materials, endodontic 
substances, and orthodontic wires are reviewed for their contributions to diagnostic and 
therapeutic procedures. Key material properties, such as biocompatibility, mechanical strength, 
and adhesive bonding, are critical in determining clinical performance and longevity. Emerging 
technologies, including nanohybrid composites, bioactive glass and CAD/CAM systems are 
revolutionizing dental care by enhancing precision, durability, and patient-specific customization. 
The incorporation of bioactive compounds has further introduced materials capable of tissue 
regeneration and disease prevention, aligning with minimally invasive and regenerative dentistry 
goals. Technological advancements continue to drive innovation in dental materials, improving 
patient outcomes and treatment efficiency. Understanding the classification, properties, and 
developments in dental materials is essential for clinicians and researchers striving for enhanced 
performance in restorative, prosthetic, and diagnostic applications. Future progress is expected 
to integrate smart, bioactive, and digitally designed materials, advancing patient-centered 
dental care.

Keywords: Adhesive dentistry, Bioactive materials, Biocompatibility, CAD/CAM technology, 
Dental materials, Nanotechnology, Restorative dentistry.

INTRODUCTION

Dental materials play an instrumental role in modern dentistry, 
shaping the way oral health is maintained and restored.1,2 The 
continuous development of materials with improved properties 
and applications has transformed clinical practices, enabling 
better functional and aesthetic outcomes.3 From restorative 
procedures to preventive measures, dental materials are essential 
for addressing a diverse range of oral health needs.

Importance of Dental Materials

The choice of dental materials directly influences the success 
and longevity of dental treatments. Properties such as 
biocompatibility, mechanical strength, and aesthetic appeal are 

crucial for their effectiveness. For example, advancements in 
composite resins and ceramics have enabled clinicians to achieve 
natural-looking restorations without compromising durability.4,5 
In addition, materials such as fluoride-releasing glass ionomers 
have demonstrated their potential in preventive dentistry by 
actively combating caries development.6

Evolution of Dental Materials

The field of dental materials has evolved significantly over the 
past century, transitioning from traditional materials like gold 
and amalgam to modern, high-performance alternatives (Figure 
1). Historically, gold was used for its malleability and resistance to 
corrosion, while amalgam gained prominence in the 19th century 
due to its affordability and strength.7,8 However, concerns about 
mercury content and increasing demand for aesthetically pleasing 
options spurred the development of resin-based composites and 
ceramics in the mid-20th century.9,10 Today, the integration of 
nanotechnology and bioactive properties into dental materials 
reflects the cutting-edge advancements in the field.
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Objectives of the Review

This review aims to provide a comprehensive overview of dental 
materials, focusing on their classification, key properties, and 
recent advances. By examining the scientific basis for their 
use, this article highlights the significance of material selection 
in achieving optimal clinical outcomes. It also explores how 
emerging technologies are influencing the future of dental 
materials, emphasizing the need for ongoing research and 
innovation.

CLASSIFICATION OF DENTAL MATERIALS

Dental materials are categorized based on their function, 
composition, and clinical application (Figure 2). These 
classifications provide a systematic approach to selecting materials 
for specific procedures, ensuring optimal clinical outcomes.

Restorative Materials

Restorative materials are designed to restore the function, 
structure, and aesthetics of damaged teeth. They are broadly 
divided into direct and indirect materials.

Composites: Composites are widely used in direct restorations 
because of its ability to bond to dentin and enamel, excellent 
aesthetics, and versatility. Nanohybrid composites, which 
incorporate nanoparticles, offer improved strength, polish ability, 
and wear resistance.4,11

Source: Composed of a resin matrix, inorganic filler particles, 
and a coupling agent.

Chemistry: The resin matrix typically consists of bisphenol 
A-glycidyl methacrylate (Bis-GMA) and Triethylene Glycol 
Dimethacrylate (TEGDMA). The inorganic fillers, often made 
from silica or zirconia, are used to enhance mechanical properties. 
The polymerization process is initiated by light (light-cured 
composites) or chemical activators.

Amalgam: Dental amalgam is a durable and cost-effective 
material used primarily in posterior restorations. Despite its 
long-standing use, concerns over mercury content have led to a 
decline in its popularity in favor of alternatives like composites.12

Source: A mixture of mercury with silver, tin, copper, and 
sometimes zinc.

Chemistry: The chemical reaction involves the formation of an 
alloy when the powdered metals are mixed with mercury. The 
optimal ratio of these elements is crucial for achieving desirable 
mechanical properties and minimizing corrosion.

Glass Ionomer Cements (GIC): GICs combine restorative and 
preventive functions by adhering chemically to tooth structures 
and releasing fluoride, making them suitable for pediatric and 
preventive dentistry.13,14

Source: Composed of polyacrylic acid and an ion-leachable glass 
powder.

Chemistry: The acid-base reaction results in the setting of the 
cement, characterized by the formation of a gel-like matrix that 
bonds to both enamel and dentin. Fluoride ions released from the 
glass provide additional cariostatic benefits.

