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NATURAL CROSS-LINKING AGENTS IN
ADHESIVE DENTISTRY

Simge GUMUS AYAZ!

1. INTRODUCTION

Resin—dentin bonding remains one of the most demanding
interfaces in restorative dentistry, because the longevity of a
bonded restoration depends on the durability of the hybrid layer
formed when resin  monomers infiltrate acid-etched,
demineralized dentin. Complete encapsulation of the collagen
fibrils exposed by etching is rarely achieved, particularly at the
base of the hybrid layer, where resin infiltration is incomplete.
The collagen left uncovered by resin remains vulnerable to
hydrolytic and enzymatic breakdown, driven principally by host-
derived matrix metalloproteinases (MMPs) and cysteine
cathepsins that reside in dentin in a latent state and are activated
by the acidic conditions generated during etching and adhesive
application. Over months to years this degradation manifests
clinically as a progressive loss of bond strength, nanoleakage,
marginal breakdown, secondary caries, and eventual restoration
failure Liu et al., 2011; Frassetto et al., 2016).

Two complementary biochemical strategies have been
proposed to interrupt this process: direct inhibition of the
proteolytic enzymes responsible for collagen breakdown, and
biomodification of the collagen network itself through cross-
linking, which both stiffens the fibrillar scaffold and renders it
less accessible to enzymatic attack. Collagen cross-linking agents

L Assist. Prof. Dr., Batman University Faculty of Dentistry, Restorative Dentistry,
ORCID: 0000-0003-1153-4545.
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are generally understood to act through two complementary
mechanisms: they promote inter- and intramolecular cross-links
that increase the structural integrity of collagen, and they
immobilize the catalytic sites of endogenous proteolytic enzymes,
thereby limiting collagenolysis at the hybrid layer (Bedran-Russo
etal., 2007; Xu & Wang, 2011; Hass et al., 2016).

Synthetic cross-linking agents such as glutaraldehyde and
carbodiimide (EDC) have shown clear efficacy in laboratory
studies, but their clinical appeal is tempered by cytotoxicity
concerns and, in the case of glutaraldehyde, a tendency to cross-
link the tissue surface rapidly, forming a barrier that limits
penetration into deeper, less accessible layers of demineralized
dentin. This limitation has directed sustained interest toward
naturally derived cross-linking agents — chiefly plant
polyphenols and related bioflavonoids — which combine
comparatively low cytotoxicity and good biocompatibility with a
demonstrated capacity to stabilize the dentin collagen matrix and,
in several cases, to inhibit MMP activity directly (Hass et al.,
2016; Hardan et al., 2022; Anumula et al., 2022).

This chapter surveys the principal classes of natural cross-
linking agents investigated in adhesive dentistry —
proanthocyanidins, tea-derived catechins and theaflavins, dietary
flavonoids such as quercetin, naringin, hesperidin and baicalein,
and vitamin-derived agents such as riboflavin and a-tocopherol
— and synthesizes the in vitro evidence for their effects on
immediate and long-term resin—dentin bond strength. (Hardan et
al., 2022; Anumula et al., 2022). It concludes with a discussion of
the clinical and methodological variables that appear to govern
their efficacy and the directions in which the field is likely to
move.
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2. RATIONALE AND MECHANISMS OF ACTION

Dentin is a mineralized connective tissue in which type I
collagen fibrils provide the organic scaffold that anchors resin
composite restorations once the mineral phase has been partially
removed by acid etching. The stiffness of this collagen network
falls dramatically once demineralized — from values
characteristic of mineralized tissue to only one to three
megapascals — a change that increases the mobility of individual
collagen peptides and exposes the specific peptide bonds targeted
by MMPs. Endogenous pro-MMPs, present in dentin in a dormant
state, are activated by the low pH generated by phosphoric acid
etching, self-etching primers, and even carious demineralization;
once activated they retain the capacity to degrade collagen even
after the local pH returns to neutral, which is why bond
degradation continues long after the clinical bonding procedure is
complete (Liu etal., 2011; Frassetto et al., 2016).

Cross-linking agents interrupt this sequence in two ways.
First, by forming covalent, ionic, hydrogen-bonded, or
hydrophobic linkages between adjacent collagen molecules, they
restrict the unwinding of the triple helix that is required for an
MMP to access its cleavage site, without necessarily increasing
the tensile strength of intact collagen (Han et al., 2003; Bedran-
Russo et al., 2007; Xu & Wang, 2011).. Second, several agents
cross-link the proteases themselves, inducing conformational
changes in the enzyme structure that reduce the molecular
mobility needed for catalytic activity, effectively inactivating the
enzyme independently of its interaction with collagen (Hass et al.,
2016).  Natural  polyphenolic  cross-linkers  such  as
proanthocyanidins are understood to act mainly through hydrogen
bonding between their phenolic hydroxyl groups and the amide
carbonyl groups of collagen, supplemented by covalent, ionic,
and hydrophobic interactions, while flavonoids such as quercetin
have been shown to combine van der Waals, electrostatic,
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hydrogen-bonding, and hydrophobic mechanisms in a similar
dual role as both a collagen stabilizer and an MMP inhibitor (Han
et al., 2003; Hass et al., 2016; Glimiis Ayaz et al., 2025).

3. CLASSES OF NATURAL CROSS-LINKING
AGENTS

3.1. Proanthocyanidins

Proanthocyanidins (PAs) are condensed tannins —
bioflavonoids composed of catechin and epicatechin monomers
of variable chain length — found abundantly in grape seed extract
(GSE), pine bark, cranberries, and cocoa seed. Grape seed extract,
typically standardized to contain more than 95%
proanthocyanidin, is the most extensively investigated natural
cross-linker in adhesive dentistry and has been applied at
concentrations ranging from roughly 5% to 6.5% for pretreatment
periods of one to five minutes (Han et al., 2003; Castellan et al.,
2013; Govil et al., 2023).

Across the available comparative and meta-analytic
literature, proanthocyanidin/GSE pretreatment consistently
improves resin—dentin bond strength relative to untreated dentin,
an effect that is preserved and in several analyses becomes more
pronounced after aging. A systematic review and meta-analysis
restricted to studies aged six months or longer found a statistically
significant benefit of PA/GSE pretreatment over control both
after six to nine months of aging and after twelve months, with
the effect at twelve months (mean difference of roughly fourteen
megapascals in favor of PA) exceeding that observed at six to
nine months. The same body of evidence concluded that PA/GSE
was, to date, the most efficient natural cross-linker identified in
the literature for preserving bond strength after aging,
outperforming cocoa seed extract, green tea extract, and
epigallocatechin gallate, none of which produced a statistically
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appreciable improvement once pooled across studies (Anumula
etal., 2022).

A separate systematic review and meta-analysis that
examined crosslinkers across both natural and synthetic
categories reached a  comparable  conclusion  for
proanthocyanidins used as a pretreatment primer, reporting
improvement in both immediate and long-term bond strength
values — a pattern distinct from most other agents in that review,
which improved only long-term bond strength. When
incorporated directly into the adhesive formulation rather than
applied as a separate pretreatment step, however,
proanthocyanidin did not improve immediate bond strength, a
finding attributed to the relatively large molecular size of
proanthocyanidin polymers, which may interfere with the etching
efficiency of self-etch primers and impede ideal hybridization
(Hardan et al., 2022; Epasinghe et al., 2012; Green et al., 2010).

Cocoa seed extract, another proanthocyanidin source but
with a substantially lower proanthocyanidin  content
(approximately 45% compared with 95% or more for GSE), has
not shown a comparable benefit in pooled analyses, reinforcing
the impression that the magnitude of bond-strength improvement
with proanthocyanidins is concentration- and purity-dependent
(Anumula et al., 2022).

3.2. Green Tea Catechins, Epigallocatechin Gallate,
and Theaflavin

Green tea extract (GTE) and its principal catechin,
epigallocatechin-3-gallate (EGCG), have anti-inflammatory,
antimicrobial, antioxidant, and anticollagenolytic properties in
addition to a demonstrated capacity to stabilize collagen through
hydrogen bonding with galloyl and hydroxyl groups (Hardan et
al., 2022; Anumula et al., 2022). In a meta-analysis that pooled
studies using EGCG as a dentin pretreatment primer, the agent
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improved long-term bond strength but not immediate bond
strength; a similar long-term-only benefit was observed when
EGCG was incorporated within the adhesive formulation itself
(Hardan et al., 2022). However, a separate meta-analysis
restricted to studies aged six months or more found that neither
GTE nor EGCG produced a statistically appreciable improvement
in bond strength once results were pooled, a discrepancy
plausibly explained by the considerable variation in the
concentrations tested across the underlying studies, which ranged
from 0.05% to 2% (Anumula et al., 2022).

Theaflavin, a related polyphenol isolated from Camellia
sinensis (particularly oolong and black tea, in contrast to the
unfermented green tea leaves that yield catechins), has been
proposed as a newer alternative cross-linker with a lower
molecular weight than proanthocyanidin, which is thought to
permit faster and deeper dentinal diffusion. A controlled in vitro
comparison  evaluated 2%  theaflavin  against 2%
proanthocyanidin as dentin pretreatments prior to bonding,
testing microtensile bond strength immediately and after
thermocycling equivalent to one and three simulated clinical
years (Table 1). Both agents produced a large and statistically
significant increase in bond strength relative to untreated dentin
at every time point. Theaflavin numerically exceeded
proanthocyanidin at all three intervals, and this difference reached
statistical significance specifically at the one-year interval, an
advantage attributed to more complete collagen stabilization
afforded by theaflavin's smaller molecular size and
correspondingly faster diffusion into the dentin substrate
(Perumal et al., 2025).
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Table 1. Mean microtensile bond strength values (MPa) for
control, 2% theaflavin, and 2% proanthocyanidin dentin
pretreatments at immediate, one-year, and three-year simulated
intervals, adapted from a comparative in vitro study of natural
collagen cross-linking agents.

Immediate | 1 Year |3 Years

Group (MPa) (MPa) | (MPa) Trend
Control (no 7.98 10.96 | 9.57 Lowest at all intervals
pretreatment)

2% Theaflavin 36.43 27.13 | 23.24 | Highest at all intervals
206 Second highest;
L 35.94 22.39 | 20.48 | significantly lower than
Proanthocyanidin .
theaflavin only at 1 year

3.3. Dietary  Flavonoids:  Quercetin,  Naringin,
Hesperidin, and Baicalein

Quercetin, a flavonoid abundant in citrus fruits and other
plant sources, has attracted growing attention because it functions
simultaneously as an MMP-2/-9 inhibitor and as a collagen cross-
linker, stabilizing the matrix through van der Waals forces,
electrostatic interactions, hydrogen bonding, and hydrophobic
interactions (Hass et al., 2016; Giimiis Ayaz et al., 2025).In a
comparative in vitro study evaluating dentin pretreatment with
chlorhexidine, quercetin, naringin, riboflavin, and a-tocopherol,
quercetin produced the highest micro-shear bond strength among
all agents tested at twenty-four hours, and after twelve months of
thermocycling its mean bond strength rose further, becoming
significantly higher than the riboflavin and a-tocopherol groups
and than the untreated control, indicating a stable and durable
bonding performance sustained through simulated long-term
aging (Glimiis Ayaz et al., 2025).

Naringin, a flavanone glycoside found in citrus fruits,
grapes, beans, cherries, cocoa, and thyme, combines
antimicrobial and antioxidant activity with a proposed cross-
linking mechanism involving protonation of anionic regions of
the molecule, which increases the likelihood of reaction with
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carbonyl and carboxyl groups on collagen (Hass et al., 2016). In
the same comparative study, naringin produced the third-highest
immediate bond strength, after quercetin and chlorhexidine, and
its bond strength increased further after thermal aging, a pattern
the authors interpreted as evidence of a genuine, time-dependent
cross-linking effect rather than a transient surface interaction
(Gilimiis Ayaz et al., 2025).

Hesperidin, a glycoside flavonoid with a comparatively
low molecular weight and a pronounced hydrophobic character
that favors strong association with collagen fibrils, has been
shown to preserve dentin collagen and arrest demineralization. In
an in vitro study evaluating microtensile bond strength of a self-
etch adhesive to dentin contaminated with blood and an
aluminum-chloride hemostatic agent, contamination reduced
bond strength by roughly half relative to uncontaminated control
dentin. Application of 10% hesperidin after contamination
restored bond strength to a level statistically indistinguishable
from the uncontaminated control, and marginally exceeded the
bond strength achieved with 6.5% grape seed extract applied
under the same contamination conditions, an advantage attributed
to hesperidin's stronger hydrophobic association with collagen
fibrils relative to the more hydrophilic proanthocyanidin in GSE
(Manihani et al., 2023)

Baicalein, a flavonoid derived from the roots of
Scutellaria baicalensis, is structurally related to proanthocyanidin
and has been proposed to share similar MMP-inhibitory
mechanisms (Hardan et al., 2022; Anumula et al., 2022).
Available baseline (unaged) comparisons uniformly favor
baicalein over untreated controls, but because none of the
identified studies extended aging beyond several months with the
necessary comparative design, its long-term durability relative to
other natural cross-linkers has not yet been established through
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meta-analysis (Hardan et al., 2022; Anumula et al., 2022;L1i,2018;
Agarwal,2023).

3.4. Riboflavin and a-Tocopherol

Riboflavin (vitamin B2) is a photoactivatable cross-
linking agent, long used in ophthalmology to stiffen corneal
collagen when combined with ultraviolet-A irradiation.
Photoactivation disrupts weak intrinsic collagen cross-links and
generates reactive oxygen species that in turn promote the
formation of new, stronger covalent cross-links, in principle
producing a more stable collagen network within the hybrid layer
(Fu et al.,, 2020; Hardan et al., 2022). A meta-analysis of
riboflavin used as a dentin pretreatment primer found no
significant improvement in immediate bond strength but a
significant improvement in long-term bond strength; when
incorporated into the adhesive formulation itself, riboflavin again
improved only the long-term outcome (Hardan et al., 2022). In a
direct comparative study, however, riboflavin produced the
lowest immediate micro-shear bond strength among all agents
tested, including the untreated control, though its bond strength
increased substantially after twelve months of thermal aging — a
pattern broadly consistent with the meta-analytic literature and
suggestive of a cross-linking benefit that requires time, and
potentially a more standardized photoactivation protocol, to
become clinically apparent (Glimiis Ayaz et al., 2025).

a-Tocopherol, an active component of vitamin E with
recognized antioxidant properties, has been investigated to a more
limited extent. In the same comparative study, a-tocopherol
produced comparatively high immediate bond strength but a
significant decrease in bond strength following thermal cycling,
a decline attributed to the possibility that hydrophobic
antioxidants of this type disrupt polymerization over time,
yielding a more linear, less cross-linked adhesive polymer
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structure and consequently reduced long-term bond durability
(Giimiis Ayaz et al., 2025).

3.5. Chitosan and Other Biomodifying Agents

Chitosan, a biocompatible, antibacterial polysaccharide
with an affinity for amino acids, has occasionally been grouped
with natural cross-linking agents because of its ability to form
ionic interactions with type | collagen and enhance the stability
of the collagen matrix (Hardan et al., 2022). However, meta-
analytic pooling of the available evidence demonstrated that
chitosan pretreatment did not significantly improve -either
immediate or long-term resin—dentin bond strength compared
with untreated dentin, suggesting that its principal contribution
may be related more to its antibacterial and bioactive properties
than to effective collagen cross-linking (Hardan et al., 2022).

A related but conceptually distinct body of work has
examined natural agents—including rosemary oil, ginger
combined with honey or cocoa, and grape seed extract—for their
capacity to promote enamel remineralization within pH-cycling
caries models rather than to enhance resin—dentin bonding
through collagen biomodification. Although the primary
outcomes of these studies differ, focusing on enamel surface
microhardness and laser fluorescence rather than bond strength,
they reinforce the broader concept that naturally derived
polyphenols, particularly grape seed extract rich in
proanthocyanidins, possess significant biomodifying potential in
dental tissues (Glimiis Ayaz et al., 2024). In that study, grape seed
extract demonstrated the greatest remineralization potential
among the natural agents evaluated, supporting the growing
interest in polyphenol-based biomaterials for minimally invasive
restorative dentistry (Glimiis Ayaz et al., 2024).

10
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4. COMPARATIVE EVIDENCE FROM BOND
STRENGTH STUDIES

4.1. Systematic Reviews and Meta-Analyses

Two independent systematic reviews and meta-analyses
provide the most comprehensive synthesis currently available.
The first, encompassing forty-five studies evaluating both natural
and synthetic collagen cross-linkers, found that when applied as
a separate dentin pretreatment primer, proanthocyanidin
significantly improved both immediate and long-term resin—
dentin bond strength, whereas epigallocatechin-3-gallate
(EGCG), carbodiimide (EDC), ethylenediaminetetraacetic acid
(EDTA), glutaraldehyde, and riboflavin improved only long-term
bond strength. In contrast, chitosan did not significantly improve
either immediate or long-term bond strength. When cross-linking
agents were incorporated directly into adhesive formulations
rather than used as separate pretreatment primers, glutaraldehyde,
riboflavin, and EGCG continued to demonstrate improvements in
long-term bond strength, whereas proanthocyanidin failed to
improve either immediate or long-term outcomes in this
application mode (Hardan et al., 2022).

The second meta-analysis, which focused specifically on
natural collagen cross-linkers and included only studies with
aging periods of at least six months, similarly concluded that
grape seed extract/proanthocyanidin was the most effective
natural cross-linking agent for preserving resin—dentin bond
strength after aging. In contrast, cocoa seed extract, green tea
extract, and EGCG did not demonstrate statistically significant
improvements in pooled analyses, a finding largely attributed to
substantial heterogeneity among studies with respect to cross-
linker concentration, adhesive strategy, and aging protocol
(Anumula et al., 2022).

11
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4.2. lllustrative Head-to-Head In Vitro Trials

A comparison of 2% theaflavin and 2% proanthocyanidin
as dentin pretreatments, evaluated using microtensile bond
strength immediately and after simulated one- and three-year
thermocycling, demonstrated that both agents significantly
outperformed untreated dentin at all evaluation periods.
Theaflavin exhibited numerically higher bond strength values
throughout the study, with a statistically significant advantage
over proanthocyanidin observed after one year of aging (Perumal
et al., 2025).

A study using caries-affected dentin compared 6.5% grape
seed extract (GSE), 2% green tea extract (GTE), and 5%
glutaraldehyde by measuring microshear bond strength following
etch-and-rinse (15- and 45-second phosphoric acid etching) and
self-etch adhesive strategies. Bond strength ranked GSE > GTE
> glutaraldehyde > untreated control, while the 45-second etch-
and-rinse protocol yielded significantly higher bond strengths
than both the 15-second etching protocol and the self-etch
approach, indicating that adhesive strategy influences the
effectiveness of collagen cross-linking pretreatments in caries-
affected dentin (Govil et al., 2023).

A study simulating clinical contamination with blood and
an aluminum chloride hemostatic agent demonstrated that
contamination reduced the microtensile bond strength of a self-
etch adhesive by approximately 50% compared with
uncontaminated dentin. Subsequent application of either 6.5%
grape seed extract or 10% hesperidin restored bond strength to
levels statistically comparable with uncontaminated controls,
with hesperidin producing slightly higher bond strength values
than grape seed extract (Manihani et al., 2023).

A comparative study evaluating chlorhexidine, quercetin,
naringin, riboflavin, and (Ex-tocopherol as dentin pretreatments

12
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before application of a universal adhesive found that quercetin,
chlorhexidine, and naringin achieved the highest immediate
microshear bond strengths, all significantly exceeding those
obtained with (Ez-tocopherol. Following twelve months of
thermocycling, bond strengths increased in the quercetin,
riboflavin, and naringin groups, whereas decreases were observed
in the control, chlorhexidine, and Ex-tocopherol groups. These
findings suggest that quercetin and naringin may represent
promising long-term natural alternatives to chlorhexidine for
dentin biomodification (Glimiis Ayaz et al., 2025).

5. FACTORS MODULATING EFFICACY

Several methodological and clinical variables recur across
the literature as important determinants of whether natural
collagen cross-linking agents improve resin-dentin bond strength
and the magnitude of that improvement.

Concentration and molecular weight: The efficacy of
natural cross-linkers does not increase linearly with
concentration. Grape seed extract has generally demonstrated
favorable outcomes when used as a dentin pretreatment at
concentrations of 5-6.5%, whereas incorporation of 3%
proanthocyanidin directly into adhesive formulations has, in
some studies, failed to improve or even reduced bond strength.
Lower-molecular-weight agents, such as theaflavin and
hesperidin, may diffuse more readily into demineralized dentin
than the larger proanthocyanidin polymers, potentially
contributing to their favorable performance in direct comparative
studies (Epasinghe et al., 2012; Govil et al., 2023; Manihani et
al., 2023; Perumal et al., 2025).

Application mode: Applying a collagen cross-linker as a
separate dentin pretreatment step before adhesive placement has
more consistently enhanced bond strength than incorporating the

13
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same agent directly into adhesive formulations. This distinction
is particularly evident for proanthocyanidins, whose relatively
large molecular size may interfere with adhesive infiltration or
the etching efficiency of self-etch systems when incorporated into
the adhesive resin (Epasinghe et al., 2012; Green et al., 2010;
Hardan et al., 2022).

Application time: Most studies have employed
pretreatment times of approximately one minute or less, which
appear sufficient to achieve clinically meaningful improvements
in bond durability. Although prolonged application times have
been investigated experimentally, the available evidence suggests
that extending treatment to much longer periods provides little
additional benefit while reducing clinical feasibility (Castellan et
al., 2013; Hardan et al., 2022).

Adhesive strategy: The effectiveness of natural cross-
linkers may depend on the adhesive protocol. In particular, etch-
and-rinse systems, especially when combined with approximately
45 seconds of phosphoric acid etching, have demonstrated
superior bond strengths compared with self-etch adhesives in
caries-affected dentin. This finding has been attributed to more
effective removal of acid-resistant mineral deposits, thereby
facilitating resin infiltration and cross-linker penetration into the
collagen matrix (Govil et al., 2023).

Substrate condition: Beneficial effects of natural cross-
linkers have been demonstrated not only in sound dentin but also
in clinically compromised substrates, including caries-affected
dentin and dentin contaminated with blood and aluminum
chloride hemostatic agents. Under these challenging conditions,
cross-linker pretreatment has been shown to substantially recover
bond strength relative to untreated controls (Govil et al., 2023;
Manihani et al., 2023).

14
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Aging protocol and duration: Artificial aging remains
essential when evaluating the durability of resin-dentin bonds.
Thermocycling protocols of approximately 10,000 cycles are
commonly used to simulate one year of clinical service, whereas
30,000 cycles approximate three years. Several natural cross-
linkers-including proanthocyanidins, theaflavin, quercetin,
naringin, and riboflavin-demonstrate their greatest benefits after
long-term aging rather than immediately after bonding.
Conversely, agents such as E=x-tocopherol may exhibit favorable
immediate performance but reduced long-term bond durability,
emphasizing the importance of aging protocols in laboratory
studies (Anumula et al., 2022; Hardan et al., 2022; Perumal et al.,
2025; Glimiis Ayaz et al., 2025).

6. CLINICAL IMPLICATIONS AND FUTURE
DIRECTIONS

Collectively, the evidence reviewed in this chapter
supports the use of selected natural collagen cross-linking
agents—most consistently proanthocyanidins, and increasingly
theaflavin, quercetin, naringin, and hesperidin—as clinically
feasible, low-cytotoxicity alternatives or adjuncts to
chlorhexidine and synthetic cross-linkers such as glutaraldehyde
for dentin biomodification prior to adhesive bonding. Their
clinical appeal lies in their favorable biocompatibility, relatively
short application times (typically approximately one minute), and
their ability to preserve resin—dentin bond durability under both
normal and compromised bonding conditions, including caries-
affected dentin and dentin contaminated with blood or hemostatic
agents (Hardan et al., 2022; Anumula et al., 2022; Govil et al.,
2023; Manihani et al., 2023; Gilimiis Ayaz et al., 2025; Perumal
etal., 2025).

