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ABSTRACT: Background: Dental erosion, also referred to as erosive tooth wear, is the
irreversible loss of dental hard tissues due to the effects of acids. In addition to the use of
fluorides for the prevention of dental erosion, other compounds, such as polyphenols,
have been investigated as adjuncts in the prevention of dental erosion. Compounds such
as epigallocatechin gallate (EGCG), which are present in the leaves of the Camellia sin-
ensis plant used to prepare green tea, have the potential to prevent the degradation of
the matrix and the pellicle, thereby preventing dental erosion. Objective: This umbrella
review aims to critically appraise the review-level evidence on the effects of the use of
green tea and its active compounds on dental erosion. Methods: An umbrella review was
conducted to assess the effects of the use of green tea and its active compounds on den-
tal erosion and erosive tooth wear, following the PRISMA 2020 protocol. An electronic
search of databases, including PubMed/MEDLINE, Scopus, Web of Science, Embase,
and the Cochrane Library, was conducted to identify systematic reviews and meta-analy-
ses on the effects of the use of green tea and its active compounds on dental erosion and
erosive tooth wear. Results: Six systematic reviews were included. The evidence generally
supports the notion that green tea-derived compounds have a protective effect on dentin
erosion, particularly in laboratory and iz situ studies. The evidence regarding enamel was
more variable. The only quantitative systematic review found that green tea-derived com-
pounds resulted in significant reductions in dentin surface loss; however, it also reported
high heterogeneity. The quality of the evidence ranged from high to critically low. The
certainty of the evidence was generally low for dentin and very low for enamel and clin-
ical outcomes. Conclusion: Green tea polyphenols have shown promise as adjuncts to
the prevention of dental erosion. The evidence base is composed mainly of experimen-
tal studies. Clinical trials are required to support the effectiveness of green tea-derived
compounds.

non-bacterial chemical action. Dental erosion results from the
repeated exposure of teeth to either intrinsic or extrinsic acids,

Dental erosion, which is presently included under the
broader classification of erosive tooth wear (ETW), has been
defined as the irreversible loss of dental hard tissues due to
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leading to the dissolution of enamel and dentin, followed by
mechanical wear, which can exacerbate the damage [1]. Over
the past two decades, dental erosion has emerged as a major
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oral health concern worldwide, with implications for children
and adults of all ages. Epidemiological studies, particularly
those conducted among European and other high-income
adolescent populations, have reported that erosive tooth wear
may affect approximately 30-50% of adolescents and young
adults, with even higher prevalence observed among indi-
viduals with frequent acidic dietary exposure, gastroesopha-
geal reflux disease, or sports drink consumption habits [2,3].
Dental erosion differs from dental caries, which is plaque-me-
diated and can be reversed through the action of fluoride, in
that it involves the direct mineral dissolution and softening of
the tooth surface.

The pathophysiology of dental erosion is complex. Acid
exposure decreases surface microhardness, increases surface
roughness, and enhances the loss of calcium and phosphate
ions from the enamel prism structure [4]. Once the dentin
surface is exposed, the erosion process accelerates because of
its lower mineral content and the presence of an organic col-
lagen matrix that can be degraded by the host’s proteolytic
enzymes, such as matrix metalloproteinases (MMPs) and cys-
teine cathepsins [5]. As a result, dentin erosion involves not
only demineralization but also the enzymatic degradation of
the organic matrix exposed to the oral environment, result-
ing in increased tissue collapse and a higher wear rate. This
explains why dentin lesions progress more rapidly and are
more challenging to treat than enamel lesions.

The current approaches to the prevention of dental erosion
are primarily focused on reducing acid contact and enhancing
tissue resistance. Fluoride-based materials, particularly stan-
nous fluoride and high-concentration fluoride varnishes, are
the cornerstone of the prevention of dental erosion because
of their ability to stimulate the formation of mineral depos-
its. while simultaneously reducing mineral solubility [6].
However, there are situations in which the use of fluoride
materials is not sufficient to prevent dental erosion. In the
past few years, there has been an increasing number of studies
focused on the development of alternative or supplementary
materials, including calcium phosphate, casein phospho-
peptide-amorphous calcium phosphate, bioactive glass, and
plant-based materials [7].
polyphenols have attracted considerable attention because of
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their ability to modify the acquired pellicle, improve surface
resistance, and inhibit dentin matrix degradation.

Green tea (Camellia sinensis) is a very popular beverage
worldwide and is rich in bioactive polyphenols, especially
catechins such as epigallocatechin gallate (EGCG), epicate-
chin, and epicatechin gallate [8]. The biological activities of
these compounds include well-documented antioxidant, anti-
inflammatory, antimicrobial, and enzyme-inhibitory effects.
In the dental field, green tea extracts have shown positive
effects in the prevention of dental caries, periodontal diseases,
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and halitosis [9,10]. More recently, laboratory and in situ
studies have suggested that green tea polyphenols may reduce
erosive tissue loss through several mechanisms. First, catechins
may bind to salivary proteins, thereby altering the acquired
pellicle and making it thicker and more resistant to acid dif-
fusion [11]. Second, they may inhibit MMPs and cathepsins,
thus preserving the dentin collagen matrix after demineral-
ization and preventing structural failure [12]. Third, their
antioxidant properties may prevent the oxidative degradation
of organic materials, further improving dentin resistance.
Despite these promising biological mechanisms, the clinical
role of green tea in the prevention and management of dental
erosion remains unclear. Individual iz vitro and in situ studies
have yielded inconsistent results, with some studies showing a
reduction in surface loss and an improvement in microhard-
ness, whereas others have shown minimal effects that vary
depending on the concentration, duration, and model used
[13]. The erosive potential of tea beverages themselves has
also been questioned. While unsweetened green or black tea
tends to have a near-neutral pH and low titratable acidity and
can be considered non-erosive, flavored and bottled teas, as
well as sweetened green tea, may contain added acids that can
be erosive [14].

