e-ISSN:2582-7219

31 =2 =
(T gz 8
ro71

S

INTERNATIONAL JOURNAL OF

MULTIDISCIPLINARY RESEARCH
IN SCIENCE, ENGINEERING AND TECHNOLOGY

Volume 7, Issue 12, December 2024

INTERNATIONAL
STANDARD

SERIAL Impact Factor: 7.521
NUMBER

INDIA

© DA

! 6381 907 438 6381 907 438 ijmrset@gmail.com . www.ijmrset.com



©2024 IJMRSET | Volume 7, Issue 12, December 2024| DOI: 10.15680/IJMRSET.2024.0712207

| ERINHPALYZPAVE | www.ijmrset.com | Impact Factor: 7.521| ESTD Year: 2018§|

International Journal of Multidisciplinary Research in
Science, Engineering and Technology (IJMRSET)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

“Silicon Nitride (SisN4)” — An Alternative
Material in Dentistry!!- A Review

Dr.B.LakshmanaRao', Dr. P.V.Vaibhav?, Dr.P.Bhavani 3, Dr. Ch.Madhuri 4, Dr.P. Raviteja®
Professor & HOD, Department of Prosthodontics, Lenora Institute of Dental Sciences, Rajahmundry, A.P., India!
P.G. Student, Department of Prosthodontics, Lenora Institute of Dental Sciences, Rajahmundry, A.P., India®>*3

ABSTRACT: High-performance ceramic substance silicon nitride (SisN4) is becoming more and more popular in
dentistry because of its remarkable blend of mechanical strength, antibacterial characteristics, biocompatibility, and
aesthetics. Because of these qualities, SiNa is positioned as a material that can be used in a variety of dental applications,
such as implants, prosthetics, and restorative elements. It is better than conventional materials like titanium and zirconia
because it can prevent bacterial colonization and biofilm formation, which lowers the risk of infections like peri-
implantitis. SiNa is perfect for load-bearing applications because of its wear resistance and fracture toughness, which also
guarantee its longevity in high-stress situations. Silicon nitride provides notable benefits in prosthodontics for both fixed
and detachable prostheses. It is utilized for denture bases, crowns, bridges, and implant abutments. Its tooth-like tint and
translucency improve cosmetic results, particularly in areas that are visible. The antibacterial qualities of the material
also reduce the buildup of plaque, improving oral hygiene around prosthetic parts. Furthermore, silicon nitride is a
biomaterial with superior osteogenic potential that is also promising in implant-supported restorations, facilitating better
osseointegration and lowering infection risks. Its high strength and reduced wear make it a dependable option for
components like precision attachments and implant-supported prostheses. Ongoing improvements in manufacturing
processes and clinical research are anticipated to increase the use of SiNa in dentistry and prosthodontics, despite its high
cost and scant clinical validation. This abstract demonstrates how silicon nitride can revolutionize contemporary dental
care by successfully meeting functional, biological, and cosmetic requirements.

L. INTRODUCTION

A ceramic substance made of silicon (Si) and nitrogen (N) is called silicon nitride (SizN4). With better mechanical
strength, very low wear resistance and good resistance for thermal changes this bioceramics material showing excellent
results in both knee joint replacements and spinal fusion implant material.[1] Because of its special blend of chemical
and physical characteristics, it is one of the most popular advanced ceramics and may be employed in a wide range of
high-performance applications.

Chemical Composition: Three silicon atoms are covalently bound to four nitrogen atoms in each silicon nitride
molecule, as indicated by its chemical formula, SisNa.

Physical Characteristics [2]

*Hardness: ~1,700 HV (Vickers hardness)

Superior strength retention at high temperatures.

*Low Density

~3.2 g/cm? (relatively lightweight compared to metals).