15
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Despite  these promising findings, considerable
heterogeneity remains among published studies with respect to
cross-linker concentration, solvent composition, application
protocol, adhesive strategy, and artificial aging methodology,
limiting direct comparison of outcomes and reducing the number
of studies suitable for quantitative synthesis (Hardan et al., 2022;
Anumula et al., 2022). Greater standardization of laboratory
protocols—including appropriate sample size calculation,
blinded outcome assessment, standardized thermocycling
regimens, and aging periods extending to at least twelve
months—would facilitate more reliable comparisons between
natural cross-linking agents and improve the quality of future
evidence.

At present, the available evidence is derived almost
exclusively from in vitro studies using microtensile or microshear
bond strength testing. Consequently, well-designed randomized
clinical trials evaluating restoration survival, marginal adaptation,
postoperative sensitivity, and secondary caries incidence
following dentin pretreatment with natural cross-linkers remain
scarce and should be regarded as a priority for future research
(Hardan et al., 2022; Anumula et al., 2022). In addition,
incorporation of natural cross-linking agents into commercial
universal adhesive systems and the development of nanoparticle-
based delivery platforms capable of enhancing the penetration
and controlled release of polyphenolic molecules within
demineralized dentin represent promising avenues for future
investigation (Fu et al., 2020; Hardan et al., 2022).

7. CONCLUSION

Natural cross-linking agents represent a biologically
favorable strategy for stabilizing the collagen matrix of the resin—
dentin hybrid layer and mitigating the enzymatic degradation that

16
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limits the longevity of adhesive restorations. Proanthocyanidins,
principally as grape seed extract, currently hold the strongest and
most consistent evidence base for preserving bond strength after
long-term aging, while theaflavin, quercetin, naringin, and
hesperidin have each shown comparable or, in specific
comparisons, superior performance to established agents,
including proanthocyanidin and chlorhexidine. Riboflavin and a-
tocopherol illustrate that not all naturally derived agents behave
uniformly over time, underscoring the importance of long-term
aging data when evaluating any candidate cross-linker. As the
mechanistic and comparative evidence base matures, natural
cross-linking agents are well positioned to become a routine
component of dentin biomodification protocols in adhesive
dentistry, pending confirmation through standardized in vitro
protocols and, ultimately, clinical trials.
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DENTAL KOMPOZIT KAYNAKLI MiKRO VE
NANO OLCEKLI PARTIKULLER: OLUSUM
MEKANIZMALARI, BiYOLOJIK VE
CEVRESEL ETKILER

Muhammet Hilmi KOTAN!

1. GIRIS

Mikro ve nano Olgekli plastik partikiillerin ¢esitli
ekosistemlerde yaygin bi¢cimde bulunmasi, bu maddelerin
¢evrede uzun siire varligini stirdiirmesi ve insan sagligina yonelik
potansiyel zararlari, s6z konusu partikiilleri ¢agimizin baslica
cevre ve halk sagligi sorunlarindan biri durumuna getirmistir (Di
Spirito et al., 2025; Simunovié et al., 2025). Kompozit rezinler ve
ortodontik apareyler gibi dental polimerik materyaller, agiz
ortamindaki mekanik yiikler ile termal, enzimatik ve kimyasal
etkenlerin etkisiyle zamanla bozunarak mikroplastik salimina
neden olabilmektedir (John, Rao, & Srikrishna, 2026). Ozellikle
kompozit restorasyonlarin bitirme ve polisaj islemleri sirasinda
kullanilan doner aletler, mikro-nano boyutta partikiil aciga
¢ikarabilmektedir. Bu partikiillerin blylk kismi aspirasyon ile
uzaklagtirilsa da atik su araciligiyla kanalizasyon sistemine
ulasabilmektedir (Mulligan et al., 2022). Bu nedenle, klinik
protokollerin  standardizasyonu,  etkili  attk  yOnetimi
uygulamalarinin benimsenmesi ve siirdiiriilebilir materyallerin
kullanilmasi, dental partikiil saliminin ve c¢evresel etkilerin
azaltilmasina katki saglayabilir (John et al., 2026; Simunovi¢ et
al., 2025). Bu bolimde, dental kompozit kaynakli mikro-nano
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Olgekli partikiillerle ilgili bilgiler derlenerek olusum siiregleri,
olas1 biyolojik/cevresel etkileri detayli sekilde incelenecektir.

2. MIiKRO/NANOPLASTIKLER VE DENTAL
KOMPOZIT KAYNAKLI PARTIKULLERIN
TANIMI

Mikro 6lgekli plastikler genellikle 1 um ile 5 mm arasinda,
nano olgekli plastikler ise 1 pm'den kiigiik polimerik parcaciklar
olarak tanimlanmaktadir (Arif et al., 2024). Buna karsin,
"mikropartikiil" ve "nanopartikiil" terimleri yalnizca pargacik
boyutunu ifade eden terimlerdir. Bu nedenle her mikroplastik bir
mikropartikiil olarak kabul edilirken, her mikropartikiil
mikroplastik  degildir. Kompozit rezinlerden agiga c¢ikan
partikiiller; capraz bagli metakrilat esasli polimer matriks ile cam
veya silika gibi inorganik doldurucular birlikte igeren heterojen
yapilardir. Mulligan ve ark., bu partikiillerin tek bir polimerden
olusan klasik mikroplastiklerden yapisal olarak ayrildigini ve bu
nedenle ayni sekilde degerlendirilmemesi gerektigini belirtmistir
(Mulligan et al., 2021). Bu nedenle dental kompozitlerden agiga
cikan yapilar1 kapsamak {izere “dental kompozit kaynakli
partikiiller” terimi kullanilacak; “mikroplastik” ve “nanoplastik™
terimleri ise yalnizca polimerik niteligi ortaya konmus veya ilgili
kaynakta bu sekilde tanimlanmis parcaciklar icin tercih
edilecektir.

3. DENTAL KOMPOZITLERDEN PARTIKUL
SALIM MEKANIZMALARI

Dental kompozitlerin agiz i¢indeki Omiirleri boyunca
maruz kaldiklar1 mekanik, termal ve kimyasal etkenler
(Ghasemzadeh & Gokee, 2025), materyalden zamanla partikiil
salimma yol acabilmektedir. Cigneme sirasinda olusan
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tekrarlayan mekanik yiikler ile termal degisimler, kompozitin
rezin matriksinde ve doldurucu—matriks ara ylzinde
mikrogatlaklara ve yapisal bozulmaya yol agabilmektedir
(Drummond, 2008; Rinastiti et al., 2010). Bunun yan1 sira, suyun
ve asidik ¢ozeltilerin etkisiyle gelisen hidrolitik ve yiizeysel
bozunma, yiizey piiriizliliigiinii ve doldurucu partikiillerin agiga
cikmasini artirarak materyal kaybini kolaylastirabilmektedir
(Miinchow et al., 2014; Rinastiti et al., 2010). Rutin klinik
uygulamalardan olan bitirme ve polisaj islemleri sirasinda 6nemli
miktarda aerosol halinde kompozit tozu agiga ¢ikabilmektedir. Bu
tozun akcigerlerin derin bolgelerine ulagabilecek nano 6lgekli
partikiiller igermesi, s6z konusu islemleri hasta ve dental personel
acisindan potansiyel bir solunum maruziyeti kaynagi haline
getirmektedir (Iliadi et al., 2020; Kucharska et al., 2025). Dental
kompozitlerin klinik uygulamalari sirasinda polimerize olmamis
materyal artiklari ile bitirme, polisaj ve sokiim islemlerinden
kaynaklanan  partikiiler —atiklar olusabilmektedir. Ayrica
kompozitlerin frezle agindirilmasinin ardindan dental atik suda
bisfenol A tespit edilmis; klinik islemleri taklit eden asindirma
uygulamalarmin farkli boyut ve yiizey Ozelliklerine sahip
kompozit mikropartikiilleri meydana getirdigi gosterilmistir
(Mulligan et al., 2021; Polydorou et al., 2020). Bu dogrultuda
partikiil olusum mekanizmalarinin ayr1 bagliklar altinda
incelenmesi, salim siireclerinin daha iyi anlasilmasina katki
saglayacaktir.

3.1. Kullanim Sirasindaki Mekanik Asinma

Kompozit materyallerin asinmasi; dise ait Ozellikler,
materyal tiirii, kavite boyutu, okliizyon fizyolojisi ve karsit
dislerin ozellikleri gibi ¢cok sayida faktore bagli multifaktoriyel
bir olgudur. Etki mekanizmasina gore asinma; abraziv, adeziv,
yorulmaya bagli ve korozif olmak ftizere dort grupta
siniflandirilmaktadir. Klinik kosullarda dis fircalamanin neden
oldugu abraziv asinma, kompozit rezin restorasyonun agikta
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kalan tiim yiizeylerini etkilerken, okliizal kuvvetlerden
kaynaklanan abrazyon temas ylizeyleriyle smurlidir. Ayrica
kompozit rezinlerdeki asinma, Ozellikle bruksizm gibi
parafonksiyonel aktivitelere sahip hastalarda 6nemli bir sorun
olusturmaktadir (Dionysopoulos & Gerasimidou, 2021).
Doldurucu partikiillerin ¢evrelerindeki rezin matriksten daha sert
oldugu durumlarda, yumusak matriksin segici olarak asinmasi
doldurucularin agiga c¢ikmasina ve yiizey piriizliliglinin
artmasina neden olmaktadir (Koizumi et al., 2015). Bu sireg,
ilerleyen asmma donemlerinde mikron o6lgekli partikiillerin
olusmasma zemin hazirlayabilir. Ozellikle okliizal yiiklerin
olusturdugu tekrarh stresler, kompozit ylizeyinde
mikrogatlaklarin ilerlemesini hizlandirarak polimer aginin daha
hizli parcalanmasina ve c¢evre dokulara veya atik sulara
karisabilecek mikropartikiil yiikiiniin artmasina neden olabilir.
Ayrica, rezin kompozitlerin asinma ozellikleri; doldurucu
partikiillerin miktar1i, boyutu, sekli ve sertliginin yani sira,
doldurucular ile polimer matriks arasindaki bagin niteliginden ve
materyalin ii¢ boyutlu polimerizasyon dinamiklerinden
etkilenmektedir (Heintze et al., 2019). Buna ek olarak, ¢igneme
ortam1 sicakligindaki artisin kompozitlerin mekanik ve tribolojik
davraniglarini etkileyerek sertlik degerlerinde azalmaya ve yiizey
piiriizliiliigiinde artisa neden oldugu bildirilmistir (Y1lmaz, 2019).

3.2. Bitirme ve Polisaj islemleri

Bitirme ve polisaj islemleri kompozit dolgu yiizeyinden
belirli miktar materyal uzaklastirabilir ve polimer matriks ile
inorganik dolduruculari igeren heterojen mikropartikiiller agiga
cikabilir. Fakat bitirme ve polisaj islemleri, oksijen inhibisyon
tabakasinin uzaklastirilmasi, ylizey piiriizliiliigiintin azaltilmasi
acisindan klinik basari i¢in oldukc¢a onemlidir. Polisaj sirasinda
organik matriks ile inorganik doldurucu arasindaki sertlik farki da
ylizey topografisini etkilemektedir. Yumusak olan organik
matriks hizli asindiginda bazi doldurucu partikiiller yiizeyde
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belirgin hale gelir, bazilar1 ise ortamdan ayrilarak mikroskobik
bosluklar birakir (Olmez & Kisbet, 2013). Bu nedenle,
bitirme/polisaj islemleri partikiil olusumunu etkileyen ¢ok kritik
bir basamaktir. Elmas bitirme frezleri, abraziv diskler veya elmas
emdirilmis  lastikler gibi  araglar, kompozit ylizeyini
etkileyebilmektedir (Cenker Kiigiikkesmen et al., 2011). Polisaj
isleminin kompozit yiizeyine etkisi, kullanilan teknige ek olarak
materyalin yapisina bagl olarak da degisebilmektedir. Nitekim
kuru/sulu polisaj yiizey pilriizliliigiini nanohibrit kompozitler
arasinda degistirebilir (Quispe-Pillco et al., 2025). Optimal
bitirme/polisaj teknigi, restorasyon basarist i¢in kritik Gneme
sahiptir. Yiizey pirizluligini dizenlemek, restorasyon
ylizeyinde bakteri ve plak birikimini azaltabilir; ancak elde edilen
yluzeyin  Ozellikleri  kullanilan  restoratif —materyale ve
bitirme/polisaj sistemine gore degismektedir (Aydin & Ozalp,
2021; Nagas et al, 2017). Bulgular degerlendirildiginde,
bitirme/polisaj protokolleri restorasyonun final kalitesini,
yuzeyden organik matriks ve inorganik partikiillerin olusma
potansiyelini etkileyebilir.

3.3. Hidrolitik ve Enzimatik Yaslanma

Agiz ortamindaki kompozit dolgular, suya maruz
kaldiginda hidrolitik etkiye ugrayarak, tukirikte bulunan
esterazlarin  dolayli  enzimatik  degradasyonuna  maruz
kalabilmektedir. Insan tiikiiriigiinde ~kompozit materyali
pargalayabilecek seviyede hidrolaz aktivitesi bulundugu
bildirilmistir (Finer & Santerre, 2004). Agiz igerisindeki
kompozit materyal, sicaklik dalgalanmalart ve su emilimi gibi
cevresel etkenlere maruz kalarak yaslanmaya ugrar ve bu durum
materyalin  ylizey biitliinliigiinii  etkileyerek mikrosertligin
azalmasina, ylizey piiriizliiliigiiniin artmasina neden olabilir (Filiz
& Erturk-Avunduk, 2025). Ozellikle su emme egilimi olan
TEGDMA, rezin matriksin yiizey bozunmasi ve renklenmesini
etkileyebilmektedir (Giindiiz Bektas et al., 2024). Buna ek olarak
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agiz gargaralart kompozitlerin mikrosertligini azaltabilir; asidik
icecekler ise kimyasal ¢ozlinme ile ylizey piirtizliliigiindeki artisa
sebep olabilmektedir (Bulut et al., 2025; Kaplan et al., 2023). Bu
bulgular 1s1ginda, agiz ortamindaki hidrolitik, enzimatik ve
kimyasal etkiler kompozit yiizeyini zamanla zayiflatarak
materyali mekanik aginmaya ve partikiil olusumuna daha yatkin
hale getirebilir.

3.4. Eski Restorasyonlarin Sokiilmesi ve Tamiri

Kompozit restorasyonlarin dental frezlerle asindirilmast
veya uzaklagtirllmasi sirasinda, biiyiikk bolimii nano boyuttaki
partikiillerden olusan aerosoller agiga ¢ikmakta ve bu partikiiller
hem hastanin hem de hekimin solunum bdlgesine
ulasabilmektedir (Van Landuyt et al., 2014). Kompozit
restorasyonlarin tamiri veya yenilenmesi sirasinda uygulanan
frezle piiriizlendirme gibi mekanik yiizey islemleri, eski ve yeni
kompozit arasindaki mikromekanik baglantiyr ve uzun dénem
tamir baglanma dayanimini etkileyebilmektedir. Bununla birlikte,
kompozit yiizeyinin frezle asindirilmasi sirasinda solunabilir
mikro ve nano Olcekli partikiiller de agiga cikabilmektedir
(Camassa et al.,, 2021; Hadilou et al., 2022). Bu bulgular,
restoratif miidahalelerde uygulanan mekanik asindirma
islemlerinin  yalnizca tamir basarist acisindan  degil,
olusturabilecegi mikro ve nanopartikiil maruziyeti bakimindan da
degerlendirilmesi gerektigini gdstermektedir.

4. PARTIKULLERIN ANALIZINDE YONTEMSEL
STANDARDIZASYON SORUNLARI

Mikro ve nano Olgekli partikiillerin glivenilir sekilde
belirlenmesi, Orneklerin toplanmasi, bulunduklari ortamdan
ayrilmasi, boyut ve morfolojilerinin incelenmesi ile kimyasal
bilesimlerinin dogrulanmasini kapsayan ¢ok asamali bir analiz
stirecini gerektirmektedir. Dental klinik havas1 ve atik suyundaki
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polimer kokenli mikro ve nano Olgekli partikiillerin
degerlendirilmesinde kullanilan Ornekleme stratejileri, Ol¢iim
birimleri ve karakterizasyon yontemleri ¢aligmadan c¢alismaya
degismektedir. Bu durum, elde edilen bulgularin dogrudan
karsilagtirilmasin1 ~ zorlastirmaktadir.  Ayrica,  polimerik
pargaciklari inorganik dolduruculardan ayirabilecek kimyasal
karakterizasyon yoOntemlerinin her calismada kullanilmamasi,
standart analiz ve raporlama yaklagimlarina duyulan gereksinimi
artirmaktadir (Jokstad & Gussgard, 2025). Dental ¢alisma
ortamlarinda  Olglilen  nanopartikill ~ konsantrasyonlari,
gerceklestirilen islemlerin yogunluguna ve ornekleme yapilan
ortama gore degismektedir. Bu nedenle klinik ve laboratuvar
ortamlarindan elde edilen sayr ve kiitle konsantrasyonlari
birbirinden farkli olabilmektedir (Lang et al., 2018). Dental atik
sularindaki mikro ve nano Olgekli partikiillerin dogru sekilde
karakterize edilebilmesi i¢in yalnizca boyut analizine
odaklanmak yeterli degildir. Parcaciklarin sekli ve kimyasal
icerigi birlikte degerlendirilerek, mevcut analizler farkli klinik
sartlarda yapilacak deneylerle desteklenmelidir (Binner et al.,
2022; Binner, 2019). Raman ve FTIR spektroskopisiyle elde
edilen sonugclar; lazer dalga boyu, spektral ¢oziiniirliikk ve veri
isleme yontemlerindeki farkliliklardan kaynakli olarak her zaman
dogrudan Kkarsilastirilmamalidir (Jiang et al., 2025). Ayrica
nanoplastikler ¢ok kiigiik boyuttadir; bu durum, Raman ve FTIR
spektroskopisiyle kimyasal tanimlama yapilmasimi oldukca
zorlagtirmaktadir (Paul et al., 2020). ATR-FTIR analizinde
partikiillerin diizensiz yilizey morfolojisi, kristal ile yeterli ve
dizgiin temas kurulmasini engelleyebilmektedir. Benzer sekilde,
pigment, boya ve bozunma iiriinleri de floresans olusturarak,
Raman spektrumlarinin yorumlanmasini zorlastirabilir (Lin et al.,
2025; Liu et al., 2024).
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5. ORALKAVITE VE SISTEMIK ETKILESIMLER

Agiz ortamima salinan nano/submikron boyuta sahip
partikiiller, tiikiirik ve yutkunma mekanizmas: ile GIS’e
ulasarak, bagirsaklarda mukus tabakasi ve epitel bariyeri ile
etkilesime girebilmektedir. Ozellikle nanopartikiillerin bagirsak
epitel bariyerini agarak translokasyon gdsterebilme potansiyeli ile
birlikte, bu partikiillerin uzun dénem biyolojik ve toksikolojik
ozellikleri tam anlamiyla agik degildir (De Bruin et al., 2022).
Dental islemler sirasinda agiga c¢ikan ince partikiiller solunum
maruziyetine neden olarak potansiyel mesleki risk teskil edebilir.
Bununla birlikte, bu partikiillerin sistemik etkileri ve uzun donem
saglik sonuglarina iliskin mevcut kanitlar sinirlidir (Ochsmann et
al., 2020). Son yillarda gelistirilen nano-dolduruculu sistemlerde
partikiil ~ boyutlar1 0,001 pm  mertebesine  kadar
diisiiriilebilmektedir (Cetin, 2020). Ozellikle bu boyuttaki
partikiillerin epitel biitiinliiglinii bozmadan derin dokulara ulagma
kapasitelerinin,  biyolojik  yar1  Omiirlerinin ve doku
reaktivitelerinin belirlenmesi gerekmektedir. 150 pm ve daha
kiiciik partikiillerin mukozal bariyeri gegebildigi, 1,5 um'den
daha kiigiik partikiillerin ise daha derin dokulara ulasabildigi
bildirilmektedir (Akcay et al., 2020). Ayrica, biyolojik ortamda
nanopartikiillerin ~yiizeyinde olusan protein kilifinin, bu
partikiillerin ~ biyoyararlanimin1i nasil etkiledigi ve oral
biyofilmdeki mikroorganizmalar ile pelikil tabakasiyla
etkilesimlerinin ~ sonuglart1  heniiz tam olarak acikliga
kavusturulamamistir (Besinis et al., 2015). Dental kompozitlerin
islenmesi sirasinda agiga ¢ikan nanopartikiillerin 6nemli bir kismi
solunabilir fraksiyonda yer almakta ve derin akciger bolgelerine
ulasabilmektedir. Bu partikiillerin solunmasi, 6zellikle solunum
sistemi tizerinde potansiyel saglik riskleri olusturabilecegi gibi,
nanopartikiil maruziyetinin olas1 sistemik etkileri konusunda da
endiselere yol agmaktadir. Bununla birlikte, mevcut bulgularin
cogunlukla in vitro ¢alismalara dayanmasi, kompozit tozunun
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uzun donem sistemik etkilerini ortaya koyacak gelecek
calismalara ihtiya¢ oldugunu diisiindiirmektedir (Kucharska et
al., 2025; Lang et al., 2018).

6. CEVRE SAGLIGI UZERINDEKI ETKIiLER

Dental klinik kaynakli mikro/nanoplastikler, uygun
olmayan yollarla bertaraf edildiginde, atik su yoluyla ¢evresel
kirlilige katkida bulunabilir. Bu partikiillerin atik sularda kalici
olmasi, sucul organizmalarda birikmesi ve toksik kirleticiler igin
tastyici gorevi gormesi gevresel endiseleri artirmaktadir (Selvaraj
et al., 2025). Mikro/nanoplastikler ¢evreye ulastiktan sonra, sucul
ortamlarda sedimentlere taginarak kalic1 olabilmekte ve ayrica bu
partikiiller trofik transfer yoluyla besin ag1 boyunca tasinarak,
ekosistem diizeyinde biyolojik etkilere yol acabilmektedir
(Huang et al., 2021; Selvaraj et al., 2025). Dental materyallerden
aciga ¢ikan nanometaller/nanopartikiiller, dental islemler
sirasinda ¢evreye yayilabildigi icin olas1 biyolojik etkileri
nedeniyle daha kapsamli risk degerlendirmelerine tabi
tutulmalidir. Bu nedenle, nanopartikiillerin maruziyet yollari,
toksikolojik  etkileri ve gilivenli kullanimina  yoOnelik
aragtirmalarin gelistirilmesi kritik 6neme sahiptir (Fernandes &
Franca, 2023; Karunakaran et al., 2024). Polimer bazl
kompozitlerden salinan monomerler ve bozunma {iriinleri,
materyalin degradasyonu ve eliisyonu ile cevreye ulasarak
kirletici potansiyel gosterebilmektedir (Mulligan et al., 2022). Bu
baglamda, dental atiklarin bertaraf edilme Sireci sirasinda ortaya
¢ikan mikroskobik kalintilarin yonetimi, sadece klinik basari igin
degil, biyogiivenlik ve ekolojik siirdiiriilebilirlik i¢in de oldukca
onemlidir. Gelecekte yapilacak ¢alismalar, dental materyallerden
kaynaklanan  mikro/nanoplastiklerin  gevresel davranisina,
maruziyet yollarina ve uzun dénem ekolojik etkilerine 6zellikle

29



Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

odaklanmali; risklerin etkin bigimde yoOnetilmesine katki
sunmalidir.

7. SONUC VE GELECEK PERSPEKTIFLERI

Sonug¢ olarak, dental kompozitlerden kaynaklanan
mikro/nano olgekli partikiiller, insan sagligi ve ¢evre agisindan
giderek daha fazla 6nem kazanmaktadir. Mevcut bulgular, bu
partikiillerin olugsum mekanizmalarinin, maruziyet yollarinin,
olast  biyolojik ve c¢evresel etkilerinin  derinlemesine
aragtiritlmasina ihtiya¢ oldugunu gostermektedir (Selvaraj et al.,
2025). Bu dogrultuda, dental materyallerin gelistirilmesi, daha
etkin atik yonetimi stratejileri ve slrdiriilebilir klinik
uygulamalarin yayginlasmasi, dis hekimliginin gelecegi igin
oldukca 6nem tasimaktadir.
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BIOGENIC HYDROXYAPATITE: SOURCES,
SYNTHESIS ROUTES AND APPLICATIONS IN
DENTISTRY

Sevilay KOSE!

