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Abstract: This article presents an in-depth analysis of the aesthetic properties of composite
resins and ceramic materials used in modern restorative dentistry. With the increasing demand
for aesthetic dentistry, material selection is contingent not only on functionality but also on the
ability to replicate the appearance of natural teeth. This review compares key aesthetic
parameters such as color stability, translucency, opalescence, fluorescence, and surface gloss for
both material classes, based on scientific literature and clinical research. The advantages and
limitations of latest-generation materials, including nanofill composites, lithium disilicate, and
high-translucency zirconia, are discussed. The analysis indicates that while ceramics offer
superior long-term aesthetic stability and biomimetic properties, modern composites provide
excellent solutions for minimally invasive procedures and high repairability. The conclusion
provides recommendations for material selection based on the clinical situation, patient
expectations, and economic factors.
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ZAMONAVIYKOMPOZIT VAKERAMIK MATERIALLARNING ESTETIK
XUSUSIYATLARINI QIYOSIYTAHLILI

Annotatsiya: Ushbu maqola zamonaviy restorativ stomatologiyada qo'llaniladigan kompozit
smolalar va keramik materiallarning estetik xususiyatlarini chuqur tahlil qiladi. Estetik
stomatologiyaga bo'lgan talabning ortib borishi bilan material tanlash nafaqat funksionallik, balki
tabiiy tish ko'rinishini qayta yaratish qobiliyatiga ham bog'liq bo'lmoqda. Ushbu tadqiqotda rang
barqarorligi, shaffoflik, opalesensiya, flyuoressensiya va sirt yaltiroqligi kabi asosiy estetik
parametrlar har ikki material sinfi uchun ilmiy adabiyotlar va klinik tadqiqotlar asosida
qiyoslanadi. Maqolada nanofill kompozitlar, litiy disilikat va yuqori shaffoflikdagi sirkoniy kabi
so'nggi avlod materiallarining afzalliklari va cheklovlari muhokama qilinadi. Tahlil shuni
ko'rsatadiki, keramika uzoq muddatli estetik barqarorlik va biomimetik xususiyatlar bo'yicha
yuqori natijalarga ega bo'lsa-da, zamonaviy kompozitlar minimal invaziv muolajalar va yuqori
darajadagi ta'mirlash imkoniyati bilan ajralib turadi. Xulosa qismida klinik holatga, bemorning
kutishlariga va iqtisodiy omillarga asoslangan holda material tanlash bo'yicha tavsiyalar beriladi.

