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ABSTRACT

Aim of the study The primary objective of this review is to provide a comprehensive assessment of noble metal
cements in dental medicine. By synthesizing relevant scientific literature, we aim to offer a thorough
understanding of the characteristics, applications, advantages, and disadvantages of noble metal cements in
contemporary dental practice. Through an evidence-based approach, our study seeks to inform dental
professionals and researchers about the role and considerations surrounding the use of noble metal cements in
restorative and prosthetic dentistry. Material and methods In pursuit of our study's objectives, we conducted an
extensive exploration of the pertinent scientific literature. To gather relevant information and data, systematic
searches were meticulously executed in electronic databases known for their dental and medical coverage. These
databases included PubMed, Google Scholar, and Web of Science. Our search criteria were designed to retrieve
articles published from May and onwards, ensuring that our review encompasses the most contemporary
research and developments in the field of noble metal cements in dental medicine. Results The results of this
comprehensive review are presented in a structured and organized manner, shedding light on various aspects of
noble metal cements in dental medicine. We synthesize the current scientific knowledge regarding the
properties, applications, and advantages of noble metal cements while also addressing potential disadvantages
and limitations. Through our analysis, we aim to provide a holistic perspective on the use of noble metal
cements in various dental scenarios. Conclusions Drawing from the gathered data and insights, our review
offers conclusions that underscore the significance of noble metal cements in dental medicine. We discuss
their biocompatibility, durability, malleability, and versatility, while also acknowledging considerations
related to cost, esthetics, and environmental impact. By addressing these aspects, our study provides valuable
guidance for dental professionals, educators, and researchers, supporting evidence-based decision-making in
the use of noble metal cements for dental restorations and prosthetic applications.
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INTRODUCTION to as dental cements, play a crucial role in

Noble metals, including gold, platinum,
and palladium, have long captivated human
fascination due to their unique properties,
enduring beauty, and remarkable utility.
While these metals are celebrated in the
realms of art, jewelry, and finance, they also
hold a significant place in the field of
dentistry. Noble metal cements, often referred
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modern dentistry, offering a blend of strength,
biocompatibility, and longevity that makes
them invaluable for a range of dental
applications [1, 8].

This article will delve into the world of
noble metal cements, shedding light on their
properties, applications, and why they remain
a preferred choice for dental professionals.
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We will explore the rich history of noble
metal usage in dentistry, elucidate the key
characteristics that set them apart, and
provide insights into their contemporary
applications in the ever-evolving field of
dental medicine. From crowns and inlays to
bridges and implant-supported prostheses,
noble metal cements continue to serve as the
bedrock of restorative dentistry, ensuring that
patients can smile confidently and live
comfortably [7, 15].

MATERIAL AND METHODS

A comprehensive search of scientific
databases (e.g., PubMed, Scopus, Web of
Science) was conducted to identify pertinent
articles and reviews related to noble metal-
based dental cements, with a focus on gold
and amalgam. Keywords used for the search
included "noble metal-based dental cements,"
"gold-based dental cements,” "amalgam in
dentistry,” "dental cement properties and
applications.” Inclusion criteria:  Articles
published in peer-reviewed journals, written
in English, and concentrating on the
properties, applications, and advancements of
noble  metal-based  dental cements,
particularly gold and amalgam.

Data Extraction.

Relevant data from the selected articles
were extracted and organized based on the
following key aspects: Cement composition:
Types and proportions of noble metal-based
cements, including gold-based dental cements
and dental amalgam. Physical properties:
Setting time, compressive strength, film
thickness, solubility, radiopacity, and other
pertinent physical characteristics of these
cements. Mechanical properties: Flexural
strength, bond strength, wear resistance, and
other mechanical properties of these cements.
Biocompatibility: Assessment of cytotoxicity,
tissue response, and biocompatibility of noble
metal-based cements. Clinical applications:
An overview of various applications of noble
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metal-based dental cements, including their

use in  restorations,  fillings, and
prosthodontics. Advancements and
innovations: Recent developments, novel

formulations, and emerging trends in noble
metal-based dental cements, particularly gold
and amalgam.