1. INTRODUCTION

Dental hard tissues are apatitic solids. Enamel is
approximately 98 wt% inorganic, dentine 72 wt% and cementum
65 wt%, and in each the mineral phase is an apatite rather than a
pure chemical compound (Pajor, Pajchel, & Kolmas, 2019). The
distinction matters more than it is usually granted. Biological
apatite is a carbonated, calcium-deficient hydroxyapatite:
carbonate contents of approximately 3.5 wt% in enamel, 4.2 wt%
in dentine and 6.0 wt% in bone have been reported, and Ca:P
molar ratios in bone span 1.39-1.93 rather than the theoretical
1.67 of the stoichiometric compound (Kono, Sakae, Nakada,
Kaneda, & Okada, 2022). A stoichiometric synthetic powder is
therefore an approximation of dental mineral, not a replica of it.

Hydroxyapatite is nevertheless used across dentistry as a
restorative filler, a remineralizing agent, a graft material and an
implant coating, and the nanoscale form has attracted particular
attention because its higher specific surface area and solubility
more closely reproduce the behaviour of native enamel
crystallites (Pajor et al., 2019). Attention has lately turned to
biogenic precursors, and the quantities involved are not trivial:
roughly 10 million metric tons of eggshell waste were landfilled
worldwide in 2024, and more than 10 million tons of molluscan
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shells are generated annually, over 70% of it from oyster, clam,
scallop and mussel processing (Wagar, Ahmed, & Hincke, 2026).
Chicken eggshell is approximately 96% calcite with trace
magnesium and phosphate, and bivalve shells are 95-99%
calcium carbonate with a 1-5% organic fraction (Waqar et al.,
2026). Powders derived from such precursors inherit native
magnesium, strontium and carbonate, which places them
compositionally closer to tooth and bone mineral than purified
synthetic material (Wu, Hsu, Wang, Liou, & Ho, 2023; Forero-
Sossa et al., 2021).

The aim of this chapter is to evaluate, on the basis of the
current literature, the sources and processing routes of biogenic
hydroxyapatite and the evidence for its dental use, with emphasis
on restorative applications, and to identify the obstacles that
separate the laboratory findings from clinical use.

1.1. Significance and Original Contribution of the
Study

The significance of this review lies in its joining of two
literatures that are usually kept apart. The materials-science
literature characterizes biogenic hydroxyapatite in terms of phase
purity, crystallinity and trace-element content but rarely follows
the powder into a clinical material; the dental literature evaluates
hydroxyapatite-containing composites, cements and dentifrices
but most often uses commercial synthetic grades whose
provenance is not discussed. A recent scoping review concluded
that the dental evidence for eggshell-derived hydroxyapatite
remains largely in vitro and methodologically heterogeneous
(Swarup, Thomas, Rucharitha, Arunkumar, & Vasanthi, 2025).
This chapter therefore traces a single causal chain — source,
route, powder properties, material performance and clinical
outcome — and reads the biogenic literature against the
normative documents that would govern its translation.
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2. HYDROXYAPATITE: STRUCTURE AND
IONIC SUBSTITUTIONS

Biologically relevant hydroxyapatite crystallizes in the
hexagonal space group P6s;/m with lattice parameters of
approximately a = 9.43 A and ¢ = 6.88 A; substitution of fluoride
for hydroxyl contracts the cell to a = 9.37 A and lowers solubility
while increasing hardness (Pajor et al., 2019). The lattice is
unusually tolerant of substitution, and this tolerance is the
principal design lever. Cationic substitution at the calcium site
contracts the a-axis and expands the c-axis and can depress the
Ca/P ratio to 1.33, whereas substitution at the phosphate site can
raise it to 1.85; zinc, the most frequently substituted ion, is
accommodated only to about 20 atom% (Imran et al., 2024).

The functional consequences are dental rather than merely
crystallographic. Fluoride substitution raises crystallinity and
lowers solubility, whereas most other substitutions initially
reduce crystallinity and thereby increase solubility and
bioactivity; reported outcomes include higher microhardness with
strontium substitution, optimal micro-tensile bond strength at
0.5% magnesium, and antibacterial activity of silver down to 35
ppb at the cost of black discolouration (Imran et al., 2024). B-type
carbonate substitution, the form dominant in dental tissue,
shortens the a-axis, lengthens the c-axis and raises both solubility
and crystallographic microstrain (Kono et al., 2022). That
combination of low crystallinity and carbonate content appears to
determine affinity for enamel: in a comparison of four
commercial grades, single-application enamel surface coverage
ranged from 28.83 + 7.35% to 57.20 + 33.12% for conventional
powders but reached 99.90 £ 0.12% for a biomimetic zinc-
carbonate-substituted hydroxyapatite (Lelli, Foltran, Pucci, &
Tarterini, 2025).
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3. BIOGENIC SOURCES AND PROCESSING
ROUTES

Conversion of carbonate-rich residues to apatite is usually
performed between 700 and 1100 °C, with 900 °C the most
frequently reported single-stage temperature; on present evidence
eggshell-derived materials carry the strongest translational
record, while aquatic shell-derived materials remain
underexplored (Wagar et al., 2026). Mammalian bone behaves
differently because it is already apatitic and requires
deproteinization rather than carbonate conversion. In a factorial
comparison of bovine and porcine bone processed at 1100 °C for
2 h or at 800 °C for 24 h, hydroxyapatite was the primary phase
with magnesium oxide as a secondary phase in every case, but
calcium oxide appeared only in the high-temperature samples,
whereas the 800 °C route retained more carbonate with both A-
type and B-type substitution (Forero-Sossa et al., 2021). Low-
temperature deproteinization makes the trade-off explicit: raising
the temperature from 100 to 220 °C increased crystallinity from
74.4% to 87% while compressive strength fell from 2.4 £ 1.19 to
0.53 + 0.29 MPa (Abdelmoneim et al., 2022). The route
determines whether a precursor yields a usable apatite at all.
Among six wet-chemical protocols using eggshell-derived
calcium, unheated routes gave incomplete conversion with
persistent intermediate calcium phosphate phases, whereas
moderate heating at 70 °C produced approximately 88%
hexagonal and 11% monoclinic hydroxyapatite with minimal
residual calcium hydroxide (Correa, Pimentel, dos Anjos, Baeta
Junior, & Aguilera, 2026). Hydrothermal treatment acts
principally on crystallinity and particle growth: room-
temperature precipitation gave 25.8% crystallinity and 78 nm
particles, while hydrothermal processing at 150 °C raised
crystallinity to 44.2% after 1 h and 51.0% after 24 h, at which
point particles had grown to 198 nm (Wu et al., 2023). Fish

42



Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

processing residues follow the same logic: snakehead bone
treated by two-step alkaline hydrolysis and calcined at only 550
°C gave a Ca/P ratio falling from 1.78 to 1.71 with crystallinity
rising from 31.74% to 39.18% (Dewi et al., 2026). A direct
comparison on dentine is instructive: eggshell nano-
hydroxyapatite reached 82.19% crystallinity at 11.6 £ 2.7 nm and
occluded 78.2 + 1.5% of dentinal tubules, whereas fish scale
material at 190 £ 81.8 nm occluded 59.7 £ 1.7%, improving to
72.9 £ 2.1% after milling (p < 0.001) — evidence that particle
size and crystallinity, both set by the route, govern the dental
outcome more than source identity alone (Mkhize, Onwubu,

Mokhothu, Mdluli, & Mishra, 2023).

Table 1 Representative Biogenic Sources of Hydroxyapatite and

Reported Powder Characteristics

Source Representative Reported Reference
route characteristics
Chicken Calcination and wet ~88% hexagonal and Correaetal.
eggshell precipitation at 70 °C ~ 11% monoclinic HA; (2026)
12-33 nm crystallite
Chicken Hydrothermal, 150 Crystallinity 44.2— Wu et al. (2023)
eggshell °C,1-24h 51.0%; 26.5-40.8 nm
crystallite
Bovineand Calcination, 800 HA with MgO; CaO Forero-Sossa et
porcine °C/24 h or 1100 °C/2  only at 1100 °C; more al. (2021)
bone h carbonate at 800 °C
Bovine Deproteinization at Crystallinity 74.4-87%; Abdelmoneim
bone 100-220 °C under residual organicsupto  etal. (2022)
pressure 14.15%
Fish bone Alkaline hydrolysis Ca/P 1.71; crystallinity ~ Dewi et al.
(Channa and calcination at 550  39.18%; ~30 nm (2026)
striata) °C crystallite
Fish scale Acid-alkali treatment  Ca/P 1.9-2.1; Mkhize et al.
and calcination at 700  crystallinity 67.5%; (2023)

°C

74.6-190 nm particle

Note: Compiled by the author from the cited studies.

3.1. Characterization and Comparability

A defensible description of a biogenic powder requires
complementary methods: X-ray diffraction for phase
identification, crystallinity and crystallite size; infrared or Raman
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spectroscopy for phosphate, carbonate and hydroxyl band
assignment; electron microscopy with energy-dispersive
spectroscopy for morphology and Ca/P ratio; and
thermogravimetry for residual organic content. A Ca/P value
alone is not discriminating: across four commercial grades the
ratio ranged only from 1.55 to 1.69, while carbonate content
varied from 2.20% to 6.52% and enamel coverage differed more
than threefold (Lelli et al., 2025). Comparability is the deeper
problem. ISO 13779-3:2018 prescribes how crystallinity ratio and
phase purity are to be determined, and ASTM F1185-23 requires
a minimum of 95% hydroxylapatite by quantitative X-ray
diffraction for medical-grade material (ASTM International,
2023; International Organization for Standardization, 2018).
Crystallinity indices calculated by varying conventions, as is
common in the biogenic literature, cannot be read against these
acceptance criteria.

4. APPLICATIONS IN RESTORATIVE
DENTISTRY

In resin composites, hydroxyapatite is used as a partial
filler substitution intended to confer ion release without
sacrificing mechanical performance. In experimental BisGMA-
based materials containing 2.5-7.5 wt% of micro- (2.5 um) or
nanoparticulate (<200 nm) hydroxyapatite, Vickers hardness and
diametral tensile strength increased while the effect on flexural
strength was inconsistent; all formulations met the minimum 1SO
thresholds, and calcium and phosphate release peaked at 5 wt%
(Wiertelak-Makata et al., 2026). Higher loadings within a hybrid
filler system are feasible: increasing nano-hydroxyapatite from
24.7 to 32 wt% alongside zirconia and glass raised microhardness
from 42.16 + 4.57 to 81.76 + 4.56 VHN and reduced wear by
about 70% (Mirajkar, Winnier, & Hambire, 2023). A
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counterexample is equally instructive: hand-spatulated addition
of 2 wt% nano-hydroxyapatite to a commercial composite
produced a flexural strength lower than that of the unmodified
material, indicating that dispersion quality and incorporation
method can dominate the compositional effect (Moradaian,
Saadat, Agharezaei, & Khorshidi Asl, 2025).

In glass ionomer cements the rationale differs, since the
limiting properties are compressive strength and fracture
toughness rather than ion release. Nano-hydroxyapatite
incorporation has been reported to raise compressive strength and
fracture toughness while lowering cytotoxicity and microleakage
and increasing fluoride release (Murugan, Yazid, Nasruddin, &
Mohamad  Anuar, 2022). A hydroxyapatite—chitosan
nanocomposite added at 3 wt% in a 70/30 ratio raised
compressive strength from 115.02 to 133.44 MPa, and an 85/15
composite at 5 wt% more than doubled shear bond strength to
human dentine, from 6.04 to 13.30 MPa, although no inhibition
zones were produced against Streptococcus mutans (Aref, El-
Fallal, El-Farrash, Reicha, & Al-Wakeel, 2026). Hydroxyapatite
may also act at the adhesive interface rather than within the bulk:
proanthocyanidin-functionalized nanoparticles applied as a
dentine pretreatment at 2%, 6.5% and 15% increased 24-hour
micro-tensile bond strength and reduced endogenous matrix
metalloproteinase activity within the hybrid layer (Enrich-
Essvein et al., 2024).
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Table 2. Reported Effects of Hydroxyapatite Addition in
Restorative Materials

Material Form and loading Principal reported Reference
system effect
Experimental Micro- (2.5 pm) and Higher hardness and Wiertelak-
BisGMA nano- (<200 nm), diametral tensile Makata et
composite 2.5-7.5 wt% strength; inconsistent al. (2026)

flexural effect;

maximum ion release

at 5 wt%
Experimental Nano-HA 24.7-32 Microhardness 42.2 —  Mirajkar et
hybrid-filler wt% with zirconia 81.8 VHN; wear al. (2023)
composite and glass reduced by =70%
Commercial Nano-HA 2 wt%, Flexural strength Moradaian
composite, alone or with 1 wt% below unmodified et al. (2025)
hand-mixed AgNP control; dispersion

effect dominant
Conventional Nano-HA Higher compressive Murugan et
glass ionomer strength and fracture al. (2022)
cement toughness; increased

fluoride release
Conventional HA-—chitosan Compressive strength Arefet al.
glass ionomer nanocomposite, 3-5 115.0 — 133.4 MPa; (2026)
cement wit% shear bond strength

6.04 — 13.30 MPa
Dentine Proanthocyanidin- Higher 24-h micro- Enrich-
pretreatment functionalized HA tensile bond strength; Essvein et
before adhesive  nanoparticles, 2-15%  reduced MMP activity ~ al. (2024)

in the hybrid layer

Note: Compiled by the author from the cited studies.

4.1. Remineralization, Dentifrices and Dentine
Hypersensitivity

The most directly relevant evidence for biogenic material
comes from a pH-cycling study in which 105 bovine enamel
blocks were treated for 28 days. Surface microhardness recovery
was 29.21 + 16.47% for a 30% natural nano-hydroxyapatite paste
and 27.05 + 10.90% for 1100 ppm sodium fluoride, against 9.61
*+ 6.17% for the saliva control, with no significant difference
between natural and synthetic hydroxyapatite (Amaechi et al.,
2026). Pooled clinical evidence is broadly consistent but more
guarded. A meta-analysis of twelve studies found nano-
hydroxyapatite superior to fluoride for enamel surface
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microhardness (mean difference 9.29; 95% CI [7.74, 10.84]) and
mineral gain, but reported no improvement in lesion colour (mean
difference —2.76; 95% CI [—6.79, 1.27]; p = 0.18), an important
caveat where the indication is aesthetic (Alajlan & Baysan, 2024).
An earlier review concluded that under demineralizing conditions
sodium fluoride hindered mineral loss whereas nano-
hydroxyapatite did not, with equivalence demonstrable only
under remineralizing conditions and at very low certainty of
evidence (Wierichs, Wolf, Campus, & Carvalho, 2022).

In caries prevention, hydroxyapatite toothpaste gave an
odds ratio of 2.51 against placebo and 1.1 against fluoride
toothpaste, the latter interpreted as non-inferiority (Pawinska et
al., 2024). A triple-blind randomized trial in 610 children aged 4—
7 followed for 24 months found significant reductions in enamel
and dentine lesions in both hydroxyapatite—fluoride and
conventional arms, with higher lesion-inactivation rates in the
hydroxyapatite—fluoride arm but a between-group difference that
did not reach significance (Cocco et al., 2025). For dentine
hypersensitivity, pooled data from 44 clinical trials indicated a
39.5% reduction relative to placebo and an additional benefit of
approximately 23% over fluoride-based desensitizers (Limeback,
Enax, & Meyer, 2023). Several of these syntheses include
manufacturer-affiliated authors, which should be declared
whenever they are cited. Mechanistically, the activity of zinc—
carbonate hydroxyapatite is attributed to non-stoichiometry and
surface disorder, which raise solubility and affinity for native
mineral (Butera et al., 2023) — properties that biogenic powders
possess by construction rather than by design.

4.2. Biological Safety, Antibacterial Function and
Regenerative Use

Cytocompatibility data for waste-derived material are
encouraging where they exist. Hydroxyapatite synthesized from

47



Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

chicken eggshell and applied to human dental pulp stem cells
gave viabilities of 84.1%, 86.75% and 95.03% at 1%, 2% and 4%
respectively, in every case above the 70% threshold of 1SO
10993-5 (Elline, Utama, Subrata, Prahasti, & Azman, 2023).
Antibacterial function, by contrast, generally requires deliberate
ion substitution: silver-doped hydroxyapatite nanorods carrying
approximately 1 at% silver gave a minimum inhibitory
concentration of 0.165 pug/mL against Staphylococcus aureus and
inhibited biofilm formation by 96.09% (Elbasuney, El-Sayyad,
Radwan, & Correa-Duarte, 2022). It should be stated plainly that
such demonstrations use synthetic hydroxyapatite; corresponding
evidence for biogenic ion-substituted powders against cariogenic
species is presently absent. Substitution can nonetheless be
applied to a biogenic backbone: silicate-substituted bovine
hydroxyapatite containing 0.8-1.0 wt% silicon, with a Ca/P of
1.63-1.74 and 70.54 £ 1.14% porosity, raised compressive yield
strength from 0.71 to 0.827 MPa and produced a threefold
increase in cell number (Ratnayake, Ramesh, Gould, Mucalo, &
Dias, 2025). Clinical evidence of a restorative kind is beginning
to appear: in a randomized trial of 44 primary molars, eggshell-
derived nano-hydroxyapatite achieved 90% clinical success as a
pulpotomy medicament at nine months against 85% for amniotic
membrane (Shaheen et al., 2025).

5. STANDARDIZATION, REGULATION AND
OPEN PROBLEMS

The principal obstacle to translation is not efficacy but
consistency. Source and route both shift the phase assemblage of
the product, as the appearance of calcium oxide only in high-
temperature batches demonstrates (Forero-Sossa et al., 2021), and
residual organic content can differ by a factor of six between
processing conditions (Abdelmoneim et al., 2022). A material
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whose composition varies with the age, species and seasonality
of its waste stream cannot straightforwardly satisfy the 95%
phase-purity requirement of ASTM F1185-23 (ASTM
International, 2023) or be tested reproducibly against ISO
4049:2019 when used as a composite filler (International
Organization for Standardization, 2019). Under the sixth edition
of 1ISO 10993-1, materials characterization is an explicit input to
the biological safety argument (International Organization for
Standardization, 2025) — precisely where variable trace-element
content and residual organics make waste-derived material
vulnerable. Recent developments in the European Medical
Device Regulation have further raised the clinical-evidence and
traceability burden for novel biomaterials (Jurczak et al., 2025),
and traceability is the weakest link in a waste-derived supply
chain.

Four problems therefore remain unresolved. There is no
standardized pretreatment and reporting protocol, so crystallinity
indices and Ca/P values are not comparable between laboratories.
The evidence base in restorative dentistry is dominated by in vitro
work, and the clinical syntheses that do exist are frequently
manufacturer-funded. The mechanical evidence is contradictory
at low filler loadings, with dispersion quality a plausible but
insufficiently documented explanation. Finally, and most
tellingly for the present subject, almost all composite and cement
studies employ commercial synthetic hydroxyapatite, so the
performance of biogenic powders in these specific material
systems is largely inferred rather than measured.

5.1. Prospective Studies and Future Research
Directions

Four lines of work would contribute most to the
maturation of the field. The first is the establishment of
standardized source-to-powder protocols that declare calcination
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regime, residual organic content, trace-element profile and
crystallinity determined according to ISO 13779-3:2018, so that
batches from different laboratories become comparable. The
second is direct head-to-head evaluation of biogenic against
synthetic hydroxyapatite within the same restorative formulation
and tested under 1SO 4049:2019, since the pH-cycling
equivalence already demonstrated for dentifrices (Amaechi et al.,
2026) has no counterpart for composites or cements. The third is
the deliberate exploitation of the native magnesium, strontium
and carbonate content of biogenic precursors as a substitution
strategy in its own right, rather than doping a purified powder
after the fact. The fourth is the generation of machine-readable
characterization datasets, without which the materials-
informatics workflows now proposed for dental materials
development cannot be applied (Yamaguchi, Li, Tichy,
Schwendicke, & Imazato, 2025).

6. CONCLUSION

Biogenic hydroxyapatite occupies an unusual position
among dental biomaterials in that its principal scientific
advantage and its principal regulatory disadvantage share a single
origin. The non-stoichiometry, carbonate substitution and native
trace-element content that make waste-derived powders
biologically attractive are the same features that make them
variable, and variability is what standards are designed to
exclude. The evidence reviewed here indicates that the material
performs at least as well as synthetic hydroxyapatite where the
two have been compared directly, that it is cytocompatible, and
that it functions plausibly as a filler, a dentine biomodifier and a
remineralizing agent — but also that the restorative literature has
not yet tested biogenic powders in the material systems where
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they would actually be used. On this basis the following priorities
may be proposed:

* Establishing standardized pretreatment, characterization
and reporting protocols for waste-derived hydroxyapatite,
referenced to 1ISO 13779-3:2018 and ASTM F1185-23.

* Testing biogenic hydroxyapatite directly against synthetic
grades within resin composites and glass ionomer cements
under 1SO 4049:2019.

* Quantifying and controlling residual organic content and
trace-element variability as a condition of biological
safety evaluation under 1SO 10993-1:2025.

» Using the native magnesium, strontium and carbonate
content of biogenic sources as a designed substitution
strategy rather than an incidental property.

Pursued together, these steps would move biogenic
hydroxyapatite from a demonstrated laboratory possibility
towards a reproducible and regulable class of restorative material.
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DiS HEKIMLiGINDE REZIN iNFILTRASYON:
GUNCEL PRENSIPLER VE KLINIK
UYGULAMALAR

Mine BASAN TOSUN!
Sevval CIRAKCI KURNAZ?

1. GIRIS

Cagdas dis hekimliginde temel hedef, dental dokularin
korunmasi ve kayiplarinin en erken evrede durdurularak veya geri
dondurdlerek tedavi edilmesidir. Tarihsel slrecte, kavitasyon
gostermeyen baslangig ¢iirliik lezyonlariin yonetiminde siklikla
kavitasyon olusana kadar takip edilmesi (watch and wait) ve
sonrasinda doner aletlerle miidahale edilmesi (drill and fill)
stratejisi uygulanmistir. Ancak giincel restoratif dis tedavisi
prensipleri, gereksiz doku kaybii Onlemeyi merkeze alan
"Minimal Invaziv Dis Hekimligi" felsefesini benimsemis ve
cliriik progresyonunun erken evrede bloke edilmesinin digin uzun

donem sagkalimi agisindan kritik oldugunu vurgulamistir
(McLEAN, 2003).

Baslangi¢ mine ciiriikleri histolojik yapis1 incelendiginde,
lezyonun en dis yiizeyinde minenin nispeten saglam (psodo-
intakt) ve yliksek mineral igerigine sahip oldugu, altindaki lezyon
govdesinde ise belirgin bir mineral kaybi ve artmis porozite
bulundugu goriilmektedir. Yiizeydeki bu hipermineralize tabaka,
floriir veya kazein fosfopeptit-amorf kalsiyum fosfat (CPP-ACP)

Dr. Ogr. Uyesi, Kiitahya Saglik Bilimleri Universitesi, Dis Hekimligi Fakiiltesi,
Restoratif Dig Tedavisi Ana Bilim Dali, ORCID: 0009-0009-9181-6980.

2 Dr. Ogr. Uyesi, Kiitahya Saglik Bilimleri Universitesi, Dis Hekimligi Fakiiltesi,
Pedodonti Ana Bilim Dali, ORCID: 0009-0001-3951-4397.
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gibi  geleneksel remineralizasyon ajanlarmm  lezyonun
derinliklerine ulagmasmi zorlastirarak tedavinin etkinligini
sinirlayabilmektedir (Meyer-Lueckel & Paris, 2008).