To synthesize the growing body of evidence, several sys-
tematic reviews have assessed natural or plant-derived com-
pounds for dental erosion, including green tea or catechins
as part of the included interventions [15]. Moreover, tea-re-
lated and green tea-related systematic reviews have assessed
the relationship between tea consumption and dental hard
tissue outcomes [16,17]. It is noteworthy that these system-
atic reviews differ considerably in terms of scope, methodol-
ogy, and design. The systematic reviews include in vitro, in
situ, and clinical studies with diverse outcomes. It is also chal-
lenging for clinicians and investigators to identify the overall
evidence base because of overlapping systematic reviews that
report partially redundant and conflicting findings.

Umbrella reviews, which refer to reviews of systematic
reviews and meta-analyses, represent a higher level of evidence
synthesis by critically appraising and integrating the findings
of systematic reviews and meta-analyses. The methodology
of conducting an umbrella review helps identify the consis-
tencies, gaps, and limitations of systematic reviews while also
providing an overall summary of the evidence landscape. As
natural preventive strategies continue to attract increasing
attention and green tea is widely consumed, an umbrella
review is necessary to assess whether the available evidence
supports a role for green tea and its derivatives in the preven-
tion and mitigation of dental erosion.

Thus, the aim of the current umbrella review is to sys-
tematically identify, appraise, and synthesize the findings of
available systematic reviews and meta-analyses examining the

Natural Resources for Human Health 2026, 6,570-582 | 571


https://doi.org/10.53365/nrfhh/224642

Qureshi U. et al.

effects of green tea, green tea extracts, catechins, and other
polyphenols on dental erosion-related outcomes. This review
aims to determine the magnitude of the anti-erosive effects
of these agents by consolidating the evidence available from
review-level studies and to establish the quality and certainty
of the available evidence to inform the findings.

2. MATERIALS AND METHODS
2.1. Study design

This study was conducted as an umbrella review, which is
a systematic approach to the synthesis of evidence based on
the findings of prior systematic reviews and meta-analyses.
An umbrella review is the highest level of evidence synthesis
because it brings together the findings of a variety of review-
level studies to allow for the comparison of the consistency,
quality, and certainty of the evidence across a body of lit-
erature. The purpose of the current study was to conduct a
systematic review of the review-level evidence on the effects
of green tea (Camellia sinensis), green tea extracts, catechins,
and polyphenols on dental erosion and erosive tooth wear
outcomes. The methodological approach for the current study
was based on the joanna Briggs Institute Manual for Umbrella
Reviews and was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
2020 statement [18,19]. The methodological quality of the
included systematic reviews was assessed using A Measurement
100! to Assess Systematic Reviews 2 (AMSTAR-2) [20].

2.2. Review question

The primary question was formulated as follows: “Do
green tea or green tea bioactive compounds reduce tissue loss
of dental enamel and dentin associated with dental erosion
compared with placebo, no intervention, or conventional pre-

. » .
ventive agents?” The research question was formulated accord-
ing to the Population, Intervention, Comparator, Outcomes,
and Study design (PICOS) approach.

2.3. Eligibility criteria

Eligibility criteria were established a priori using the
PICOS approach. Systematic reviews were considered eligi-
ble for inclusion if they included human clinical trials, 7 situ
experimental models involving intraoral appliances, or in vitro
enamel and dentin samples simulating erosive conditions.
The interventions of interest were green tea extracts, green tea
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preparations, Camellia sinensis, catechin compounds such as
EGCG, or combinations involving green tea in the form of
mouthwashes, gels, varnishes, or dentifrices. The compara-
tive interventions were placebo, distilled water, no treatment,
or established anti-erosive agents such as fluoride or calcium
phosphate technology.

Outcomes of interest included quantitative measures of
tissue loss in enamel or dentin using profilometry, micro-CT,
or 3D surface analysis. Secondary outcomes included changes
in surface microhardness, surface roughness, mineral content,
or pellicle composition.

Narrative reviews, opinion pieces, conference abstracts,
and individual primary studies were excluded from the review
process to avoid methodological bias and the duplication of
primary data.

2.4. Information sources and search strategy

The literature search strategy involved a comprehensive
electronic search of multiple databases, including PubMed/
MEDLINE, Scopus, Web of Science, Embase, and the
Cochrane Library. The search was conducted from database
inception to December 2025. Controlled vocabulary terms
(MeSH and Emtree terms, where applicable) and free-text
keywords related to green tea, Camellia sinensis, catechins,
EGCG, polyphenols, dental erosion, and erosive tooth wear
were combined using Boolean operators to maximize search
sensitivity. The search strategies were adapted according to the
indexing systems and syntax requirements of each database.
The detailed electronic search strategies used for all databases
are presented in Table S1.