Data Analysis.

The extracted data were synthesized and
analyzed to provide an overview of the
properties, applications, and advancements of
noble metal-based dental cements, with a
specific emphasis on gold and amalgam. Key
findings, trends, and advancements were
identified and discussed in the review.
Knowledge gaps or areas requiring further
research were underscored.

The review article was structured based on
the analysis of the extracted data. The
sections of the review, such as Introduction,
Materials and Methods, Results, Discussion,
and Conclusion, were formulated based on
the key aspects identified during data
analysis. Pertinent citations and references
were included to substantiate the findings and
assertions made in the review.

The draft of the review article was
meticulously reviewed and revised for clarity,
cohesiveness, and accuracy.

RESULTS AND DISCUSSIONS

Noble metals, including gold, platinum,
and palladium, have long captivated human
fascination due to their unique properties,
enduring beauty, and remarkable utility.
While these metals are celebrated in the
realms of art, jewelry, and finance, they also
hold a significant place in the field of
dentistry. Noble metal cements, often referred
to as dental cements, play a crucial role in
modern dentistry, offering a blend of strength,
biocompatibility, and longevity that makes
them invaluable for a range of dental
applications [12, 25].

This article will delve into the world of
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noble metal cements, shedding light on their
properties, applications, and why they remain
a preferred choice for dental professionals.
We will explore the rich history of noble
metal usage in dentistry, elucidate the key
characteristics that set them apart, and
provide insights into their contemporary
applications in the ever-evolving field of
dental medicine [33]. From crowns and inlays
to bridges and implant-supported prostheses,
noble metal cements continue to serve as the
bedrock of restorative dentistry, ensuring that
patients can smile confidently and live
comfortably. Dental cements are fundamental
materials used in dentistry for a wide range of
applications, from restoration and
prosthodontics  to  orthodontics  and
endodontics. They are designed to adhere to
dental structures, offering stability and
durability. Dental cements come in various
formulations, each tailored to specific clinical
requirements. In this article, we will explore
the definition and composition of dental
cements, shedding light on their vital role in
the practice of dental medicine[2, 19, 33].

The composition of dental cements can
vary significantly depending on their intended
use and clinical requirements. However,
dental cements generally consist of the
following key components:

Powder: The powder component is
typically a mixture of various inorganic
substances. Common constituents include
zinc oxide, magnesium oxide, and silica. The
specific composition can be tailored to
achieve desired physical properties.

Liquid: The liquid component of dental
cements is often an aqueous solution of an
acid, such as phosphoric acid or polyacrylic
acid. This acid reacts with the powder to
initiate setting and hardening.

Fillers: Some dental cements incorporate
fillers to enhance certain properties. For
example, glass ionomer cements may contain
glass particles that contribute to their
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translucency and radiopacity.

Modifiers: Dental cements may also
include modifiers to adjust working time,
viscosity, and other characteristics. These
modifiers can include accelerators, retarders,
and other additives.

Resin: Resin-based dental cements, often
used for bonding orthodontic brackets or
indirect restorations, contain a resin
component. This resin may be light-cured or
dual-cured, depending on the clinical
situation.

Reinforcing Agents: In certain dental
cements, reinforcing agents, such as fibers or
other strengthening materials, may be
included to enhance mechanical properties.

Properties and Benefits

Noble metal cements have been a mainstay
in dentistry for many years, playing a crucial
role in various dental applications. These
cements are typically composed of noble
metals, such as gold, palladium, and silver,
which exhibit unique properties that make
them highly suitable for dental use. In table 1,
we will explore the properties and benefits of
noble metal cements in dentistry[3, 32].