Non-invaziv koruyucu uygulamalar ile invaziv klasik
restoratif iglemler arasindaki tedavi boslugunu doldurmak
amaciyla "rezin infiltrasyon" teknolojisi  gelistirilmistir
(Kielbassa, Muller, & Gernhardt, 2009). Bu mikro-invaziv
yontem, ylizeydeki psddo-intakt tabakanin asindirilmasinin
ardindan, diisiik viskoziteli bir rezinin kapiller kuvvetler
yardimiyla lezyon govdesindeki pordéz alana infiltre edilmesi
esasmna dayanir (Paris vd., 2007). Infiltre edilen rezinin
polimerize olmasiyla, cliriik yapici bakterilerin asit diflizyon
yollari tikanarak lezyonun ilerlemesi durdurulur (Meyer-Lueckel
& Paris, 2008). Bunun yani sira, mine i¢indeki hava ve su
bosluklarinin rezin ile yer degistirmesi, lezyonun kirilma
indeksini saglikli mineye yaklastirarak estetik agidan basarili bir
optik kamuflaj saglar (Paris & Meyer-Lueckel, 2009). Sonug
olarak bu teknoloji, baslangi¢ lezyonlarmin yo6netimindeki
paradigmay1 pasif bir bekleyisten, proaktif ve mikro-invaziv bir
yaklagima dontigtiirmiistiir.

2. REZIN INFILTRASYONUN TEMEL PRENSIBI
VE ETKi MEKANIZMASI

2.1. Poroz Mine Yapisina infiltrasyon Dinamigi

Baslangic  ¢iirik  lezyonlarmin  tedavisinde rezin
infiltrasyonun basarisi, biiyiilk Olglide materyalin pordoz mine
yapisiin derinliklerine kadar ilerleyebilme kapasitesine baghdir.
Bu ilerleme sureci, temel olarak demineralize mine govdesindeki
mikro-bosluklarin olusturdugu kapiller kuvvetler tarafindan
yonlendirilir. Kavitasyon gostermeyen bir lezyonda, mine
prizmalar1 arasindaki ¢6zlinmiis alanlar adeta ince kapiller tiipler
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gibi davranarak uygulanan rezini lezyonun igine ceker (Kidd &
Fejerskov, 2004).

Stvi bir materyalin dar kapiller bosluklara niifuz etme
yetenegi, fizikte Washburn denklemi ile agiklanan "Penetrasyon
Katsayis1" (Penetration Coefficient-PC) ile o6lculir. Bir rezin
infiltrantin penetrasyon katsayisi; materyalin yiizey gerilimi
(surface tension) ve mine yiizeyi ile yaptigi temas agisi (contact
angle) ile dogru, dinamik viskozitesi (dynamic viscosity) ile ters
orantilidir (Paris, Meyer-Lueckel, Colfen, & Kielbassa, 2007).
Geleneksel rezin kompozit bazli adezivler ve fissiir ortiiciiler,
genellikle yiiksek viskoziteleri nedeniyle baslangi¢ lezyonlarinin
derinliklerine tam olarak infiltre olamazlar. Bu nedenle, Icon gibi
rezin infiltrasyon sistemlerinin igerigi, yiiksek oranda Trietilen
Glikol Dimetakrilat (TEGDMA) gibi diisik viskoziteli
monomerler kullanilarak 6zel olarak formiile edilmistir. Yiiksek
penetrasyon katsayisina (>50 cm/s) sahip bu materyaller, lezyon
govdesine hizli ve derinlemesine bir sekilde niifuz ederek pordz
ag1 li¢ boyutlu olarak tikar ve demineralizasyon strecini mekanik
olarak kilitler (Meyer-Lueckel & Paris, 2008).

2.2. Optik illiizyon ve Kamuflaj Etkisi

Rezin infiltrasyon teknolojisinin kavitasyon gostermeyen
baslangi¢ ¢iiriik lezyonlarinin prognozunun mekanik olarak
tyilestirici temel etkisinin yam1 sira, estetik dis hekimligi
uygulamalarinda da hizla popiilarite kazanmasini saglayan en
Oonemli faktorlerden biri, demineralize mine yizeylerinde
yarattig1r kusursuz "optik kamuflaj" etkisidir (Paris & Meyer-
Lueckel, 2009). Ozellikle anterior bolgede yer alan, ortodontik
tedavi sonrast siklikla karsilasilan ve hastanin giiliis profilini
dogrudan bozan beyaz nokta lezyonlarmm yonetiminde,
geleneksel invaziv kavite preparasyonlarina basvurulmadan elde
edilen bu optik illizyon, yéntemin klinik basarisinin en goériiniir
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ve hasta odakli kanitim1 olusturmaktadir (Denis, Atlan, Vennat,
Tirlet, & Attal, 2013).

Beyaz nokta lezyonlarmin tebesirimsi ve opak goriiniimii,
temelde 1518 farkli ortamlardaki kirilma farkliliklarindan
kaynaklanir (Denis et al., 2013). Saglikli mine dokusunun 151k
kirilma indeksi (Refractive Index - RI) yaklasik olarak 1.62'dir.
Baslangig cliriik lezyonlarinda mineral kaybi sonucu olusan pordz
bosluklar agiz ortaminda su (RI = 1.33) veya hava (RI = 1.0) ile
doludur. Saglikli mine ile igindeki hava/su dolu bosluklar
arasindaki bu belirgin kirilma indeksi farki, dise gelen 15181in
lezyon ylizeyinde sagilmasina (scattering) neden olarak lezyonun
mat ve beyaz goriinmesine yol agar (Paris & Meyer-Lueckel,
2009).

Rezin infiltrasyon isleminde, lezyon i¢indeki sivi dnce
etanol yardimiyla uzaklastirilir ve yerine 1sik kirilma indeksi
yaklasik 1.46 - 1.52 olan 6zel formiilasyonlu rezin infiltre edilir
(Denis et al., 2013). Mikro-bosluklarin, kirilma indeksi saglikli
mineye oldukca yakin olan bu rezin ile doldurulmasi, 151k
sacilmasini dramatik 6lgiide azaltir. Isigin doku i¢inden saglikli
mineye benzer sekilde gegmesine (transliisensi) olanak taniyan bu
optik illiizyon mekanizmasi sayesinde, demineralize beyaz
alanlar ¢cevredeki saglikli dokuyla biitiinleserek gdzden kaybolur
(Paris & Meyer-Lueckel, 2009)

3. ENDIKASYONLAR VE
KONTRENDIKASYONLAR

3.1. Endikasyonlar

Rezin infiltrasyon tekniginin klinik endikasyonlari, temel
olarak demineralizasyon kaynakli edinsel lezyonlar ve gelisimsel
mine defektleri olmak tizere iki ana kategoride degerlendirilir.

62



Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

Yontem gelistirilirkenki temel amag, radyografik olarak
minede (E1, dis mine; E2, i¢ mine) veya dentinin dig tiliisiinde
(D1) sinirlandirilmisg, heniiz kavitasyon gdstermeyen aproksimal
curuk lezyonlarn tedavisidir (Paris, Hopfenmuller, & Meyer-
Lueckel, 2010). Bu bdlgelerde uygulanan rezin infiltrasyon,
komsu disin gereksiz preparasyonunu Onleyerek c¢liriglin
ilerlemesini basaril1 bir sekilde bloke eder.

Bununla birlikte giiniimiizde en sik karsilasilan
endikasyonlarin basinda piiriizsiiz ylizeylerdeki beyaz nokta
lezyonlar1 (white spot lesions) gelmektedir. Ozellikle sabit
ortodontik tedavi goren hastalarin braket etrafinda gelisen
demineralizasyon alanlarinin estetik ve biyolojik
rehabilitasyonunda, invaziv bir iglem gerektirmeden son derece
basarili kamuflaj sonuglar1 elde edilmektedir (Knosel, Eckstein,
& Helms, 2013). Ayrica, hafif ve orta dereceli dental florozis,
Molar Insizér Hipomineralizasyonu (MIH) kaynakli opak
lezyonlar ve travmatik hipokalsifikasyonlar gibi gelisimsel mine
anomalilerinde de rezin infiltrasyon giderek artan bir siklikla
minimal invaziv bir estetik tedavi secene8i olarak
kullanilmaktadir (Attal, Atlan, Denis, Vennat, & Tirlet, 2014;
Munoz et al., 2013).

3.2. Kontrendikasyonlar

Rezin infiltrasyon materyalleri, yapilar1 geregi bosluk
dolduran geleneksel bir restoratif materyal degildir; mikro-
poroziteleri doldurmak iizere tasarlanmis ¢ok diisiik viskoziteli
ajanlardir. Bu nedenle, mine yiizey biitiinliigiiniin bozuldugu,
ylizeyin ¢oktiigii veya kavitasyonun olustugu kavitasyonlu ¢iiritk
lezyonlarmda kullanimi1 kontrendikedir (Kielbassa et al., 2009).

Radyografik olarak dentinin i¢ veya orta Uglistne
ilerlemis (D2, D3) derin dentin giiriiklerinde materyalin lezyon

tabanina kadar yeterli penetrasyon saglayamamasi nedeniyle
teknigin ¢iirik ilerlemesini durdurmada yetersiz kalacagi
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bildirilmistir; bu vakalarda geleneksel restoratif yaklagimlar
tercih edilmelidir (Meyer-Lueckel & Paris, 2008).

Sistemik veya lokal endikasyon sinirlandirmalari
acisindan bakildiginda, materyalin ana bilesenlerine (6zellikle
metakrilat bazli monomerlere; 6rn. TEGDMA) kars1 bilinen bir
alerjisi olan bireylerde uygulanmamahdir. Ayrica, siddetli
erozyon veya bruksizm gibi dis yiizeyinde hizli madde kaybina
neden olabilecek parafonksiyonel aligkanliklari olan hastalarda,
infiltre edilmis ince mine tabakasinin kisa siirede asimnma riski
bulundugundan, vaka se¢imi dikkatli yapilmalidir.

4. MATERYAL ICERIGIi VE OZELLIKLERI
(ICON REZIN INFILTRANT SISTEMI)

Rezin infiltrasyon sistemi, baslangic lezyonlarina hiicresel
duzeyde nufuz edebilmek Uzere birbirini tamamlayan ¢ temel
ajandan olusmaktadir. Islemin mikroskobik diizeydeki basarisi,
bu ajanlarin dogru ardisiklikla ve fiziko-kimyasal rollerine uygun
sekilde uygulanmasina baglhdir (Perdigao, 2020).

4.1. Icon-Etch (Yuzey Erozyon Jeli)

Baslangic ciiriik lezyonlarinda ve beyaz nokta
lezyonlarinda yilizeyde bulunan hipermineralize tabaka (psddo-
intakt tabaka), rezinin derinlere ulasmasina engel olan sert bir
fiziksel bariyerdir. Geleneksel kompozit rezin uygulamalarinda
siklikla tercih edilen %37'lik fosforik asit (H3PO4), bu direngli
tabakay1 yeterli derinlikte asindirmak i¢in zayif kalmaktadir. Bu
nedenle Icon rezin infiltrasyon sisteminde, mine yiizeyini
yaklagik 30-40 um derinliginde daha etkili bir sekilde eroze
ederek altindaki por6z lezyon gdvdesini agia ¢ikaran %15'lik
hidroklorik asit (HCI) jeli kullanilmaktadir (Araujo, Naufel,
Alonso, Lima, & Puppin-Rontani, 2015)
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4.2. Icon-Dry (Kurutucu ve Yiizey Gerilimi Diisiiriicii
Soltsyon)

Icon-Etch  uygulamasi  sonrasinda a¢iga  ¢ikan
demineralize mikro-por6z ag tamamen su ile doludur. Sistemin
bir sonraki asamasinda uygulanacak olan hidrofobik rezinin bu
mikroskobik alanlara penetre olabilmesi igin suyun etkili bir
sekilde elimine edilmesi zorunludur. Setin igerisindeki %99'luk
etanol soliisyonu, kapiller bosluklardaki suyun yiizey gerilimini
hizla disliriir ve suyu buharlastirarak dokudan uzaklastirir
(desikasyon). Bu islem, infiltrantin kapiller kuvvetler yardimiyla
¢ekilmesi i¢in ideal ve nemsiz bir zemin hazirlar (Borges,
Caneppele, Masterson, & Maia, 2017).

4.3. Icon-Infiltrant (Diisiik Viskoziteli Rezin)

Icon-Dry ile suyun uzaklastirlmasinin ardindan
uygulanan ve sistemin ana yapitasi olan infiltrant, gelencksel
restoratif materyallere kiyasla olaganiistii diisiik viskoziteye ve
oldukca yiiksek bir penetrasyon katsayisina sahip olan Trietilen
Glikol Dimetakrilat (TEGDMA) monomeri agirlikli bir rezindir.
Geleneksel kompozit rezin materyallerinin aksine, kapiller
yollarla lezyonun en derin noktalarina kadar ilerleyebilmesi i¢in
inorganik doldurucu partikiller icermez veya bu partikillerin
orani formiilasyonda minimal diizeyde tutulmustur. igeriginde,
klinik ortamda fotopolimerizasyonu saglamak amaciyla
kamforkinon gibi foto-baslaticilar yer almaktadir. Disiik
viskozitesi sayesinde por0z agi ii¢ boyutlu olarak sarar ve
polimerize olduktan sonra demineralizasyon strecini mekanik
olarak kilitler (Borges et al., 2017; Perdigao, 2020).
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5. KLINIK UYGULAMA PROTOKOLU
5.1. izolasyon (Rubber dam Uygulamasi)

Rezin infiltrasyon teknigi, neme ve kontaminasyona karsi
son derece hassas bir mikro-invaziv prosedurdir ve uzun dénem
klinik basar1 i¢in mutlak izolasyon gerektirir. Tikiiriik, kan veya
dis eti olugu sivist kontaminasyonu, materyalin kapiller
penetrasyonunu dogrudan engelleyecegi i¢in, uygulamanin
rubber dam altinda gergeklestirilmesi tartismasiz bir standart
olarak kabul edilmektedir. Ayrica, islem basamaklarinda
kullanilan %15'lik hidroklorik asidin (HCI) potansiyel yakici
etkisinden hastay1 ve ¢evre yumusak dokular1 korumak amaciyla
da rubber dam izolasyonu bir zorunluluktur (Perdigao, 2020).

5.2. Yuzey Erozyonu (Icon-Etch)

Infiltrasyon islemi, lezyon yiizeyindeki hipermineralize
(psodo-intakt) tabakanin %15'lik hidroklorik asit jeli ile
asindirilmasiyla baslar. Icon-Etch jeli, lezyon bolgesine yaklagik
2 dakika boyunca uygulanir ve ardindan bol su ile yikanarak hava
ile kurutulur. Ozellikle ortodontik tedavi sonrasi olusan derin
beyaz nokta lezyonlarinda veya direncgli gelisimsel defektlerde,
pordz govdeye tam erisim saglamak amaciyla bu asitleme ve
yikama agamasiin bir ok kez tekrarlanmasi gerekebilmektedir
(Borges et al., 2017).

5.3. Kurutma (Icon-Dry ile Suyun Uzaklastirilmasi)

Asitleme sonrasi agiga ¢ikan mikro-por6zitelerin igindeki
suyun sistemden tamamen uzaklastirilmasi kritik bir basamaktir.
Bu amacla %99'luk etanol solusyonu 30 saniye boyunca yiizeye
uygulanir ve ardindan hava sikilarak kurutulur. Bu agsama, estetik
sonucun ongoriilmesi agisindan hekime 6nemli bir klinik 6n
izleme imkani sunar; etanol uygulandiginda lezyonun opak
goérinimi tamamen kayboluyorsa, rezin infiltrasyonunun estetik
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maskeleme basaris1 yiiksek olacak demektir (Cazzolla, De
Franco, Lacaita, & Lacarbonara, 2018).

5.4. Rezin Uygulamasi (Icon-infiltrant ve
Polimerizasyon)

Kurutulan yiizeye diisiik viskoziteli rezin infiltrant
materyali uygulanir ve kapiller kuvvetlerin rezini derinlere
cekebilmesi i¢in ilk asamada 3 dakika boyunca beklenir.
Fazlaliklar bir pamuk pelet veya pamuk rulo yardimiyla
uzaklastirildiktan sonra materyal 40 saniye boyunca isikla
polimerize edilir. Polimerizasyon buzilmesini kompanse etmek
ve lezyon yiizeyindeki mikro-bosluklarin tam olarak tikanmasini
giivence altina almak amaciyla, rezin ikinci kez yiizeye uygulanir,
1 dakika bekletilir ve tekrar 40 saniye 1sikla sertlestirilir (Abbas,
Marzouk, & Zaher, 2018).

5.5. Polisaj ve Bitim

Islemin son asamasinda, polimerize olan yiizeydeki
puriizliiliikkleri gidermek ve plak retansiyonunu 6nlemek amaciyla
cila islemi gerceklestirilir. Ilgili yiizeyler, kompozit cila lastikleri,
uygun grenli diskler veya aproksimal bolgelerde ince cila stripleri
kullanilarak parlatilir. Polisaj islemi, materyalin uzun dénem renk
stabilitesini korumasi acisindan biiylikk Onem tasimaktadir
(Cazzolla et al., 2018; Perdigao, 2020).

6. KLINIK BASARIYI ETKILEYEN FAKTORLER
VE SINIRLANDIRMALAR

6.1. Lezyonun Derinligi ve Yasi

Rezin infiltrasyon tekniginde klinik ve estetik bagarinin en
temel belirleyicilerinden biri, demineralize lezyonun mine
icerisindeki derinligi ve yasidir. Yapilan histolojik ve klinik
caligmalar, infiltrant materyalin lezyon govdesine ne kadar
derinlemesine niifuz edebilirse, c¢lirik durdurucu ve optik
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maskeleme etkisinin o oranda arttigimi gostermistir (Paris et al.,
2010). Radyografik olarak minenin dis veya orta t¢liisiinde yer
alan lezyonlarda bagart orani son derece yliksekken, dentin
dokusuna ilerlemis derin lezyonlarda materyal tam bir koruma
saglayamayabilir. Ayrica lezyonun yasi da Onemlidir;
kroniklesmis ve dis ortamdan organik pigmentlerle renklenmis
yash lezyonlarda, por6z yapmin bir kismu tikanmis
olabileceginden infiltrantin penetrasyon kapasitesi diisebilir ve
tam bir optik kamuflaj elde etmek zorlasabilir (Meyer-Lueckel &
Paris, 2008; Zawawi & Almosa, 2026).

6.2. Asitleme Tekrariin Etkinligi

Infiltrasyon basarisin1 dogrudan etkileyen bir diger teknik
faktor, yiizeydeki hipermineralize tabakanin ne kadar etkin bir
sekilde ortadan kaldirildigidir. Yiizeydeki bu direncgli tabaka,
%15'lik hidroklorik asidin (lcon-Etch) tek basina standart
uygulama siresinde (2 dakika) her zaman yeterince erozyona
ugratamayabilir. Ozellikle ortodontik tedavi sonrasinda gelisen
derin ve direngli beyaz nokta lezyonlarinda, asitleme
prosediiriiniin iki veya li¢ kez tekrarlanmasi (her defasinda 30-
120 saniye uygulanip yikanmasi) poréz lezyon govdesinin aciga
c¢ikmasint kolaylastirarak rezinin penetrasyon derinligini ve
dolayistyla estetik maskeleme kalitesini  belirgin  sekilde
artirmaktadir (Dokumacigil, Korkut, & Atali, 2024)

6.3. Renklenmeye Karsi Uzun Déonem Direnc ve
Klinik Takip Verileri

Rezin infiltrasyon teknikleri estetik agidan miikemmel
baslangi¢ sonuglar1 sunsa da uzun donemde agiz ortaminin
dinamik kosullarma (¢ay, kahve, sigara gibi gida ve aliskanliklar)
maruz kalmasi renk stabilitesini tehdit edebilir. Infiltrant materyal
olarak kullanilan TEGDMA bazli rezinlerin su emilimi (water
sorption) ve ¢ozunurlik (solubility) 6zellikleri, zaman igerisinde
kenar renklenmelerine veya ylizeyde mikroskobik diizeyde renk
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degisikliklerine yol agabilmektedir (Attal et al., 2014). Ancak
uzun siireli klinik takip ¢alismalari, dogru endikasyon se¢imi ve
eksiksiz bir cila (polisaj) protokolii uygulandiginda, rezin
infiltrasyonunun rengini ve klinik biitlinliiglinii yillar boyunca
tatmin edici diizeyde koruyabildigini kanitlamistir (Cazzolla et

al., 2018).

7. GELECEK BEKLENTILERI VE GUNCEL
EGILIMLER

Cagdas restoratif dis hekimliginde minimal invaziv
felsefenin ve koruyucu yaklagimlarin kazandigi ivme, rezin
infiltrasyon  teknolojisinin ~ smirlarmmi siirekli  olarak
genisletmektedir. Giinlimiizde klinik basarilar1 kanitlanmis olan
ticari sistemler, dis dokusunu koruma ve estetik saglama
noktasinda devrim niteliginde adimlar atmis olsa da malzemenin
fiziksel ve kimyasal 6zelliklerini daha ileri seviyelere tagiyacak
yeni ¢aligmalar hiz kesmeden devam etmektedir (Borges et al.,
2017). Mevcut infiltrant yapilarin temelini olusturan TEGDMA
bazli monomerlerin polimerizasyon biiziilmesi, zamanla su
emilimine bagli olarak gelisebilecek renklenmeler ve uzun donem
okliizal asmma direnci gibi potansiyel dezavantajlari,
arastirmacilari alternatif ~ formiilasyonlar gelistirmeye
yoneltmistir (Veguer, Garot, Manton, & Kerouredan, 2025)

Bu baglamda gelecek donemdeki en Onemli odak
noktalarindan  biri, infiltrant matris igerisine biyoaktif
bilesenlerin, remineralize edici nanodoldurucularin (6rnegin
nano-hidroksiapatit veya biyoaktif cam) veya antimikrobiyal
ajanlarin entegre edilmesidir. Bu modifikasyonlar sayesinde,
mikroskobik poréziteleri tikamanin Otesinde, c¢evredeki dis
yapismi ikincil ¢iirtik ataklarma karsi aktif olarak koruyabilen
akilli rezin sistemlerinin klinik pratige kazandirilmasi
hedeflenmektedir.(Kashash et al., 2024) Ayrica, farkli monomer
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oranlarinin (6rnegin Bis-EMA veya UDMA kombinasyonlart)
viskozite ve penetrasyon katsayisi ilizerindeki sinerjik etkilerini
inceleyen deneysel c¢aligmalar, mekanik direnci artirtlmig hibrit
infiltrantlarin sinyallerini vermektedir.

Estetik acidan ise, Ozellikle ileri derece renklenmis uzun
streli var olan lezyonlarda veya derin gelisimsel mine
defektlerinde tek seanslik infiltrasyonun yetersiz kalabildigi
durumlarda, kombine protokollerin (6rnegin mikro-abrazyon
veya ev tipi beyazlatma ajanlari ile rezin infiltrasyonun es
zamanli kullanim1) standardizasyonu iizerine yogunlasilmaktadir.
Diger taraftan, yapay zeka destekli intraoral tarayicilar ve optik
koherens tomografi (OCT) gibi ileri tan1 sistemlerinin erken evre
demineralizasyonlar1 mikron alt1 diizeyde tespit etmesi, rezin
infiltrasyonunun endikasyon spektrumunu cok daha erken
evrelere tagityacaktir. Yakin gelecekte malzeme bilimi ve dijital
dis hekimligindeki bu teknolojik gelismeler, rezin infiltrasyonu
gelecekte cok daha ongoriilebilir, dayanikli ve genis kapsamli bir
koruyucu estetik tedavi protokoli haline getirecektir.

8. SONUC

Giincel uzun doénemli klinik ve sistematik takip verileri,
dogru vaka se¢imi, titiz bir rubber dam izolasyonu ve eksiksiz
protokol uyumu saglandiginda rezin infiltrasyonunun estetik ve
fonksiyonel basarisinin yillar boyunca istikrarli bir sekilde
korundugunu dogrulamaktadir. Rezin infiltrasyon teknolojisi,
demineralize mine porozitelerini diisiik viskoziteli rezin ile lig
boyutlu olarak tikamak suretiyle clirilk progresyonunu mekanik
olarak durdururken, saglikli mine dokusuyla uyumlu optik
kirilma indeksi sayesinde demineralize alanlarda miikemmel bir
maskeleme etkisi yaratmaktadir. Bu yontem, hastalarin estetik
beklentilerini dis dokusunda herhangi bir kayip olusturmaksizin
karsilamaktadir. Sonug olarak bu yaklasim, minimal invaziv dis
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hekimliginin koruyucu felsefesini en iist diizeyde yansitan hem
biyolojik biitiinliigli destekleyen hem de estetik tatmini en {ist
seviyeye ¢ikaran giincel standart bir tedavi protokolii olarak hak
ettigi konumu almastir.
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CURUKSUZ SERVIKAL LEZYONLAR:
ETiYOLOJi VE GUNCEL TEDAVI
YAKLASIMLARI

Atiye Tugba KUZGUN TURKMEN!

