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ABSTRACT

Aim of the study Zinc-based dental cements have played a significant role in restorative dentistry for several
decades. These cements, including zinc phosphate, zinc oxide-eugenol (ZOE), and zinc polycarboxylate, offer
unique properties and have been utilized in various clinical applications. Material and methods We performed
an extensive exploration of pertinent scientific literature to gather information for the present review. Systematic
searches were executed in electronic databases, such as PubMed, Google Scholar, and Web of Science, targeting
articles released from April. The scope of the search focused on articles written exclusively in the English
language. The search encompassed a comprehensive set of keywords and their various combinations, including
"zinc-based dental cements," "properties,” "applications,” "advancements," "biocompatibility," "adhesion,"
"mechanical strength," "temporary restorations," "luting agents," "dental materials," and "clinical outcomes."
Results zinc-based dental cements have demonstrated their significant potential as versatile materials in modern
dentistry. Through a comprehensive exploration of their properties, applications, and advancements, it is evident
that these cements offer a wide range of benefits for both practitioners and patients. Conclusions As research
and development efforts persist, it is foreseeable that zinc-based dental cements will continue to evolve, further
solidifying their role as integral components of successful dental treatments. With their ever-expanding
applications and consistent improvements, these cements contribute significantly to the advancement of dental
care, benefiting both practitioners and patients alike.
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INTRODUCTION MATERIAL AND METHODS
Zinc-based dental cements have been Selection of Literature.

widely used due to their desirable properties, A comprehensive search of scientific
including good biocompatibility, ease of databases (e.g., PubMed, Scopus, Web of
manipulation, and adequate mechanical Science) was conducted to identify relevant
strength. This article aims to review the articles and reviews related to zinc-based
composition and properties of zinc-based dental cements. Keywords used for the search
dental cements, as well as their clinical included "zinc-based dental cements," "zinc
applications  in  restorative  dentistry. oxide eugenol cement,” "zinc phosphate
Furthermore, recent advancements in the field cement,"” "zinc polycarboxylate cement,”
and potential areas for further research are "zinc oxide-based cement,” and "dental
discussed. cement  properties and  applications.”
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Inclusion criteria: Articles published in peer-
reviewed journals, written in English, and
focusing on the properties, applications, and
advancements of zinc-based dental cements.

Data Extraction.

Relevant data from the selected articles
were extracted and organized based on the
following key aspects: Cement composition:
Types and proportions of zinc-based cements,
including zinc oxide eugenol cement, zinc
phosphate cement, zinc polycarboxylate
cement, and other zinc oxide-based cements.
Physical properties: Setting time,
compressive  strength,  film  thickness,
solubility, radiopacity, and other relevant
physical characteristics of the cements.
Mechanical properties: Flexural strength,
bond strength, wear resistance, and other

mechanical properties of the cements.
Biocompatibility: ~ Evaluation  of  the
cytotoxicity, tissue response, and

biocompatibility of the cements. Clinical
applications: Overview of the various
applications of zinc-based dental cements,
such as temporary fillings, luting agents,
pulp-capping materials, and root canal
sealers. Advancements and innovations:
Recent developments, novel formulations,
and emerging trends in zinc-based dental
cements.

Data Analysis.

The extracted data were synthesized and
analyzed to provide an overview of the
properties, applications, and advancements of
zinc-based dental cements. Key findings,
trends, and advancements were identified and
discussed in the review. Gaps in the current
knowledge or areas requiring further research
were highlighted.

Writing the Review.

The review paper 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 drafted based on the
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key aspects identified during data analysis.
Relevant citations and references were
included to support the findings and
statements made in the review.

Review and Revision.

The draft of the review paper was
thoroughly reviewed and revised for clarity,
coherence, and accuracy. Feedback from co-
authors, supervisors, or experts in the field
was incorporated to strengthen the review.