Prosthetic Materials

Prosthetic materials are used to fabricate crowns, bridges, 
dentures, and other dental prostheses.

Metal Alloys: Metals such as titanium and cobalt-chromium are 
valued for their strength, wear resistance, and biocompatibility. 
Titanium, in particular, is widely used in dental implants for its 
osseointegration capabilities.15,16

Source: Typically derived from various metallic compounds, 
such as gold, nickel-chromium, and titanium alloys.

Chemistry: Metallic dental materials often exhibit beneficial 
properties such as ductility and resistance to corrosion. Titanium 
is favored for implants due to its biocompatibility and ability to 
form a stable oxide layer that promotes osseointegration.

Ceramics: All-ceramic materials, including zirconia and 
lithium disilicate, are preferred for their superior aesthetics and 
biocompatibility. Monolithic zirconia crowns exhibit excellent 
fracture toughness and translucency, making them ideal for 
posterior restorations.17

Source: Comprised of inorganic materials, primarily silica, 
alumina, and other metal oxides.

Chemistry: The crystalline structure enhances the material's 
strength and aesthetics. Zirconia, for example, is a polycrystalline 
ceramic that offers high fracture toughness, while lithium 
disilicate ceramics offer excellent aesthetics due to their opacity 
and translucency modulation.

Polymers: Acrylic resins and other polymers are commonly 
used for denture bases due to their lightweight and customizable 
properties. Advanced high-impact resins enhance durability and 
resistance to fracture.18

Impression Materials

Impression materials are essential for capturing the precise 
dimensions of the oral cavity for diagnostic and restorative 
procedures.

Elastomers: Polyvinyl Siloxane (PVS) and polyether are the most 
commonly used elastomers due to their excellent dimensional 
stability, accuracy, and ease of use. They are the gold standard for 
final impressions in prosthodontics.19

Source: Made from siloxane polymers.
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Chemistry: The addition of a catalyst causes the siloxane to 
undergo a polymerization reaction, forming a rubbery elastomer 
that captures fine details of oral structures. PVS is known for its 
excellent dimensional stability and hydrophilicity.

Alginate: Alginate is a cost-effective material used for preliminary 
impressions, particularly in orthodontics. While less accurate 
than elastomers, its ease of mixing and rapid setting make it a 
popular choice for non-final impressions.20

Preventive Materials

Preventive materials are designed to protect teeth from decay and 
other diseases.

Sealants: Pit and fissure sealants, typically made of resin, create 
a protective barrier on occlusal surfaces to prevent caries in 
children and adolescents.21,22

Fluoride-Releasing Compounds: Fluoride varnishes and glass 
ionomers provide a sustained release of fluoride, aiding in the 
remineralization of enamel and reducing caries risk.23

Specialized Materials

These materials cater to specific dental treatments or procedures.

Endodontic Fillers: Gutta-percha is the primary material utilized 
in root canal treatment. It is biocompatible, inert, and compatible 
with a range of sealers.24 Bioceramics, which promote healing and 
sealing, are increasingly being used as an alternative.25

Orthodontic Materials: Orthodontic brackets and wires are 
usually constructed from stainless steel due to its strength, 
durability, and flexibility. Ceramic brackets and clear aligners 
offer aesthetic alternatives for patients.26

Orthodontic Wires

Source: Commonly made from stainless steel, nickel-titanium, or 
cobalt-chromium alloys.

Chemistry: The properties of these wires are influenced by their 
alloy composition; for instance, nickel-titanium wires exhibit 
shape memory characteristics, allowing them to return to a 
predetermined shape when heated.

KEY PROPERTIES OF DENTAL MATERIALS

Dental materials are evaluated based on their physical, 
mechanical, chemical, and biological properties to ensure their 
efficacy and safety in clinical applications. Understanding these 
properties helps clinicians select the most appropriate materials 
for each procedure.

Biocompatibility

Biocompatibility is the cornerstone of dental material safety. 
Materials must not cause irritation, inflammation, or systemic 

toxicity. This is particularly critical for direct restorations, where 
prolonged contact with pulp and gingival tissues occurs.27,28

Example: Titanium, commonly used in implants, exhibits 
excellent biocompatibility due to its ability to form a stable oxide 
layer that resists corrosion and promotes osseointegration.15

Emerging Trend: The development of bioactive materials like 
calcium silicate cements, which actively encourage tissue healing, 
has significantly enhanced biocompatibility.29

Aesthetic Properties

Aesthetic appeal is a crucial factor in modern dentistry, especially 
for anterior restorations. Dental materials must mimic the natural 
translucency, color and texture of teeth.