1. GIRIS

Dis ciiriiklerinden sonra agiz boslugunun 2. en sik
patolojisi dig sert doku aginmalaridir (Bulut & Tiirkoglu, 2018a).
Popiilasyonun yaklasik %97’sinde goriilen dis asinmasi, bakteri
etkeni olmaksizin, dis sert dokularinda meydana gelen kayiptir
(Suchetha 2014). Dislerde meydana gelen aginmalar, etiyolojik
faktorlere bagli olarak atrizyon, abrazyon, abfraksiyon ve

erozyon seklinde dort alt gruba ayrilmaktadir (Bulut & Tiirkoglu,
2018Db).

2. ATRIZYON

Atrizyon, dislerin dogrudan yabanci bir nesneyle temasi
olmaksizin, temelde antagonist dis ylizeylerinin birbirine
sirtinmesi  sonucu gelisen sert doku kaybi1 seklinde
tanimlanmaktadir (Imfeld, 1996). Dis dokusunda okliizal veya
interproksimal temas alanlarinda zamanla beliren bu durum;
cigneme fonksiyonuna baglh fizyolojik bir asinma siireci
olabilecegi gibi bruksizm gibi parafonksiyonel aligkanliklar,
malokllizyon ya da prematiir temaslardan kaynaklanan erken
donem patolojik aginmalar seklinde de klinik tabloya yansiyabilir
(Terry ve ark., 2003).

L Arastirma Gorevlisi, Selguk Universitesi Dis Hekimligi Fakiiltesi Restoratif Dis

Tedavisi Bolumu, ORCID: 0009-0003-2184-4173.
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Cigneme gibi fizyolojik siireclerin dogal bir sonucu olarak
gelistiginden, atrizyon lezyonlarina cogunlukla okliizal
ylizeylerde, insizal kenarlarda, tist anterior diglerin lingual ve alt
anterior dislerin labial ylizeylerinde rastlanmaktadir. Bu
bolgelerde gozlenen ve faset olarak adlandirilan ¢ukur benzeri
asinma alanlar1, dislerin fonksiyonel hareketleriyle dogrudan
iligkilidir. Bunun yani1 sira, anterior bolgeye iletilen kuvvet
bilesenleri nedeniyle proksimal yuzeylerde de atrizyon tablosu
sekillenebilmektedir. Bu klinik tablo, fonksiyon esnasindaki
lateral hareketlerin meydana getirdigi siirtiinmeye bagli sert doku
kaybiyla agiklanmaktadir (Eccles & Jenkins, 1974; Gallien ve
ark., 1994; Grippo, 1991; Imfeld, 1996).

Atrizyon vakalarinda lezyonlar tipik olarak parlak, net
siir gosteren cukurlar seklinde izlenir ve bu alanlar antagonist
dislerdeki asinmalarla simetri sergiler (Kaidonis, 2008). Posterior
bolgedeki dis kayiplari ise erken temaslara ve okliizal diizlemin
bozulmasina yol agarak atrizyon gelisme riskini belirgin sekilde
artirmaktadir (Patano ve ark., 2023). Dislerin siirekli temas
halinde oldugu yiizeylerde zamanla olusan mine kaybinin
atrizyon mekanizmasini destekleyebildigi ve bu siirecte abraziv
bilesenlerin de etkili olabilecegi ifade edilmektedir. Tiim bu
bulgular, ¢iiriiksiiz servikal lezyonlarin etiyolojik altyapisinin tek
bir etkenle siirlanamayacagini, aksine multifaktoriyel bir
cergevede degerlendirilmesi gerektigini ortaya koymaktadir
(Imfeld, 1996).

3. ABRAZYON

Abrazyon, dis kaynakli mekanik etkenlerin ve cesitli
parafonksiyonel aliskanliklarin dis sert dokularinda olusturdugu
kayiplar olarak tanimlanmaktadir (Imfeld, 1996). Siire¢, dis
ylizeyine siirekli temas eden yabanci cisimlerin olusturdugu
sirtiinme kuvvetleri neticesinde gelisir. Bu yabanci etkenler
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yalnizca dis fir¢as1 veya dis macunlariyla sinirlt kalmayip, giin
icinde tiiketilen besinlerin mekanik etkilerini de kapsamaktadir.
Diyetle alman besinler genellikle okliizal ylizeyin tamamina
yayillan genis asmmma alanlar1 olusturmakta; bu niteligiyle
atrizyonun karakteristik 06zelligi olan net simirli ve c¢ukur
formundaki fasetlerden belirgin bir sekilde ayrilmaktadir.

Atrizyona kiyasla abrazyona maruz kalan ve agiga ¢ikan
dentin dokusu, yiizeyde oyulmus bir morfoloji sergileme
egilimindedir. Erozyon lezyonlar1 ile karsilagtirildiginda ise
abrazyon kaynakli dentin defektleri daha ylzeyel kalmakta ve
derinlik-geniglik orani belirgin bir kararlilik gostermektedir;
bireyin beslenme aliskanliklarinda radikal bir degisim
yasanmadig1 siirece bu oran korunmaktadir (Bell ve ark., 1998;
Murray & Sanson, 1998).

Abrazyon lezyonlarinin etiyopatofizyolojisinde
cogunlukla hastaya 6zgii faktorler rol oynamakta ve hatali dis
firgalama aligkanliklar1 ana etiyolojik etken olarak kabul
edilmektedir (Ceruti ve ark., 2006; Litonjua ve ark., 2003).
Clruksuz  servikal abrazyona sahip bireylerin  klinik
incelemelerinde siklikla yiiksek oral hijyen standartlarina sahip
olduklar1 géze carpmaktadir. Bu klinik tablo; yanlis fircalama
teknikleri, dis macununun asindiricilik (abrazivlik) derecesi,
fircalama siiresi, dis fircasinin sertlik derecesi, kil tasarimi ve
firgalama esnasinda uygulanan asir1 mekanik kuvvete bagli olarak
sekillenebilmektedir (Imfeld, 1996). Bunun yani sira, interdental
alanlarda gozlenen sert doku kayiplarinin dis ipi, kiirdan ve
arayliz firgasi gibi hijyen araclarinin uygunsuz veya asir1 kuvvetle
kullanim1 sonucunda gelisebilecegi bildirilmektedir (Sarode &
Sarode, 2013).

Mesleki zorunluluklar ve bireysel aliskanliklar da
abrazyon etiyolojisinde énemli birer risk faktoriidiir. Ornegin
tiflemeli miizik aletlerinin (fliit vb.) uzun siireli disler arasinda
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tutulmas1t veya marangoz ve terzilerin c¢alisma esnasinda
agizlarinda ¢ivi, igne gibi objeleri sabitlemesi abrazyon
gelisimini tetikleyebilmektedir. Benzer sekilde tirnak yeme,
cekirdek c¢itleme ve pipo kullanimi gibi parafonksiyonel
davranislar da etkenler arasinda yer almaktadir (Boushell ve ark.,
2019; El Aidi ve ark., 2011). Tiim bu mekanik etkenlerin yani
sira, erozyon ve abfraksiyon gibi diger kofaktorlerin de lezyonun
ilerlemesinde sinerjik rol oynayabilecegi unutulmamalidir
(Davies ve ark., 2002; Smith & Knight, 1984).

Abrazyonun klinik tablosu; etiyolojik etkenin tlriine ve
siddetine bagli olarak, bir veya birden fazla disin fasiyal
ylizeyinde konumlanan "V" seklindeki ¢entik benzeri lezyonlarla
karakterizedir. Bu lezyonlar, belirgin/keskin kenar sinirlar1 ve
purtzsuz yizey morfolojisi ile dikkat ¢ceker (Davies ve ark., 2002;
Litonjua ve ark., 2003). Cigneme hareketlerinin genligi arttik¢a,
asinmanin en derin noktasinin alt dislerde bukkal, {ist dislerde ise
palatinal yiizeylerde yogunlastig1 izlenmektedir. Kasik benzeri
bir formda oyulmus olan bu dentin yiizeylerinin siklikla dentin
hassasiyeti sergilememesi, dentin tiibiillerini ttkayan mekanik bir
smear tabakasinin varligiyla agiklanmaktadir. Her ne kadar bu tiir
smear tabakalarinin doner alet kullanimi sirasinda olustugu kabul
edilse de ¢igneme esnasinda meydana gelen mekanik
etkilesimlerin de benzer bir tiibliler tikanma yiizeyi
olusturabildigi gosterilmistir (Ingelbrecht ve ark., 2024; Richards
& Miller, 1991).

4. ABFRAKSIYON

Abfraksiyon, oklizal yiuklenmeler ve parafonksiyonel
aktiviteler esnasinda dise iletilen lateral kuvvetlerin, 6zellikle
servikal bolgede gerilme (tensile) stresleri odaklamasi
neticesinde gelistigi kabul edilen mikromekanik bir sert doku
kaybr tiirtidiir. Grippo tarafindan 1991 yilinda disin fleksural
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esnemesi sonucu meydana gelen minesement birlesimindeki
mikro kiriklar ve bunun sonucunda olusan sert doku kayb1 olarak
ifade edilmistir (Grippo, 1991). Mine dokusu basma
(kompresyon) kuvvetlerine kars1 belirgin bir direng sergilemesine
karsin, gerilme kuvvetlerine kars1 son derece kirilgandir. Okliizal
streslerin indiikledigi bu c¢ekme kuvvetleri, mine ve dentin
matrisindeki  hidroksiapatit kristallerinde  mikrogatlaklarin
belirmesine ve organik-inorganik bag yapilarin zayiflamasina
zemin hazirlar. Yapisal ozellikleri geregi mine-sement birlesimi,
s0z konusu gerilme Streslerinin yikici etkisine en agik anatomik
alanlarin baginda gelmektedir (Barbour & Rees, 2006; Patano ve
ark., 2023).

Literatiir incelendiginde; dise ulasan lateral kuvvetlerin
yonill, biyiikliigi ve wuygulama siliresinin abfraksiyon
lezyonlariin anatomik lokalizasyonunu ve geometrik boyutunu
dogrudan etkiledigi gosterilmistir. Buna karsin, abfraksiyonun
birincil ve tek etiyolojik faktoriiniin okliizal yiikler oldugunu
kanitlayacak veriler giincel literatiirde halen tartismali bir
zemindedir (Grippo ve ark., 2012; Lee ve ark., 2002).

Giincel biyomekanik yaklasimlar; disin uzun eksenine
paralel iletilmeyen karmasik kuvvet kombinasyonlariin (¢ekme,
basma, egilme/fleksiir) servikal bdlgede mikroskobik catlak
hatlar1 olusturdugunu ve zamanla belirgin siirli sert doku
kayiplarini tetikledigini kabul etmektedir (Silva ve ark., 2013).

Servikal bolgede sekillenen abfraksiyon lezyonlari, klinik
incelemelerde en sik dislerin labial ve bukkal yiizeylerinde
konumlanmakta; karakteristik olarak kama (wedge-shaped) veya
"V" formunda, keskin simirli defektler olarak izlenmektedir
(Leinfelder, 1994; Levitch ve ark., 1994). Bu morfolojik nitelikler
abrazyon lezyonlari ile biiyiik 6l¢iide benzerlik gdsterdiginden,
iki klinik tablonun ayirt edilmesi gili¢lesebilmektedir. Ancak bazi
abfraksiyon lezyonlarinin subgingival bolgeye (diseti sinirinin
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altina) kadar uzanabilmesi, abrazyondan ayrilmasinda kritik bir
diagnostik kriter saglar. Lezyonun subgingival lokalizasyonu,
gelisim siirecinde salt mekanik etkenlerin degil, biyolojik ve
biyokimyasal faktorlerin de ise karistigimi diistindliirmektedir.
Tabloya erozyon veya abrazyon gibi ekzojen asindirici etkenlerin
eklenmesi halinde ise abfraksiyon kenarlar1 keskinligini
kaybederek daha yuvarlak, sig ve canak/tabak seklinde bir
morfolojiye evrilebilmektedir (Davies ve ark., 2002; Rees ve ark.,
2003).

5. EROZYON

Dental erozyon, dis sert dokularmin bakteriyel kokenli
olmayan (mikroorganizma igermeyen) asidik kimyasal ajanlarin

etkisiyle gergeklesen irreversibl kaybi olarak tanimlanmaktadir
(Eccles & Jenkins, 1974).

Erken evre demineralizasyon siireci; mine prizmalarinin
merkezindeki (¢ekirdek) yapinin veya interprizmatik alanlarin
cozlinmesi neticesinde ylzey mikro-sertliginin azalmasi ve
yumusamasi ile karakterizedir; bu sathada heniiz belirgin bir
ylizey alt1 defekti izlenmez (Levrini ve ark., 2014; Meurman &
ten Cate, 1996). Asit maruziyetinin siireklilik kazanmasiyla
birlikte ylizeysel mine tabakasinin ¢oziinmesi ilerler ve en
nihayetinde bu koruyucu tabaka tamamen ortadan kalkar
(Barbour & Rees, 2006; Eisenburger, 2009). Asidik atagin zaman
icinde kroniklesmesi durumunda, yalnizca okliizal yiizeyler degil,
disin birden fazla aksiyel ylizeyi de degisen derecelerde etki altina
girer (Kaidonis, 2008).

Dental erozyonlar etiyopatogenetik kaynaklarina gore dis
kaynakl1 (ekstrinsik) ve i¢ kaynakli (intrinsik) olmak {izere iki ana
grupta incelenmektedir:
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5.1. Dis Kaynakh (Ekstrinsik) Erozyon

Ekstrinsik erozyon lezyonlari; basta karbonatli/gazl
icecekler olmak tzere ortofosforik, sitrik ve karbonik asit iceren
besin ile iceceklerin yogun tiiketimiyle dogrudan iliskilidir.
Bunlara ek olarak malik, tartarik ve diger organik asit tiirleri de
doku yikim mekanizmasinda etkin rol oynamaktadir. Seker
icerikli meyve sulari, biinyelerinde barindirdiklar1 koruyucu katki
maddeleri ile hem organik hem de inorganik asit profilleri
nedeniyle dental dokular Uzerinde yuksek eroziv potansiyele
sahiptir (O’Toole & Bartlett, 2017).

Benzer sekilde eroziv risk tasiyan sporcu igecekleri;
barindirdiklar1 karbonhidrat, elektrolit ve sivi kombinasyonlari
sayesinde rehidrasyon ve enerji destegi saglamak amaciyla
ozellikle fiziksel aktiviteler esnasinda ya da sonrasinda siklikla
tiketilmektedir. Ancak yogun egzersiz sirasinda tiikiiriik
debisinin ve koruyucu tamponlama kapasitesinin diismesi, mine
yilizeyindeki koruyucu pellikil tabakasinin yetersiz kalmasina ve
asidik  sporcu igeceklerinin  yarattigt  eroziv  etkinin
siddetlenmesine zemin hazirlamaktadir (Sirimaharaj ve ark.,
2002).

pH degeri 5,5 esiginin altinda kalan asidik agiz bakim
tiriinlerinin ve gargaralarin uzun siireli kullanimi da erozyon
riskini artiran etkenler arasindadir. Ayrica tiikiiriik akis hizin
baskilayarak hiposalivasyona yol acan ve tiikiiriigiin tamponlama
kapasitesini  diisliren baz1 farmasotik ajanlar  (Ornegin
antidepresanlar) ile asidik nitelikteki tiikiiriik stimiilanlarinin
kullanim1 erozyon gelisimini tetikleyebilmektedir. Ilaveten,
bulant1 ve emezis (kusma) yan etkilerine yol acan medikasyonlar
da intrinsik asit maruziyetini ikincil olarak artirarak dental sert
dokularda kayiplara neden olabilmektedir. Yiiksek klor
konsantrasyonuna sahip havuz sular1 hidroklorik asit olusumuna
yol acarak yuziicllerde mine erozyonunu indukleyebilmektedir.

81


https://paperpile.com/c/vL9Art/Har5
https://paperpile.com/c/vL9Art/pJTs
https://paperpile.com/c/vL9Art/pJTs

Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

Bunun yani sira, asidik buhar ve kimyasal ajanlara maruz kalinan
endiistriyel is ortamlarinda (6rnegin akii ve pil imalati yapilan
sanayi tesisleri) c¢alisan bireylerde artmis dental erozyon
prevalansi bildirilmistir (Centerwall ve ark., 1986; Lussi ve ark.,
1991; Meurman & ten Cate, 1996; Millward ve ark., 1994,
Warreth ve ark., 2020).

5.2. I¢ Kaynakh (intrinsik) Erozyon

Intrinsik erozyon tablosunda; gastrodzofageal reflii
hastaligt (GORH/GERD), psikojenik yeme bozukluklari
(anoreksiya nervoza, bulimia nervoza ve ruminasyon) ile kronik
alkol kullanim1 veya bagimlilig1 bulunan olgular yer almaktadir
(Sugita ve ark., 2017). Gebelik fizyolojisi tek basina bir erozyon
etkeni olmamakla birlikte, gestasyonel ddénemdeki hormonal
dalgalanmalara bagli olarak gelisen beslenme degisiklikleri ve
tekrarlayan emezis epizotlar1 nedeniyle dental erozyon gelisme
riski ylkselmektedir (Fairburn ve ark., 1992). Gastrotzofageal
reflii hastaliginin en yaygin semptomu retrosternal yanmadir
(pyrosis). Hastalik; intraabdominal basing artisi, alt 6zofagus
sfinkterinin yetersizligi ve mide asit sekresyonundaki artis gibi
mekanizmalarla mide igeriginin 6zofagusa ve ileri evrelerde oral
kaviteye kadar regiirjitasyonuna yol ag¢maktadir (Scheutzel,
1996). Mide kaynakli gastrik asitlerin (hidroklorik asit) oral alana
ulasarak dis yiizeylerinde belirgin erozyon lezyonlari olusturdugu
bilimsel olarak kesinlesmistir (Bartlett ve ark., 1996; Smith &
Knight, 1984).

Yeme bozukluklari, ciddi fiziksel ve psikososyal
disfonksiyonlarla seyreden multifaktoriyel psikiyatrik tablo
gruplaridir. Bu grupta yer alan anoreksiya nervoza, bireyin kalori
alimin1 patolojik diizeyde kisitlamasi sonucu gelisen siddetli kiitle
kayb ile belirgindir. Bulimia nervoza ise yineleyen tikinircasina
yeme ataklarmi takip eden telafi edici kasith kusma (purging)
davranislar ile karakterizedir. Anorektik hastalarda viicut kitle
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indeksi genellikle fizyolojik siirlarin ¢ok altindayken, bulimik
hastalarin kilo degerleri ¢cogunlukla normosinirda seyretmektedir
(McLoughlin & Hassanyeh, 1990). Bulimia tedavisinde recete
edilen psikoaktif ajanlarin kserostomik (tiikiiriik salgisini azaltici)
yan etkileri, agiz ortamindaki fizyolojik tamponlama
mekanizmalarini zayiflatarak erozyon riskini dolayli olarak daha
da yikseltmektedir (Fairburn ve ark., 1992; Jarvinen ve ark.,
1991; McLoughlin & Hassanyeh, 1990).

Erken evre erozyon lezyonlari; yiizeysel mikro-struktirin
kaybina bagli olarak cilali, piiriizsliz ve matligin1 kaybetmis bir
mine ylizeyi ile karakterizedir. Baslangi¢ lezyonlar1 ¢ogunlukla
koronal boélgelerde konumlanirken, servikal gingival siirdaki
mine bandi anatomik ve fiziksel koruma mekanizmalar
sayesinde siklikla intakt (saglam) kalir (LOpez-Frias ve ark.,
2012). Hastalar genellikle sert doku kaybina ikincil olarak gelisen
dentin hipersensitivitesi sikayeti ile klinige basvururlar;
abrazyondan farkli olarak erozyon vakalarinda belirgin bir dentin
hassasiyeti tablosu hakimdir.

Okluzal ~ anatomide  tuberkil  konveksitelerinde
diizlesmeler veya icbiikey (konkav) c¢okiintiiler gozlenebilir.
Amalgam gibi mevcut restoratif materyallerin marjinal kenarlari,
cevredeki dis dokusunun ¢oziinmesine bagli olarak yiizeyden
yiikselmis (amalgam island / amalgam adacigi) bir goriiniim
sergiler. Kusma epizotlarina bagli gelisen intrinsik lezyonlar tipik
olarak anterior dislerin palatinal ve lingual yiizeylerinde
yogunlasir (Borcic ve ark., 2004). Ileri evre erozyon olgularinda
ise okliizal yiizeylerde yaygin doku kayiplari, tiiberkiil
egimlerinin silinmesi ve si1g, ¢anak/tabak formunda (saucer-
shaped) genis lezyon morfolojileri izlenmektedir (Khan ve ark.,
1998).

83


https://paperpile.com/c/vL9Art/NhgJ
https://paperpile.com/c/vL9Art/lngN+hOnZ+NhgJ
https://paperpile.com/c/vL9Art/lngN+hOnZ+NhgJ
https://paperpile.com/c/vL9Art/qFPH
https://paperpile.com/c/vL9Art/qFPH
https://paperpile.com/c/vL9Art/oJOG
https://paperpile.com/c/vL9Art/nRcy
https://paperpile.com/c/vL9Art/nRcy

Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

6. ONLEYICi STRATEJILER

Dis asmmalarimin  Onlenmesi ile dis ¢iirtiklerinin
Onlenmesi ayni stratejik yaklasimi kapsamaz. Dis aginmalari, cok
faktorlii yapist nedeniyle korunmasi ve yonetilmesi daha gii¢ bir
problem teskil etmektedir. Giinlimiizde dis aginmalarinin giderek
artan bir klinik sorun oldugu kabul edilmekle birlikte, hangi
bireylerin bu siirecten etkilenecegini 6nceden tahmin etmek
oldukca zordur; bu durum tam anlamiyla onleyici bir yaklagim
gelistirmeyi zorlastirmaktadir.

Dis aginmalarin1 dnleme stratejileri biiylik 6lgiide bireysel
faktorlere baglidir. Abrazyon ve atrizyon dogrudan kisiye 6zgii
etkenlerle sekillenirken; erozyon, toplumdaki yayginligi ve
diyetle olan dogrudan iligkisi bakimindan ciiriik hastaligina
benzer oOzellikler gosterir. Buna karsin, dis ¢iirliglinlin
Oonlenmesinde yliksek basar1 saglayan tedavi stratejilerinin
erozyon iizerinde olduk¢a smirli bir etkiye sahip oldugu
saptanmistir. Dis erozyonu prevalansindaki artig, bu alandaki
arastirmalarin yogunlasmasina yol agmis; bu durum diger dis
asinma tiplerinin daha az odak noktasi olmasina neden
olmustur(Holbrook ve ark., 2003).

Cesitli in vitro galismalar, potansiyel olarak asindirici
iceceklere florir ilave edilmesinin, bu iceceklerin eroziv
potansiyelini diistirebilecegini gdstermektedir(Grenby, 1996;
Mistry & Grenby, 1993). Asitli veya asindirici bir igecek
tiiketiminin ardindan peynir ya da siit iirlinlerinin tercih edilmesi,
minenin re-mineralizasyonuna ve yeniden sertlesmesine katki
saglar (Gedalia ve ark., 1991, 1992). Ayrica, asindirici igeceklerin
tilketim seklinin de erozyon siddetini dogrudan etkiledigi
diisiiniilmektedir. Ozellikle kola benzeri gazli igeceklerin
yutulmadan 6nce agiz icinde calkalanmasi erozyon riskini
artirmaktadir(Johansson ve ark., 2002). Buna karsilik pipet
kullanimi, erozyondan en sik etkilenen maksiller kesici dislerin
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palatinal yiizeylerinin asitli i¢eceklerle temasini simirlayarak
eroziv potansiyeli azaltmaktadir (Edwards ve ark., 1998). Attin
ve ark., dislerin aside maruz kalmasinin ardindan fircalama islemi
icin en az 60 dakika beklenmesi gerektigini bildirmistir
(Holbrook ve ark., 2003).