Results and DISCUSSIONS

Zinc compounds have gained significant
attention in dental medicine due to their
versatile properties and applications. This
review provides a comprehensive overview of
the various zinc compounds used in dental
practice, focusing on their characteristics,
mechanisms of action, and clinical
applications. The aim is to consolidate the
existing knowledge on zinc compounds and
their potential in modern dental medicine.
Properties and characteristics of zinc oxide,
including its antibacterial, antifungal, and
anti-inflammatory effects. Clinical
applications of zinc oxide in dental materials,
such as temporary fillings, cements, and
impression materials. Overview of zinc
phosphate ~ cements, including  their
composition, setting reaction, and physical
properties. Clinical applications of zinc
phosphate cements in restorative dentistry,
such as crown and bridge cementation, liners,
and bases. Properties and applications of zinc
polycarboxylate cements, emphasizing their
adhesive and biocompatible characteristics.
Discussion of the antimicrobial and astringent
properties of zinc chloride. Applications of
zinc chloride in periodontal treatments and
dental materials. Examination of zinc-based
antimicrobial agents, such as zinc ions and
zinc nanoparticles, for their potential use in
oral healthcare. Evaluation of their
antibacterial, antifungal, and antiviral
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properties and their application in preventive
dentistry and restorative procedures.

Zinc phosphate cement, one of the earliest
zinc-based cements, is composed of zinc
oxide powder, magnesium oxide, and
polyacrylic acid. It exhibits good mechanical
properties and adequate biocompatibility.
However, its low solubility and lack of
adhesive properties limit its long-term use.
Zinc oxide-eugenol cement (ZOE) consists of
zinc oxide powder, eugenol, and accelerators.
ZOE cement offers antimicrobial properties
and provides temporary restorations with ease
of manipulation. However, its solubility, lack
of adhesive strength, and potential pulp
irritation have restricted its permanent use.
Zinc polycarboxylate cement incorporates a
powder containing zinc oxide, magnesium
oxide, aluminum oxide, and bismuth, along
with polyacrylic acid [2]. This cement
exhibits better adhesive properties and
biocompatibility compared to zinc phosphate
and ZOE cements. Nevertheless, its
solubility, poor mechanical properties, and
opaque esthetics have limited its long-term
utilization.

Dental cements, also known as luting
agents, are adhesive materials commonly
used in the final stage of clinical procedures.
Their purpose is to fill the gap between
indirect restorations and prepared teeth while
creating a bond between them during the
necessary timeframe. This cementation or
polymerization process, referred to as the
setting process, ensures a secure bond
between the tooth and the restoration,
effectively holding the latter in place
indefinitely and forming an impenetrable seal
between the tooth and the adjacent
restoration. Over the years, various types of
dental cements have been utilized in dentistry
applications[3].

In the literature, there are numerous
studies investigating the properties and
applications of dental cements. These studies
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explore the impact of different factors such as
composition, particle size, and curing
mechanisms on the performance and
longevity of dental restorations. Furthermore,
researchers have focused on improving the
bond strength, marginal integrity, and
aesthetics of dental cements through
innovative formulations and techniques.
Continued advancements in dental cement
technology aim to provide clinicians with
reliable and long-lasting solutions for various
dental procedures[6, 36].

In dentistry, dental cements serve a crucial
role in attaching the restoration material to
the tooth tissue. This attachment is achieved
through three distinct mechanisms. The first
mechanism involves micromechanical
interlocking that occurs between the rough
surfaces of acid-etched teeth, the cements,
and the restoration. It is important to note that
the luting mechanism of dental cements relies
primarily on non-adhesive, micromechanical
retention, which is supplemented by
molecular adhesion resulting from bipolar
van der Waals forces and weak chemical
bonds between the cements and the tooth.
This mechanism forms the fundamental basis
for the retention of dental cements.
Techniques such as air abrasion and acid
etching further enhance the micromechanical
bonding by increasing the surface
irregularities of these cements, particularly
when using resin and resin-modified glass
ionomer cements[7].

Moreover, studies in dental literature have
investigated various surface treatment
methods to optimize the micromechanical
bonding of dental cements. Air abrasion,
which involves the use of abrasive particles
propelled by compressed air, can create a
roughened surface on the tooth enamel,
increasing the surface area for bonding and
improving the retention of dental cements.
Acid etching, on the other hand, involves the
application of an acidic solution to the tooth
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surface, resulting in the removal of the smear
layer and creating microirregularities that
enhance the mechanical interlocking between
the tooth, cement, and restoration.

In  recent years, there have been
advancements in dental cement formulations
to enhance adhesive properties and optimize
bonding strength. Resin and resin-modified
glass ionomer cements have gained
popularity due to their improved adhesion and
bonding  capabilities. These  materials
incorporate resin components that can
chemically bond to the tooth structure,
leading to enhanced retention and durability
of the restorations.