2.5. Study selection

The database search identified 412 records through elec-
tronic databases, and an additional 18 records were identi-
fied through manual reference screening. After the removal
of duplicate records, 328 unique studies remained for title
and abstract screening. Of these, 299 records were excluded
because of irrelevance, a non-review study design, or a lack
of erosion-related outcomes. Subsequently, 29 full-text arti-
cles were assessed for eligibility. Following the full-text evalu-
ation, studies were excluded because they were not systematic
reviews, did not report erosion-related outcomes, or were
not relevant to green tea interventions. Finally, six system-
atic reviews met the predefined eligibility criteria and were
included in the qualitative synthesis. The study selection
process was conducted according to the PRISMA 2020 flow
framework [19].
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Table 1

Opverlap of primary studies across included systematic reviews.
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Primary study
(First author, year)

Memarpour 2025 [15]  Seyedjavadi 2022 [16]

Jaafoura 2014 [17]

Leal 2023 [22]  Inchingolo 2023 [23]  Ruiz 2023 [24]

Hara 2009 [13]
Kato 2010 [12]
Hannig 2012 [11]
Schlueter 2014 [3]
Buzalaf 2012 [28] v
Bedran-Russo 2014 [30]
Flemming 2022 [31] v
West 2014 [32]

NESENES

&

v
v v
v
v
v
v v
v v

Vv = primary study included in the respective review.

2.6. Data extraction

Data extraction was performed by two independent
reviewers using a standardized data extraction template. The
extracted data included the author and year of publication,
review design, number and type of included studies, databases
searched, participants or specimens, interventions, outcomes
measured, results, methods of statistical pooling, heterogene-
ity, and limitations.

Inter-reviewer agreement for study selection was assessed
using Cohen’s kappa statistic. The agreement between the two
reviewers was found to be substantial (x = 0.84).

2.7. Quality appraisal

The methodological quality of the included reviews was
assessed using AMSTAR-2, a validated critical appraisal tool
designed for systematic reviews of randomized and non-ran-

domized studies [20].
including registration of the systematic review protocol, the

The tool assesses several domains,

comprehensiveness of the search strategy, justification for
excluded studies, evaluation of the risk of bias of the included
studies, suitability of the statistical synthesis, evaluation of
publication bias, and reporting of funding sources and con-
flicts of interest. The quality of each included systematic
review was rated as high, moderate, low, or critically low
confidence using AMSTAR-2. The critical appraisal was con-
ducted by two investigators to reduce subjectivity.

Inter-reviewer agreement for the AMSTAR-2 quality
appraisal was also evaluated using Cohen’s kappa statistic and
demonstrated substantial agreement between the reviewers
(x = 0.81). Any disagreements were resolved through discus-
sion and consensus.

natural resources for human health

2.8. Data synthesis

In light of the anticipated heterogeneity in study design,
interventions, and outcome variables assessed in the included
reviews, a quantitative approach to data pooling was not
deemed feasible. As such, a structured narrative approach
to synthesizing the review findings was employed, as recom-
mended for the conduct of umbrella reviews when a meta-me-
ta-analysis approach is not feasible. In this regard, the findings
of the reviews were synthesized and presented by tissue type
(enamel and dentin), intervention type (preventive and ther-
apeutic), and study setting (clinical, in sitw, and in vitro).
In addition, the strength and direction of the evidence were
assessed qualitatively, taking into account the methodological
quality and overlap of the reviews. Finally, the certainty of the
evidence was assessed by examining the methodological rigor
of the reviews, the consistency of the findings, and their direct
applicability to the clinical question under investigation.

The methods employed for the systematic review, includ-
ing the identification of studies, screening, eligibility assess-
ment, and inclusion, are summarized in Figure 1 and were
conducted in accordance with the PRISMA 2020 reporting
guidelines [19].

The distribution of primary studies across the included sys-
tematic reviews and the extent of overlap among the reviews
are shown in Table 1. The corrected covered area (CCA),
used to quantify the degree of overlap among the systematic
reviews, is presented in Table 2.

The overlap among the included systematic reviews was
determined using a corrected covered area (CCA) calculation,
in which frequently occurring primary studies within each
included systematic review were mapped using the citation
matrix method. The overlapping primary studies concern-
ing green tea compounds and dental erosion were identified
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Additional records identified
through reference screening
(n=18)

Records identified through
database searching
(n=412)

—>

Y A 4

Records after duplicates removed
(n = 328)

|

Records screened
(n=328)

|

Full-text articles assessed
for eligibility
(n=29)

Records excluded
(n=299)

Full-text articles excluded
« Not systematic reviews

= No erosion outcomes

* Irrelevant to green tea

Y

Studies included in
qualitative synthesis (n = 6)

Figure 1. PRISMA 2020 flow diagram of study selection.

Table 2
Corrected Covered Area (CCA) for overlap.

