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ABSTRACT

In recent years, there has been significant progress in the field of biomaterials,
particularly in their application within dentistry. This review critically examines the
current innovations and applications of biomaterials in dental practice, utilizing
secondary data as the primary source of information. The study explores the
advancements in material science that have led to the development of new
composites, ceramics, polymers, and bioactive materials designed to improve the
efficacy, durability, and aesthetic qualities of dental restorations and prosthetics.
Emphasis is placed on the integration of nanotechnology, tissue engineering, and
regenerative medicine, which have revolutionized traditional approaches and led to
the development of biomaterials with enhanced biocompatibility and functionality.
The review also addresses the challenges and limitations associated with existing
dental biomaterials, along with future research directions aimed at overcoming these
obstacles. By synthesizing data from a wide array of studies, this review provides a
comprehensive overview of how innovations in biomaterial technologies are shaping
the future of dentistry and improving patient outcomes.
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1. Introduction

The field of dentistry has witnessed transformative advancements over the past few
decades, driven by the integration of innovative biomaterials designed to enhance
both functional and aesthetic outcomes. Biomaterials, by definition, are natural or
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synthetic materials intended to interface with biological systems for medical
purposes (Deb, 2015). In dentistry, these materials play a critical role, impacting the
efficacy of treatments and the longevity of restorations. The evolution and
diversification of biomaterials have not only expanded the scope of dental treatments
but have also significantly improved patient satisfaction and overall oral health.

Historically, dental practices were limited to conventional materials such as gold,
amalgam, and ceramics. While effective, these materials often come with limitations,
such as aesthetics or biocompatibility issues (Bapat, 2019). Today, the advancement
in science and technology has facilitated the development of a wide array of
biomaterials that are tailored to meet specific clinical needs. These include
composites, ceramics, polymers, and biocompatible metals, each offering unique
properties that cater to various dental applications.

Innovations in biomaterials are largely driven by the need for materials that mimic
natural tooth structures, resist bacterial colonization, and endure the mechanical
stress of mastication. Moreover, the aesthetic demands of patients have steered
material development towards those that closely replicate the appearance of natural
teeth (Fernandez, 2021). The integration of nanotechnology and tissue engineering in
material design has opened new frontiers, enabling the creation of biomaterials that
promote tissue regeneration and integration.

This review aims to provide a comprehensive overview of the current innovations in
dental biomaterials and their applications. It will explore the properties, advantages,
and limitations of these materials, along with emerging trends and future directions
(Ghafar, 2023). By doing so, this article seeks to inform dental professionals and
researchers about the state-of-the-art materials that are shaping contemporary dental
practices and improving patient outcomes. Through a detailed examination of the
literature, this review will provide dental professionals and researchers with an in-
depth understanding of contemporary biomaterials. It will cover a range of topics,
including the design, characteristics, and clinical application of these materials, while
also considering the challenges and limitations they face.

2. Literature Review

Dentistry has witnessed a transformative journey with the advent of biomaterials,
which have significantly enhanced therapeutic, restorative, and cosmetic dental
practices. The unique intersection of biology, engineering, and material science has
driven the evolution of these materials, enabling advancements in dental procedures
and patient outcomes (Iftikhar, 2021). This literature review explores the scope of
biomaterials used in dentistry, focusing on their innovations and applications.

The earliest use of biomaterials in dentistry can be traced back to ancient
civilizations, utilizing shells and ivory for tooth replacements. As dental science
progressed, so did the exploration of materials suited for dental purposes (Khurshid,
2019). Historically, metals such as gold, amalgam, and platinum were popular for
their durability and malleability. However, with the discovery of biocompatibility
principles in the mid-20th century, there was a shift toward materials that not only
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served a mechanical function but integrated into the biological environment.
Significant studies emphasized the necessity for non-toxic, non-allergenic, and wear-
resistant materials, paving the way for contemporary exploration into ceramics,
polymers, and composites (Mahesh, 2021).