*High Thermal Stability

Melting Point: Decomposes above 1900°C in inert atmospheres.
Low Thermal Expansion

*Coefficient of thermal expansion (CTE): ~3.2 x 107K, ensuring excellent thermal shock resistance.
High Thermal Conductivity

Varies with purity and microstructure, ranging from 18—40 W/m-K.
*Excellent Wear Resistance

Provides durability in mechanical and tribological applications.
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*Electrical Properties
Insulating material with high dielectric strength (~15-30 kV/mm).
*Volume resistivity: ~10>-10" Q-cm.

Chemical Properties [3]

*Chemical Stability

Inertness: Resistant to most acids and alkalis.

Reacts with strong oxidizing agents or molten salts at high temperatures.

*Oxidation Resistance

Forms a protective layer of silicon dioxide (SiO2) upon oxidation, improving resistance at elevated temperatures.
*Decomposition

Decomposes to silicon and nitrogen gas at ~1900°C in a vacuum or reducing atmosphere.

General Uses of Silicon Nitride [4-6]

Because of its remarkable qualities, including high strength, thermal stability, wear resistance, and biocompatibility,
silicon nitride (SisN4) is a high-performance ceramic that finds extensive use in mechanical, industrial, and advanced
engineering applications. Its general and medicinal uses are listed below:

General Applications

* Automobile Sector

Engine parts include glow plugs, turbocharger rotors, and valve guides.

Bearings: Because of their lightweight nature, wear resistance, and thermal stability, SiNs bearings are recommended for
high-speed engines.

*Defense and Aerospace

Turbine Components: Heat-resistant, lightweight parts used in gas turbines and jet engines.

* Armor: Used in military applications for lightweight ceramic armor.

*Engineering Mechanically

Because of their extended lifespan and great wear resistance, bearings and rollers are used in precision machinery.
*Cutting Tools: Blades and inserts used to machine hard metals.

Electronic devices

Because of their insulating qualities and thermal stability, substrates and insulators are used in microelectronics.
In integrated circuits, semiconductors serve as both a passivation layer and a diffusion barrier.

*The Energy Sector

Fuel Cells: Solid oxide fuel cells (SOFCs) use SiN4 components.

Heat exchangers: Perfect for corrosive and hot conditions.

*The field of optics

Thin film coatings are applied to optical devices to provide protective and antireflective coatings.

Medical Uses of Silicon Nitride [7]

The biomedical industry has been paying more attention to silicon nitride because of its exceptional mechanical strength,
antibacterial qualities, and biocompatibility.

1. Orthopedic Implants

*Implants in the spine:

Fusion cages, intervertebral spacers, and other spinal implants are made of SiNa.

It is better than conventional materials like titanium or PEEK because it can inhibit bacterial colonization and encourage
bone formation (osteointegration).

*Joint Replacements:

Because of its low wear rates and corrosion resistance, it may find use in hip and knee prosthesis.

Applications of silicon nitride in dentistry. [8-12]

Because of its mechanical strength, antibacterial qualities, and biocompatibility, silicon nitride (SiN4) is showing great
promise as a dental material. Because of these qualities, it can be used in orthodontic, prosthetic, and restorative dental
applications.
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1. Dental Implants

Benefits:

*Biocompatibility: Implant stability over the long term is ensured by SiN4's good osteointegration with bone.

* Antibacterial Properties: Unlike titanium or zirconia implants, it inhibits bacterial adhesion, lowering the risk of
infection and peri-implantitis.

*Mechanical Strength: It is perfect for load-bearing applications such as molar implants due to its high durability and
fracture toughness.

* Aesthetic Appeal: Compared to metals like titanium, its natural color offers superior beauty.

Uses:

root-form abutments and implants.

components of implant systems that promote transgingival healing.

2. Bridges and Crowns for Dentistry

High Wear Resistance: Because SiN4 can tolerate occlusal stresses, it is utilized for crowns and bridges in high-stress
locations, such molars.

Durability: Long-lasting repairs are guaranteed by its resistance to chipping and cracking.

3. Orthodontics

Orthodontic Brackets: Compared to conventional ceramics, silicon nitride is utilized to create ceramic brackets that are
more aesthetically pleasing and have superior mechanical qualities.