Overall, dental cements play a critical role
in ensuring the long-term success and
stability of dental restorations. Ongoing
research and advancements in surface
treatment techniques and cement formulations
continue to contribute to the development of
more reliable and effective bonding agents in
dentistry [4].

The literature provides various
classifications of dental cements, each based
on different criteria. Craig [3, 43] classified
dental cements according to their clinical
usage into two categories: definitive and
provisional (temporary) cements. Definitive
cements are used for permanent bonding of
restorations to teeth for long-term retention,
while provisional cements are employed for
shorter periods, facilitating the completion of
permanent restorations. Temporary cements
include zinc oxide-eugenol (ZOE), zinc oxide
non-eugenol, and calcium hydroxide cements.
Definitive cements, on the other hand, are
further divided into three groups based on
their adhesive potential: low (zinc phosphate,
silicate cements), medium (polycarboxylate
cements), and high (glass ionomer cements).
Sunico Segarra et al. proposed a classification
of dental cements into conventional luting
cements (such as zinc  phosphate,
polycarboxylate, glass ionomer, and resin-
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modified glass ionomer) and bonding
cements (resin cements). Additionally,
Powers and Wataha [33] categorized cements
into water-based (e.g., glass ionomer
cements, resin-modified glass ionomer
cements, zinc polycarboxylate, and zinc
phosphate), oil-based (zinc oxide-eugenol),
and resin-based (adhesive resin, self-adhesive
resin, and esthetic resin) cements. Another
classification system, proposed by O'Brien, is
based on the type of matrix bond and includes
phosphate-bonded, phenolate,
polycarboxylate, resin, and resin-modified
glass ionomer cements[8, 44].

These classifications reflect the diverse
nature and functions of dental cements,
allowing clinicians to choose the most
suitable type for specific applications. Each
category of dental cement offers unique
properties, such as adhesion strength,
durability, and esthetics, which can influence
the success and longevity of dental
restorations. Advances in cement technology
continue to expand the range of available
options, providing clinicians with a wide
selection of materials to meet various clinical
needs [7].

The following table presents an overview
of wvarious cement types used in dental
applications, including their compositions,
indications, advantages, and disadvantages.
Dental cements play a crucial role in
restorative dentistry, providing retention,
support, and sealing properties for various
dental  procedures.  Understanding the
characteristics of different cement types is
essential for selecting the most appropriate
material based on specific clinical indications
and patient needs. The table 1 aims to provide
a concise summary of the key features of each
cement type, assisting dental professionals in
making informed decisions regarding their
clinical use. By evaluating the composition,
indications, advantages, and disadvantages of
each cement type, dental practitioners can
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treatment outcomes

limitations of each material.

Cement Type

Zinc Phosphate
Cement

Zinc Polycarboxylate
Cement

Zinc Oxide Eugenol
Cement

Zinc Oxide Non-
Eugenol Cement

Zinc Phosphate
Reinforced Glass
lonomer Cement

Zinc Oxide Eugenol
Reinforced Glass
lonomer Cement

Composition

Zinc oxide powder,

Phosphoric acid liquid

Zinc oxide powder,

Polyacrylic acid liquid

Zinc oxide powder,
Eugenol liquid

Zinc oxide powder,
Non-eugenol liquid

Zinc oxide powder,
Polyalkenoic acid
liquid, Glass fillers

Zinc oxide powder,
Eugenol liquid,
Polyalkenoic acid
liquid, Glass fillers

Indications

Permanent

cementation of
crowns, bridges

Permanent
cementation,
Orthodontic
bands

Temporary
cementation,
Pulp capping

Temporary
cementation,
Pulp capping

Restorative
material,
Cementation

Restorative
material, Pulp

capping

Advantages

High strength, good
retention

Biocompatible, good
adhesion

Sedative effect, good
thermal insulation

Comparable strength to

eugenol cement,
reduced allergic
reactions

Improved esthetics,
fluoride release

Better strength than
eugenol cement,
fluoride release

Table 1. Evaluating the composition,
indications, advantages, and disadvantages
of each cement type.