Biopolymers have garnered attention due to their versatility and adaptability in
various dental applications. Recent studies highlight advancements in resin
composites, which have become the material of choice for direct restorations due to
their aesthetic appeal and customizable properties (Qasim, 2018). Improved
formulations, such as bulk-fill composites, offer an enhanced depth of cure and
reduced polymerization shrinkage, addressing previous limitations (Tatullo, 2017).
Additionally, the development of bioactive composites that can release therapeutic
agents like fluoride or calcium ions has been significant in promoting
remineralization and preventing secondary caries (Zafar, 2020).

Historically, ceramics have been prized for their strength and aesthetic qualities. The
advent of zirconia and lithium disilicate ceramics has set new standards in dental
restorations due to their superior mechanical properties and translucency, closely
mimicking natural teeth. A body of research confirms that these ceramic materials
bolster functional longevity and patient satisfaction (Wang, 2016). Concurrently,
innovations in glass ionomer cements (GICs) have emphasized their use in pediatric
dentistry owing to their chemical bond to the tooth structure and fluoride release,
which benefits caries-prone patients (Parhi, 2021).

Metals continue to play a pivotal role in dentistry, particularly in implants and
orthodontic applications. Titanium and its alloys remain a gold standard for implants
due to their high biocompatibility and osseointegration capabilities (Joda et al.,
2021). Recent investigations focus on surface modifications of titanium to enhance
integration and reduce infection risks, utilizing methods such as surface roughening,
coatings, and antibacterial treatments (Heboyan et al., 2022).

A newer frontier in dental materials research involves regenerative biomaterials,
designed to repair and regenerate dental tissues. These include the development of
scaffolds and matrices that facilitate stem cell attachment and proliferation for
dentin-pulp complex regeneration (Fasolino et al., 2017). The integration of growth
factors and biomimetic approaches is being actively researched to optimize these
regenerative processes.

3. Methodology

In this comprehensive review of biomaterials in dentistry, a structured approach was
adopted to ensure a thorough examination of the latest innovations and applications.
The methodology comprised several key stages, including literature search, selection
criteria, data extraction, and analysis.

3.1 Literature Search

The review began with an extensive literature search conducted across multiple
academic databases, including PubMed, Scopus, Web of Science, and Google
Scholar. The search focused on peer-reviewed articles, reviews, and conference
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proceedings published in the last two decades to capture the evolution of
biomaterials in dentistry. Keywords such as "dental biomaterials,”" "innovations in
dentistry," "biocompatible materials,” "dental applications," and "nanotechnology in
dentistry" were utilized to identify relevant publications. Additionally, references
from key articles were examined to ensure comprehensive coverage of the topic.

3.2 Selection Criteria

To refine the scope of the review, selection criteria were established. Articles were
included based on their relevance to the topic, recency, and contribution to the
understanding of dental biomaterials. Studies that focused on novel materials,
techniques, and their clinical applications were prioritized. Publications not available
in English, duplicate studies, and those lacking substantial empirical data were
excluded. The selection process was independently performed by authors to enhance
objectivity and reduce bias, with discrepancies resolved through discussion or
consultation with a third author.

3.3 Data Extraction

Data extraction was performed systematically to capture critical information from
each selected article. Key aspects included the type of biomaterial, its properties and
composition, the innovation it presented, its clinical applications, and any
comparative studies with existing materials. Emphasis was placed on understanding
the material's biocompatibility, mechanical properties, and potential for integration
into current dental practices. Extracted data was organized into thematic categories,
which formed the basis for subsequent analysis.

3.4 Analysis

The analysis focused on identifying patterns, trends, and gaps in the current
literature. Descriptive statistics and thematic analysis were employed to synthesize
information regarding the innovations in dental biomaterials and their practical
applications. Comparative analysis was conducted for materials demonstrating
significant advancements over traditional options. Additionally, the review explored
both in vitro and in vivo studies to provide a balanced perspective on the efficacy
and safety of emerging materials.