Parameter Value

Number of primary study occurrences across reviews (N) 21

Number of unique primary studies (r) 8
Number of systematic reviews (c) 6
CCA formula (N-1/[rx(c-1)]

Calculated CCA 0.33 (33%)

High overlap [21]

Interpretation

and tallied. The CCA was calculated according to the for-
mula recommended for umbrella reviews: CCA = (N - 1) /
[r x (c - 1)], where N is the number of occurrences of the
primary studies, r is the number of primary studies, and ¢
is the number of included systematic reviews. According
to the standards suggested by Pieper et al., a CCA value of
0-5 denotes slight overlap, 6-10 indicates moderate overlap,
11-15 denotes high ovetlap, and a value exceeding 15 indi-
cates very high overlap [21].

The certainty of the evidence was assessed using an adapted
outcome-level approach informed by GRADE principles.
Certainty ratings were determined qualitatively based on the
methodological quality of the included systematic reviews
(AMSTAR-2 ratings), the consistency of findings across
reviews, the degree of indirectness, the risk of bias within the
included studies, and the imprecision related to heterogeneity
and variability in outcome reporting. Owing to the predomi-
nance of in vitro and in situ evidence and the absence of sufh-
cient clinical data, a formal quantitative GRADE assessment
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was not feasible. Therefore, the certainty classifications pre-
sented should be interpreted as narrative evidence certainty
assessments rather than formal guideline-based GRADE
recommendations.

3. RESULTS
3.1. Characteristics of included reviews

Of the six systematic reviews included, two were specific to
tea or green tea interventions, whereas the other four reviews
included broader groups of plant-derived compounds, natu-
ral preventive agents, or polyphenolic substances, with green
tea- or catechin-based interventions included among the
interventions.

In terms of the design of the included studies, three of
the systematic reviews included studies that were primar-
ily in vitro, involving extracted enamel or dentin specimens
exposed to standardized erosive challenges. Two of the sys-
tematic reviews included in situ experimental studies, in
which enamel or dentin specimens were placed intraorally in
human subjects. Only one of the systematic reviews included
randomized clinical trials involving human subjects; however,
erosion-related endpoints were not the primary endpoints of
these studies.

Of the included reviews, only one performed a quantita-
tive meta-analysis. The systematic review and meta-analysis
conducted by Memarpour et al. 2025 was the most method-
ologically rigorous review. It demonstrated a statistically sig-
nificant reduction in dentin surface loss with the application
of green tea derivatives compared with the control solutions.
The pooled analysis demonstrated a significant reduction in
dentin surface loss in favor of green tea-derived compounds
compared with the control interventions (MD: -0.89 pm;
95% CI: -1.68 to -0.09); however, the findings should be
interpreted with caution because of the substantial heteroge-
neity among the included studies (12 = 91%) [15].

The reviews conducted by Leal et al. [22] and Inchingolo
et al. [23] examined polyphenolic agents and natural preven-
tive agents in general. Both reviews reported trends toward
the preventive effects of catechin-containing preparations,
including green tea derivatives. However, the reviews were
limited to qualitative findings because of the substantial het-
erogeneity, which precluded the performance of a quantita-
tive synthesis [24,25].

The clinical-focused review conducted by Seyedjavadi-
Limoodi et al. examined reviews of randomized trials inves-
tigating green tea derivatives in the form of mouthrinses,
dentifrices, or extracts. Although improvements in oral
hygiene and periodontal health were observed with the use of
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green tea derivatives, there was limited information regarding
dental erosion [16].

The first review included in this study, conducted by
Jaifoura et al., examined the erosive potential of tea beverages
and found that green and black tea infusions were non-ero-
sive because of their pH and titratable acidity values, which
were closer to neutral. The erosive potential may increase in
processed and/or sweetened tea beverages because of the pres-
ence of added acids, highlighting the role of formulation and
preparation methods in dietary exposure risks [17]. A sum-
mary of the characteristics of the included reviews is provided

in Table 3.

3.2. Methodological quality of included reviews

The methodological quality of the systematic reviews was
assessed using AMSTAR-2 [20]. The quality of the included
systematic reviews was found to be variable. One system-
atic review was rated as high confidence because it included
protocol registration, detailed search strategies, duplicate
screening and data extraction, risk of bias assessment, and
appropriate quantitative synthesis. One systematic review was
rated as moderate confidence, primarily because it included
a reasonably dertailed search strategy and risk of bias evalu-
ation. However, it lacked other important methodological

View Article online

safeguards, such as protocol registration and publication bias
assessment. The remaining four systematic reviews were rated
as having low to critically low confidence, mainly because of
the absence of predetermined protocols, detailed search strat-
egies, duplicate screening, and formal risk of bias assessments
of the primary studies. The outcome-level synthesis across the
included systematic reviews is summarized in Table 5, follow-
ing established umbrella review methodology [20].

4. SYNTHESIS OF FINDINGS
4.1. Dentin erosion outcomes

The most consistent evidence of the protective effects was
observed with dentin substrates. The quantitative review con-
ducted by Memarpour et al. 2025 showed that the applica-
tion of green tea extract significantly reduced tissue loss in
dentin compared with the control treatments. This finding
suggests a significant protective effect of green tea against ero-
sive tissue loss [15]. The in situ studies reviewed by Leal et
al. showed that the application of polyphenol solutions before
an acid challenge reduced mineral loss from dentin surfaces
[22]. These findings are biologically plausible because dentin
erosion involves not only mineral loss but also the enzymatic
degradation of the exposed organic matrix. The catechins

Table 3

Characteristics of included systematic reviews.