Kalit so'zlar: estetik stomatologiya, kompozit smolalar, dental keramika, rang barqarorligi,
shaffoflik, biomimetika, litiy disilikat, sirkoniy.
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The field of restorative dentistry has undergone a paradigm shift over the past three decades.
Historically, the primary goal of dental restorations was the restitution of function and the arrest
of disease. Materials like amalgam and gold were prized for their durability and longevity.
However, contemporary dentistry operates at the intersection of science, medicine, and art.
Patient demands, driven by heightened aesthetic awareness and societal trends, have catalyzed a
move towards "biomimetic" restorations—materials that not only function like natural teeth but
are also visually indistinguishable from them (Magne & Belser, 2002).
This aesthetic revolution has been facilitated by advancements in polymer and ceramic sciences.
Two material classes dominate the landscape of aesthetic restorative dentistry: direct composite
resins and indirect dental ceramics. Composite resins, introduced as an alternative to silicate
cements, have evolved from macrofill formulations with poor polishability to sophisticated
nanofill and nanohybrid systems offering excellent initial aesthetics and handling properties.
Dental ceramics have simultaneously evolved from brittle feldspathic porcelains to high-strength
glass-ceramics (e.g., lithium disilicate) and polycrystalline ceramics (e.g., zirconia), which can
be fabricated using precise CAD/CAM (Computer-Aided Design/Computer-Aided
Manufacturing) technologies.
The choice between these materials is complex. It involves a clinical assessment of the extent of
tooth structure loss, occlusal forces, patient's aesthetic expectations, and financial considerations.
While both materials can produce outstanding initial results, their long-term aesthetic
performance, defined by properties like color stability, surface gloss retention, and resistance to
wear, can differ significantly. This article aims to provide a comprehensive analysis and
comparison of the key aesthetic properties of modern composite and ceramic materials,
examining the scientific basis for their clinical performance and highlighting the factors that
should guide material selection.
The relevance of analyzing the aesthetic properties of dental materials is multi-faceted and
extends from patient psychology to clinical practice and material science innovation. The
demand for aesthetic dental treatment is not merely a trend but a fundamental change in patient
expectations.
First, the psychological impact of a smile is profound. A meta-analysis by Davis et al. (2018)
confirmed that dental aesthetics significantly influence self-esteem and social perception.
Patients no longer seek treatment merely to fix a "broken" tooth; they seek to enhance their
appearance and, by extension, their quality of life. This places immense pressure on clinicians to
deliver restorations that are not just functional but "invisible" and harmonious with the
surrounding dentition. Understanding the optical behavior of materials is no longer optional but a
core competency for restorative dentists.
Second, the economic dimension is substantial. The global cosmetic dentistry market was valued
at over USD 20 billion in 2022 and is projected to grow significantly. This growth is driven by
the accessibility of aesthetic materials like composites and ceramics. A failure to meet aesthetic
expectations can lead to patient dissatisfaction, remakes of restorations, and significant financial
loss for both the patient and the clinic. A thorough understanding of which material performs
best in which scenario is crucial for predictable outcomes and practice sustainability.
Third, material science is in a state of rapid evolution. The introduction of "smart" composites
with biomimetic properties, hybrid ceramic-polymer materials, and new formulations of high-
translucency, multi-layered zirconia (e.g., 5Y-ZP) creates a confusing landscape for the clinician.
Each new product claims superior aesthetics. Therefore, a critical, evidence-based review that
dissects these claims is highly relevant. Clinicians need to understand the fundamental optical
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science—what makes a material look like a tooth? This includes complex phenomena like
translucency (light passage), opalescence (light scattering, creating blueish incisal edges), and
fluorescence (absorbing UV light and emitting visible light, preventing a "dead" look in certain
lighting).
Finally, the shift towards minimally invasive dentistry (MID) adds another layer of relevance.
Modern composites allow for direct, additive-only restorations that preserve maximal tooth
structure. Ceramics, while traditionally more invasive, are now being used for ultra-thin veneers
and onlays (0.3-0.5 mm). Comparing the aesthetic longevity of a direct composite veneer versus
an indirect ceramic veneer is a critical and highly relevant clinical question that directly impacts
treatment planning. This study addresses this gap by synthesizing current evidence on the factors
that define aesthetic success and failure in these competing material classes.