4. Findings and Discussion
4.1 Overview of Biomaterials in Dentistry
4.1.1 Definition and Categories

Biomaterials in dentistry are materials specifically engineered to interact with
biological systems for therapeutic or diagnostic purposes. These materials are pivotal
to advancing dental care by enhancing the functionality, aesthetics, and longevity of
dental treatments (Elkassas, 2017). The primary categories of biomaterials used in
dentistry include metals, ceramics, polymers, and composites. Each category
possesses unique characteristics that make them suitable for specific dental
applications.
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Metals are valued for their strength, durability, and corrosion resistance, making
them ideal for applications such as dental implants and orthodontic wires. Common
metals in dentistry include titanium, stainless steel, and cobalt-chromium alloys
(Almutiri, 2022). For instance, titanium is widely used for implants due to its
excellent osseointegration properties.

Ceramics offer superior aesthetic qualities, mimicking the natural appearance of
teeth. They are brittle but highly biocompatible, making them suitable for crowns,
bridges, and veneers (Bapat, 2019). Zirconia and alumina-based ceramics are popular
due to their blend of aesthetic appeal and functional strength.

Polymers are versatile materials used in dentures, impression materials, and certain
types of prosthetic devices (Husain, 2017). Polymethyl methacrylate (PMMA) is a
commonly used polymer known for its ease of manipulation and acceptable
mechanical properties.

Composites combine the desirable properties of different materials, resulting in
resin-based composites that are commonly used for fillings and veneers (Basu,
2010). They offer a balance between strength and aesthetics and have improved
significantly with advancements in filler technology.

4.1.2 Historical Context and Evolution

The development of dental biomaterials has been marked by significant milestones
that have transformed clinical practices. Historically, the use of biomaterials in
dentistry can be traced back to ancient civilizations, where various natural materials
were used to replace or restore teeth. The advent of amalgam in the 19th century
marked a pivotal point in dental restorative materials. Despite controversies over
mercury content, dental amalgam offered a durable and cost-effective solution that
remained the standard for decades (Fakhri, 2020).

Ceramics gained prominence in the mid-20th century with the development of
feldspathic porcelain, which provided improved aesthetic outcomes for dental
crowns and veneers. The evolution from traditional feldspathic ceramics to modern
zirconia-based ceramics marked a significant leap, offering higher fracture toughness
and better optical properties (Jain, 2023).

The introduction of polymers and composite resins in the latter half of the 20th
century shifted restorative practices towards more aesthetically pleasing outcomes.
Advances in adhesive technologies further cemented their role as mainstays in dental
restoration (Punia, 2022).

Contemporary innovations focus on enhancing the biocompatibility and functionality
of dental biomaterials. The integration of nanotechnology in resin composites and
ceramics is a current trend that tailors material properties at the molecular level,
improving overall performance (Yazdanian, 2021).

4.2 Innovations in Dental Biomaterials
4.2.1 Advanced Ceramics

Recent advancements in ceramic biomaterials, notably zirconia and lithium
disilicate, have set new standards in dental restorations due to their superior aesthetic
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qualities and mechanical performance (Subramani, 2012). Zirconia, for instance, is
renowned for its outstanding strength and fracture resistance, making it an ideal
material for crowns and bridges. Lithium disilicate, known for its excellent
translucency, mimics the natural tooth's aesthetic properties, which is particularly
advantageous for anterior restorations where visual appearance is crucial.

However, the limitations of ceramics include their potential for catastrophic failure
and challenges in bonding with existing teeth structures. Traditionally, ceramics have
been criticized for brittleness, but recent advancements in toughening mechanisms
have mitigated these concerns to some extent (Verma, 2018). Additionally, studies
have demonstrated improved clinical outcomes through enhanced surface treatments
and bonding agents, citing improved adhesion and longevity (Lukaka, 2023).

4.2.2 Smart Polymers

Smart polymers offer transformative possibilities in dentistry due to their unique
self-healing and responsive properties. Emerging smart polymers can undergo
physical changes in response to environmental stimuli such as pH shifts or
temperature variations, allowing innovative applications in dental treatments and
prosthetics. For instance, polymer-based restoratives that exhibit self-healing
abilities can autonomously repair micro-cracks, potentially extending the lifespan of
dental fillings (Galler, 2010).