Author Year Review design Study models included Green tea exposure Principal findings

Memarpour [15] 2025 Systematic review + In vitro, in situ Yes Reduced dentin loss; high heterogeneity

meta-analysis
Seyedjavadi-Limoodi [16] 2022 Systematic review Clinical trials Yes Suggested protective oral effects
including erosion modulation

Jaifoura [17] 2014 Systematic review Laboratory studies Yes Unsweetened tea non-erosive

Leal [22] 2023 Systematic review In situ models Yes Polyphenols showed protective effects

Inchingolo [23] 2023 Systematic review Mixed designs Yes Natural agents beneficial in prevention

Ruiz [24] 2023 Systematic review Dietary exposure studies Tea exposure

Table 4

Outcome-level evidence synthesis and certainty assessment.

Outcome Reviews Study type Direction of Consistency Risk of Indirectness Imprecision Overall
contributing effect bias certainty

Dentin tissue loss 2 In vitro/in situ Protective Moderate Moderate Moderate Moderate Low

reviews

Enamel tissue loss 2 In vitro reviews Mixed Low Moderate Moderate High Very low

Microhardness 3 In vitro/in situ Improved Moderate Moderate Moderate Moderate Low

Clinical erosion 1-2 Clinical reviews Limited evidence Low High High High Very low

outcomes

natural resources for human health
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Table 5
Detailed AMSTAR-2 assessment of included systematic reviews.
AMSTAR-2 domain Memarpour 2025  Leal 2023  Seyedjavadi 2022  Inchingolo 2023 Ruiz 2023 Jaifoura 2014
[15] [22] [16] [23] [24] [17]
Protocol registered prior to review Yes Yes No No No No
Research question & inclusion criteria defined Yes Yes Yes Yes Yes Partial
Comprehensive search strategy Yes Yes Partial Partial Partial Limited
Study selection in duplicate Yes Yes Not reported Not reported Not reported No
Data extraction in duplicate Yes Yes Not reported Not reported Not reported No
List of excluded studies provided Yes No No No No No
Included studies described in detail Yes Yes Moderate Moderate Moderate Limited
Risk of bias assessed Yes Yes Partial Limited Limited No
Risk of bias considered in conclusions Yes Yes Partial No No No
Meta-analysis appropriate Yes NA NA NA NA NA
Publication bias evaluated Yes No No No No No
Funding sources reported Yes No No No No No

in green tea are known to exert inhibitory effects on matrix
metalloproteinases as well as cathepsins, which may contrib-
ute to the preservation of dentin tissue. However, the quan-
titative comparability of the studies was limited because of
differences in the experimental designs, concentrations of
green tea extract, and acid challenge protocols. Overall, the
available evidence suggests a moderate protective effect of
green tea on dentin erosion, although the certainty of this
conclusion is limited by the substantial heterogeneity and the
predominance of laboratory-based data.

4.2. Enamel erosion outcomes

With respect to enamel protection, the results were incon-
sistent. Some 77 vitro studies showed a small increase in sur-
face microhardness and a reduction in mineral loss following
treatment with green tea extract, whereas others demon-
strated minimal effects depending on the study conditions,
such as pH, exposure time, and concentration. The reviews
concluded that green tea provides a degree of protection to
enamel; however, the magnitude and consistency of this pro-
tection remain unclear and are generally less pronounced than
those observed for dentin protection [22,23].

The disparity between the protective effects on enamel and
dentin may be attributed to differences in the composition
of these tissues, with enamel being highly mineralized and
devoid of the organic matrix that would be affected by cate-
chins and their enzyme-inhibitory activity.

The outcome-level synthesis, including the direction of
effects and the certainty of the evidence across outcomes, is
summarized in Table 4.

natural resources for human health

4.3. Clinical outcomes

Clinical evidence supporting the anti-crosive effects of
green tea has not been well established. Seyedjavadi-Limoodi
et al. conducted a review of randomized trials to evaluate the
effects of tea on oral health, focusing primarily on its anti-
microbial effects, plaque, and periodontal parameters, while
only indirectly reporting its effects on erosive parameters [16].
No large-scale randomized clinical trial has been conducted to
evaluate the effects of tea on erosive tooth wear as a primary
outcome.

4.4. Beverage exposure considerations

Dietary exposure to tea, together with the evidence from
the literature regarding the pH and erosive potential of plain
green or black tea infusions, indicates that plain tea is likely
to have a near-neutral pH and low erosive potential and is,
therefore, not a significant contributor to dental erosion when
consumed without additives [24]. This further demonstrates
the context-dependent relationship between tea and dental
erosion, as well as the influence of formulation, preparation
methods, and consumption habits on the final product and
its potential effects on the consumer.

4.5. Overall evidence synthesis
When the results of the reviews are considered collectively,

a consistent protective trend is evident for dentin outcomes,
whereas the evidence for enamel outcomes remains mixed
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and limited. This pattern of findings is depicted in Figure 2,
which provides a visual representation of the evidence map
for the included reviews. The overall methodological confi-
dence ratings and the key limitations of each included system-
atic review are summarized in Table 6.