Abrazyon lezyonlarinin gelisimini engellemek adina dis
firgalama tekniginin diizeltilmesi, diisiik abrazyon degerine sahip
dis macunlarinin secilmesi ve mekanik asinmaya yol acabilecek
parafonksiyonel aligkanliklarin  kontrol altina  alinmasi
gerekmektedir. Ote yandan dis asmmalari, altta yatan
gastroozofageal reflii veya bulimik bozukluklarin bir ilk belirtisi
olarak da ortaya c¢ikabilir. Bu nedenle bu tiir olgularin
yonetiminde tip ve dis hekimligi disiplinleri arasindaki
interdisiplinler is birligi kritik 6nem tagimaktadir (Holbrook ve
ark., 2003).

7. RESTORATIF TEDAVIi

Ciiriikstiz servikal lezyonlarin restoratif tedavisinde
amalgam ve altin gibi metalik restoratif materyallerin
kullantminin ~ giincel yaklasimlarda yer almadigi acikga
gorulmektedir (Perez ve ark., 2012). Gunimizde servikal
lezyonlarin restorasyonunda siklikla tercih edilen materyaller
sunlardir:

e Cam iyonomer simanlar

e Rezin modifiye cam iyonomer simanlar

e Poliasit modifiye kompozit rezinler (kompomerler)
e  Kompozit rezinler (Lyttle ve ark., 1998)

Servikal bolgede gozlenen cliriiksiiz  lezyonlarin
tedavisinde bazi arastirmacilar, mikro dolduruculu kompozit
rezinlerin veya diisiik elastikiyet modiiliine sahip akic1 (flowable)
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kompozitlerin kullanilmasini 6nermektedir. Bu sayede restoratif
materyal, okliizal yiikler altinda dis dokusu ile birlikte esneyerek
restorasyonun retansiyon kaybini ve basarisizligin1 dnlemektedir
(Attar ve ark., 2003; Perez ve ark., 2012). Asinmanin ileri
diizeyde oldugu ve doku kaybinin genis saha kapladig:1 vakalarda
ise laminate veneer uygulamalari veya tam kron/kopri
restorasyonlari gibi protetik tedavi secenekleri
degerlendirilmelidir (Lambrechts ve ark., 1996).

8. SONUC

Guruksuz servikal lezyonlar (CSL); atrizyon, abrazyon,
abfraksiyon ve erozyonun tek basina veya sinerjik etkilesimiyle
gelisen multifaktoriyel patolojilerdir. Bu lezyonlarin klinik
yonetimi, yalnizca doku kaybinin restorasyonuyla smnirh
kalmayip altta yatan etiyolojik faktorlerin dogru tespiti ve
eliminasyonunu kapsayan biitiinciil bir yaklagim gerektirir.

Biyomekanik ve kimyasal dinamikler dogrultusunda
basarili tedavinin ilk adimi, kisiye 6zgii koruyucu stratejilerdir.
Beslenme diizenlemesi, oral hijyen egitimi, diisilk abrazyonlu
urin tercihi ve parafonksiyonel aktivitelerin kontroli lezyon
progresyonunu  durdurmada  kritiktir.  Intrinsik  erozyon
olgularinda ise sistemik ve psikojenik faktorlerin kontrolii adina
tip disiplinleriyle is birligi esastir.

Restoratif asamada materyal se¢imi, servikal bolgenin
biyomekanigine uygun olmalidir. Diisiik elastisite modiillii adezif
sistemler, akict kompozitler ve flor salan rezin modifiye cam
iyonomer simanlar; okliizal stresler altinda dis dokusuyla uyumlu
esneme gostererek marjinal biitiinliigii korur. Ileri doku
kayiplarinda ise protetik yaklagimlar fonksiyonel ve estetik bir
alternatif sunar.
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Ozetle, CSL yo6netiminde dogru etiyolojik teshis, etkin
koruyucu hekimlik ve biyomekanik uyumlu guncel biyomateryal
se¢imi; uzun donemli klinik basarinin, retansiyonun ve hasta
memnuniyetinin temel belirleyicileridir.

87



Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

KAYNAKCA

Attar, N., Tam, L. E., & McComb, D. (2003). Flow, strength,
stiffness and radiopacity of flowable resin composites.
Journal (Canadian Dental Association), 69(8), 516-521.
https://www.ncbi.nlm.nih.gov/pubmed/12954140

Barbour, M. E., & Rees, G. D. (2006). The role of erosion,
abrasion and attrition in tooth wear. The Journal of
Clinical Dentistry, 17(4), 88-93.
https://www.ncbi.nlm.nih.gov/pubmed/17131710

Bartlett, D. W., Evans, D. F., Anggiansah, A., & Smith, B. G.
(1996). A study of the association between gastro-
oesophageal reflux and palatal dental erosion. British
Dental Journal, 181(4), 125-131.
https://doi.org/10.1038/sj.bdj.4809187

Bell, E. J., Kaidonis, J., Townsend, G., & Richards, L. (1998).
Comparison of exposed dentinal surfaces resulting from
abrasion and erosion. Australian Dental Journal, 43(5),
362-366. https://doi.org/10.1111/j.1834-
7819.1998.tb00190.x

Borcic, J., Anic, 1., Urek, M. M., & Ferreri, S. (2004). The
prevalence of non-carious cervical lesions in permanent
dentition. Journal of Oral Rehabilitation, 31(2), 117-123.
https://doi.org/10.1046/j.0305-182x.2003.01223.x

Boushell, L. W., Shugars, D. A., & Eidson, R. S. (2019). Patient
assessment, examination, diagnosis, and treatment
planning. In Sturdevant’s Art and Science of Operative
Dentistry (pp. 95-119). Elsevier.
https://doi.org/10.1016/b978-0-323-47833-5.00003-4

Bulut, A. C., & Tiirkoglu, O. (2018a). Dis asinmalarin
etiyolojisi, prevalansi ve patogenezi. Turkish Journal of

88


http://paperpile.com/b/vL9Art/470N
http://paperpile.com/b/vL9Art/470N
http://paperpile.com/b/vL9Art/470N
http://paperpile.com/b/vL9Art/470N
http://paperpile.com/b/vL9Art/470N
http://paperpile.com/b/vL9Art/470N
http://paperpile.com/b/vL9Art/470N
http://paperpile.com/b/vL9Art/YAPU
http://paperpile.com/b/vL9Art/YAPU
http://paperpile.com/b/vL9Art/YAPU
http://paperpile.com/b/vL9Art/YAPU
http://paperpile.com/b/vL9Art/YAPU
http://paperpile.com/b/vL9Art/YAPU
http://paperpile.com/b/vL9Art/YAPU
http://paperpile.com/b/vL9Art/YAPU
http://paperpile.com/b/vL9Art/6pVx
http://paperpile.com/b/vL9Art/6pVx
http://paperpile.com/b/vL9Art/6pVx
http://paperpile.com/b/vL9Art/6pVx
http://paperpile.com/b/vL9Art/6pVx
http://paperpile.com/b/vL9Art/6pVx
http://paperpile.com/b/vL9Art/6pVx
http://paperpile.com/b/vL9Art/6pVx
http://paperpile.com/b/vL9Art/6pVx
http://paperpile.com/b/vL9Art/Z552
http://paperpile.com/b/vL9Art/Z552
http://paperpile.com/b/vL9Art/Z552
http://paperpile.com/b/vL9Art/Z552
http://paperpile.com/b/vL9Art/Z552
http://paperpile.com/b/vL9Art/Z552
http://paperpile.com/b/vL9Art/Z552
http://paperpile.com/b/vL9Art/Z552
http://paperpile.com/b/vL9Art/Z552
http://paperpile.com/b/vL9Art/oJOG
http://paperpile.com/b/vL9Art/oJOG
http://paperpile.com/b/vL9Art/oJOG
http://paperpile.com/b/vL9Art/oJOG
http://paperpile.com/b/vL9Art/oJOG
http://paperpile.com/b/vL9Art/oJOG
http://paperpile.com/b/vL9Art/oJOG
http://paperpile.com/b/vL9Art/oJOG
http://paperpile.com/b/vL9Art/X0qo
http://paperpile.com/b/vL9Art/X0qo
http://paperpile.com/b/vL9Art/X0qo
http://paperpile.com/b/vL9Art/X0qo
http://paperpile.com/b/vL9Art/X0qo
http://paperpile.com/b/vL9Art/X0qo
http://paperpile.com/b/vL9Art/X0qo
http://paperpile.com/b/vL9Art/w1vS
http://paperpile.com/b/vL9Art/w1vS
http://paperpile.com/b/vL9Art/w1vS

Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

Clinics and Laboratory, 9(2), 137-143.
https://doi.org/10.18663/tjcl.322529

Bulut, A. C., & Tiirkoglu, O. (2018b). Dis asinmalarinin
etiyolojisi, prevalansi ve patogenezi. Turkish Journal of
Clinics and Laboratory, 9(2), 137-143.
https://doi.org/10.18663/tjcl.322529

Centerwall, B. S., Armstrong, C. W., Funkhouser, L. S., & Elzay,
R. P. (1986). Erosion of dental enamel among competitive
swimmers at a gas-chlorinated swimming pool. American
Journal  of  Epidemiology, 123(4), 641-647.
https://doi.org/10.1093/oxfordjournals.aje.a114283

Ceruti, P., Menicucci, G., Mariani, G. D., Pittoni, D., & Gassino,
G. (2006). Non carious cervical lesions. A review.
Minerva Stomatologica, 55(1-2), 43-57.
https://www.ncbi.nlm.nih.gov/pubmed/16495872

Davies, S. J., Gray, R. J. M., & Qualtrough, A. J. E. (2002).
Management of tooth surface loss. British Dental Journal,
192(1), 11-16, 19-23.
https://doi.org/10.1038/sj.bdj.4801278

Eccles, J. D., & Jenkins, W. G. (1974). Dental erosion and diet.
Journal of Dentistry, 2(4), 153-159.
https://doi.org/10.1016/0300-5712(74)90044-x

Edwards, M., Ashwood, R. A., Littlewood, S. J., Brocklebank, L.
M., & Fung, D. E. (1998). A videofluoroscopic
comparison of straw and cup drinking: the potential
influence on dental erosion. British Dental Journal,
185(5), 244-249. https://doi.org/10.1038/sj.bdj.4809782

Eisenburger, M. (2009). Degree of mineral loss in softened
human enamel after acid erosion measured by chemical
analysis. Journal of Dentistry, 37(6), 491-494.
https://doi.org/10.1016/j.jdent.2009.02.001

89


http://paperpile.com/b/vL9Art/w1vS
http://paperpile.com/b/vL9Art/w1vS
http://paperpile.com/b/vL9Art/w1vS
http://paperpile.com/b/vL9Art/w1vS
http://paperpile.com/b/vL9Art/w1vS
http://paperpile.com/b/vL9Art/QSyu
http://paperpile.com/b/vL9Art/QSyu
http://paperpile.com/b/vL9Art/QSyu
http://paperpile.com/b/vL9Art/QSyu
http://paperpile.com/b/vL9Art/QSyu
http://paperpile.com/b/vL9Art/QSyu
http://paperpile.com/b/vL9Art/QSyu
http://paperpile.com/b/vL9Art/QSyu
http://paperpile.com/b/vL9Art/arS1
http://paperpile.com/b/vL9Art/arS1
http://paperpile.com/b/vL9Art/arS1
http://paperpile.com/b/vL9Art/arS1
http://paperpile.com/b/vL9Art/arS1
http://paperpile.com/b/vL9Art/arS1
http://paperpile.com/b/vL9Art/arS1
http://paperpile.com/b/vL9Art/arS1
http://paperpile.com/b/vL9Art/arS1
http://paperpile.com/b/vL9Art/GYLf
http://paperpile.com/b/vL9Art/GYLf
http://paperpile.com/b/vL9Art/GYLf
http://paperpile.com/b/vL9Art/GYLf
http://paperpile.com/b/vL9Art/GYLf
http://paperpile.com/b/vL9Art/GYLf
http://paperpile.com/b/vL9Art/GYLf
http://paperpile.com/b/vL9Art/S6C3
http://paperpile.com/b/vL9Art/S6C3
http://paperpile.com/b/vL9Art/S6C3
http://paperpile.com/b/vL9Art/S6C3
http://paperpile.com/b/vL9Art/S6C3
http://paperpile.com/b/vL9Art/S6C3
http://paperpile.com/b/vL9Art/S6C3
http://paperpile.com/b/vL9Art/S6C3
http://paperpile.com/b/vL9Art/I6ll
http://paperpile.com/b/vL9Art/I6ll
http://paperpile.com/b/vL9Art/I6ll
http://paperpile.com/b/vL9Art/I6ll
http://paperpile.com/b/vL9Art/I6ll
http://paperpile.com/b/vL9Art/I6ll
http://paperpile.com/b/vL9Art/I6ll
http://paperpile.com/b/vL9Art/gpfH
http://paperpile.com/b/vL9Art/gpfH
http://paperpile.com/b/vL9Art/gpfH
http://paperpile.com/b/vL9Art/gpfH
http://paperpile.com/b/vL9Art/gpfH
http://paperpile.com/b/vL9Art/gpfH
http://paperpile.com/b/vL9Art/gpfH
http://paperpile.com/b/vL9Art/gpfH
http://paperpile.com/b/vL9Art/gpfH
http://paperpile.com/b/vL9Art/OmmQ
http://paperpile.com/b/vL9Art/OmmQ
http://paperpile.com/b/vL9Art/OmmQ
http://paperpile.com/b/vL9Art/OmmQ
http://paperpile.com/b/vL9Art/OmmQ
http://paperpile.com/b/vL9Art/OmmQ
http://paperpile.com/b/vL9Art/OmmQ
http://paperpile.com/b/vL9Art/OmmQ

Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

El Aidi, H., Bronkhorst, E. M., Huysmans, M. C. D. N. J. M., &
Truin, G. J. (2011). Multifactorial analysis of factors
associated with the incidence and progression of erosive
tooth wear. Caries Research, 45(3), 303-312.
https://doi.org/10.1159/000328671

Fairburn, C. G., Stein, A., & Jones, R. (1992). Eating habits and
eating disorders during pregnancy. Psychosomatic
Medicine, 54(6), 665-672.
https://doi.org/10.1097/00006842-199211000-00006

Gallien, G. S., Kaplan, 1., & Owens, B. M. (1994). A review of
noncarious dental cervical lesions. Compendium
(Newtown, Pa.), 15(11), 1366, 1368-1372, 1374; quiz
1374. https://www.ncbi.nlm.nih.gov/pubmed/7758024

Gedalia, I., Dakuar, A., Shapira, L., Lewinstein, I., Goultschin, J.,
& Rahamim, E. (1991). Enamel softening with Coca-Cola
and rehardening with milk or saliva. American Journal of
Dentistry, 4(3), 120-122.
https://www.ncbi.nlm.nih.gov/pubmed/1863431

Gedalia, 1., Davidov, I., Lewinstein, 1., & Shapira, L. (1992).
Effect of hard cheese exposure, with and without fluoride
prerinse, on the rehardening of softened human enamel.
Caries Research, 26(4), 290-292.
https://doi.org/10.1159/000261454

Grenby, T. H. (1996). Lessening dental erosive potential by
product modification. European Journal of Oral Sciences,
104(2 ( Pt 2)), 221-228. https://doi.org/10.1111/j.1600-
0722.1996.tb00071.x

Grippo, J. O. (1991). Abfractions: a new classification of hard
tissue lesions of teeth. Journal of Esthetic Dentistry, 3(1),
14-19. https://doi.org/10.1111/j.1708-
8240.1991.th00799.x

90


http://paperpile.com/b/vL9Art/9Xvx
http://paperpile.com/b/vL9Art/9Xvx
http://paperpile.com/b/vL9Art/9Xvx
http://paperpile.com/b/vL9Art/9Xvx
http://paperpile.com/b/vL9Art/9Xvx
http://paperpile.com/b/vL9Art/9Xvx
http://paperpile.com/b/vL9Art/9Xvx
http://paperpile.com/b/vL9Art/9Xvx
http://paperpile.com/b/vL9Art/9Xvx
http://paperpile.com/b/vL9Art/lngN
http://paperpile.com/b/vL9Art/lngN
http://paperpile.com/b/vL9Art/lngN
http://paperpile.com/b/vL9Art/lngN
http://paperpile.com/b/vL9Art/lngN
http://paperpile.com/b/vL9Art/lngN
http://paperpile.com/b/vL9Art/lngN
http://paperpile.com/b/vL9Art/lngN
http://paperpile.com/b/vL9Art/Rn9j
http://paperpile.com/b/vL9Art/Rn9j
http://paperpile.com/b/vL9Art/Rn9j
http://paperpile.com/b/vL9Art/Rn9j
http://paperpile.com/b/vL9Art/Rn9j
http://paperpile.com/b/vL9Art/Rn9j
http://paperpile.com/b/vL9Art/Rn9j
http://paperpile.com/b/vL9Art/Rn9j
http://paperpile.com/b/vL9Art/IlMX
http://paperpile.com/b/vL9Art/IlMX
http://paperpile.com/b/vL9Art/IlMX
http://paperpile.com/b/vL9Art/IlMX
http://paperpile.com/b/vL9Art/IlMX
http://paperpile.com/b/vL9Art/IlMX
http://paperpile.com/b/vL9Art/IlMX
http://paperpile.com/b/vL9Art/IlMX
http://paperpile.com/b/vL9Art/IlMX
http://paperpile.com/b/vL9Art/7iy7
http://paperpile.com/b/vL9Art/7iy7
http://paperpile.com/b/vL9Art/7iy7
http://paperpile.com/b/vL9Art/7iy7
http://paperpile.com/b/vL9Art/7iy7
http://paperpile.com/b/vL9Art/7iy7
http://paperpile.com/b/vL9Art/7iy7
http://paperpile.com/b/vL9Art/7iy7
http://paperpile.com/b/vL9Art/7iy7
http://paperpile.com/b/vL9Art/HvbA
http://paperpile.com/b/vL9Art/HvbA
http://paperpile.com/b/vL9Art/HvbA
http://paperpile.com/b/vL9Art/HvbA
http://paperpile.com/b/vL9Art/HvbA
http://paperpile.com/b/vL9Art/HvbA
http://paperpile.com/b/vL9Art/HvbA
http://paperpile.com/b/vL9Art/HvbA
http://paperpile.com/b/vL9Art/RLxc
http://paperpile.com/b/vL9Art/RLxc
http://paperpile.com/b/vL9Art/RLxc
http://paperpile.com/b/vL9Art/RLxc
http://paperpile.com/b/vL9Art/RLxc
http://paperpile.com/b/vL9Art/RLxc
http://paperpile.com/b/vL9Art/RLxc
http://paperpile.com/b/vL9Art/RLxc

Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

Grippo, J. O., Simring, M., & Coleman, T. A. (2012). Abfraction,
abrasion, biocorrosion, and the enigma of noncarious
cervical lesions: a 20-year perspective. Journal of Esthetic
and Restorative Dentistry : Official Publication of the
American Academy of Esthetic Dentistry ... [ve ark.],
24(1), 10-23. https://doi.org/10.1111/j.1708-
8240.2011.00487.x

Holbrook, W. P., Arnadéttir, 1. B., & Kay, E. J. (2003).
Prevention. Part 3: prevention of tooth wear. British
Dental Journal, 195(2), 75-81.
https://doi.org/10.1038/sj.bdj.4810331

Imfeld, T. (1996). Dental erosion. Definition, classification and
links. European Journal of Oral Sciences, 104(2 ( Pt 2)),
151-155. https://doi.org/10.1111/j.1600-
0722.1996.tb00063.x

Ingelbrecht, K., Singh, Y., Durgadmath, N., Moieni, R., & Lee,
N. (2024). Cultural diversity and urban features: An
Australian case study. Open Journal of Social Sciences,
12(07), 470-486.
https://doi.org/10.4236/jss.2024.127034

Jarvinen, V. K., Rytémaa, I. I., & Heinonen, O. P. (1991). Risk
factors in dental erosion. Journal of Dental Research,
70(6), 942-947.
https://doi.org/10.1177/00220345910700060601

Johansson, A.-K., Lingstrom, P., & Birkhed, D. (2002).
Comparison of factors potentially related to the
occurrence of dental erosion in high- and low-erosion
groups. European Journal of Oral Sciences, 110(3), 204—
211. https://doi.org/10.1034/j.1600-0447.2002.11211.x

Kaidonis, J. A. (2008). Tooth wear: the view of the
anthropologist. Clinical Oral Investigations, 12 Suppl

91


http://paperpile.com/b/vL9Art/0F20
http://paperpile.com/b/vL9Art/0F20
http://paperpile.com/b/vL9Art/0F20
http://paperpile.com/b/vL9Art/0F20
http://paperpile.com/b/vL9Art/0F20
http://paperpile.com/b/vL9Art/0F20
http://paperpile.com/b/vL9Art/0F20
http://paperpile.com/b/vL9Art/0F20
http://paperpile.com/b/vL9Art/0F20
http://paperpile.com/b/vL9Art/0F20
http://paperpile.com/b/vL9Art/0F20
http://paperpile.com/b/vL9Art/mj7H
http://paperpile.com/b/vL9Art/mj7H
http://paperpile.com/b/vL9Art/mj7H
http://paperpile.com/b/vL9Art/mj7H
http://paperpile.com/b/vL9Art/mj7H
http://paperpile.com/b/vL9Art/mj7H
http://paperpile.com/b/vL9Art/mj7H
http://paperpile.com/b/vL9Art/mj7H
http://paperpile.com/b/vL9Art/XUGK
http://paperpile.com/b/vL9Art/XUGK
http://paperpile.com/b/vL9Art/XUGK
http://paperpile.com/b/vL9Art/XUGK
http://paperpile.com/b/vL9Art/XUGK
http://paperpile.com/b/vL9Art/XUGK
http://paperpile.com/b/vL9Art/XUGK
http://paperpile.com/b/vL9Art/XUGK
http://paperpile.com/b/vL9Art/4eZb
http://paperpile.com/b/vL9Art/4eZb
http://paperpile.com/b/vL9Art/4eZb
http://paperpile.com/b/vL9Art/4eZb
http://paperpile.com/b/vL9Art/4eZb
http://paperpile.com/b/vL9Art/4eZb
http://paperpile.com/b/vL9Art/4eZb
http://paperpile.com/b/vL9Art/4eZb
http://paperpile.com/b/vL9Art/4eZb
http://paperpile.com/b/vL9Art/hOnZ
http://paperpile.com/b/vL9Art/hOnZ
http://paperpile.com/b/vL9Art/hOnZ
http://paperpile.com/b/vL9Art/hOnZ
http://paperpile.com/b/vL9Art/hOnZ
http://paperpile.com/b/vL9Art/hOnZ
http://paperpile.com/b/vL9Art/hOnZ
http://paperpile.com/b/vL9Art/hOnZ
http://paperpile.com/b/vL9Art/EBeK
http://paperpile.com/b/vL9Art/EBeK
http://paperpile.com/b/vL9Art/EBeK
http://paperpile.com/b/vL9Art/EBeK
http://paperpile.com/b/vL9Art/EBeK
http://paperpile.com/b/vL9Art/EBeK
http://paperpile.com/b/vL9Art/EBeK
http://paperpile.com/b/vL9Art/EBeK
http://paperpile.com/b/vL9Art/EBeK
http://paperpile.com/b/vL9Art/3buA
http://paperpile.com/b/vL9Art/3buA
http://paperpile.com/b/vL9Art/3buA
http://paperpile.com/b/vL9Art/3buA
http://paperpile.com/b/vL9Art/3buA

Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

1(Suppl 1), S21-S26. https://doi.org/10.1007/s00784-
007-0154-8

Khan, F., Young, W. G., & Daley, T. J. (1998). Dental erosion
and bruxism. A tooth wear analysis from south east
Queensland. Australian Dental Journal, 43(2), 117-127.
https://doi.org/10.1111/j.1834-7819.1998.th06100.x