The application of smart polymers extends to orthodontics, where they may facilitate
controlled release systems for therapeutic agents or stress-responsive materials that
adjust to the biomechanical forces in the oral cavity (Fornabaio, 2017). Despite these
advancements, the challenges of ensuring consistent performance in the dynamic oral
environment remain a limitation.

4.2.3 Metal Alloys and Their Modifications

Innovations in metal alloys have focused on enhancing their biocompatibility and
mechanical strengths, significantly benefitting dental implants and orthodontics.
Modern titanium alloys, for example, have been engineered to enhance
osseointegration and minimize corrosion, leading to improved implant success rates
(Duraccio et al., 2015).

Research into surface modifications, such as nanotube coatings, has further improved
the interaction between metal alloys and biological tissues, enhancing the longevity
and acceptance of dental implants (Jurczyk, 2012). Despite these advances, the
primary limitation of metal alloys remains their potential for hypersensitivity
reactions, necessitating continued research into hypoallergenic alternatives.

4.2.4 Biodegradable and Bioactive Materials

Biodegradable and bioactive materials represent a critical frontier in dental tissue
engineering, promising materials that actively promote tissue regeneration. Calcium
phosphate-based materials, for instance, have shown success in reconstructing bone
and supporting the healing of periodontal tissues due to their bioactivity and
resorbability (Sreenivasalu, 2022).

Case studies such as the use of bioactive glass in alveolar ridge preservation
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demonstrate promising results, where material degradation coincides with bone
regeneration, illustrating a pivotal advancement in regenerative dentistry
(Matichescu, 2020). Nonetheless, issues surrounding the rate of degradation and
mechanical strength remain areas for further investigation to ensure reliable clinical
applications.

4.3 Applications of Biomaterials in Dentistry

The rapid advancements in biomaterials have significantly impacted various fields of
dentistry, promoting enhanced treatment options that prioritize functionality,
aesthetics, and patient comfort (Elkassas, 2017). This section explores the diverse
applications of biomaterials across different dental specialties.

4.3.1 Restorative Dentistry

Within restorative dentistry, biomaterials have transformed the approach to dental
fillings, crowns, and bridges. Traditionally, materials such as amalgam and gold
were prevalent; however, the introduction of composite resins and ceramics has
shifted preference towards materials that mimic natural tooth aesthetics. According
to a study by Bapat et al. (2019), composite materials, due to their superior aesthetic
properties and direct bonding capabilities, have largely replaced amalgam in many
settings.

Innovations in adhesive and bonding techniques have further enhanced the utility of
these materials. Contemporary bonding agents now integrate nanotechnology to
improve adhesion to tooth structures, reducing microleakage and increasing the
longevity of restorations (Van Basu, 2010). Such advancements suggest a promising
trend toward minimally invasive dentistry, as highlighted in previous studies
emphasizing conservative approaches to dental treatments (Fasolino et al., 2017).

4.3.2 Orthodontics

Biomaterials have revolutionized orthodontics through the development of more
aesthetically pleasing and comfortable solutions. The advent of tooth-colored
ceramic braces and clear aligners, such as Invisalign, demonstrates the shift toward
patient-centered care. Husain (2017) found that aligners fabricated from
thermoplastic polymers provide effective tooth movement while offering improved
comfort and reduced treatment visibility compared to traditional metal braces.

Moreover, new biomaterials used in archwires, including nickel-titanium alloys,
facilitate superior elastic properties, resulting in more efficient force delivery and
shorter treatment durations (Punia et al., 2022). These materials not only enhance
treatment efficacy but also contribute positively to patient compliance and
satisfaction.

4.3.3 Prosthodontics

The use of biomaterials in prosthodontics encompasses dentures, implants, and
maxillofacial prosthetics, with a strong emphasis on aesthetics and functionality. The
development of high-performance polymers and ceramics has ushered in a new era
of durable and lifelike prosthodontic solutions. For instance, lithium disilicate and
zirconia are now favored for crowns and fixed prostheses due to their strength and
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translucent properties (Subramani et al., 2012).