Benefits Compared to Metals:

non-metallic look for improved visual appeal, resistance to food or beverage stains, improved oral hygiene due to a
decrease in bacterial buildup.

4. Endodontic Materials
Fillers and Posts for Root Canals:
Because of its antibacterial and biocompatible qualities, SiNa is being researched for use in endodontic applications.

5. Temporomandibular Joint (TMJ) Prostheses

The following reasons make silicon nitride a promising material for TMJ prostheses:
strong mechanical properties. A smooth surface that lessens wear on cartilage and bone.
durability over time in joint applications.

6. Dental Tools and Instruments
High-precision dental instruments like burs and cutting tools are made of silicon nitride because of its: Incredibly hard,
resistance to wear, the capacity to keep edges sharp over time.

Applications of Silicon Nitride in Prosthodontics [13-16]

Because of its antibacterial activity, mechanical strength, aesthetic qualities, and biocompatibility, silicon nitride (SiN4)
is becoming a desirable material in prosthodontics. These characteristics give it an advantage over traditional materials
like titanium, zirconia, and alumina and make it appropriate for a range of fixed and removable prosthodontic
applications.

1. Fixed Prosthodontics

1.1. Crowns and Bridges

Application: Silicon nitride is utilized in the construction of crowns and bridges, especially in regions that are subjected
to significant loads, such molars.

Benefits:

High Strength: Outstanding resistance to wear and breakage, guaranteeing longevity.

Aesthetic Appearance: It is appropriate for visible restorations due to its tooth-like tint and translucency.

Antibacterial Properties: Lowers the incidence of secondary caries and gingival irritation by reducing the buildup of
plaque on prosthetic surfaces.
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For instance, SisN4 exhibits higher long-term survival rates under masticatory stresses in posterior restorations than
conventional ceramics.

1.2. Implant-Supported Prostheses

Use: SiN4 frameworks and abutments for crowns and bridges supported by implants.

Benefits:

Biocompatibility: Encourages the repair of soft tissues surrounding abutments.

Antimicrobial Properties: Prevents infections around implants by preventing the production of biofilms.

Mechanical Strength: Able to withstand fracture and occlusal loads.

2. Removable Prosthodontics

2.1.Denture Bases

Use: High-performance denture bases can be made with silicon nitride.

Benefits:

more robust mechanically than acrylic resins.

On denture bases, antimicrobial surfaces lessen fungal infections like Candida albicans.
2.2. Precision Attachments

Use: In the production of parts for detachable partial dentures, such as clasps, bars, and attachments.
Benefits:

Longevity is guaranteed by high wear resistance.

The opposing natural teeth are less worn by a smooth surface.

3. Temporomandibular Joint (TMJ) Prostheses

Use:

TMIJ prostheses for individuals with severe joint dysfunction are made of silicon nitride.
Benefits:

Elevated Biomechanical Power:

able to endure joint stresses without breaking or deforming.

Decreased Wear:

The smooth, lubricating surface of SiN4 reduces wear on the bone or cartilage that opposes it.
Antimicrobial Action:

reduces the likelihood of joint inflammation and infection.

Biocompatibility:

encourages the osseointegration of the prosthesis's bone-anchored components.

4. Antimicrobial Coatings in Prostheses

Use:

For prosthetic parts such as crowns, implant abutments, and denture frames, silicon nitride can be used as an antibacterial
covering.

Benefits:

stops the formation of biofilms, particularly in places where bacteria are likely to colonize.

lowers the chance of infections linked to prosthetics, including mucositis or peri-implantitis.

5. Endodontic Post and Core Systems

Application: In prosthetic restorations of teeth that have undergone endodontic treatment, SiN4 posts serve as structural
supports.

Benefits:

superior than fiber-reinforced composites in terms of fracture toughness.

Both biocompatible and bacterial colonization-resistant.