Table 1 summarizes the properties and
benefits of noble metal cements in
dentistry.
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Properties of Noble Metal Cements Benefits of Noble Metal Cements in Dentistry

- Biocompatibility: Noble metals are inert and
non-reactive  in the oral  environment, - Longevity: Noble metal cements offer lang-lzsting
minimizing the risk of allergic reactions or tissue performance, reducing the need for frequent

responses. replacements.

- Durzbility: Noble metals, especially gold, are - Reduced Allergic Reactions: Biocompatibility
highly durable, resisting corrosion and tarnish, reduces the risk of allergic responses, crucial for
maintaining restoration integrity over time, patients with metal senzitivities.

- Precise Fit: Malleability ensbles accurate
- Malleability: Moble metals are highly adaptation to tooth structures, enhancing
mallezble, aliowing precise shaping for well- restoration stability and reducing microleakage
fitting dental restorations. rigks.

- hesthetics: Noble metals, as substructures, can - Versatility: Noble metal cements are versatile,
be venesred with tooth-colored materials, supparting 3 range of dental applications, from
offering versatility in aesthetic restorations.  crowns ta inlays and gnlays.

- Biocompatible Foundations: Noble metals make
excellznt foundations for dental restorations, znd
they can be veneerad for a natural appearance.

- Low Tarnish and Corrosion: Resistance to tamnish
and corrosion ensures the long-term success of
dental restorations in terms of both function znd
aesthetics.

Advancements in dental technology have
expanded the applications of metal cements.
Today, they are instrumental in the field of
dental implants, offering biocompatible and
robust support for artificial teeth. They play
a crucial role in root canal treatments by
anchoring endodontic posts, providing
support for crown restorations.
Additionally, they are the foundation for
implant-supported dentures, offering a
stable solution for edentulous patients.
Metal cements are also used for temporary
dental restorations, allowing for an interim
solution while permanent restorations are
being crafted. Furthermore, they are utilized
in  prosthetic  attachments such as
overdentures and partial dentures, ensuring
a secure fit and lasting performance [16].

Types of Noble Metal Cements

The biocompatibility of dental materials,
especially metals, is a fundamental aspect
of their utility in dental applications. This
concept hinges on various factors, including
the material's structure, components,
corrosion resistance, mechanical properties,
and other critical attributes. Strength and
fatigue properties, which play a pivotal role
in structural integrity, are among the factors
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contributing to the biocompatibility of
metal implant alloys. Metallic dental
materials can be broadly categorized into
two main groups: base metals and noble
metals. Base metals encompass alloys like
nickel-chromium, cobalt-chromium, and
titanium-based materials. These alloys are
renowned for their durability and resilience.
On the other hand, noble metals include
materials such as gold-platinum-palladium
(Au-Pt-Pd), gold-palladium-silver (Au-Pd-
Ag), gold-palladium  (Au-Pd), and
palladium-silver (Pd-Ag). Each of these
groups serves unique purposes in dentistry,
contributing to a wide array of applications.
Dentistry also harnesses the potential of a
diverse range of metallic implants. These
materials play an integral role in various

dental procedures. For instance, dental
amalgam, gold, stainless steels, bulk
metallic glasses (BMGs), and nickel-

titanium (Ni-Ti) materials have found their
place in the dentist's toolkit, each offering
specific advantages and applications in the
field [4, 20].

This discussion delves into the evolution of
gold-based dental alloys, with a focus on
the Gold-Platinum-Palladium (Au-Pt-Pd)
and Gold-Palladium-Silver (Au-Pd-Ag)
alloys. These alloys have played a
significant role in dental applications over
the years, but their use has evolved due to
changing demands and advancements in
dental materials. The Au-Pt-Pd alloy is
characterized by its composition, consisting
of approximately 75-88 wt% gold, with less
than 8 wt% platinum and 11 wt%
palladium. Initially, this alloy was widely
employed in metal-ceramic restorations,
particularly in dental crowns. However,
with the advent of more cost-effective
alloys that offer superior mechanical
properties and resistance to sagging, the
usage of Au-Pt-Pd alloys for dental
applications has declined [38].
Consequently, the application of Au-Pt-Pd
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alloys in crowns is now limited. The use of
gold-based dental alloys has witnessed
changes over time, reflecting the dynamic
nature of dental materials. While Au-Pt-Pd
alloys were once widely used but now have
limited applications, Au-Pd-Ag alloys have
emerged as a potential alternative. As
dental science continues to evolve, it's
crucial to consider the composition,
mechanical properties, and color effects of
these alloys when selecting the most
suitable materials for specific dental
restorations [5].