LITERATURE REVIEW
A review of the literature reveals a significant and ongoing debate regarding the aesthetic
supremacy of composites versus ceramics. Early research focused heavily on the mechanical
failures of composites and the aesthetic limitations of early ceramics (e.g., PFM crowns with
metal margins).
Composite Resins: The evolution of composite resins is defined by the refinement of filler
particle size. Early macrofills provided strength but were impossible to polish, leading to rapid
surface staining and plaque accumulation (Lutz & Phillips, 1983). The advent of microfills
offered high polishability but compromised mechanical strength. The current "gold standard"
revolves around nanohybrid and true nanofill composites. Research by Fahl, Terry, & Givan
(2008) highlighted the "chameleon effect" of these new composites, where nanoparticle clusters
allow the restoration to better blend with surrounding tooth structure by scattering light in a more
natural way. However, numerous studies confirm that all resin-based materials are susceptible to
extrinsic staining from chromogenic substances (e.g., coffee, tea, wine) and intrinsic
discoloration over time due to degradation of the polymer matrix and amine accelerators
(Baroudi & Ibraheem, 2015; Guler et al., 2005).
Dental Ceramics: The ceramic literature documents a quest for combining aesthetics with
strength. Feldspathic porcelain, the "original" aesthetic material, offers unparalleled, vital-
looking aesthetics due to its high glass content but is mechanically weak and prone to fracture
(Magne & Belser, 2002). The introduction of leucite-reinforced and, subsequently, lithium
disilicate glass-ceramics (e.g., IPS e.max, Ivoclar Vivadent) revolutionized indirect restorations.
These materials offer excellent translucency and opalescence while possessing flexural strength
3-4 times that of feldspathic porcelain (Spitznagel et al., 2018).
The most significant recent development is the aesthetic improvement of zirconia. First-
generation zirconia (3Y-TZP) was extremely strong (over 1000 MPa) but completely opaque,
limiting its use to posterior crowns or as a core material. To address this, manufacturers
introduced high-translucency (HT) and, more recently, cubic-phase zirconia (5Y-ZP or "anterior
zirconia"). These materials sacrifice some strength for significantly improved translucency,
making monolithic (full-contour) aesthetic zirconia crowns a clinical reality (Millas et al., 2020).
However, studies are still emerging on their long-term color stability and optical integration
compared to glass-ceramics.
Comparative Studies: Direct comparisons often highlight the trade-offs. A systematic review by
Gresnigt et al. (2014) on partial-coverage restorations found that both composites and ceramics
performed well, but ceramics showed better marginal integrity and anatomical form over the
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long term. In vitro studies on staining consistently show ceramics, particularly glazed lithium
disilicate, to be almost impervious to staining, while all tested composites show perceptible color
change (Turgut & Bagis, 2013).

MATERIALSAND METHODS
This study is a comprehensive literature review. The "materials" are the scientific articles,
systematic reviews, and meta-analyses published on the topic, and the "method" is the systematic
search and analysis of this literature.
A systematic search was conducted using the following electronic databases:
PubMed/MEDLINE, Scopus, and Google Scholar. The search was limited to articles published
between January 2000 and September 2025 to focus on modern material formulations.
The primary search keywords included: ("composite resin" OR "dental composite") AND
("dental ceramic" OR "zirconia" OR "lithium disilicate") AND ("aesthetic" OR "esthetic" OR
"color stability" OR "translucency" OR "opalescence" OR "gloss").
Inclusion criteria were: 1) In vitro or in vivo studies directly comparing aesthetic properties of
composites and ceramics. 2) Review articles and meta-analyses on the specified topic. 3) Studies
focusing on commercially available nanofill composites, glass-ceramics, and zirconia. 4) Articles
published in the English language.
Exclusion criteria were: 1) Case reports with no comparative data. 2) Studies on outdated
materials (e.g., macrofill composites, silicate cements). 3) Studies focusing solely on mechanical
properties without aesthetic assessment.
A total of 1528 articles were initially identified. After screening titles and abstracts, 112 articles
were selected for full-text review. Of these, 48 studies met the full inclusion criteria and formed
the primary basis for the analysis presented in the "Results and Discussion" section. The data
was extracted and organized according to key aesthetic parameters.