Lambrechts, P., Van Meerbeek, B., Perdigédo, J., Gladys, S.,
Braem, M., & Vanherle, G. (1996). Restorative therapy
for erosive lesions. European Journal of Oral Sciences,
104(2 ( Pt 2)), 229-240. https://doi.org/10.1111/j.1600-
0722.1996.th00072.x

Lee, H. E., Lin, C. L., Wang, C. H., Cheng, C. H., & Chang, C.
H. (2002). Stresses at the cervical lesion of maxillary
premolar--a finite element investigation. Journal of
Dentistry, 30(7-8), 283-290.
https://doi.org/10.1016/s0300-5712(02)00020-9

Leinfelder, K. F. (1994). Restoration of abfracted lesions.
Compendium (Newtown, Pa.), 15(11), 1396, 1398-1400;
quiz 1400.
https://www.ncbi.nlm.nih.gov/pubmed/7758027

Levitch, L. C., Bader, J. D., Shugars, D. A., & Heymann, H. O.
(1994). Non-carious cervical lesions. Journal of
Dentistry, 22(4), 195-207. https://doi.org/10.1016/0300-
5712(94)90107-4

Levrini, L., Di Benedetto, G., & Raspanti, M. (2014). Dental
wear: a scanning electron microscope study. BioMed
Research International, 2014, 340425.
https://doi.org/10.1155/2014/340425

Litonjua, L. A., Andreana, S., Bush, P. J., & Cohen, R. E. (2003).
Tooth wear: attrition, erosion, and abrasion. Quintessence

92


http://paperpile.com/b/vL9Art/3buA
http://paperpile.com/b/vL9Art/3buA
http://paperpile.com/b/vL9Art/3buA
http://paperpile.com/b/vL9Art/nRcy
http://paperpile.com/b/vL9Art/nRcy
http://paperpile.com/b/vL9Art/nRcy
http://paperpile.com/b/vL9Art/nRcy
http://paperpile.com/b/vL9Art/nRcy
http://paperpile.com/b/vL9Art/nRcy
http://paperpile.com/b/vL9Art/nRcy
http://paperpile.com/b/vL9Art/nRcy
http://paperpile.com/b/vL9Art/Mypg
http://paperpile.com/b/vL9Art/Mypg
http://paperpile.com/b/vL9Art/Mypg
http://paperpile.com/b/vL9Art/Mypg
http://paperpile.com/b/vL9Art/Mypg
http://paperpile.com/b/vL9Art/Mypg
http://paperpile.com/b/vL9Art/Mypg
http://paperpile.com/b/vL9Art/Mypg
http://paperpile.com/b/vL9Art/Mypg
http://paperpile.com/b/vL9Art/ov9j
http://paperpile.com/b/vL9Art/ov9j
http://paperpile.com/b/vL9Art/ov9j
http://paperpile.com/b/vL9Art/ov9j
http://paperpile.com/b/vL9Art/ov9j
http://paperpile.com/b/vL9Art/ov9j
http://paperpile.com/b/vL9Art/ov9j
http://paperpile.com/b/vL9Art/ov9j
http://paperpile.com/b/vL9Art/ov9j
http://paperpile.com/b/vL9Art/GC6i
http://paperpile.com/b/vL9Art/GC6i
http://paperpile.com/b/vL9Art/GC6i
http://paperpile.com/b/vL9Art/GC6i
http://paperpile.com/b/vL9Art/GC6i
http://paperpile.com/b/vL9Art/GC6i
http://paperpile.com/b/vL9Art/GC6i
http://paperpile.com/b/vL9Art/GC6i
http://paperpile.com/b/vL9Art/9ZFg
http://paperpile.com/b/vL9Art/9ZFg
http://paperpile.com/b/vL9Art/9ZFg
http://paperpile.com/b/vL9Art/9ZFg
http://paperpile.com/b/vL9Art/9ZFg
http://paperpile.com/b/vL9Art/9ZFg
http://paperpile.com/b/vL9Art/9ZFg
http://paperpile.com/b/vL9Art/9ZFg
http://paperpile.com/b/vL9Art/APtH
http://paperpile.com/b/vL9Art/APtH
http://paperpile.com/b/vL9Art/APtH
http://paperpile.com/b/vL9Art/APtH
http://paperpile.com/b/vL9Art/APtH
http://paperpile.com/b/vL9Art/APtH
http://paperpile.com/b/vL9Art/APtH
http://paperpile.com/b/vL9Art/APtH
http://paperpile.com/b/vL9Art/qOPp
http://paperpile.com/b/vL9Art/qOPp
http://paperpile.com/b/vL9Art/qOPp

Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

International (Berlin, Germany : 1985), 34(6), 435-446.
https://www.ncbi.nlm.nih.gov/pubmed/12859088

Lopez-Frias, F. J., Castellanos-Cosano, L., Martin-Gonzalez, J.,
Llamas-Carreras, J. M., & Segura-Egea, J. J. (2012).
Clinical measurement of tooth wear: Tooth wear indices.
Journal of Clinical and Experimental Dentistry, 4(1),
e48-e53. https://doi.org/10.4317/jced.50592

Lussi, A., Schaffner, M., Hotz, P., & Suter, P. (1991). Dental
erosion in a population of Swiss adults. Community
Dentistry and Oral Epidemiology, 19(5), 286-290.
https://doi.org/10.1111/j.1600-0528.1991.tb00169.x

Lyttle, H. A., Sidhu, N., & Smyth, B. (1998). A study of the
classification and treatment of noncarious cervical lesions
by general practitioners. The Journal of Prosthetic
Dentistry, 79(3), 342-346. https://doi.org/10.1016/s0022-
3913(98)70248-3

McLoughlin, I. J., & Hassanyeh, F. (1990). Pica in a patient with
anorexia nervosa. The British Journal of Psychiatry : The
Journal of Mental Science, 156, 568-570.
https://doi.org/10.1192/bjp.156.4.568

Meurman, J. H., & ten Cate, J. M. (1996). Pathogenesis and
modifying factors of dental erosion. European Journal of
Oral Sciences, 1042 ( Pt 2)), 199-206.
https://doi.org/10.1111/j.1600-0722.1996.tb00068.x

Millward, A., Shaw, L., Smith, A. J., Rippin, J. W., & Harrington,
E. (1994). The distribution and severity of tooth wear and
the relationship between erosion and dietary constituents
in a group of children. International Journal of Paediatric
Dentistry, 4(3), 151-157. https://doi.org/10.1111/j.1365-
263x.1994.tb00124.x

93


http://paperpile.com/b/vL9Art/qOPp
http://paperpile.com/b/vL9Art/qOPp
http://paperpile.com/b/vL9Art/qOPp
http://paperpile.com/b/vL9Art/qOPp
http://paperpile.com/b/vL9Art/qOPp
http://paperpile.com/b/vL9Art/qFPH
http://paperpile.com/b/vL9Art/qFPH
http://paperpile.com/b/vL9Art/qFPH
http://paperpile.com/b/vL9Art/qFPH
http://paperpile.com/b/vL9Art/qFPH
http://paperpile.com/b/vL9Art/qFPH
http://paperpile.com/b/vL9Art/qFPH
http://paperpile.com/b/vL9Art/qFPH
http://paperpile.com/b/vL9Art/qFPH
http://paperpile.com/b/vL9Art/VqeB
http://paperpile.com/b/vL9Art/VqeB
http://paperpile.com/b/vL9Art/VqeB
http://paperpile.com/b/vL9Art/VqeB
http://paperpile.com/b/vL9Art/VqeB
http://paperpile.com/b/vL9Art/VqeB
http://paperpile.com/b/vL9Art/VqeB
http://paperpile.com/b/vL9Art/VqeB
http://paperpile.com/b/vL9Art/MZZz
http://paperpile.com/b/vL9Art/MZZz
http://paperpile.com/b/vL9Art/MZZz
http://paperpile.com/b/vL9Art/MZZz
http://paperpile.com/b/vL9Art/MZZz
http://paperpile.com/b/vL9Art/MZZz
http://paperpile.com/b/vL9Art/MZZz
http://paperpile.com/b/vL9Art/MZZz
http://paperpile.com/b/vL9Art/MZZz
http://paperpile.com/b/vL9Art/NhgJ
http://paperpile.com/b/vL9Art/NhgJ
http://paperpile.com/b/vL9Art/NhgJ
http://paperpile.com/b/vL9Art/NhgJ
http://paperpile.com/b/vL9Art/NhgJ
http://paperpile.com/b/vL9Art/NhgJ
http://paperpile.com/b/vL9Art/NhgJ
http://paperpile.com/b/vL9Art/NhgJ
http://paperpile.com/b/vL9Art/7n8l
http://paperpile.com/b/vL9Art/7n8l
http://paperpile.com/b/vL9Art/7n8l
http://paperpile.com/b/vL9Art/7n8l
http://paperpile.com/b/vL9Art/7n8l
http://paperpile.com/b/vL9Art/7n8l
http://paperpile.com/b/vL9Art/7n8l
http://paperpile.com/b/vL9Art/7n8l
http://paperpile.com/b/vL9Art/f4sL
http://paperpile.com/b/vL9Art/f4sL
http://paperpile.com/b/vL9Art/f4sL
http://paperpile.com/b/vL9Art/f4sL
http://paperpile.com/b/vL9Art/f4sL
http://paperpile.com/b/vL9Art/f4sL
http://paperpile.com/b/vL9Art/f4sL
http://paperpile.com/b/vL9Art/f4sL
http://paperpile.com/b/vL9Art/f4sL
http://paperpile.com/b/vL9Art/f4sL

Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

Mistry, M., & Grenby, T. H. (1993). Erosion by soft drinks of rat
molar teeth assessed by digital image analysis. Caries
Research, 27(2), 21-25.
https://doi.org/10.1159/000261510

Murray, C. G., & Sanson, G. D. (1998). Thegosis--a critical
review. Australian Dental Journal, 43(3), 192-198.
https://doi.org/10.1111/j.1834-7819.1998.tb00164.x

O’Toole, S., & Bartlett, D. (2017). The relationship between
dentine hypersensitivity, dietary acid intake and erosive
tooth wear. Journal of Dentistry, 67, 84-87.
https://doi.org/10.1016/j.jdent.2017.10.002

Patano, A., Malcangi, G., De Santis, M., Morolla, R., Settanni,
V., Piras, F., Inchingolo, A. D., Mancini, A., Inchingolo,
F., Dipalma, G., & Inchingolo, A. M. (2023).
Conservative Treatment of Dental Non-Carious Cervical
Lesions: A Scoping Review. Biomedicines, 11(6).
https://doi.org/10.3390/biomedicines11061530

Perez, C. D. R., Gonzalez, M. R., Prado, N. A. S., de Miranda, M.
S. F., Macédo, M. de A., & Fernandes, B. M. P. (2012).
Restoration of noncarious cervical lesions: when, why,
and how. International Journal of Dentistry, 2012,
687058. https://doi.org/10.1155/2012/687058

Rees, J. S., Hammadeh, M., & Jagger, D. C. (2003). Abfraction
lesion formation in maxillary incisors, canines and
premolars: a finite element study. European Journal of
Oral Sciences, 111(2), 149-154.
https://doi.org/10.1034/j.1600-0722.2003.00018.x

Richards, L. C., & Miller, S. L. (1991). Relationships between
age and dental attrition in Australian aboriginals.
American Journal of Physical Anthropology, 84(2), 159—
164. https://doi.org/10.1002/ajpa.1330840205

94


http://paperpile.com/b/vL9Art/ZCLr
http://paperpile.com/b/vL9Art/ZCLr
http://paperpile.com/b/vL9Art/ZCLr
http://paperpile.com/b/vL9Art/ZCLr
http://paperpile.com/b/vL9Art/ZCLr
http://paperpile.com/b/vL9Art/ZCLr
http://paperpile.com/b/vL9Art/ZCLr
http://paperpile.com/b/vL9Art/ZCLr
http://paperpile.com/b/vL9Art/vpro
http://paperpile.com/b/vL9Art/vpro
http://paperpile.com/b/vL9Art/vpro
http://paperpile.com/b/vL9Art/vpro
http://paperpile.com/b/vL9Art/vpro
http://paperpile.com/b/vL9Art/vpro
http://paperpile.com/b/vL9Art/vpro
http://paperpile.com/b/vL9Art/Har5
http://paperpile.com/b/vL9Art/Har5
http://paperpile.com/b/vL9Art/Har5
http://paperpile.com/b/vL9Art/Har5
http://paperpile.com/b/vL9Art/Har5
http://paperpile.com/b/vL9Art/Har5
http://paperpile.com/b/vL9Art/Har5
http://paperpile.com/b/vL9Art/Har5
http://paperpile.com/b/vL9Art/zafa
http://paperpile.com/b/vL9Art/zafa
http://paperpile.com/b/vL9Art/zafa
http://paperpile.com/b/vL9Art/zafa
http://paperpile.com/b/vL9Art/zafa
http://paperpile.com/b/vL9Art/zafa
http://paperpile.com/b/vL9Art/zafa
http://paperpile.com/b/vL9Art/zafa
http://paperpile.com/b/vL9Art/zafa
http://paperpile.com/b/vL9Art/zafa
http://paperpile.com/b/vL9Art/9BAB
http://paperpile.com/b/vL9Art/9BAB
http://paperpile.com/b/vL9Art/9BAB
http://paperpile.com/b/vL9Art/9BAB
http://paperpile.com/b/vL9Art/9BAB
http://paperpile.com/b/vL9Art/9BAB
http://paperpile.com/b/vL9Art/9BAB
http://paperpile.com/b/vL9Art/9BAB
http://paperpile.com/b/vL9Art/9BAB
http://paperpile.com/b/vL9Art/NzN1
http://paperpile.com/b/vL9Art/NzN1
http://paperpile.com/b/vL9Art/NzN1
http://paperpile.com/b/vL9Art/NzN1
http://paperpile.com/b/vL9Art/NzN1
http://paperpile.com/b/vL9Art/NzN1
http://paperpile.com/b/vL9Art/NzN1
http://paperpile.com/b/vL9Art/NzN1
http://paperpile.com/b/vL9Art/NzN1
http://paperpile.com/b/vL9Art/pUV4
http://paperpile.com/b/vL9Art/pUV4
http://paperpile.com/b/vL9Art/pUV4
http://paperpile.com/b/vL9Art/pUV4
http://paperpile.com/b/vL9Art/pUV4
http://paperpile.com/b/vL9Art/pUV4
http://paperpile.com/b/vL9Art/pUV4

Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

Sarode, G. S., & Sarode, S. C. (2013). Abfraction: A review.
Journal of Oral and Maxillofacial Pathology : JOMFP,
17(2), 222-2217. https://doi.org/10.4103/0973-
029X.119788

Scheutzel, P. (1996). Etiology of dental erosion--intrinsic factors.
European Journal of Oral Sciences, 104(2 ( Pt 2)), 178-
190. https://doi.org/10.1111/j.1600-0722.1996.tb00066.x

Silva, A. G., Martins, C. C., Zina, L. G., Moreira, A. N., Paiva, S.
M., Pordeus, I. A., & Magalhdes, C. S. (2013). The
association between occlusal factors and noncarious
cervical lesions: a systematic review. Journal of Dentistry,
41(1), 9-16. https://doi.org/10.1016/j.jdent.2012.10.018

Sirimaharaj, V., Brearley Messer, L., & Morgan, M. V. (2002).
Acidic diet and dental erosion among athletes. Australian
Dental Journal, 47(3), 228-236.
https://doi.org/10.1111/j.1834-7819.2002.tb00334.x

Smith, B. G., & Knight, J. K. (1984). A comparison of patterns of
tooth wear with aetiological factors. British Dental
Journal, 157(1), 16-109.
https://doi.org/10.1038/sj.bdj.4805401

Sugita, 1., Nakashima, S., Ikeda, A., Burrow, M. F., Nikaido, T.,
Kubo, S., Tagami, J., & Sumi, Y. (2017). A pilot study to
assess the morphology and progression of non-carious
cervical lesions. Journal of Dentistry, 57, 51-56.
https://doi.org/10.1016/j.jdent.2016.12.004

Terry, D. A., McGuire, M. K., McLaren, E., Fulton, R., & Swift,
E. J., Jr. (2003). Perioesthetic approach to the diagnosis
and treatment of carious and noncarious cervical lesions:
Part I. Journal of Esthetic and Restorative Dentistry :
Official Publication of the American Academy of Esthetic

95


http://paperpile.com/b/vL9Art/bpXO
http://paperpile.com/b/vL9Art/bpXO
http://paperpile.com/b/vL9Art/bpXO
http://paperpile.com/b/vL9Art/bpXO
http://paperpile.com/b/vL9Art/bpXO
http://paperpile.com/b/vL9Art/bpXO
http://paperpile.com/b/vL9Art/bpXO
http://paperpile.com/b/vL9Art/bpXO
http://paperpile.com/b/vL9Art/j4MA
http://paperpile.com/b/vL9Art/j4MA
http://paperpile.com/b/vL9Art/j4MA
http://paperpile.com/b/vL9Art/j4MA
http://paperpile.com/b/vL9Art/j4MA
http://paperpile.com/b/vL9Art/j4MA
http://paperpile.com/b/vL9Art/j4MA
http://paperpile.com/b/vL9Art/Z68M
http://paperpile.com/b/vL9Art/Z68M
http://paperpile.com/b/vL9Art/Z68M
http://paperpile.com/b/vL9Art/Z68M
http://paperpile.com/b/vL9Art/Z68M
http://paperpile.com/b/vL9Art/Z68M
http://paperpile.com/b/vL9Art/Z68M
http://paperpile.com/b/vL9Art/Z68M
http://paperpile.com/b/vL9Art/Z68M
http://paperpile.com/b/vL9Art/pJTs
http://paperpile.com/b/vL9Art/pJTs
http://paperpile.com/b/vL9Art/pJTs
http://paperpile.com/b/vL9Art/pJTs
http://paperpile.com/b/vL9Art/pJTs
http://paperpile.com/b/vL9Art/pJTs
http://paperpile.com/b/vL9Art/pJTs
http://paperpile.com/b/vL9Art/pJTs
http://paperpile.com/b/vL9Art/p9NU
http://paperpile.com/b/vL9Art/p9NU
http://paperpile.com/b/vL9Art/p9NU
http://paperpile.com/b/vL9Art/p9NU
http://paperpile.com/b/vL9Art/p9NU
http://paperpile.com/b/vL9Art/p9NU
http://paperpile.com/b/vL9Art/p9NU
http://paperpile.com/b/vL9Art/p9NU
http://paperpile.com/b/vL9Art/liWj
http://paperpile.com/b/vL9Art/liWj
http://paperpile.com/b/vL9Art/liWj
http://paperpile.com/b/vL9Art/liWj
http://paperpile.com/b/vL9Art/liWj
http://paperpile.com/b/vL9Art/liWj
http://paperpile.com/b/vL9Art/liWj
http://paperpile.com/b/vL9Art/liWj
http://paperpile.com/b/vL9Art/liWj
http://paperpile.com/b/vL9Art/wHxw
http://paperpile.com/b/vL9Art/wHxw
http://paperpile.com/b/vL9Art/wHxw
http://paperpile.com/b/vL9Art/wHxw
http://paperpile.com/b/vL9Art/wHxw
http://paperpile.com/b/vL9Art/wHxw

Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

Dentistry ... [ve ark], 15(4), 217-232.
https://doi.org/10.1111/j.1708-8240.2003.tb00290.x

Warreth, A., Abuhijleh, E., Almaghribi, M. A., Mahwal, G., &
Ashawish, A. (2020). Tooth surface loss: A review of
literature. The Saudi Dental Journal, 32(2), 53-60.
https://doi.org/10.1016/j.sdentj.2019.09.004

96


http://paperpile.com/b/vL9Art/wHxw
http://paperpile.com/b/vL9Art/wHxw
http://paperpile.com/b/vL9Art/wHxw
http://paperpile.com/b/vL9Art/wHxw
http://paperpile.com/b/vL9Art/wHxw
http://paperpile.com/b/vL9Art/HNI2
http://paperpile.com/b/vL9Art/HNI2
http://paperpile.com/b/vL9Art/HNI2
http://paperpile.com/b/vL9Art/HNI2
http://paperpile.com/b/vL9Art/HNI2
http://paperpile.com/b/vL9Art/HNI2
http://paperpile.com/b/vL9Art/HNI2
http://paperpile.com/b/vL9Art/HNI2

Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

KENDINDEN ADEZiV AKISKAN REZIN
KOMPOZITLER: YAPI, ADEZYON VE KLINIiK
KULLANIM

Kerim Safa KUL!?

1. GIRIS

Rezin kompozitler, direkt restoratif tedavilerde yaygin
olarak  kullanilan  materyallerdir. ~ Konvansiyonel rezin
kompozitlerin mine ve dentine baglanmasinda genellikle ayr1 bir
adeziv sistem uygulanir. Adeziv uygulamanin birden fazla klinik
basamak i¢cermesi, islem siiresini ve teknige duyarliligi artirabilir
(Delgado, Alves, Pires, Nunes Ferreira, & Cuevas-Suérez, 2026).
Bu gereksinim, uygulama basamaklarin1 azaltan restoratif
materyallerin gelistirilmesine yol agmistir (Delgado et al., 2026).

Kendinden adeziv akigkan rezin kompozitler, ayr1 adeziv
uygulama basamagini ortadan kaldirmak amaciyla gelistirilmistir
(Delgado et al., 2026). Igerdikleri asidik fonksiyonel monomerler
sayesinde, ayri1 bir adeziv sistem kullanilmadan mine ve dentine
baglanmalar1 hedeflenir (Delgado et al., 2026; Poitevin et al.,
2013).

L Ars. Gor., Usak Universitesi, Dis Hekimligi Fakiiltesi, Restoratif Dis Tedavisi
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2. KENDINDEN ADEZIiV AKISKAN REZIN
KOMPOZITLERIN GENEL OZELLIiKLERI

2.1. Tanim ve Gelisimi

Kendinden adeziv akiskan rezin kompozitler, ayr1 bir
adeziv sistem uygulanmadan dis dokularina dogrudan baglanmak
lizere gelistirilen rezin esash restoratif materyallerdir. Literatiirde
bu materyaller icin self-adhesive flowable resin composites ve
self-adhering flowable composites terimleri kullanilmaktadir.
Temel amag, akigkan rezin kompozitlerin restoratif 6zellikleri ile
adeziv islevi tek materyalde birlestirmektir (Delgado et al., 2026;
Poitevin et al., 2013).

Kendinden adeziv akigkan kompozitler 2009 yilinda ticari
kullanima sunulmustur. i1k ticari iiriin Fusio Liquid Dentin olmus,
bunu 2010 yilinda Vertise Flow izlemistir (Delgado et al., 2026).
IIk iriinlerin ardindan farkli rezin matrisleri, fonksiyonel
monomerler ve doldurucu sistemleri igeren yeni materyaller
gelistirilmistir.

Delgado et al. (2026), giincel pazarda 11 ticari kendinden
adeziv akiskan rezin kompozit bulundugunu bildirmistir. Ayni
derlemede, bu iiriinlerin yalnizca bir bolimi ic¢in kapsamli
laboratuvar ve klinik veri bulundugu belirtilmistir.

2.2. Bilesim ve Fonksiyonel Monomerler

Kendinden adeziv akigkan rezin kompozitler; organik
rezin matriks, inorganik doldurucular, fonksiyonel monomerler
ve fotobaslatict sistemlerden olusur. Akiskan kivamin
saglanabilmesi i¢in doldurucu miktar1 genellikle yiiksek
viskoziteli kompozitlerden daha diisiiktiir. Giincel ticari tirtinlerde
hidrofilik monomer igeriginin agirlik¢a yaklasik %5-10 arasinda
oldugu, inorganik doldurucu iceriginin ise hacimce %55 veya
daha diisiik oldugu bildirilmistir (Delgado et al., 2026).
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Bu materyalleri konvansiyonel akigskan kompozitlerden
ayiran temel 6zellik, asidik fonksiyonel monomer igermeleridir.
Bu monomerler polimerizasyon sirasinda rezin matrikse
katilirken, asidik gruplar1 dis dokusunun mineral yapisiyla
etkilesime girer. Kullanilan monomer tipi iiriine gore degisir.
Fusio Liquid Dentin’de 4-META, Vertise Flow’da GPDM,
Constic’te ise 10-MDP esasli fonksiyonel ~monomerler
kullanilmaktadir (Al-Saud, Aodah, & Abu Asab, 2022; Delgado
et al., 2026).