Disadvantages

High acidity,
potential pulp
irritation

Limited strength,
technique-sensitive

Weaker than other
cements, potential
allergic reactions

Longer setting time,
technique-sensitive

Lower strength
compared to other
cements

Potential allergic
reactions, technique-
sensitive

358




Romanian Journal of Oral Rehabilitation

Vol. 15, No.3 July-September 2023

Cement Type Composition Indications

Zinc oxide powder,
Zinc Oxide Non- Non-eugenol liquid,
Eugenol Reinforced  Polyalkenoic acid
Glass lonomer Cement liquid, Glass fillers

Restorative
material, Pulp

capping

Advantages

Comparable strength to
non-eugenol cement,
reduced allergic
reactions

Disadvantages

Longer setting time,
technique-sensitive

Zinc Phosphate Cements

Zinc phosphate, a water-based dental
cement, was initially introduced in 1879 for
the permanent cementation of indirect
restorations. Over the past century, the
formulation of this cement has undergone
modifications, and it is now widely regarded
as a gold standard in dentistry [9, 40]. Zinc
phosphate cement is known for its
affordability and non-adhesive nature,
making it suitable for use with metals,
metal-ceramics, and ceramics. It typically
attains its maximum physical properties after
a curing period of 24 hours[10, 45].

In addition to its traditional use as a
luting cement, zinc phosphate has found
applications in other dental procedures. It
has been utilized as a base or liner material
due to its biocompatibility and ability to
stimulate the formation of secondary dentin.
The cement's alkaline pH and the release of
calcium ions from its structure contribute to
this bioactivity [16].

Despite its widespread use, zinc
phosphate cement does have limitations. Its
lack of adhesive properties necessitates the
reliance on mechanical retention for
restoration  stability.  Furthermore, the
cement's high acidity during the initial
setting phase can potentially cause pulpal
irritation and compromise the longevity of
restorations. As a result, newer generations
of dental cements, such as resin-based
cements, have been developed to address
these shortcomings and provide improved
bonding and aesthetics.

The literature reveals ongoing research
efforts to enhance the properties of zinc
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phosphate cement. Various modifications to
its composition and the addition of materials
such as glass fibers and nanoparticles have
been explored to improve its mechanical
strength, biocompatibility, and adhesive
capabilities [12, 38]. Additionally, studies
have investigated the effect of different
surface treatments on the bond strength
between zinc phosphate cement and various
substrates, aiming to optimize the clinical
performance of the cement in different
scenarios [39].

While zinc phosphate cement continues
to be widely used in dentistry, advancements
in material science have led to the
development of alternative cement types
with enhanced properties. The choice of
cement depends on various factors,
including the specific clinical application,
desired bonding strength, and esthetic
requirements. However, zinc phosphate
cement exhibits relatively low tensile
strength. Additionally, it has a high
solubility, particularly in acidic
environments, making it unsuitable in cases
where there is a risk of pulpal irritation [26].
Moreover, due to its poor flexural strength,
this cement is not recommended for bonding
ceramic and composite crowns [13, 37]. The
composition of zinc phosphate cement
typically includes zinc oxide powder,
magnesium  oxide  powder  (3-10%),
phosphoric acid, water, and buffers [14].
This type of cement has been commonly
used for bonding metal, porcelain, and
metal-ceramic indirect restorations, as well
as for inlays, crowns, bridges, posts,
orthodontic bands, and cavity liners in
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crowns and bridges, owing to its satisfactory
mechanical retention properties [27].

However, the use of zinc phosphate
cement as a temporary dental cement has
certain disadvantages compared to resin-
based cements. These include higher
solubility, lower compressive and flexural
strength, increased microleakage, dental
pulp irritation, and reduced bond strength.
Consequently, its utilization has become
limited [16]. The cementation process of
zinc phosphate cements is rapid and highly
exothermic, necessitating careful control of
the reactions and dissipation of the heat
generated by mixing the precursors in a cool
and dry container. After the setting reaction
is complete, any excess and unreacted
phosphoric acid can dissolve the smear layer
and penetrate the dentinal tubules,
potentially leading to pulpal irritation. The
pH of the cement varies from 2.14
immediately after mixing to 5.5 after 24
hours, which may contribute to post-
operative discomfort [17, 32, 35]. Recent
studies have focused on improving the
properties of zinc phosphate cement through
modifications to its composition and the
incorporation of additives to enhance its
mechanical and physical characteristics. For
example, the addition of nanoparticles and
fibers has shown promise in increasing the
strength and reducing the solubility of the
cement. Furthermore, surface treatments and
adhesive systems have been explored to
enhance the bond strength between zinc
phosphate cement and various restorative
materials.