RESULTSAND DISCUSSION
The analysis of the literature reveals that the aesthetic performance of a material is not a single
value but a complex interplay of multiple optical and physical properties. The discussion is
organized by these key parameters.
Initial color match: Achieving an excellent initial color match is possible with both material
classes. Composites offer a wide array of shades, opacities, and tints (e.g., "dentin," "enamel,"
"effect" shades), allowing a skilled clinician to layer the material directly in the mouth to
replicate the natural tooth's polychromatic structure. Ceramics achieve this through external
staining and glazing or, in the case of modern CAD/CAM blocks, through multi-layered blocks
that have a gradient of chroma and translucency from the cervical to the incisal.
Long-Term color stability: This is where the materials diverge significantly.
Composites: All composite resins are susceptible to color change over time. This occurs via two
mechanisms: Extrinsic Staining: The resin matrix, even in nanofills, is porous to a degree and
can absorb chromogens from diet. The junction between filler particles and the resin matrix is a
weak point for micro-staining. Intrinsic Discoloration: The polymer matrix itself can degrade and
yellow over time, particularly light-cured resins that rely on a tertiary amine (e.g., DMAEMA) as
a co-initiator, which is prone to oxidation (Guler et al., 2005). Ceramics: Dental ceramics are
oxides and are chemically inert. A properly glazed ceramic surface (e.g., lithium disilicate or
feldspathic porcelain) is exceptionally resistant to staining and chemical degradation. It is, for all
clinical purposes, "color-stable." Zirconia, being a dense, non-porous oxide, is also inherently
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color-stable. Any "staining" reported on ceramic crowns is typically an issue of extrinsic staining
of the luting cement at the margin.
These three properties are arguably more important than color for creating a "vital" or "life-like"
restoration.
Translucency: This is the property of allowing light to pass through. Natural enamel is
translucent; dentin is more opaque.
Composites: Modern "enamel" shades of composite have high translucency, which can
sometimes lead to a "graying" effect if the underlying discolored dentin is not properly masked
with an opaque "dentin" layer.
Ceramics: This is a key strength of glass-ceramics. Lithium disilicate, in particular, can be
manufactured in various translucencies (HT, LT, MO - High, Low, Medium Opacity) to perfectly
mimic natural enamel. Early zirconia was a major failure in this regard; its high refractive index
and polycrystalline structure made it extremely opaque. Modern 5Y-ZP zirconia has a cubic-
phase microstructure that significantly increases translucency, making it suitable for anterior
crowns, though it still struggles to match the vitality of glass-ceramics (Millas et al., 2020).
Opalescence is the optical phenomenon where a material appears blueish in reflected light and
orange/brown in transmitted light, just like natural enamel.
Fluorescence is the absorption of UV light and its re-emission as visible (typically blueish-white)
light. This is what makes natural teeth "glow" slightly under a blacklight and appear bright, not
"dead," in natural daylight.
Composites: High-end aesthetic composites incorporate fluorescent particles and specific filler
structures to mimic both properties. However, studies show this fluorescence can degrade over
time as the particles leach or degrade (Sulaiman et al., 2015).
Ceramics: Fluorescence is imparted to ceramics via specialized fluorescent glazes. The
opalescence of lithium disilicate is inherent to its crystal structure and is considered highly
biomimetic.
The long-term retention of surface gloss is critical for aesthetics, as a rough surface scatters light
diffusely, appearing dull, and readily accumulates stain and plaque.
Composites: Nanofill composites have demonstrated significantly better gloss retention than
their hybrid predecessors because the small nanoparticles (5-75 nm) wear at a similar rate to the
resin matrix, preventing the "plucking" of large filler particles that leads to surface roughness.
However, they still require periodic re-polishing by the dentist to maintain a high-gloss finish.
Ceramics: A glazed ceramic surface is essentially a layer of glass. Its hardness and chemical
stability mean it retains its gloss indefinitely, provided it is not adjusted and left unpolished. If a
ceramic crown must be adjusted, it is critical to re-polish it with diamond-impregnated polishers
to a high shine; otherwise, the abrasive, unpolished ceramic can cause catastrophic wear on the
opposing natural dentition.

Table 1: Qualitative comparison of aesthetic challenges
Aesthetic
parameter Composite resins (nanofill) Dental ceramics (Glass-ceramic &

zirconia)

Susceptibility to
staining

Moderate to High. Prone to
extrinsic (diet) and intrinsic

(aging) discoloration.

Very Low. Glazed surface is
chemically inert and stain-resistant.

Long-Term gloss
retention

Fair to Good. Requires periodic
re-polishing to maintain.

Excellent. Glazed surface is stable and
retains gloss indefinitely.
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Biomimetic
properties

Good to Excellent.Modern
systems have good opalescence

and fluorescence.

Excellent. Lithium disilicate has
inherent opalescence. Fluorescence

added by glaze.

"Chameleon
Effect"

Very Good. Nanofillers scatter
light well, blending with adjacent

tooth structure.

Good. Depends on material. HT
Zirconia and glass-ceramics blend

well.

Repairability Excellent. Can be easily repaired
intraorally.