Gold-based Cements

The Historical Significance of Gold in
Dentistry

Gold, known for its chemical inertness,
holds a remarkable place in the history of
dentistry. Centuries ago, it was employed to
create wires for securing replacement teeth.
This involved delicately extracting a tooth's
root, followed by drilling to create a gold
wire, which was then wrapped around an
adjacent tooth for support.

Advancements with Porcelain Teeth

The arrival of porcelain teeth in the 1780s
marked a pivotal moment in dental history.
To enhance the structural integrity of dental
restorations, dentists began crafting swaged
gold foil. This innovation played a crucial
role in advancing dental materials.

Transition from Gold Alloys to Cobalt-
Chromium

Until the 1930s, cast gold alloys were
extensively used to attach dentures to
remaining teeth, particularly in partial
denture applications. However, their
prominence gradually diminished following
the introduction of the cobalt-chromium
alloy, which offered new possibilities in
dental prosthetics.

Gold's Crystal Structure and Compatibility
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Gold's crystal structure, specifically its
face-centered cubic (FCC) arrangement,
provides it with a unique level of
compatibility with various ductile metallic
elements. Notable examples include
aluminum, silver, nickel, platinum, and
copper. This compatibility makes gold a
versatile material in the realm of dental
applications and alloy formulations.

Surface Reconstruction of Gold

In a contamination-free state, gold
demonstrates surface reconstruction on high
symmetry planes. Notably, surfaces like
(110) and (100) are of particular interest,
with surface energies measuring 1.28 and
1.60 J-m™2, respectively. This surface
property holds significance in dental
material science, influencing how gold
interacts with the oral environment [4, 13].

The year 1977 witnessed a significant
milestone in the realm of dentistry when
Gold-Palladium  (Au-Pd) alloys were
introduced. These alloys were developed to
address specific challenges associated with
silver-rich alloys, particularly issues related
to porcelain discoloration and their high
thermal expansion coefficient. In 1977, Au-
Pd alloys made their debut, offering the
dental community an innovative solution.
These alloys were celebrated for their white
gold color, designed to meet the growing
demand for dental materials with improved
aesthetic qualities. This was particularly
important in light of the drawbacks
associated with silver-rich alternatives[9,
18].

Despite their promising attributes, Au-Pd
alloys had their limitations. Notably, their
thermal expansion characteristics were not

universally compatible with all high-
expansion porcelains. This discrepancy
presented a  significant  challenge,

potentially impacting the quality of dental
restorations [22, 23].
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In response to the issue of thermal
expansion and porcelain discoloration,
modifications were made to the Au-Pd
alloys. These adjustments included the
introduction of a minor silver content,
typically less than 5%, into the alloy
composition. This strategic addition yielded
several noteworthy benefits, including the
elimination of porcelain discoloration,
enhanced castability, and an adjustment of
the thermal expansion coefficient to more
desirable levels [30].

Dental amalgams, a widely utilized dental
restorative material, are typically composed
of a mixture containing 45-55% mercury
(Hg) combined with a powder blend of
silver (Ag), tin (Sn), and copper (Cu). In
certain instances, small quantities of zinc
(Zn), palladium (Pd), indium (In), or
selenium (Se) are also added to the
amalgam formulation. The preparation of
dental amalgam involves a mechanical
vibration process that transforms the
amalgam ingredients into a pliable, putty-
like material, facilitating easy manipulation
and filling in dental applications [21, 29].