6. Custom Prostheses in Maxillofacial Rehabilitation

Use:

Custom prosthetic implants made of silicon nitride are utilized to repair major craniofacial abnormalities brought on by
cancer or trauma.
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Benefits:
strong mechanical properties for long-lasting structural soundness. compatibility with aesthetics for locations that are
visible. Safe integration with both soft and hard tissues is ensured via biocompatibility.

Applications of Silicon Nitride as an Implant Material [17-20]

1. Dental Implants

Range:

SiN4 can be utilized for transgingival components, implant abutments, and root-form dental implants.The likelihood of
peri-implantitis, a frequent reason for implant failure, is decreased by its antimicrobial qualities. SiN4 implants are more
successful than titanium or zirconia at inhibiting the production of biofilms, according to Pezzotti et al. (2018).

Clinical models show decreased infection rates and improved bone repair.

2. Orthopedic Implants

Range: Utilized in fracture fixation plates, joint replacements (such as hip, knee, and TMJ), and spinal interbody fusion
devices. Longevity in high-stress orthopaedic applications is guaranteed by superior wear resistance. SisN4 interbody
spinal cages enabled robust bone fusion with negligible wear debris, as demonstrated by Bal et al. (2012). Because of its
mechanical dependability, SiN4 was recognized by Rahaman et al. (2014) as a viable substitute for cobalt-chromium in
total joint replacements.

3. Implants for the maxillofacial and craniofacial regions

Range: Because they may be made to fit particular anatomical shapes, custom cranial and facial implants are used in
reconstructive surgery. It is appropriate for areas that are visible because to its aesthetic appearance and biocompatibility.
The long-term durability and tissue integration of SiNa in craniofacial implants were highlighted by Marin et al. (2020).

4. Prosthetics for the Temporomandibular Joint (TMJ)
Range: Because of its strength and resistance to wear, SiNa is being investigated for TMJ replacements. SisNa lowers

wear and irritation in TMJ prosthesis, according to Pezzotti et al. (2020).

Advantages Over Conventional Implant Materials

Property Titanium Zirconia Silicon Nitride (SisN4)
Biocompatibility Excellent Excellent Excellent

Antimicrobial Activity Limited Limited High (Inhibits bacterial adhesion)
Fracture Toughness High Moderate High

Aesthetic Appearance Poor (Metallic) Good Excellent (Tooth-like)

Wear Resistance Moderate High High

Cost Moderate High High

Future Prospects:
Surface Modification Optimization:
Coatings and nanostructuring are being studied to improve the osteogenic and antibacterial qualities of SiNa.

Economies of Production:
Improvements in sintering and 3D printing processes could lower production costs.
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Hybrid Implants:

For certain applications, combining SiN+ with metals or polymers could maximize the benefits of both materials. Because
of its special blend of mechanical, osteogenic, and antibacterial qualities, silicon nitride is a flexible and promising
implant material. Even if there are still issues with cost and clinical validation, further research and technical
developments should expand its use in maxillofacial reconstruction as well as orthopedic and dental implants.

II. CONCLUSION

With unmatched benefits in terms of biocompatibility, antibacterial activity, mechanical strength, and aesthetic qualities,
silicon nitride (SisN4) stands out as a revolutionary material in prosthodontics. One of the major issues in prosthetic
dentistry is infection management, which is addressed by its capacity to prevent bacterial growth and biofilm
development, giving it a considerable advantage over conventional materials like titanium and zirconia. For both fixed
and removable prostheses, such as crowns, bridges, implant abutments, and denture bases, SiN4's exceptional fracture
toughness and wear resistance guarantee long-term durability.

Furthermore, the tooth-like translucency of silicon nitride improves aesthetic results, particularly in areas that are visible,
and its osteogenic potential facilitates successful osseointegration in restorations supported by implants. Its versatility is
further demonstrated by its use in custom prostheses and precision attachments for maxillofacial rehabilitation.
Improvements in manufacturing processes and continued research are anticipated to lessen these restrictions.
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