5. DISCUSSION
5.1. Principal findings

This umbrella review has compiled data from six papers
that explored the association between green tea and dental
erosion. Taken together, the findings from these review-level
studies suggest that green tea and its polyphenolic compounds
may have a protective role against erosive tissue damage, with
the effect being more apparent in dentin substrates. However,
the certainty of the evidence is low to very low because of
the high degree of methodological heterogeneity, the pre-
dominance of laboratory-based studies, and the absence of
well-designed clinical studies. It is worth noting that the pro-
tective role of green tea and its compounds appears to be sub-
strate-dependent, with dentin being more responsive to green

tea-based treatments than enamel.

Review (Year) Enamel Dentin Clinical Overall Direction
Memarpour 2025 + s —_ Protective
Leal 2023 + ARD — Prutect?ve
Inchingolo 2023 + & - Protective
Seyedjavadi 2022 — - + Slight protective
Jaifoura 2014 Neutral - - L‘:‘z}?;'%s'vve
Ruiz 2023 Neutral - - Low risk

Legend: J 44 Strong, L J Moderate, J— Slight, + Mixed, — Not assessed

Figure 2. Evidence map of review-level findings on green tea
and dental erosion
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The improved efficacy in dentin can be explained and is
consistent with the biological process of erosive tooth wear.
Dentin erosion is associated not only with mineral loss but
also with the degradation of the demineralized collagen
matrix, which occurs because of the action of endogenous
enzymes such as matrix metalloproteinases (MMPs) and cys-
teine cathepsins [12,27]. The activation of these enzymes fol-
lowing acid exposure leads to the degradation of the organic
matrix, resulting in increased tissue collapse and erosion
[12,28]. Catechins in green tea, particularly epigallocate-
chin gallate (EGCG), have been shown to inhibit MMPs and
enhance collagen cross-linking, thereby helping to maintain
the integrity of the demineralized matrix and slow the pro-
gression of erosion [29, 30].

Besides enzymatic inhibition, polyphenols may also con-
tribute to increased erosion resistance by interacting with
salivary proteins. The acquired pellicle is an important factor
because it acts as a diffusion barrier that limits acid penetra-
tion and mineral loss [14,31]. Polyphenolic compounds may
bind to proteins within the acquired pellicle, thereby increas-
ing its thickness, density, and structural integrity, which
may improve its effectiveness as a barrier [32]. Experimental
studies have shown that polyphenol-enriched pellicle sur-
faces reduce enamel and dentin surface softening following
an acidic challenge, providing a plausible biological basis for
the trends observed in laboratory and 7 situ studies [33]. The
antioxidant activity of green tea catechins may also reduce the
oxidation of organic material, thereby contributing indirectly
to tissue preservation [8].

5.2. Comparison with existing literature

The results of the present umbrella review are also consis-
tent with the broader preventive dentistry literature, which
suggests that natural and plant-based compounds may offer
adjunctive benefits in the management of dental erosion
[3,34]. Several experimental studies have shown that polyphe-
nol-based compounds, including grape seed extract, cranberry

Table 6

Overall methodological confidence of included systematic reviews.

Review Overall AMSTAR-2 confidence Key limitations

Memarpour 2025 [15] High None critical

Leal 2023 [22] Moderate No publication bias analysis

Seyedjavadi 2022 [16] Low No protocol, limited risk-of-bias assessment
Inchingolo 2023 [24] Low No duplicate screening, limited bias evaluation
Ruiz 2023 [24] Low No protocol, incomplete methodological reporting
Jaafoura 2014 [17] Critically low Limited search, no bias assessment
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extract, and green tea derivatives, can reduce dentin degrada-
tion and inhibit the enzymatic activity responsible for erosion
[35,36].

However, the level of evidence supporting green tea-based
interventions was found to be considerably lower than that
supporting fluoride-based interventions. Fluoride, particularly
stannous fluoride, has long been proven clinically effective in
preventing erosive wear by promoting the formation of a pro-
tective surface layer and mineral precipitation [37,38]. The
evidence supporting green tea-based interventions is derived
primarily from in vitro and in situ studies, which, although
valuable, may not fully represent the complex dynamics of the
oral environment, including dietary practices, salivary flow
rates, mechanical abrasion, and patient compliance [4].

The high degree of heterogeneity observed in the single
quantitative meta-analysis further highlights the differences in
the experimental conditions, which limit the generalizability
of the findings. Variations in the concentration of green tea,
application time, materials used, composition of the erosive
solution, and the methods used to analyze the results also
contribute substantially to the differences observed among the
studies. A similar degree of heterogeneity has been reported in
other systematic reviews of natural anti-erosive agents, indi-
cating that this remains a broader challenge within this field
of research [32].

6. CLINICAL IMPLICATIONS

From a clinical perspective, the findings of the present
investigation indicate that green tea or green tea-derived for-
mulations could be considered adjunctive preventive strategies
rather than primary treatments for dental erosion. For exam-
ple, green tea mouthrinses, gels, or polyphenol-containing
dentifrices may provide supplementary benefits when used as
adjuncts to conventional preventive regimens, particularly for
patients with exposed dentin surfaces, high dietary acid con-
sumption, or other conditions that may predispose them to
erosive tooth wear.