	 •	 Resin Composites: Nanohybrid composites provide 
superior aesthetics by closely matching tooth shades and 
enabling easy polishing.11

	 •	 Ceramics: Lithium disilicate and zirconia ceramics are 
highly preferred materials for crowns and veneers due 
to their exceptional color stability and superior light 
transmission properties.30

	 •	 Challenges: Achieving shade-matching under varying 
light conditions remains a technical challenge and 
subject of ongoing research.31

Mechanical Properties

Materials used in the oral cavity must withstand biting forces, 
temperature fluctuations, and long-term wear. The following 
mechanical properties are critical:

	 •	 Compressive Strength: Necessary for materials in 
posterior restorations, such as zirconia, which can 
endure forces exceeding 1,000 MPa.32

	 •	 Hardness: Impacts the material's resistance to scratching 
or indentation; enamel has a Vickers hardness of ~360 
HV, serving as the benchmark for restorative materials.33

	 •	 Fracture Toughness: Ceramics like zirconia are 
engineered for high fracture toughness, reducing the 
likelihood of catastrophic failure in crowns and bridges.34

Adhesion and Bonding

Effective adhesion ensures longevity and prevents complications 
such as microleakage and secondary caries. Advances in adhesive 
dentistry have improved the bonding of materials to enamel and 
dentin.

Adhesive Systems: Current systems, such as self-etching primers, 
simplify the bonding process while maintaining high bond 
strength.35
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Research Spotlight: Universal adhesives that bond effectively to 
multiple substrates, including metal, ceramics, and dentin, are 
gaining popularity.36

Chemical Properties

Chemical stability is essential to prevent degradation or leaching 
of harmful substances over time.

Example: Amalgam’s stability is due to its low corrosion rate; 
however, concerns over mercury release have prompted the shift 
to alternative materials.12

Advancements: Resin composites with high filler content 
exhibit enhanced resistance to hydrolytic degradation in the oral 
environment.4

Ease of Handling

Ease of use directly impacts clinical outcomes and procedural 
efficiency.

Example: Bulk-fill composites allow the placement of restorations 
in fewer increments, reducing chair time while maintaining 
performance.37

Emerging Technologies: Light-curing materials with extended 
working times are being developed to address challenges in 
multi-step procedures.38

The Table 1 below summarizes the physical, mechanical, and 
biological properties of common dental materials. These 
materials include composites, ceramics, metals, and polymers, 
each tailored for specific dental applications.39

ADVANCES IN DENTAL MATERIALS

Advancements in dental materials have transformed clinical 
practice, making treatments more effective, aesthetic, and 
durable. Recent innovations are driven by the integration of 
technology, biomimicry, and material science.

Nanotechnology in Dental Materials

Nanotechnology has revolutionized restorative dentistry, 
particularly in composite resins. The inclusion of nanoparticles 
as fillers improves mechanical properties, wear resistance, and 
aesthetics. For instance, nanohybrid composites have superior 
polish retention and translucency compared to traditional 
hybrids, making them ideal for anterior restorations.4,11

Example: Nano-hydroxyapatite is being studied for its ability to 
promote enamel remineralization in preventive care, with early 
results showing potential for reducing early carious lesions.40

Smart Materials

Smart materials are engineered to respond dynamically to 
changes in the oral environment, such as pH or temperature. 

These materials can release fluoride ions under acidic conditions, 
helping to prevent demineralization and caries progression.41

Example: Glass Ionomer Cements (GICs) infused with bio 
responsive particles can adapt their ion release based on the 
patient’s dietary habits, maintaining oral health more effectively.42

Bioactive Materials

Bioactive materials have a beneficial interaction with biological 
tissues, supporting healing and tissue regeneration. Examples 
such as bioactive glass and Mineral Trioxide Aggregate (MTA) 
are frequently utilized in endodontic procedures due to their 
capability to stimulate the formation of dentin.43,44

Example: Bioactive glass ionomers are now being developed 
for restorative purposes, combining fluoride release with 
tissue-regenerative properties.

Digital Dentistry and Material Integration

The advent of 3D printing and CAD/CAM systems has redefined 
the fabrication of dental restorations. Materials such as zirconia, 
hybrid ceramics, and resin-based composites are now designed 
specifically for digital workflows, ensuring precision and 
efficiency.45

Example: Monolithic zirconia crowns fabricated through CAD/
CAM systems exhibit high fracture toughness and excellent 
marginal fit, outperforming traditional ceramics in durability 
tests.46

APPLICATIONS AND CLINICAL PERFORMANCE

Dental materials are pivotal to the success of a wide range of 
dental procedures. Their applications extend across restorative 
dentistry, prosthodontics, orthodontics, endodontics, and 
preventive care. Clinical performance depends on factors such 
as material selection, patient-specific conditions, and technique 
sensitivity.

Restorative Dentistry

Dental materials are central to restoring function and aesthetics 
in patients with carious lesions, fractures, or other structural 
defects.