In implantology, the introduction of titanium and its alloys has set the gold standard
due to their biocompatibility and osseointegration capabilities. Recent studies have
explored surface modifications to titanium implants to enhance biological responses
and reduce healing times (Yazdanian et al., 2021). These advancements not only
improve the longevity and success rate of dental implants but also impact patient
quality of life by restoring oral function and aesthetics.

4.3.4 Periodontics

Periodontics has seen substantial developments in biomaterials aimed at periodontal
regeneration and therapy. Materials such as enamel matrix derivatives, bioactive
glass, and guided tissue regeneration membranes have been employed to promote
new bone and tissue growth in periodontal defects. A meta-analysis by Sreenivasalu
(2022) demonstrated the effectiveness of these materials in achieving significant
clinical attachment and bone-level gains.

Moreover, the ongoing research into biomimetic materials that mimic the natural
extracellular matrix offers promising future prospects for periodontal therapy
(Galler, 2010). These innovations not only enhance periodontal treatment outcomes
but also suggest potential pathways for addressing complex cases of periodontal
disease that were previously deemed untreatable.

4.4 Challenges and Limitations
4.4.1 Biocompatibility Issues

One of the cardinal challenges in the application of dental biomaterials is ensuring
biocompatibility. Adverse reactions stemming from foreign body responses,
cytotoxicity, and inflammatory reactions can undermine the efficacy of dental
procedures. For instance, metals like nickel, often used in orthodontic appliances,
have been reported to cause allergic reactions in a subset of patients (Almutiri,
2022). These biocompatibility concerns necessitate rigorous testing of new materials.

Current research is addressing these issues by developing and testing materials with
enhanced biocompatibility. Innovations in surface modification, like the use of
bioactive coatings, have shown promise in mitigating adverse reactions (Fernandez
et al., 2022). Furthermore, materials such as zirconia and titanium are gaining
preference due to their favorable biocompatibility profiles, supported by studies
demonstrating their reduced propensity to induce inflammatory responses (Bapat,
2018).

4.4.2 Mechanical and Physical Limitations

The mechanical constraints of current dental materials, such as fragility, wear, and
inadequate strength under masticatory load, present significant challenges. For
example, while composites offer aesthetic advantages, they may lack the strength of
traditional materials like amalgam, leading to increased fracture rates (Duraccio,
2015).

Innovations aimed at overcoming these limitations include the development of
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hybrid materials and the incorporation of nanotechnology. Nanocomposites, which
integrate nanoparticles into the resin matrix, improve mechanical properties without
compromising aesthetic quality. A recent study by Iftikhar (2021) demonstrated that
nanocomposites exhibit enhanced wear resistance and durability compared to
conventional composites, offering a potential solution to these limitations.

4.4.3 Cost and Accessibility

The financial implications of employing advanced biomaterials in dentistry are
another significant concern, often leading to disparities in access to high-quality
dental care (Parhi, 2021). High costs associated with materials such as ceramic and
newer bioactive materials may limit their use in routine practice, particularly in low-
resource settings.

To address these issues, strategies are being explored to enhance both accessibility
and affordability. Bulk purchasing, subsidies, and the development of cost-effective
yet efficient materials are proposed solutions. Research into cost-effective
manufacturing processes, such as additive manufacturing and bioprinting, holds
promise for reducing costs (Zafar et al., 2020). Additionally, government and
institutional support play a vital role in ensuring these advanced materials are
accessible to a broader population base.

4.5 Future Directions and Opportunities

The landscape of dental biomaterials is in a dynamic state of evolution, propelled by
innovative technologies and a shift towards personalized patient care. These
developments hold promise not only for enhancing the efficacy and aesthetic
outcomes of dental treatments but also for reshaping the future of dental practice
(Tatullo, 2017).