However, clinicians should exercise caution when inter-
preting the results of laboratory studies and applying them
to everyday clinical practice. For example, there is a lack of
clinical trials evaluating the effectiveness of green tea-based
formulations using validated erosive tooth wear endpoints.
Therefore, green tea-based formulations may be considered
as components of a broader preventive regimen that also
includes conventional treatments, such as fluoride therapy,
dietary modifications, salivary management, and behavioral
interventions [39].

From a dietary perspective, it has been suggested that con-
suming plain green tea is unlikely to be inherently erosive

natural resources for human health

View Article online

because of its pH and titratable acidity, which are close to
neutral compared with those of other acidic beverages, such as
carbonated drinks and fruit juices [1]. However, it is import-
ant to educate patients that flavored and sweetened tea bev-
erages may have increased acidity. Therefore, it is important
to make this distinction and emphasize that patients should
limit their consumption of acidic tea beverages and maintain
proper oral hygiene practices after consuming acidic drinks.

The interpretation of the current findings may be influ-
enced by the variation in the methodological quality of the
included systematic reviews. The review by Memarpour
et al. [15] was assessed as having a high level of confidence
according to the AMSTAR-2 guidelines and provided the
highest-quality evidence supporting a protective effect
of green tea-derived compounds against dentin erosion.
Several other systematic reviews included in this umbrella
review were rated as having low or critically low confi-
dence because of methodological limitations, including
the absence of protocol registration, insuflicient risk of bias
assessment, non-duplicate screening, and inadequate clarity
in the reporting of results. Therefore, the anti-erosive effects
of green tea-derived compounds should be interpreted pri-
marily on the basis of the high-quality evidence, whereas the
findings from the lower-quality reviews should be consid-
ered exploratory.

7. STRENGTHS AND LIMITATIONS

One of the major strengths of the current umbrella review
is the use of higher-order evidence synthesized using estab-
lished methodologies. This was achieved by adhering to the
PRISMA reporting guidelines and using the AMSTAR-2
appraisal criteria. This type of review is valuable for providing
a comprehensive overview of the current evidence landscape.

However, it is important to note that the current review
also had several limitations. First, the review was based on the
findings of other systematic reviews, some of which included
overlapping primary studies. This resulted in a substantial
overlap of the evidence base. In addition, the current review
demonstrated a high degree of heterogeneity among the
experimental models, outcomes, and interventions, making it
difficult to perform a quantitative synthesis of the systematic
reviews. Moreover, the review included a large number of i
vitro and in situ studies. These studies cannot be used to draw
definitive conclusions regarding the multifactorial etiology of
erosive tooth wear. Furthermore, the methodological quality
of some of the included systematic reviews was poor because
of the lack of protocol registration and the failure to perform
a formal risk of bias assessment. Additionally, the review pro-
tocol was not prospectively registered in PROSPERO or any
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other international registry, which may limit methodological
transparency

The corrected covered area (CCA) analysis showed con-
siderable overlap among the systematic reviews included in
the study (CCA = 32.5%), indicating that some systematic
reviews contained overlapping primary studies. This suggests
the potential for bias in the observed consistency of the pro-
tective effects, as the same experimental findings may have
contributed to the evidence base across multiple systematic
reviews rather than each review providing independent veri-
fication of the results. Therefore, the overlap should be taken
into account when interpreting the consistency of the find-
ings, particularly because the available literature is composed
predominantly of i vitro and in situ studies.

8. FUTURE DIRECTIONS

Therefore, future investigations, particularly well-designed
randomized controlled clinical trials, should evaluate the efh-
cacy of green tea-based interventions using standardized and
clinically relevant erosive wear outcome measures. Future
studies should incorporate objective assessment tools, such as
profilometric surface analysis, quantitative light-induced flu-
orescence, micro-computed tomography, three-dimensional
intraoral scanning, optical coherence tomography, and val-
idated erosive tooth wear indices, to improve the compara-
bility and clinical applicability of the findings. Longitudinal
studies with extended follow-up periods are also essential to
determine whether the beneficial anti-erosive effects observed
under laboratory and iz situ conditions can be translated into
measurable reductions in the progression of erosive tooth
wear in real-world clinical settings.

Future clinical research should also focus on identify-
ing the most effective delivery systems, concentrations, and
application protocols for green tea-derived compounds.
Comparative studies evaluating different formulations, such
as mouthrinses, varnishes, gels, dentifrices, chewing gums,
lozenges, slow-release systems, and bioadhesive preparations,
may help establish the optimal delivery modality for main-
taining prolonged contact with dental hard tissues and the
acquired pellicle. Dose-response investigations are also nec-
essary to determine the minimum effective concentrations
and substantivity of catechins and epigallocatechin gallate
(EGCG), while simultaneously evaluating the long-term
safety, patient tolerance, and stability of these formulations
under varying oral environmental conditions.