It is important for dental professionals
to consider the specific clinical requirements
and limitations of zinc phosphate cement
when selecting the most suitable cement for
a given case. Advances in cement
technology continue to offer alternatives
with improved properties, such as resin-
based cements, which provide enhanced
bonding strength and better aesthetics[35,
18].

Zinc  Oxide-Eugenol
Noneugenol Cements

Zinc oxide-eugenol (ZOE) is a widely
used water-based temporary dental cement
composed of reactive zinc oxide, eugenol (4-

(ZOE) and
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allyl-2-methoxyphenol, a component of oil
of cloves), and accelerators such as acetic
acid, zinc acetate, zinc alkanoates, zinc
propionate, and 2-ethoxybenzoic acid
(EBA). The setting reaction of ZOE cement
is based on the hydrolysis reaction between
eugenol (which provides hydrogen ions) and
zinc oxide, resulting in the formation of a
zinc eugenolate gel (Zn(C1yoH11032)2), as
depicted in Figure 1 [3, 19, 34].

CP‘-I_CH;
OlH Ci"z
OCH;s
® wo | ()
N/ o S o—cH,
|
CH—CH —CH; CHZTn—o
H;C— =N
Eugenol \K_%
\
Zinc eugenolate
Fig 1. The hydrolysis reaction

between eugenol (hydrogen ion provider)
and zinc oxide is the basis of the setting
reaction.

ZOE cement is favored in dental
applications due to its antibacterial
properties and ease of manipulation. It
exhibits moisture sensitivity, allowing for
rapid setting in the oral environment while
providing an extended working time of 4-14
minutes at room temperature. However, the
compressive strength of ZOE cement ranges
from 13 MPa to 38 MPa, making it suitable
for use as liners and provisional cements.
ZOE cements are known to undergo setting
shrinkage, with values of 0.86% and 0.32%
for dry and wet conditions, respectively.
Despite exhibiting relatively high thermal
expansion and shrinkage during the setting
process, ZOE cements demonstrate plastic
behavior, which makes them suitable for
sealing applications and helps minimize pulp
inflammation. Furthermore, ZOE cements
have a neutral pH and offer greater
biocompatibility compared to resin-modified
glass ionomers and resin cements [20].

In recent years, efforts have been made
to improve the properties of ZOE cement
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and overcome some of its limitations.
Researchers have explored modifications to
the cement formulation by incorporating
additives such as antimicrobial agents,
reinforcing fillers, and resin components to
enhance its mechanical strength,
antimicrobial efficacy, and adhesion to tooth
structure. Additionally, investigations into
the effect of various accelerators and setting
modifiers on the properties of ZOE cement
have been conducted.

While ZOE cement remains a popular
choice for temporary restorations and as a
liner, its use as a definitive cement has
decreased with the emergence of resin-based
cements, which offer superior mechanical
properties and adhesive capabilities. The
selection of a cement depends on the
specific clinical requirements, including the
duration of use, desired strength, and need
for adhesion. Dental professionals should
consider the advantages and limitations of
different cement types to make informed
decisions for successful clinical outcomes
[21].

On the other hand, eugenol is released
from the hydrolysis of the salt matrix in
ZOE cements and possesses pain-relieving
properties. However, when ZOE cements
come into contact with water or saliva, the
breakdown of zinc eugenolate occurs,
leading to the release of zinc hydroxide and
eugenol, which can cause inflammation in
the dental pulp. Despite this, zinc oxide-
eugenol cement plays a significant role in
various dental applications, including root
canal sealing, periodontal coating, cavity
base, inelastic impression material, and
temporary restorations such as crown
cementing and fillings [23].

In the mid-1970s, modifications were
made to ZOE cements by introducing
reinforced formulations and incorporating
orthoethoxybenzoic acid (EBA), resulting in
improved mechanical properties. These
modified cements can be utilized as
definitive cements. In contrast to traditional
ZOE cements, eugenol-free or noneugenol
(NE) cements are stronger and more
hydrolytically stable, making them suitable
for long-term provisional restorations. These
NE cements offer convenient retention and
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possess longer working and setting times
[24, 31, 34]. Table 2 provides an overview
of some properties of zinc oxide-eugenol

cements.