Composite Resins: Composite resins are the top choice for direct 
restorations because of their outstanding aesthetic appeal and 
strong ability to bond with both enamel and dentin. Innovations 
in nanotechnology have enhanced their wear resistance, making 
them ideal for use in both anterior and posterior restorations.4,11 
Clinical studies indicate a 90% survival rate for well-placed 
composite restorations over a 10-year period in low caries-risk 
patients.47

Amalgam: Despite being less commonly used, amalgam remains 
a cost-effective option for posterior restorations, particularly 
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in high-load areas. Its clinical performance is unmatched in 
durability, often lasting more than 15 years in service.8

Glass Ionomer Cements (GICs): GICs are effective in pediatric 
dentistry and as liners due to their fluoride-releasing properties 
and chemical bonding with tooth structure.6,14

Prosthodontics

Prosthodontics relies on a combination of materials for fabricating 
fixed and removable prostheses.

Zirconia: Monolithic zirconia crowns and bridges are widely 
used for their fracture toughness, excellent marginal fit, and wear 
resistance. Studies demonstrate that zirconia prostheses have a 
five-year survival rate exceeding 95%.17,48

Lithium Disilicate Ceramics: Lithium disilicate crowns 
are favored for anterior restorations because of their high 
translucency and color-matching capabilities. Their success is 
attributed to high flexural strength and advancements in CAD/
CAM technology.30

Polymers and Denture Bases: High-impact acrylic resins are 
commonly used in complete and partial dentures, providing 
adequate strength and patient comfort.18

Orthodontics

Materials in orthodontics are essential for aligning teeth and 
correcting malocclusions.

Metal Brackets and Wires: Stainless steel is widely used 
material due to its flexibility, corrosion resistance, and strength. 
Nickel-titanium wires exhibit shape memory and superelasticity, 
enabling efficient tooth movement.49,50

Ceramic Brackets and Clear Aligners: For aesthetic 
orthodontics, ceramic brackets and aligners made of transparent 
polymers provide discreet treatment options with comparable 
clinical performance to traditional methods.51,52

Endodontics

Endodontic materials play a vital role in ensuring the success of 
root canal procedures and periapical healing.

Gutta-Percha: It is used as a root canal filling material, 
gutta-percha is biocompatible, inert, and easily retrievable if 
retreatment is needed. Its clinical performance is enhanced by the 
use of resin-based sealers, which ensure complete sealing of the 
root canal system.24,44

Bioceramics: Bioceramic sealers and Mineral Trioxide Aggregate 
(MTA) are revolutionizing endodontics by promoting periapical 
healing and providing superior sealing capabilities compared to 
traditional materials.53

Preventive Dentistry

Materials in preventive dentistry aim to protect teeth from decay 
and disease, especially in high-risk populations.

Sealants: Resin-based sealants are highly effective in protecting 
children and adolescents from pit and fissure caries. Studies 
report caries reduction rates of up to 80% when sealants are 
applied properly and maintained.22,54

Fluoride Varnishes: Widely used in caries management, 
fluoride varnishes deliver high concentrations of fluoride 
directly to the enamel, promoting remineralization and reducing 
demineralization.55

Figure 1:  Milestones of Evolution of dental material. Milestones in the Evolution of Dental Materials.
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Emerging Applications

Innovations in material science are broadening the applications 
of dental materials in both therapeutic and aesthetic procedures.

Digital Dentistry: CAD/CAM-fabricated restorations using 
zirconia, hybrid ceramics, and composite blocks have improved 
precision and reduced chairside time.45,46

Regenerative Dentistry: Biomaterials, such as hydrogels 
and bioactive scaffolds, are being explored for their ability to 
regenerate lost dentin and enamel. These advancements hold 
promise for minimally invasive treatments.43,56

COMPARISON OF CONVENTIONAL AND 
MODERN MATERIALS

The evolution of dental materials has shifted the focus from 
durability and basic functionality to aesthetics, biocompatibility, 
and patient-specific needs. This section compares conventional 
and modern dental materials mentioned in Table 2, across various 
attributes, highlighting the progress in dental material science.

Aesthetic Properties

Conventional materials such as amalgam and metal-based 
prosthetics prioritized functionality but lacked aesthetic 
appeal. Modern materials like resin composites and all-ceramic 
restorations are designed to mimic natural tooth appearance, 
achieving translucency and color matching.

Conventional Materials: Amalgam restorations, though highly 
durable, exhibit a metallic appearance that is visually unappealing, 
especially in anterior restorations.12

Modern Materials: Nanohybrid and nanofilled composites offer 
superior shade-matching and polish retention, making them ideal 
for aesthetic restorations. Ceramics such as lithium disilicate and 
zirconia provide natural translucency and high color stability.11,17

Mechanical Properties

Conventional materials were developed to withstand masticatory 
forces but often fell short in their resistance to fatigue and wear. 
Modern materials combine high strength with durability to cater 
to demanding oral conditions.

Conventional Materials: Metals, such as gold and amalgam, 
exhibit excellent strength and longevity but are susceptible to 
corrosion and poor adhesion.57

Modern Materials: Advanced ceramics and zirconia outperform 
metals in wear resistance, with high fracture toughness and 
minimal degradation over time.5,46

Biocompatibility

Biocompatibility has become a key consideration in material 
selection. While conventional materials were chemically stable, 
some posed risks of irritation or adverse systemic effects.