Advantages and Disadvantages of Noble
Metal Cements

Advantages

Noble metal cements, particularly those
incorporating gold and platinum alloys,
exhibit exceptional biocompatibility. Their
innate inertness within the oral environment
mitigates the risk of allergic reactions or
adverse tissue responses. Noble metals,
exemplified by gold, are celebrated for their
remarkable durability, characterized by
inherent resistance to corrosion and
tarnishing, ensuring the long-term integrity
of dental restorations. Noble metals' high
malleability enables precise shaping and
customization in the creation of dental
crowns, inlays, onlays, and other
restorations, facilitating meticulous
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tailoring for enhanced patient comfort and
aesthetic appeal. Noble metal cements serve
as robust substructures for dental
restorations, allowing veneering with tooth-
colored materials like porcelain. This
unique combination of noble metal strength
and the capacity to achieve a natural
appearance bestows them with exceptional
versatility in esthetic dentistry. Noble metal
cements are synonymous with enduring
performance, particularly when used as
foundational support for crowns or bridges.
Their inherent reliability and longevity
significantly reduce the need for frequent
replacements,  offering  both  cost-
effectiveness and lasting solutions. Noble
metal cements adeptly minimize the risk of
allergic reactions and adverse responses,
particularly  vital for patients with
heightened  metal  sensitivities,  thus
broadening their suitability for diverse
patient populations [6, 10].

The malleability of noble metals empowers
dental professionals to achieve precise fit
and adaptation to the unique contours of
tooth structures [34]. This meticulous
adaptation ensures heightened restoration
stability, preempting potential issues like
microleakage and associated  dental
complications. Noble metal cements exhibit
remarkable versatility by accommodating
diverse dental applications, encompassing
crowns, bridges, inlays, onlays, and more
[35]. Their ability to support a broad array
of restorative materials and techniques
renders them indispensable within the
dental practitioner's toolkit. Noble metals
excel as exemplary foundations for dental
restorations, further enhanced by their
veneering potential with tooth-colored
materials. This synergy seamlessly blends
with the natural dentition while capitalizing
on the intrinsic robustness and stability of
these metals [11]. Noble metal cements not
only withstand the test of time but also
maintain their aesthetic appeal. Their innate
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resistance to tarnish and corrosion ensures
the enduring success of dental restorations,
upholding both functionality and aesthetics
[14, 17].

In table number 2 table format provides a
simple way to present the mechanical
properties of different noble metal alloys,
such as tensile strength and yield strength.

Table Number 2. Mechanical Properties
of Noble Metal Alloys

Noble Metal Alloy | Tensile Strength Yield Strength (MPa)

(MPa)

Au-Pt-Pg 400 30

Au-Pd-Ag 450 30

Au-pd 380 30

40 360

Pt-Ag

Disadvantages

While noble metal cements are often
biocompatible, it's crucial to note that some
patients may exhibit sensitivities to specific
metals, raising potential biocompatibility
concerns, albeit on a limited scale [36]. One
prominent drawback is the elevated cost
associated with noble metals, such as gold
or platinum, used in these cements. The
expense may pose financial challenges for
both patients and dental practices,
impacting their accessibility. Despite their
versatility, noble metal cements may not
always meet the highest standards of
esthetic dental work. The inherent color of
noble metals, while ideal for substructures,
may require additional veneering with
tooth-colored materials to achieve the
desired natural appearance, potentially
complicating the restoration process. Noble
metal cements demand precision in
manufacturing and handling due to their
unique properties [37]. This complexity
may require advanced training and
expertise among dental professionals,
potentially limiting their widespread use.
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When noble metals come into contact with
dissimilar ~ metals within the oral
environment, there is a risk of galvanic
corrosion. This phenomenon may pose a
challenge in cases where noble metal
restorations interact with other metallic
dental components. The extraction and use
of noble metals in dental cements raise
environmental ~ concerns,  particularly
regarding mining practices and waste
disposal. Sustainable alternatives may be
favored by those who prioritize eco-
conscious dental materials. Noble metal
cements, especially those containing gold,
may necessitate additional post-placement
maintenance, such as polishing, to maintain
their luster and integrity over time. This
maintenance could entail additional time
and costs for patients [ 1, 24].