4.5.1 Emerging Technologies

Emerging technologies such as 3D printing and nanotechnology are at the forefront
of transforming the field of dental biomaterials. The integration of 3D printing into
dental practice is anticipated to revolutionize the fabrication of crowns, bridges,
prosthetics, and orthodontic devices (Matichescu, 2020). By enabling the production
of complex geometries with high precision and customization, 3D printing fosters
innovations in patient-specific treatments, significantly reducing the time and cost
associated with traditional manufacturing methods. Studies by Heboyan (2022)
highlight the capacity of 3D printing to produce highly detailed dental models and
prosthetics, which has the potential to improve the fit and function of restorations.

Nanotechnology further contributes to the advancement of dental biomaterials by
enhancing material properties at a molecular level. Incorporating nanoparticles in
dental composites and coatings has been shown to improve mechanical strength,
wear resistance, and antibacterial properties. For example, nanostructured calcium
phosphate particles can promote remineralization and reduce the incidence of
secondary caries, as demonstrated in research by Deb (2015). These enhancements
are likely to extend the longevity and performance of dental restorations, bridging
the gap between biological compatibility and durability.
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4.5.2 Personalized Dentistry

Personalized dentistry is an emerging paradigm that tailors dental care to the unique
biological makeup and preferences of each patient. Biomaterials play a crucial role in
this shift, offering solutions that can be customized to align with individual patient
needs (Fakhri, 2020). Advances in digital imaging and CAD/CAM technologies have
paved the way for patient-specific fixtures, allowing for more precise and efficient
treatment planning.

Innovations in dental biomaterials enable the customization of properties such as
shade, translucency, and surface texture to closely mimic natural dentition,
improving aesthetic outcomes. The development of bioactive materials that interact
beneficially with the oral environment also presents opportunities to enhance
regenerative treatments and support tissue healing. Research conducted by Fornabaio
(2017) demonstrates how bioactive glass materials can stimulate tissue regeneration,
opening new avenues in endodontic therapy and periodontal repair.

In the context of personalization, the advent of smart biomaterials, which can
respond to environmental stimuli or changes in the oral cavity, offers significant
potential (Jurczyk, 2012). These materials could provide real-time monitoring of
dental health, releasing therapeutic agents in response to cariogenic challenges or
changes in pH levels. Such developments align with the goals of personalized
medicine, promoting more proactive and preventive approaches to dental care.

The convergence of these emerging technologies with the principles of personalized
dentistry suggests a future where dental treatments are not only more effective but
also more aligned with the holistic well-being of the patient (Wang, 2016).
Continued interdisciplinary research and collaboration will be essential to overcome
current limitations and unlock the transformative potential of these innovations fully.
As the field progresses, there is a promising opportunity to redefine standards of
care, ultimately leading to improved patient satisfaction and outcomes.

5. Conclusion

In recent years, biomaterials have revolutionized the field of dentistry by introducing
innovative solutions that enhance both functional and aesthetic outcomes in dental
treatments. This review has highlighted the significant advancements and diverse
applications of biomaterials in dentistry, showcasing their role in improving patient
care and treatment success.

Biomaterials have shown remarkable potential in restorative dentistry, periodontal
therapy, endodontics, and implantology. Innovations such as bioactive polymers,
ceramics, and composite materials have enabled the development of dental
restorations that mimic the natural properties of teeth, offering improved durability,
aesthetics, and biocompatibility. The incorporation of nanotechnology and smart
materials has further expanded the capabilities of biomaterials, allowing for targeted
drug delivery, enhanced tissue regeneration, and real-time response to environmental
changes.

465



A Review on Biomaterials in Dentistry: Innovations and Applications

Furthermore, the use of biomaterials in dental implants has significantly increased
the success rates of osseointegration, providing patients with reliable and long-
lasting solutions for tooth replacement. The development of bioactive coatings and
surface modifications has enhanced the interaction between the implant and bone
tissue, promoting faster healing and integration.

Despite these advancements, challenges remain in the widespread adoption and
implementation of these innovative materials in clinical practice. Factors such as
cost, manufacturing complexities, and the need for extensive clinical validation must
be addressed to fully realize the potential of biomaterials in dentistry. Additionally,
continuous research is essential to better understand the long-term performance and
safety of these materials and to explore new avenues for their application.