Conventional Materials: Amalgam has faced criticism for 
mercury exposure concerns, despite its clinical reliability. 
Similarly, nickel in certain alloys can cause allergic reactions.28

Modern Materials: Bioactive materials, such as calcium 
silicate-based cements and bioactive glass, promote healing and 
tissue regeneration. These materials are inherently safer and more 
compatible with oral tissues.53

Adhesion and Bonding

Modern adhesive systems have greatly improved the integration 
of restorative materials with tooth structures, addressing the 
limitations of conventional approaches.

Conventional Materials: Amalgam relied on mechanical 
retention rather than chemical bonding, often necessitating 
removal of healthy tooth structure to create retention grooves.24

Modern Materials: Resin-based composites and glass ionomers 
bond chemically to tooth structures, preserving natural enamel 
and dentin. Universal adhesives now simplify the bonding 
process across different substrates.36,41

Longevity and Performance

While conventional materials were durable, they often failed 
due to marginal leakage or aesthetic failure. Modern materials 
balance longevity with aesthetics and functional performance.

Conventional Materials: Gold alloys and amalgam are renowned 
for their longevity, with clinical lifespans exceeding 15 years but 
suffer from poor aesthetics and patient acceptance.

Modern Materials: Contemporary zirconia crowns and 
high-performance composites last over a decade, with minimal 
risk of discoloration or mechanical failure.4,30

Environmental And Patient Safety

With growing awareness of environmental impact and patient 
health, modern materials emphasize sustainability and safety.

Conventional Materials: Amalgam disposal poses environmental 
concerns due to mercury pollution, prompting its phasedown in 
many regions under the Minamata Convention.58

Modern Materials: Resin composites and bioactive cements 
are mercury-free and have a smaller environmental footprint. 
Additionally, CAD/CAM systems minimize waste by optimizing 
material use.45
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RECENT ADVANCES, CHALLENGES AND 
LIMITATIONS

Recent advances in dental materials have significantly 
transformed the landscape of dentistry, leading to improved 
treatment outcomes and enhanced patient experiences. Here are 
some key developments and future prospects:

Nanotechnology: Innovations in nanocomposites have resulted 
in materials with superior mechanical properties, aesthetics, and 
wear resistance. The incorporation of nanoparticles enhances the 
strength and longevity of restorative materials, leading to better 
performance in clinical settings.

Bioactive Materials: The development of bioactive materials 
such as calcium silicate cements has been a game-changer. These 
materials actively promote tissue healing and remineralization, 
making them especially useful in restorative and endodontic 
treatments. They provide therapeutic benefits beyond traditional 
restorative functions.

Digital Dentistry: The integration of digital technologies like 
CAD/CAM systems has revolutionized the fabrication of dental 
prosthetics. This technology allows for precise design and 
manufacturing of restorations, improving fit, reducing chair time, 
and enhancing patient-specific customization.

Sustainability Initiatives: There is a growing focus on developing 
eco-friendly dental materials. Research into biodegradable and 
recyclable materials aims to minimize the environmental impact 
of dental practices. For instance, the creation of resins free 
from harmful substances such as Bisphenol-A (BPA) is gaining 
attention in the industry.

Smart Materials: Emerging materials with self-healing capabilities 
are being developed to autonomously repair microcracks, which 
can prolong the lifespan of restorations and reduce the need for 
replacements.

Despite significant advancements in dental materials, several 
challenges and limitations persist that impact their clinical 
performance and longevity. Understanding these issues is 
essential for improving existing materials and developing 
innovative solutions.

Biocompatibility Concerns

While many dental materials are biocompatible, some may still 
cause adverse reactions.

Allergic Reactions: Metals like nickel, commonly used in alloys 
for crowns and orthodontic wires, are associated with allergic 
reactions in sensitive patients.59,60

Figure 2:  Key Factors Influencing Dental Materials selection in Modern Dentistry. Key Determinants Guiding Dental Material 
Selection.
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Toxicity: Resin-based composites release Bisphenol-A (BPA) and 
other monomers during polymerization, raising concerns about 
their long-term effects on health.61,62

Emerging Challenge: The lack of comprehensive, long-term 
biocompatibility studies for newer materials, such as nanomaterials 
and bioceramics, limits their widespread adoption.63

Mechanical Limitations

Dental materials are subject to intense mechanical forces, thermal 
fluctuations, and chemical exposure in the oral cavity.

Fracture and Fatigue: Despite improvements in ceramics like 
zirconia and lithium disilicate, these materials remain susceptible 
to fracture under high stress or repeated loading.64,65

Wear Resistance: Composites and certain ceramics exhibit wear 
over time, especially when opposing natural enamel, which can 
compromise occlusal integrity.66

Intraoral Environment: Saliva, pH fluctuations, and masticatory 
forces can degrade material performance, making durability a 
critical concern.