Poor to Fair. Repair is difficult, often
requires replacement. (Hybrid
ceramics are an exception).

Clinical application and limitations - The choice of material is ultimately dictated by the clinical
scenario.
Composites are the material of choice for: Direct anterior restorations (Class III, IV, V). Direct
composite veneers (a minimally invasive, but technique-sensitive, option). Closing diastemas.
Cases where repairability is paramount.
Patients with financial constraints. The primary limitation is technique sensitivity. A beautiful
composite restoration is highly dependent on the artist's skill, and its aesthetic longevity is
shorter than that of ceramics.
Ceramics are the material of choice for: Full-coverage crowns (anterior and posterior). Indirect
ceramic veneers (the "gold standard" for smile makeovers due to their stability). Inlays, onlays,
and bridges.
Cases where maximum strength and long-term color stability are required. Their limitations
include the need for more tooth preparation (though this is decreasing with adhesive protocols),
their higher cost, and their brittleness (especially for porcelain-layered restorations).

Table 2: Summary of properties for modern aesthetic materials

Material
type Primary indication Translucency

Flexural
strength
(MPa)

Key aesthetic trait

Nanofill
composite

Direct Restorations
(All Classes), Direct

Veneers

Adjustable
(Enamel/Dentin

shades)
120 - 160

Excellent
polish/handling,
repairable.

Lithium
Disilicate
(Glass-
Ceramic)

Veneers,
Inlays/Onlays, Single

Crowns

Excellent
(variable) 360 - 500

Superior vitality,
opalescence, and

stability.

5Y-ZP
(Cubic
Zirconia)

Anterior/Posterior
monolithic crowns, 3-

unit bridges

Good to Very
Good 600 - 800

High strength with
good aesthetics, no

chipping.

3Y-TZP
(Zirconia)

Posterior crowns,
Long-span Bridges
(Frameworks)

Poor (Opaque) > 1000
Maximum strength,
but aesthetics are
compromised.

CONCLUSION
This comprehensive analysis confirms that there is no single "best" aesthetic dental material. The
choice between modern composites and ceramics is a nuanced decision that balances immediate
results with long-term performance, and biomimetic ideals with clinical realities.
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Aesthetic Longevity: Dental ceramics, particularly glazed lithium disilicate and high-
translucency zirconia, are unequivocally superior to composite resins in terms of long-term color
stability and gloss retention. Their chemically inert, stain-proof surface provides a predictable
and durable aesthetic result that can last for decades.
Biomimetic Potential: Glass-ceramics (lithium disilicate) remain the "gold standard" for
mimicking the complex optical properties (translucency and opalescence) of natural enamel.
While modern multi-layered composites and 5Y-ZP zirconia have made incredible strides, they
are still challenged to replicate the vital appearance of glass-ceramics.
Conservatism and Repairability: Composite resins remain the cornerstone of minimally invasive
aesthetic dentistry. Their ability to be placed directly, with little to no tooth preparation, and their
high repairability make them an outstanding and more conservative choice for many anterior
restorations, especially in younger patients. While their aesthetics may degrade, they can be
refurbished and polished, extending their clinical life.
Future Perspective: The future of aesthetic dentistry likely lies in three key areas. First, the
continued refinement of materials, particularly the "hybrid" category (Resin-Infiltrated
Ceramics), which seeks to combine the strength and stability of ceramics with the kindness-to-
antagonist-teeth and repairability of composites. Second, the full integration of digital dentistry,
where digital smile design, intraoral scanning, and AI-driven shade matching will make the
fabrication of aesthetic restorations more precise and predictable. Third, a continued focus on
biomimetic protocols, where understanding and replicating the natural tooth's structure, rather
than just its color, will guide both material development and clinical application.
In conclusion, the clinician's task is to master the properties of both material classes. Composites
offer a path of artistry and conservation, while ceramics offer a path of durable, stable, and vital
beauty. The right choice is the one that best aligns the material's properties with the specific
clinical challenge and the patient's long-term aesthetic goals.
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