In conclusion, biomaterials present a promising frontier in dentistry, offering
unprecedented opportunities for improving patient outcomes. As research and
technology continue to evolve, the integration of biomaterials in dental practice is
likely to expand further, paving the way for more personalized, effective, and
minimally invasive dental treatments. It is imperative for dental professionals to stay
informed about these developments and to consider how they can be integrated into
everyday clinical practice to enhance patient care.

References

Almutiri, M. F., Albogami, M. A., Alamer, H. M., Almotari, N. A., Alabdulmuhsin, H. S. H., Najem, A.
I, ... & Alghamdi, F. M. M. (2022). Advancements In Dental Biomaterials: Innovations For
Restoration And Regeneration. Journal of Namibian Studies: History Politics Culture, 32, 1057-1075.

Bapat, R. A., Joshi, C. P., Bapat, P., Chaubal, T. V., Pandurangappa, R., Jnanendrappa, N., ... &
Kesharwani, P. (2019). The use of nanoparticles as biomaterials in dentistry. Drug discovery today,
24(1), 85-98.

Bapat, R. A., Chaubal, T. V., Joshi, C. P., Bapat, P. R., Choudhury, H., Pandey, M., ... & Kesharwani, P.
(2018). An overview of application of silver nanoparticles for biomaterials in dentistry. Materials
Science and Engineering: C, 91, 881-898.

Basu, B., Katti, D. S., & Kumar, A. (2010). Advanced biomaterials: fundamentals, processing, and
applications. John Wiley & Sons.

Deb, S., & Chana, S. (2015). Biomaterials in relation to dentistry. Biomaterials for Oral and
Craniomaxillofacial Applications, 17, 1-12.

Duraccio, D., Mussano, F., & Faga, M. G. (2015). Biomaterials for dental implants: current and future
trends. Journal of Materials Science, 50, 4779-4812.

Elkassas, D., & Arafa, A. (2017). The innovative applications of therapeutic nanostructures in dentistry.
Nanomedicine: Nanotechnology, Biology and Medicine, 13(4), 1543-1562.

Fornabaio, M., Reveron, H., Adolfsson, E., Montanaro, L., Chevalier, J., & Palmero, P. (2017). Design
and development of dental ceramics: Examples of current innovations and future concepts. In
Advances in ceramic biomaterials (pp. 355-389). Woodhead Publishing.

Fernandez, C. C., Sokolonski, A. R., Fonseca, M. S., Stanisic, D., Aradjo, D. B., Azevedo, V., ... & Tasic,
L. (2021). Applications of silver nanoparticles in dentistry: advances and technological innovation.
International Journal of Molecular Sciences, 22(5), 2485.

Fasolino, I., Raucci, M. G., & Ambrosio, L. (2017). MSCs and Innovative Injectable Biomaterials in
Dentistry. MSCs and Innovative Biomaterials in Dentistry, 43-61.

Fakhri, E., Eslami, H., Maroufi, P., Pakdel, F., Taghizadeh, S., Ganbarov, K., ... & Kafil, H. S. (2020).
Chitosan biomaterials application in dentistry. International journal of biological macromolecules,
162, 956-974.

Ghafar, Z. N. (2023). The Teacher-Centered and the Student-Centered: A Comparison of Two
Approaches. International Journal of Arts and Humanities, 1(1), 18-23.

Galler, K. M., D'Souza, R. N., & Hartgerink, J. D. (2010). Biomaterials and their potential applications
for dental tissue engineering. Journal of Materials Chemistry, 20(40), 8730-8746.

466



Areej Owid Saeed Al-Harbi, Salha Mufrrij Shobayli, Maha Saad Alotaiby, Ashwag Ebrahium Al Sayed, Amal
Mafarh Abdallah Al-otaibi, Amal Taha Abdullah Alsomaly, Abdulaziz Hassan Ali Alghamdi, Fahad Ahmed
Alajmah, Mansour Abdullah Alqarni, Naif Matar Almotairi

Heboyan, A., Zafar, M. S., Rokaya, D., & Khurshid, Z. (2022). Insights and advancements in biomaterials
for prosthodontics and implant dentistry. Molecules, 27(16), 5116.