Adhesion and Microleakage

The success of many restorations depends on the quality of 
adhesion between the material and the tooth structure.

Bonding Challenges: Achieving a durable bond to dentin is 
particularly difficult due to its heterogeneous composition and 
moisture content.67

Microleakage: Inadequate sealing at restoration margins can 
lead to microleakage, promoting recurrent caries and restoration 
failure.68,69

Aesthetic Compromises

While modern materials offer improved aesthetics, challenges 
remain in achieving long-term color stability.

Discoloration: Composites can stain over time due to exposure 
to dietary pigments and tobacco.70

Matching Complexity: Achieving seamless shade matching 
between the restoration and natural teeth, particularly in cases of 
translucency and fluorescence under different lighting conditions, 
remains challenging.71

Cost and Accessibility

Advanced dental materials often come at a high cost, which may 
limit their availability for patients.

High Costs: Materials like CAD/CAM-fabricated zirconia and 
lithium disilicate restorations can be prohibitively expensive for 
many patients.45

Material Strength Aesthetic Durability Biocompatibility Application
Composite Compressive 

Strength: ~250 MPa
Highly aesthetic; 
matches tooth 
color

Moderate, susceptible 
to wear

Generally 
biocompatible; 
monomer release 
may cause mild 
irritation

Direct 
restorations, 
veneers

Ceramics High compressive 
strength (~1000 MPa 
for zirconia)

Excellent aesthetics 
(translucency 
mimics enamel)

Long-lasting but brittle 
under tensile stress

High 
biocompatibility

Crowns, bridges, 
inlays, veneers

Metals Very high strength 
(e.g., gold ~150 MPa; 
cobalt-chromium 
~2000 MPa)

Limited; requires 
external coatings

Extremely durable; 
corrosion-resistant

Inert but concerns 
with mercury in 
amalgam

Crowns, bridges, 
frameworks

Polymers Low strength 
compared to other 
materials (~100 MPa 
for PMMA)

Moderate 
aesthetics; can be 
tinted

Moderate; prone 
to fracture and 
deformation

Generally good but 
may cause allergic 
reactions

Denture bases, 
temporary crowns

Bioactive glass Moderate mechanical 
strength (~200 MPa)

Low aesthetics; 
used internally

Long-lasting 
and promotes 
remineralization

Bioactive; enhances 
tissue interaction

Root canal fillers, 
bone grafts

Smart 
materials

Varies (depends 
on material type, 
e.g., resin-based 
composites)

Aesthetic; similar 
to composites

Long-lasting due to 
self-repairing properties

Excellent; 
responsive to oral 
changes

Fillings, sealants

Table 1: Properties of dental materials.
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Global Disparities: In low-resource settings, access to 
state-of-the-art materials is limited, forcing reliance on older 
materials like amalgam or GICs.72

Environmental Concerns

Dental materials contribute to environmental challenges, 
including waste management and pollution.

Amalgam Disposal: Mercury from amalgam restorations 
has significant environmental implications, despite the 
implementation of amalgam separators.73

Resin-Based Materials: The manufacturing and disposal of 
resin-based composites can result in microplastic pollution, 
raising ecological concerns.74,75

Sustainability: The lack of biodegradable dental materials and 
reliance on synthetic substances pose long-term sustainability 
challenges.76,77

FUTURE DIRECTIONS

The future of dental materials is being shaped by biotechnology, 
nanotechnology, Artificial Intelligence (AI), and sustainability. 
These innovations are expected to improve the strength, durability, 
and biocompatibility of dental restorations, making them more 
functional and patient-friendly. The key areas of development 
include regenerative dentistry, AI-based customization, smart 
materials, and eco-friendly solutions.

Future Scope

The future of dental materials is being shaped by biotechnology, 
nanotechnology, Artificial Intelligence (AI), and sustainability. 
These innovations are expected to improve the strength, durability, 
and biocompatibility of dental restorations, making them more 
functional and patient-friendly. The key areas of development 
include regenerative dentistry, AI-based customization, smart 
materials, and eco-friendly solutions.

Regenerative Dentistry and Biomimetic Materials

Stem Cell-Integrated Scaffolds

Currently, damaged teeth require fillings, crowns, or extractions, 
but future materials will focus on regenerating lost tooth structure 
rather than replacing it.

Scientists are developing biodegradable scaffolds made from 
collagen, hydrogel, and bioactive glass, which serve as a 
framework for stem cell attachment and differentiation.78

These scaffolds encourage stem cells in the dental pulp to form 
new dentin, reducing the need for artificial restorations.

Hydrogel-Based Dental Fillings

Traditional dental fillings simply replace lost tooth material, 
but hydrogel-based materials could actively promote tissue 
regeneration.