Rezin matriksin diger bilesenleri de {iriinler arasinda
farklidir. Vertise Flow’da HEMA ve Bis-GMA bulunurken,
Constic’in yapisinda Bis-GMA, UDMA, HEMA ve TEGDMA
yer almaktadir (Al-Saud et al., 2022). Rezin matriksin yapisi
polimerizasyonu, suyla etkilesimi ve arttk monomer salinimini
etkileyebilir. Al-Saud et al. (2022), monomer saliniminin
materyalin genel smifindan ¢ok, kullanilan monomerlerin
kimyasal Ozellikleri ve matriks yapisiyla iliskili oldugunu
bildirmistir. Yao et al. (2024) da farkli kendinden adeziv
kompozitlerin doniisiim derecesi, su sorpsiyonu, ¢oziiniirliik ve
baglanma davranisi agisindan birbirinden ayrildigini gostermistir.

Alves, Alves, Silva ve Delgado (2026), deneysel
formilasyonlarda 10-MDP kullaniminin baglanma ve ¢6ziiniirlitk
acisindan avantaj saglayabildigini, HEMA  igeren
formiilasyonlarda ise daha yiliksek doniisim dereceleri elde
edildigini bildirmistir.

S-PRG (surface pre-reacted glass ionomer; yiizey On
reaksiyonlu cam iyonomer) doldurucu igeren sistemlerde iyon
salinlmmin yam sira antibakteriyel ve adeziv Ozellikler
arastirilmaktadir. Cetin et al. (2026), S-PRG iceren kendinden
adeziv bir kompozitin ¢oklu iyon salinimi ile birlikte mekanik,
adeziv ve antibakteriyel 6zellikler gdsterebildigini bildirmistir.
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Literatiirde sik degerlendirilen bazi ticari materyaller ve One
¢ikan ozellikleri Tablo 1°de 6zetlenmistir.

Tablo 1. Kendinden adeziv akiskan rezin kompozitlerin baz ticari
ornekleri ve literatiirde degerlendirilen bashca ozellikleri

Ticari Fonksiyonel monomer/  Literatiirde degerlendirilen
materyal sistem baslhica ozellikler
Fusio L[qUId A-META Baglapma, mikrosizinti, klinik
Dentin retansiyon
Vertise Elow GPDM A(_je_zyon, mekanik dzellikler,
klinik performans
Constic 10-MDP Ba'lg_lanma, yiizey ozellikleri,
klinik performans
EFIT SA Fosforik asit esteri / S-PRG Iyon salinimi, antibakteriyel

doldurucu sistemi etki

Not: Al-Saud et al. (2022), Cetin et al. (2026), Delgado et al. (2026), Yao et al.
(2024) ve Yeloglu-Akbuar, Sarialioglu Giingér, Oztiirk ve Dalkilig (2026)
temel alinarak yazar tarafindan hazirlanmigtir.

3. ADEZYON VE BAGLANMA OZELLIiKLERI
3.1. Dis Dokulariyla Adezyon

Kendinden adeziv akigkan rezin kompozitlerde baglanma,
materyalin igerdigi asidik fonksiyonel monomerlerin dis
ylizeyiyle dogrudan etkilesimine dayanir. Ayri bir asitleme veya
primer uygulamasi yapilmadigi i¢in yilizeyin hazirlanmasi ve
monomerlerin mine ya da dentine ulasabilmesi biiylik 6nem tasir.
Bu materyallerin dis dokularinda olusturdugu demineralizasyon
ve mikromekanik etkilesim, konvansiyonel adeziv sistemlere
gore daha sinirlidir (Poitevin et al., 2013).

Dentin yiizeyinde smear tabakasi bu etkilesimi belirleyen
baslica faktorlerden biridir. Kavite preparasyonu sirasinda olugan
smear tabakasi dentin yiizeyini orter ve tiibiil girislerini kismen
kapatir. Kendinden adeziv akiskan kompozitlerin asiditesi bu
tabakayr tamamen uzaklastirmak igin yeterli olmayabilir. Bu
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durum fonksiyonel monomerlerin alttaki dentinle temasin
sinirlar (Poitevin et al., 2013).

Mine et al. (2017), Vertise Flow ile dis dokular1 arasindaki
arayiizii transmisyon elektron mikroskobu ile incelemistir. Smear
tabakasiyla kapli dentinde belirgin bir yiizey demineralizasyonu
goriilmemis, smear tabakasinin bulunmadigi dentinde ise
yaklagtk 100200 nm kalinliginda ince bir etkilesim alanm
saptanmigtir. Aprizmatik mine yilizeyinde de materyal ile dis
dokusu arasindaki etkilesim sinirli bulunmustur.

Baglanma yalnizca yiizeyin demineralizasyonuna bagl
degildir.  Fonksiyonel = monomerlerin  hidroksiapatitteki
kalsiyumla kimyasal etkilesimi de baglantiya katkida bulunabilir.
Bu etkilesim kullanilan monomerin yapisina gore degisir.
Materyalin yiizeyi 1slatabilmesi, ylizey diizensizliklerine penetre
olabilmesi ve uygulama sirasinda yiizeye yeterli temas saglamasi
da arayiiz olusumunda rol oynar (Delgado et al., 2026).

3.2. Mine ve Dentine Baglanma

Kendinden adeziv akiskan rezin kompozitlerin mine ve
dentine baglanma dayanimi, ayr1 bir adeziv sistemle kullanilan
konvansiyonel akiskan kompozitlere gore genellikle daha
disiiktiir (Poitevin et al., 2013). Bu egilim, hem mine hem de
dentinde ve yaslandirilmis Orneklerde sistematik derleme ve
meta-analiz bulgulariyla da desteklenmistir (David et al., 2022).

Baglanma performansi {iriin ve yaslandirma kosullarina
gore degisebilir. Yao et al. (2024), baz1 kendinden adeziv rezin
kompozitlerde 6 aylik yaslandirma sonrasinda dentin bag
dayaniminin azaldigini bildirmistir. Fonksiyonel monomer varligi
bu nedenle uzun dénem baglanma stabilitesi i¢in tek basina
yeterli gériinmemektedir (Yao et al., 2024).
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3.3. Yiizey On Islemleri

Kendinden adeziv akigkan rezin kompozitlerin baglanma
performansi yiizey on islemlerinden etkilenebilir. Mine yiizeyinin
fosforik asitle piiriizlendirilmesi daha belirgin mikromekanik
retansiyon saglayabilir; Hayashi et al. (2024), li¢ materyalde mine
bag dayaniminin asitleme sonrasinda arttigini ve mikrosizintinin
azaldigini bildirmistir.

Dentinde fosforik asidin etkisi daha degiskendir. Sibai, El
Mourad, Al Suhaibani, Al Ahmadi ve Al Dosary (2022), asitleme
sonrasinda bag dayaniminin arttigini bildirmistir. Ayn1 ¢calismada,
dentinde daha yiliksek degerler konvansiyonel akigkan
kompozitin etch-and-rinse adeziv ile kullanildigi grupta elde
edilmistir. Kendinden adeziv kompozitin altinda ayr1 bir adeziv
kullanilmast da dentin baglanmasini ve marjinal sizdirmazligi
tyilestirebilir (Bektas, Eren, Akin, & Akin, 2013).

4. FIZIKSEL, MEKANIK VE BiYOLOJIK
OZELLIKLER

4.1. Fiziksel ve Mekanik Ozellikler

Kendinden adeziv akiskan rezin kompozitlerin fiziksel ve
mekanik Ozellikleri; rezin matriksin yapisi, doldurucu miktari,
doldurucu tipi ve polimerizasyon etkinliginden etkilenir. Akigkan
kivamin korunmasi i¢in doldurucu oraninin simirlt olmasi, bazi
urinlerde mekanik dayanimi azaltabilir (Delgado et al., 2026).

Dontisiim  derecesi, rezin esasli  materyallerin
polimerizasyon  sonrasi  Ozelliklerini  belirleyen  temel
parametrelerden biridir. Czasch ve Ilie (2013), Vertise Flow’un
ylksek doniisiim derecesi gosterdigini ve incelenen akiskan
kompozitler arasinda en yiiksek mikromekanik 6zelliklere sahip
oldugunu bildirmistir.
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Polimerizasyon biiziilmesi ve buna bagl stres,
restorasyon-dis arayiiziinde bosluk olusumuna neden olabilir.
Sampaio et al. (2017), Vertise Flow’da yiiksek hacimsel biiziilme
degerleri bildirmistir. Nakano et al. (2020) ise Vertise Flow ve
Fusio Liquid Dentin’in konvansiyonel ve bulk-fill akiskan
kompozitlere gore daha yiliksek polimerizasyon stresi ve daha
fazla arayiiz boslugu olusturdugunu gostermistir.

Mekanik ozellikler {rlinler arasinda belirgin farklilik
gosterebilir. Brewster ve Roberts (2023), 23 akigskan rezin
kompozitin 12 aylik mekanik 6zelliklerini degerlendirmistir.
Konvansiyonel akiskan kompozitler genel olarak daha yiiksek
egilme dayanimi ve elastik modiil gostermistir. Ayn1 ¢aligmada
bazi kendinden adeziv materyaller ISO 4049'da belirtilen egilme
dayanimi sinirinin altinda kalmistir. Yeloglu-Akbuar et al. (2026)
da incelenen materyaller arasinda mikrosertlik farkliliklar:
saptamigtir. En yiiksek mikrosertlik degerleri konvansiyonel
akiskan kompozitte Sl¢iilmiistiir.

4.2. Su ile Etkilesim ve Yaslanma

Kendinden adeziv akiskan rezin kompozitlerde hidrofilik
monomerler dis dokularinin 1slanmasimna ve fonksiyonel
monomerlerin iyonize olmasina katki saglarken su sorpsiyonu ve
¢Oziiniirliigli artirabilir (Delgado et al., 2026). Yao et al. (2024),
tiriinler arasinda su sorpsiyonu ve ¢oziiniirlilk agisindan belirgin
farkliliklar bildirmistir. Fusio Liquid Dentin ve Constic daha
diisiik su sorpsiyonu gosterirken, Vertise Flow daha yiiksek
¢Oziiniirliik gostermistir.

Uzun siireli su temasi rezin matrikste plastizasyona ve
mekanik 6zelliklerde degisime neden olabilir. Islam et al. (2026),
bir yillik yaslandirma sonrasinda bazi kendinden adeziv
kompozitlerde daha yiiksek su sorpsiyonu ve ¢oziiniirliik ile daha
diisiik sertlik ve elastik 6zellikler saptamistir.
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4.3. Yiizey Ozellikleri ve Renk Stabilitesi

Kendinden adeziv akigskan rezin kompozitlerin yiizey
Ozellikleri; rezin matriksin yapisi, doldurucu miktar1 ve partikiil
Ozelliklerinden etkilenir. Dis firgalama ve agiz ortamindaki
mekanik etkiler zamanla ylizey piiriizliiligi ve parlaklikta
degisime neden olabilir (Leal et al., 2024; Malavasi et al., 2015).

Malavasi et al. (2015), Vertise Flow ve Fusio Liquid
Dentin’i nanodolduruculu bir kompozitle karsilagtirmigtir. Yirmi
bin fircalama dongilisii sonrasinda tiim materyallerde ylizey
plriizliligh artmis, parlaklik azalmistir. Leal et al. (2024) da
Constic ve Yflow SA’nin simiile firgalama sonrasindaki yiizey
purizliliigiiniin farkli oldugunu gostermistir. Ayni ¢alismada
renk degisimi acisindan gruplar arasinda anlamhi fark
saptanmamis ve Olciilen degisimler kabul edilebilir sinirlar i¢inde
kalmustir.

Yeloglu-Akbuar et al. (2026), Vertise Flow, Fusio Liquid
Dentin, Constic ve Nova Compo SF’nin ylizey piirtizliliigi ile
kahve sonrasi renk degisimini degerlendirmistir. Fusio Liquid
Dentin en yliksek yiizey piiriizliliigiinii gosterirken, Nova Compo
SF uzun siireli renklendirme sonrasinda daha diisiik renk degisimi
degerleri gostermistir. Materyaller arasindaki bu farkliliklarin
rezin matriks ve doldurucu yapisiyla iliskili olabilecegi
bildirilmistir.

4.4. Biyolojik Ozellikler ve Antibakteriyel Etki

Rezin esasli restoratif materyallerde polimerizasyon
sonrasinda reaksiyona girmeden kalan bazi monomerler gevreye
salimabilir. Bu durum oOzellikle pulpa dokusuna yakin
uygulamalarda biyolojik uyumluluk agisindan 6nem tasir. Al-
Saud et al. (2022), farkli rezin esasli materyallerden salinan artik
monomerleri incelemis ve monomer saliniminin materyalin rezin
matriksi ve icerdigi monomerlerin kimyasal 6zellikleriyle iliskili
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oldugunu bildirmistir. Vertise Flow’dan HEMA saliimi diger
incelenen materyallerden daha yiiksek bulunmustur.

In vitro sitotoksisite sonuglar1 iiriinler arasinda farklilik
gostermektedir. Ohlsson et al. (2024), Vertise Flow, Fusio Liquid
Dentin ve Constic dahil farkli kendinden adeziv restoratif
materyalleri insan pulpa hiicreleri {lizerinde degerlendirmistir.
Vertise Flow ve Constic hiicre canlilifinda belirgin azalmaya
neden olmugtur. Avcilar, Bakir, Bakir ve Irtegun Kandemir (2026)
da Vertise Flow’un seyreltilmemis ekstraktinin L929 fibroblast
hiicrelerinde sitotoksik etki gosterdigini bildirmistir. Ayni
calismada, sitotoksik etkinin konsantrasyon ve temas siiresine

RO

gore degistigi gosterilmistir.

Bakteriyel tutunma da materyale gore degismektedir.
Yeloglu-Akbuar et al. (2026), Vertise Flow, Fusio Liquid Dentin,
Constic ve Nova Compo SF iizerinde Streptococcus mutans ve
Lactobacillus casei adezyonunu degerlendirmistir. Nova Compo
SF ve konvansiyonel akiskan kompozitte daha diisiik, Fusio
Liquid Dentin’de ise daha yiiksek Dbakteriyel adezyon
saptanmigtir. Farkliliklarin - yalnizca yiizey piiriizliliigii ile
aciklanamayacagi belirtilmistir.

S-PRG doldurucu igeren materyallerde antibakteriyel
ozellikler de arastirilmaktadir. Cetin et al. (2026), FIT SA’nin S.
mutans gelisimini anlamli diizeyde inhibe ettigini bildirmistir.
Diger kendinden adeziv kompozitlerde benzer bir etki
goriilmemistir. Bu etkinin S-PRG doldurucudan salinan iyonlarla,
ozellikle borat iyonlartyla iliskili olabilecegi belirtilmistir.

5. KLINIK UYGULAMA VE PERFORMANS
5.1. Uygulama Protokol

Kendinden adeziv akiskan rezin kompozitlerde ayr1 bir
adeziv basamaginin bulunmamasi, uygulamanin yalnizca
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materyalin kaviteye yerlestirilmesinden olustugu anlamina
gelmez. Birgok iirlinde ince bir baglangi¢ tabakasinin yiizeye aktif
olarak adapte edilmesi ve ardindan 1s1kla polimerizasyon onerilir.
Uygulama siiresi ve tabaka kalinlig1 materyalin formiilasyonuna
gore degisir (Delgado et al., 2026).

Vertise Flow i¢in 0,5 mm’den ince ilk tabakanin yaklagik
15-20 saniye orta basingla adapte edilmesi ve 20 saniye 1s1kla
polimerize edilmesi 6nerilmektedir (Delgado et al., 2026). Buna
karsilik Czasch ve Ilie (2013), laboratuvar kosullarinda 2 mm’yi
asmayan tabakalarda 40 saniyelik 1sinlamanin daha yiiksek
doniisiim derecesi ve mikromekanik oOzellikler igin gerekli
goriindiigiinii  bildirmistir. Bu nedenle iiretici talimatlar1 ile
laboratuvar kosullar1 birbirinden ayrilmali ve bir {iriine ait
protokol baska bir materyale dogrudan aktarilmamalidir (Czasch
& Ilie, 2013; Delgado et al., 2026).

Ayr1 adeziv basamaginin kaldirilmasi ve bazi irtinlerde ek
asitlemeye gereksinim olmamast toplam uygulama siiresini
kisaltabilir. Delgado et al. (2026), aktif adaptasyon ve 1ginlama
dahil edildiginde uygulama siiresinin etch-and-rinse ve self-etch
protokollerine gore azalabildigini bildirmistir. Daha kisa
uygulama siiresi, 6zellikle hasta kooperasyonunun sinirli oldugu
durumlarda klinik avantaj saglayabilir (Delgado et al., 2026).

5.2. Marjinal Adaptasyon ve Mikrosizinti

Marjinal uyum, restorasyon-dis arayliziiniin biitiinliigii
acisindan 6nemlidir. Vichi, Margvelashvili, Goracci, Papacchini
ve Ferrari (2013), Vertise Flow’un diisiik bag dayanimina ragmen
diisiik mikrosizint1 gosterebildigini ve bag dayanimi ile marjinal
sizdirmazligin her zaman paralel olmadigini bildirmistir.

Elraggal et al. (2024), Vertise Flow ve Surefil One'da
konvansiyonel kompozit kontrol grubuna goére daha fazla
mikrosizint1 ve marjinal bosluk bildirmistir. Universal adeziv

106



Restoratif Dis Tedavisi Alaninda Giincel Konular ve Akademik Degerlendirmeler

kullanim1 sonuglart 1iyilestirmis, ancak kontrol grubunun
diizeyine ulastirmamastir.

5.3. Klinik Performans

Oz, Ergin, Yalcin Cakir ve Gurgan (2020), bes yillik
takipte kiimiilatif retansiyon kaybin1 Vertise Flow grubunda
%15,3, kontrol grubunda %7,6 olarak bildirmistir. Buna ragmen
degerlendirilen klinik kriterlerde gruplar arasinda anlamli fark
saptanmamustir. Non-karydz servikal lezyonlarda ise daha yiiksek
basarisizlik oranlart bildirilmistir. Celik, Aka ve Yilmaz (2015),
Fusio Liquid Dentin ile restore edilen 40 lezyonun 27'sinde alt1
ay sonunda retansiyon kaybi saptamistir.

Besegato, Freire, Zaniboni, Melo ve Silva (2025) ile
Miranda et al. (2025), posterior restorasyonlarda kendinden
adeziv ve konvansiyonel akiskan kompozitleri karsilagtirmistir.
Marjinal adaptasyon, retansiyon, marjinal renklenme ve
postoperatif hassasiyet acgisindan belirgin fark bildirilmemistir.
Bununla birlikte, Besegato et al. (2025) bir¢ok sonug i¢in kanit
kesinligini diisiik veya ¢ok diisiik olarak degerlendirmistir. Bu
nedenle benzer klinik sonuglar kesin klinik esdegerlik olarak
yorumlanmamalidir (Besegato et al., 2025).

5.4. Cocuk Dis Hekimliginde Kullanimi

Kendinden adeziv akigkan rezin kompozitlerin kisa
uygulama protokolii, c¢ocuk hastalarda klinik islemi
kolaylastirabilir (Brustolin, Cavalheiro, Castillo, Pereira, &
Lenzi, 2026; Delgado et al., 2026). Ayri asitleme ve adeziv
uygulama basamaklarinin bulunmamasi, ozellikle
kooperasyonun sinirli oldugu durumlarda avantaj saglayabilir
(Delgado et al., 2026).

Serin, Yazicioglu, Deveci ve Dogan (2019), sit
molarlarinda  kendinden adeziv akiskan kompozit ile
konvansiyonel kompozit kullanilarak hazirlanan 62 okliizal
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restorasyonu bir y1l boyunca degerlendirmistir. Her iki grupta da
restorasyon kaybi goriilmemis; renk uyumu, marjinal adaptasyon,
ylizey yapisi, sekonder ¢iirlik ve postoperatif hassasiyet agisindan
anlaml fark saptanmamustir.

Pit ve fisslir uygulamalarinda da olumlu kisa dénem
sonugclar bildirilmistir. Bhuvaneswari et al. (2022), 69 yasindaki
100 cocukta 200 daimi birinci molar1 degerlendirmistir.
Kendinden adeziv akigkan kompozitin 6, 12 ve 18. aylardaki tam
retansiyon oranlari sirastyla %67, %47 ve %46'dir. Geleneksel
fissiir oOrtiictide bu oranlar %41, %8 ve %5 olarak bildirilmistir.
Gisour, Jahanimoghadam ve Aftabi (2024) da 12 aylik takip
sonunda kendinden adeziv akiskan kompozitte tam retansiyon ve
marjinal biitiinliiglin geleneksel rezin esasl fissiir 6rtliciiden daha
yiiksek oldugunu bildirmistir.

Daimi molarlardaki Sif I restorasyonlarda da kisa
donem klinik sonuglar olumludur. Pruthi, Pandit, Gugnani, Gupta
ve Gaind (2026), 9—-16 yasindaki ¢ocuklarda Constic'i iki farkl
self-etch  (kendinden piiriizlendirmeli) adeziv  sistemle
karsilagtirmistir. Alt1 aylik takipte retansiyon, anatomik form,
sekonder c¢iirlik, marjinal renklenme ve postoperatif hassasiyet
acgisindan benzer sonuglar elde edilmistir.

Brustolin et al. (2026) tarafindan yapilan laboratuvar
calismasinda, siit molarlarindaki okliizo-proksimal
restorasyonlarda Yflow SA kullaniminin restorasyon siiresini
azalttigr bildirilmistir. Bununla birlikte, kendinden adeziv
materyalle  hazirlanan  restorasyonlarin ~ kirilma  direnci
konvansiyonel materyallerden daha diisiik bulunmustur.

5.5. Klinik Kullanim Alanlar1 ve Simirhiliklar

Mevcut  kanmitlar, kiigciik ve retantif  okliizal
restorasyonlarda kisa ve orta donem sonuglarin genel olarak
kabul edilebilir oldugunu gostermektedir (Besegato et al., 2025;
Miranda et al., 2025). Pit ve fissiir uygulamalarinda da olumlu
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kisa donem retansiyon sonuglari bildirilmistir (Bhuvaneswari et
al., 2022; Gisour et al., 2024). Non-kary6z servikal lezyonlarda
ise retansiyon daha sorunludur (Celik et al., 2015). Diisiik bag
dayanimi temel simirhiliklardan biridir (David et al., 2022). Su
sorpsiyonu, ¢Oziiniirliik ve yaslanmaya bagli mekanik degisimler
uzun dénem performansi etkileyebilir (Islam et al., 2026; Yao et
al., 2024). Klinik sonuglara iliskin kanit kesinligi bir¢ok 6lgiit i¢in
diisiik veya ¢ok diisiiktiir (Besegato et al., 2025). Uriinlerin
kimyasal yapilar1 farkli oldugundan, tek bir materyale ait sonuglar
tlim iirlin grubuna genellenmemelidir (Delgado et al., 2026).

6. SONUC

Kendinden adeziv akiskan rezin kompozitler, ayr1 adeziv
basamagimi ortadan kaldirarak uygulamay1 basitlestirmeyi
amagclayan materyallerdir (Delgado et al., 2026). Bag dayanimlari
cogunlukla konvansiyonel adeziv sistemlerden daha diisiiktiir
(David et al., 2022). Buna karsin kiiclik ve retantif okliizal
restorasyonlarda kisa ve orta donem klinik sonuglar genel olarak
kabul edilebilir goriinmektedir (Besegato et al., 2025; Miranda et
al., 2025). Uriinler arasindaki kimyasal ve performans
farkliliklar1 nedeniyle bu materyaller, konvansiyonel adeziv-
kompozit sistemlerin dogrudan alternatifi olarak degil, uygun
endikasyonlarda  kullanilabilecek  bir  secenek  olarak
degerlendirilmelidir (Delgado et al., 2026; Yao et al., 2024).
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