Considerations for Usage

Dental practitioners must meticulously
assess the biocompatibility of noble metal
cements, particularly in patients with
known  sensitivities,  necessitating a
comprehensive evaluation to preclude
adverse reactions and ensure optimal tissue
response. A paramount consideration lies in
the economic feasibility of incorporating
noble metal cements into comprehensive
treatment plans. Balancing their proven
advantages against the higher cost demands
careful financial deliberation by both dental
professionals and patients [26].

In scenarios where esthetics play a central
role, it's imperative to tailor the use of noble
metal cements judiciously. Detailed
customization is often essential to
harmonize the inherent color of these
metals with the patient's specific esthetic
demands, usually requiring veneering with
tooth-colored materials to achieve the
desired appearance [27]. The successful
utilization of noble metal cements hinges on
advanced training and precision in their
manufacturing and handling [31, 41].
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Dental practitioners are tasked with
acquiring the expertise to navigate the
complexities  associated  with  these
materials, ensuring optimal outcomes.A
critical consideration is the mitigation of
galvanic corrosion risks when noble metal
cements interact with dissimilar metals in
the oral environment. Dental professionals
must exercise care and employ suitable
isolation techniques to prevent potential
corrosion issues in their treatment planning.
An emerging consideration pertains to the
environmental impact of noble metal usage.
Dental practitioners and patients
increasingly  weigh  the  ecological
consequences of sourcing and disposing of
these materials, fostering a growing interest
in sustainable and eco-friendly alternatives
[28, 40].

Maintaining the longevity and luster of
noble metal cements, particularly those
featuring gold, necessitates the
establishment of a thorough post-placement
maintenance regimen. This could involve
periodic  polishing and  restoration
assessments, adding a layer of complexity
to the patient's long-term care [20, 39, 42].

CONCLUSIONS

In conclusion, the utilization of gold in
dental practice, particularly in the context
of aesthetic dentistry, offers numerous
advantages and remains a valuable option
for clinicians. The following key points
summarize the significance of gold in
dentistry:

1. Timeless Aesthetics: Gold exhibits
a classic and timeless aesthetic
appeal that has stood the test of
time. It provides a warm and natural
appearance that seamlessly
integrates with the surrounding
dentition, making it an excellent
choice for restoring anterior teeth.
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2. Exceptional Durability:  Gold
restorations are renowned for their
extraordinary durability and
resistance to wear and corrosion.
Their longevity ensures that dental
restorations maintain their structural
integrity and functionality over
extended periods.

Biocompatibility:  Gold alloys,
when  appropriately  formulated,
demonstrate a high degree of
biocompatibility with oral tissues.
This biocompatibility reduces the
risk of adverse reactions and allergic
responses, making gold restorations
suitable for a broad range of
patients.

Precision and Adaptability: Gold
can be precisely cast and adapted,
allowing for the creation of
accurately fitting restorations. This
characteristic ensures tight margins
and minimal bacterial infiltration.

Minimal Tooth Reduction: Gold
restorations often necessitate
minimal tooth reduction, preserving
more natural tooth structure, which
is a paramount consideration in
patient-centered aesthetic dentistry.

Clinical Proven Success: Gold has
a long history of clinical success and
has been used for decades,
highlighting its reliability and
effectiveness in various dental
applications.

In summary, the enduring appeal of gold in
dentistry stems from its unique combination
of  aesthetic  excellence, durability,
biocompatibility, and precision. It serves as
an invaluable tool for dental professionals
committed to delivering both functional and
aesthetically pleasing dental restorations.
While dental materials continue to evolve,
the timeless qualities of gold ensure its



Romanian Journal of Oral Rehabilitation

Vol. 16, No.1 January-March 2024

ongoing  relevance and  continued contribution to the field of dentistry.
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