Hydrogels infused with growth factors, proteins, and 
nanoparticles can stimulate new dentin and enamel formation, 
making restorations more natural and long-lasting.79

Biodegradable Materials for Tissue Engineering

Modern dental implants are made from titanium, but they may 
eventually be replaced by biodegradable materials that dissolve as 
natural bone grows in their place.

These new materials, made from Polylactic Acid (PLA) or calcium 
phosphate-based composites, will reduce the need for second 
surgeries to remove implants.80

AI-Optimized and Personalized Dental Materials

AI-Driven Material Selection3

Every patient has a unique bite force, occlusion (teeth alignment), 
and oral chemistry, making a one-size-fits-all approach to 
materials inefficient.

AI-based software will analyze patient-specific data from digital 
scans and saliva composition to suggest the best material for 
restorations.81

This will improve the longevity, comfort, and effectiveness of 
treatments like crowns, bridges, and implants.

3D-Printed Custom Restorations

Currently, crowns and dentures are made using traditional molds, 
which can be time-consuming and imprecise.

AI-integrated CAD/CAM (Computer-Aided Design/
Manufacturing) and 3D printing will allow same-day restorations, 
reducing wait times for patients.

High-performance ceramic and polymer resins will be used in 3D 
printing to create precisely fitted restorations.82

Wearable Dental Sensors

Future dental materials will incorporate biosensors that can 
monitor oral health in real time.

These materials, embedded in fillings, dentures, or orthodontic 
devices, could detect early signs of decay, infections, or excessive 
tooth grinding (bruxism).

The data from these sensors could be sent to a dentist remotely, 
helping in preventive care.83
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Sustainable and Eco-Friendly Dental Materials

Biodegradable Dental Polymers

Traditional dental composites and acrylic resins are 
non-biodegradable and contribute to medical waste.

Future dental materials will be developed from plant-based 
biopolymers, which decompose naturally after their functional 
life ends.84

Eco-Friendly Impression Materials

Impression materials like alginate and silicone are commonly 
discarded after use.

Researchers are working on sustainable alternatives made from 
biodegradable polysaccharides to reduce environmental impact.85

Non-Toxic Resin-Based Composites

Many current dental resins release Bisphenol A (BPA), which has 
been linked to health risks such as hormone disruption.

Future materials will eliminate BPA and use biodegradable, 
bioinspired alternatives that mimic the structure of natural 
enamel without toxicity.86

Next-Generation Adhesives and Bonding Agents

Self-Healing Adhesives

Over time, dental fillings and veneers can develop small cracks, 
leading to failure of the restoration.

Future adhesives will contain microcapsules filled with healing 
monomers, which automatically repair cracks when exposed to 
moisture or pressure.87

Bioadhesive Peptides

Inspired by biological adhesion mechanisms (e.g., proteins that 
help cells stick together), bioadhesive peptides will form stronger 
bonds with enamel and dentin.

These peptides will reduce the chances of de-bonding and 
enhance the longevity of restorations.88

Smart and Antimicrobial Dental Materials

pH-Sensitive Fillings and Sealants

Oral bacteria produce acidic byproducts, leading to cavity 
formation.

Future materials will be designed to release calcium, phosphate, 
or fluoride ions in response to pH changes, helping to neutralize 
acid and prevent decay.89

Graphene-Enhanced Antibacterial Materials

Graphene, a highly durable, antimicrobial nanomaterial, will be 
used in dental composites, implants, and orthodontic brackets.

This material naturally prevents bacterial growth, reducing the 
risk of infections and secondary caries.90

Improved Implant Materials and Surface 
Modifications

Titanium-Zirconium Implants

Titanium is widely used for dental implants, but 
zirconium-titanium alloys will offer better strength, reduced 
corrosion, and higher biocompatibility.

These alloys will be especially beneficial for patients with metal 
allergies.91,92

Nanostructured Implant Surfaces

Future dental implants will have nanocoatings of Hydroxyapatite 
(HA) or bioactive peptides, which will enhance bone healing and 
osseointegration.

These coatings will shorten healing time and reduce implant 
failures.

Magneto-Responsive Implant Coatings

Some next-generation implants will feature magnetic 
nanoparticles that can be activated by external magnetic fields.

This stimulation will accelerate bone growth and improve implant 
stability.93

Aspect Conventional Materials Modern Materials
Aesthetics Metallic or opaque Tooth-colored, translucent
Strength High but prone to corrosion (e.g., metals) High strength with wear resistance (e.g., 

ceramics)
Biocompatibility Risk of allergic reactions (e.g., nickel) Bioactive, promoting tissue regeneration
Bonding Mechanical retention Chemical bonding (e.g., adhesives)
Longevity Durable but unaesthetic Long-lasting with aesthetic appeal
Environmental Impact Mercury concerns Sustainable and mercury-free

Table 2: Conventional vs. Modern Dental Materials.
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Light-Activated and Energy-Responsive Dental 
Materials
Laser-Activated Bonding Agents

Current dental bonding techniques rely on chemical curing, 
which can sometimes lead to uneven adhesion.