Husain, S., Al-Samadani, K. H., Najeeb, S., Zafar, M. S., Khurshid, Z., Zohaib, S., & Qasim, S. B.
(2017). Chitosan biomaterials for current and potential dental applications. Materials, 10(6), 602.
Iftikhar, S., Jahanzeb, N., Saleem, M., ur Rehman, S., Matinlinna, J. P., & Khan, A. S. (2021). The trends
of dental biomaterials research and future directions: A mapping review. The Saudi dental journal,

33(5), 229-238.

Jain, S. (2023). Constructing the Future: Unveiling Novel Approaches to Entrepreneurship Development
in Construction and Contracting Industries. International Journal of Applied and Natural Sciences,
1(1), 42-50.

Joda, T., Yeung, A. W. K., Hung, K., Zitzmann, N. U., & Bornstein, M. M. (2021). Disruptive innovation
in dentistry: what it is and what could be next. Journal of dental research, 100(5), 448-453.

Jurczyk, M. (Ed.). (2012). Bionanomaterials for dental applications. CRC Press.

Khurshid, Z., Najeeb, S., Zafar, M., & Sefat, F. (Eds.). (2019). Advanced dental biomaterials.

Lukaka, D. (2023). Art Education and its Impact on Creativity and Critical Thinking Skills: A Review
literature. International Journal of Arts and Humanities, 1(1), 31-39.

Matichescu, A., Ardelean, L. C., Rusu, L. C., Craciun, D., Bratu, E. A., Babucea, M., & Leretter, M.
(2020). Advanced biomaterials and techniques for oral tissue engineering and regeneration—a
review. Materials, 13(22), 5303.

Mahesh, K. P., lyer, M. S., Raghavendra, S., Patil, K., & Raghunath, N. (2021). Biomaterials and Their
Applications in Dentistry—A Literature Review. J Evolution Med Dent Sci, 10(26), 1940-1947.

Punia, U., Kaushik, A., Garg, R. K., Chhabra, D., & Sharma, A. (2022). 3D printable biomaterials for
dental restoration: A systematic review. Materials Today: Proceedings, 63, 566-572.

Parhi, S., Pal, S., Das, S. K., & Ghosh, P. (2021). Strategies toward development of antimicrobial
biomaterials for dental healthcare applications. Biotechnology and Bioengineering, 118(12), 4590-
4622.

Qasim, S. B., & Rehman, I. U. (2018). Application of nanomaterials in dentistry. Micro and
Nanomanufacturing Volume 11, 319-336.

Subramani, K., & Ahmed, W. (Eds.). (2012). Nanobiomaterials in clinical dentistry. William Andrew.

Sreenivasalu, P. K. P., Dora, C. P., Swami, R., Jasthi, V. C., Shiroorkar, P. N., Nagaraja, S., ... & Anwer,
M. K. (2022). Nanomaterials in dentistry: current applications and future scope. Nanomaterials,
12(10), 1676.

Tatullo, M. (Ed.). (2017). MSCs and Innovative Biomaterials in Dentistry. Springer.

Verma, A. (2018). Novel innovations in dental implant biomaterials science: Zirconia and PEEK
polymers. Int J Appl Dent Sci, 4(4), 25-29.

Wang, Y. (2016). Bioadaptability: an innovative concept for biomaterials. Journal of Materials Science &
Technology, 32(9), 801-809.

Yazdanian, M., Rahmani, A., Tahmasebi, E., Tebyanian, H., Yazdanian, A., & Mosaddad, S. A. (2021).
Current and advanced nanomaterials in dentistry as regeneration agents: an update. Mini Reviews in
Medicinal Chemistry, 21(7), 899-918.

Zafar, M. S., Amin, F., Fareed, M. A., Ghabbani, H., Riaz, S., Khurshid, Z., & Kumar, N. (2020).
Biomimetic aspects of restorative dentistry biomaterials. Biomimetics, 5(3), 34.

467