Table 2. Properties of Zinc Oxide-

Eugenol Cements

Property

Composition
Setting Reaction
Working Time
Setting Time
Strength
Solubility
Thermal Insulation

Sedative Effect
Biocompatibility
Adhesion

Pulp Irritation

Description \
Zinc oxide powder, Eugenol
liquid
Chemical setting reaction \
1-2 minutes |
10-15 minutes |
Relatively low strength |
Slightly soluble in oral fluids |
Excellent thermal insulation \

Provides a sedative effect on
the pulp

Generally biocompatible |
Limited adhesive properties \

Potential for pulp irritation,
especially with prolonged use

Temporary cementation, pulp

Usage capping

Minimal to no fluoride
Fluoride Release  release

Eugenol can provide a

Aromatic Flavor distinct aromatic flavor

Continued research aims to further
enhance the properties of ZOE cements,
particularly in terms of their mechanical
strength, biocompatibility, and antimicrobial
efficacy. Investigations into  alternative
materials and additives have been conducted
to improve the stability and performance of
ZOE-based cements [46, 26].

While ZOE cements have been widely
used in dentistry, it is essential to consider
their limitations and potential adverse effects,
such as pulp inflammation, when selecting the
most appropriate cement for a specific clinical
situation. Dental professionals should carefully
evaluate the requirements of each case and
consider alternative cement options, such as
resin-based cements, which offer superior
mechanical properties, reduced solubility, and
improved esthetics [28].
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Zinc Polycarboxylate Cements

Zinc polyacrylate cements, also known
as polycarboxylate cements, belong to the
group of polyelectrolyte cements and were
introduced by Smith in 1968. These cements
were the first to exhibit chemical adhesion
properties, allowing them to form bonds
with the calcium ions present in the tooth
structure. The intention behind the
development of this type of cement was to
combine the favorable mechanical properties
of zinc phosphate cements with the
biocompatibility and bonding capabilities of
zinc oxide-eugenol (ZOE) cements [29].

Zinc polycarboxylate cements set
through an acid-base reaction between a
powder consisting of zinc oxide, magnesium
oxide, aluminum oxide, and bismuth, and
polyacrylic acid. The formation of chemical
bonds during the application of these water-
based cements helps prevent microleakage
of microorganisms, resulting in their
biocompatibility and reduced irritation to the

dental pulp when compared to zinc
phosphate cements.

Despite  these  advantages, zinc
polycarboxylate cements have certain

limitations that have restricted their usage.
They are highly soluble, which compromises
their long-term stability. The mechanical
properties of these cements are often
inadequate, making them less suitable for
permanent applications. Additionally, their
manipulation can be challenging, and their
esthetics tend to be opaque, making them
more suitable for temporary use rather than
as a permanent cement [30, 47].

Efforts have been made to address these
limitations and improve the properties of
zinc polycarboxylate cements. Modifications
to the cement composition and the addition
of reinforcements, such as glass fibers or
fillers, have been explored to enhance their
mechanical  strength and  durability.
Researchers have also investigated the
incorporation ~ of  nanoparticles  and
antimicrobial agents to improve the
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solubility and antimicrobial properties of
these cements.

Dental professionals must consider the
specific clinical requirements and limitations
of zinc polycarboxylate cements when
choosing the appropriate cement for a given
case. Alternative cement options, such as
resin-based cements, offer improved
mechanical properties, reduced solubility,
and enhanced esthetics, providing clinicians
with a broader range of choices for long-
term restorations[31].

CONCLUSIONS

1. Zinc-based dental cements have
found applications in various clinical
scenarios, including cementation of metal,
porcelain, and metal-ceramic restorations,
cavity liners, provisional restorations, root
canal sealers, and periodontal dressings.
Their use as temporary cements has been
particularly beneficial due to their ease of
removal and ability to provide short-term
stability.

2. Future research directions include the
development of bioactive and antimicrobial

zinc-based cements, as well as the
exploration of  nanotechnology-based
approaches  for  improved properties.

Moreover, the integration of zinc-based
cements with adhesive systems and the

investigation of their performance in
combination with different restorative
materials hold promise for  further

advancements in this field.

3. Zinc-based dental cements have a
significant role in restorative dentistry,
offering a range of properties and
applications. Although they have limitations,
ongoing research and advancements aim to
improve their performance and expand their
clinical utility. With further developments,
zinc-based cements may continue to play a
crucial role in dental restorations, providing
clinicians with reliable and versatile options
for different clinical scenarios.
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