Future bonding agents will be laser-activated, ensuring stronger 
and more uniform attachment to the tooth.94

Piezoelectric Materials for Bone Regeneration

Piezoelectric materials generate small electric charges when 
subjected to mechanical stress.

When used in dental implants, these materials could stimulate 
bone cell growth, speeding up bone regeneration and healing.95

The future of dental materials is rapidly advancing toward 
biocompatibility, intelligence, and sustainability. With innovations 
in stem cell therapies, AI-driven customization, self-healing 
adhesives, and antimicrobial technologies, dentistry is shifting 
from repair-based treatments to preventive and regenerative 
solutions. These developments will lead to longer-lasting, more 
natural and patient-friendly dental restorations, improving 
both oral health and overall well-being. Dental materials 
serve as the foundation of modern dentistry, enabling the 
prevention, diagnosis, treatment, and restoration of oral diseases. 
Technological advancements, including nanotechnology, digital 
workflows, and bioactive materials, have significantly enhanced 
their development and application. A deep understanding of 
material properties, classifications, and innovations allows dental 
professionals to make informed choices, optimizing clinical 
outcomes and patient satisfaction.

Key factors influencing material selection include 
biocompatibility, mechanical strength, aesthetics, and ease of 
handling. Restorative materials, such as nanohybrid composites 
and glass ionomer cements, are designed for both functionality 
and aesthetics, while advancements in prosthetic materials such 
as zirconia and high-strength ceramics-have expanded treatment 
options, particularly for patients with high esthetic demands. 
The emergence of smart and bioactive dental materials further 
underscores the role of innovation in advancing preventive and 
therapeutic dental care.

The integration of digital dentistry, CAD/CAM technologies, 
and 3D printing has revolutionized modern dental restorations, 
improving precision, efficiency, and reducing chair time. 
Simultaneously, nanotechnology has enhanced the mechanical 
and aesthetic properties of dental composites, while advanced 
adhesive systems have strengthened bonding and minimized 
complications like microleakage.

Looking ahead, the evolution of dental materials will emphasize 
sustainability, enhanced biocompatibility, and multifunctionality. 

The development of novel preventive materials, smart systems, 
and regenerative biomaterials is set to shape the future of 
restorative and prosthetic dentistry. Staying informed about 
these advancements is essential for dental professionals to ensure 
evidence-based decision-making and high-quality patient care.

Interdisciplinary collaboration among material scientists, dental 
researchers, and clinicians will be crucial in driving innovation 
toward sustainable, patient-centered solutions. As new 
technologies and research continue to push boundaries, dental 
materials will evolve to better replicate natural dental tissues, 
enhancing both function and esthetics.

CONCLUSION

The evolution of dental materials has profoundly transformed 
clinical dentistry, shifting the focus from basic restorative 
functions to advanced, patient-centered care. Through 
innovations in nanotechnology, bioactive compounds, digital 
fabrication techniques, and smart material science, dental 
treatments have become more durable, aesthetic, and biologically 
compatible. This review underscores the pivotal role of material 
selection based on clinical application, mechanical performance, 
biocompatibility, and handling properties.

Modern dental materials ranging from nanohybrid composites 
and CAD/CAM ceramics to bioactive cements and regenerative 
scaffolds are paving the way for minimally invasive, personalized, 
and sustainable approaches to oral healthcare. Despite the 
progress, challenges such as long-term biocompatibility, 
mechanical limitations, and environmental concerns remain and 
warrant further interdisciplinary research.

Looking ahead, the integration of artificial intelligence, 
regenerative biomaterials, and eco-friendly technologies is 
expected to redefine dental practices. By staying informed and 
adaptable, clinicians and researchers can ensure optimal patient 
outcomes while contributing to the ongoing advancement of 
dental material science.
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SUMMARY

This review explores the pivotal role of dental materials in 
modern dentistry, emphasizing their applications, properties, 
and advancements. Dental materials are essential in various 
dental procedures, including restorative, prosthetic, endodontic, 
and preventive treatments. The choice of materials depends 
on their biocompatibility, mechanical strength, and aesthetic 
appeal. Recent innovations, such as nanotechnology, CAD/CAM 
technology, and bioactive compounds, have revolutionized the 
field by enhancing precision, durability, and functionality.

The article categorizes dental materials into restorative, prosthetic, 
impression, preventive, and specialized types, analyzing their 
performance in clinical applications. Restorative materials, like 
composites and glass ionomers, are vital for repairing teeth, while 
prosthetic materials, such as zirconia and ceramics, are ideal for 
crowns and bridges. Smart and bioactive materials, along with 
digital dentistry tools, are driving trends toward personalized and 
minimally invasive care.

Future directions highlight the integration of sustainability, smart 
technologies, and biomimicry in material development, with a 
focus on eco-friendly solutions and advanced tissue-regenerative 
materials. Understanding these advancements aids clinicians and 
researchers in delivering optimal dental care.
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