Further studies should also investigate the interactions
between green tea polyphenols and conventional anti-erosive
technologies, such as fluoride compounds, calcium-phosphate
systems, hydroxyapatite-based agents, and bioactive glasses.
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Combination therapies may provide synergistic effects by
simultaneously enhancing remineralization, reducing min-
eral solubility, and inhibiting the degradation of the organic
matrix. Comparative effectiveness trials evaluating green
tea-derived interventions alongside established fluoride-based
preventive agents would also provide valuable insights into
their relative and adjunctive clinical benefits.

Moreover, future investigations should target specific
patient populations at increased risk of erosive tooth wear.
These include adolescents and young adults with high acidic
beverage consumption, patients with gastroesophageal reflux
discase, eating disorders, xerostomia, reduced salivary flow,
orthodontic appliances, exposed dentin surfaces, and occu-
pational acid exposure. Stratifying outcomes according to
patient risk profiles may improve the understanding of which
populations are most likely to benefit from green tea-based
preventive strategies.

Mechanistic studies exploring the biological pathways
underlying the anti-erosive effects of green tea compounds
are also warranted. Additional research focusing on acquired
pellicle modification, inhibition of matrix metalloprotein-
ases and cysteine cathepsins, collagen stabilization, antioxi-
dant activity, and salivary interactions may further clarify the
mechanisms responsible for tissue preservation. Such mecha-
nistic evidence would strengthen the biological plausibility of
the clinical findings and support the future development of
evidence-based preventive formulations incorporating green
tea-derived bioactive compounds for the management and
control of erosive tooth wear.

9. CONCLUSION

This umbrella review compiles the latest findings from
systematic reviews and meta-analyses on the potential role of
green tea and its polyphenolic components in the prevention
of dental erosion. The body of evidence suggests that green
tea components may have beneficial effects in preventing tis-
sue loss in dental hard tissues, particularly dentin, through
potential mechanisms such as collagen stabilization, inhibi-
tion of proteolytic enzymes, and enhancement of acquired
pellicle resistance. However, the quality of the evidence sup-
porting these potential effects is limited because of the con-
siderable heterogeneity among the studies, the predominance
of in vitro and in situ studies, and the lack of well-designed
clinical trials evaluating the efficacy of green tea components
in the prevention of erosive tooth wear.

At present, green tea-derived compounds should be con-
sidered adjuncts to conventional fluoride-based preventive
measures for dental erosion rather than replacements for
them. Although i vitro and in situ studies have demonstrated
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promising protective effects, particularly against dentin ero-
sion, the current evidence base remains limited because of
methodological heterogeneity and the lack of well-designed
clinical trials. Currently, green tea-derived compounds should
be considered adjunctive preventive agents that may comple-
ment, rather than replace, conventional fluoride-based pre-
ventive strategies. Although in vitro and in situ studies have
demonstrated promising protective effects against dentin
erosion, the current evidence base remains limited because of
methodological heterogeneity and the lack of well-designed
clinical trials. Future research should focus on well-designed
randomized clinical trials to evaluate the potential value of
green tea-derived compounds in the prevention of dental
erosion.
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SUPPLEMENTARY

Table S1

Detailed electronic search strategies used across databases.

Database Search strategy

PubMed/MEDLINE (“Green Tea”[Mesh] OR “Camellia sinensis” OR “green tea” OR catechin* OR “epigallocatechin gallate” OR EGCG OR polyphenol* OR
flavonoid*) AND (“Tooth Erosion”[Mesh] OR “dental erosion” OR “erosive tooth wear” OR “erosive wear” OR “tooth wear” OR enamel
erosion OR dentin erosion) AND (“systematic review” OR “meta-analysis” OR umbrella review)

Scopus TITLE-ABS-KEY (“green tea” OR “Camellia sinensis” OR catechin®* OR EGCG OR polyphenol*) AND TITLE-ABS-KEY (“dental
erosion” OR “erosive tooth wear” OR “tooth erosion” OR “dentin erosion” OR “enamel erosion”) AND TITLE-ABS-KEY (“systematic
review” OR “meta-analysis” OR umbrella review)

Web of Science TS=(“green tea” OR “Camellia sinensis” OR catechin®* OR EGCG OR polyphenol*) AND TS=(“dental erosion” OR “erosive tooth wear”
OR “tooth erosion” OR “dentin erosion” OR “enamel erosion”) AND TS=(“systematic review” OR “meta-analysis” OR umbrella review)

Embase (‘green tea’/exp OR ‘Camellia sinensis’” OR catechin*:ab,ti OR EGCG:ab,ti OR polyphenol*:ab,ti) AND (‘tooth erosion’/exp OR ‘dental
erosion’:ab,ti OR ‘erosive tooth wear’:ab,ti OR ‘dentin erosion’:ab,ti OR ‘enamel erosion’:ab,ti) AND (‘systematic review’/exp OR ‘meta
analysis’/exp OR umbrella review:ab,ti)

Cochrane Library (“green tea” OR “Camellia sinensis” OR catechin®* OR EGCG OR polyphenol*) AND (“dental erosion” OR “erosive tooth wear” OR “tooth

erosion” OR “dentin erosion” OR “enamel erosion”) AND (“systematic review” OR “meta-analysis” OR umbrella review)

Filters applied across databases included English language and review-level studies published up to December 2025. Search strategies were adapted according to the

indexing system and syntax requirements of each database.
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