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Abstract

Background: Therapeutic applications of saline solutions in oral healthcare range from mineral
waters to standardized sodium chloride preparations. Despite millennia of use across medical
traditions, their scientific foundation remains inadequately characterized and methodologically
fragmented. This scoping review aimed to systematically characterize evidence for saline
interventions in oral healthcare and identify methodological gaps for clinical standardization.
Methods: Following JBI methodology and PRISMA-ScR standards, four databases (PubMed, Scopus,
Web of Science, Cochrane Library) were searched for 2000-2024 publications. Studies were classified
along a naturalness continuum from geological mineral waters to artificial preparations. Data
synthesis integrated narrative analysis with systematic gap identification. Results: Thirteen eligible
studies revealed limited evidence despite widespread clinical use. Research bias favored hypersaline
Dead Sea derivatives (n=7, 54%) over natural thermal waters (n=2, 15%). Dead Sea interventions
showed consistent benefits in periodontal inflammation, viral load reduction, and mucositis
prophylaxis, though whitening applications failed. Marine-derived solutions demonstrated superior
plaque control versus chlorhexidine, while artificial preparations (n=3) achieved therapeutic
equivalence with conventional antimicrobials. Optimal antimicrobial duration occurred at 5.8%
salinity. Methodological limitations included small sample sizes, short follow-up periods, and
heterogeneous outcomes. Conclusions: Saline solutions demonstrate consistent efficacy across the
natural-artificial spectrum. The inverse relationship between widespread clinical utilization and
limited scientific validation highlights fundamental research gaps requiring urgent attention for
evidence-based integration.

Keywords: Thermal water; mineral water; saline solution; oral health

1. Introduction

Contemporary antimicrobial mouthwashes demonstrate established efficacy in plaque control
and bacterial adhesion prevention [1,2], yet mounting evidence of adverse effects —including dental
staining, calculus formation, and allergic responses—has prompted renewed investigation of
alternative therapeutic modalities [3,4]. Among these alternatives, saline-based interventions
represent a particularly compelling paradigm, given their extensive historical precedent [5] and
emerging scientific validation [6]. Therapeutic applications of saline solutions encompass a broad
spectrum of mineral complexity and preparation methods [7]. At one extreme lie geothermally
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derived waters with sophisticated ionic profiles shaped by prolonged geological contact [8]; at the
other, standardized sodium chloride preparations offering reproducible antimicrobial activity [9].
Intermediate marine-derived solutions provide moderate salinity with naturally occurring trace
elements [10]. While these interventions differ substantially in composition and sourcing, they
converge on salt's fundamental capacity for osmotic bacterial disruption and inflammatory
modulation [11]. The therapeutic application of mineral waters predates recorded medical history,
with archaeological evidence documenting systematic use across Mediterranean civilizations [12,13].
Modern geochemical analysis reveals these waters acquire distinctive profiles through hydrothermal
circulation within specific geological formations, yielding complex solutions containing dissolved
minerals, trace elements, and bioactive compounds whose therapeutic properties reflect their unique
hydrogeochemical evolution [14,15]. This natural variation contrasts sharply with the standardized
formulations characteristic of contemporary oral care products, suggesting potential therapeutic
advantages inherent to geological complexity [16]. Hypersaline environments demonstrate
distinctive therapeutic mechanisms through specialized microbial ecosystems and unique mineral
profiles [17]. Dead Sea waters, with salinity exceeding 340 g/L, support extremophile communities
producing bioactive metabolites with demonstrated antimicrobial activity against oral pathogens
[18]. These include sulfur-cycling compounds with anti-inflammatory properties relevant to
periodontal disease management [19], and probiotic strains such as Lactobacillus salivarius capable
of disrupting cariogenic biofilms [20]. The extreme ionic composition —particularly high magnesium
and bromide concentrations—provides additional therapeutic pathways through osmotic bacterial
stress and enhanced tissue penetration [21]. European balneotherapy represents a paradox of
extensive clinical application with minimal scientific validation [22]. Established thermal centers
across France (Vichy, La Roche-Posay), Italy (Salsomaggiore, Montecatini), and Germany (Baden-
Baden) have maintained centuries-old therapeutic protocols [23], yet oral health applications remain
largely unexamined in controlled studies [24]. This research gap proves particularly striking given
the sophisticated mineral compositions of European thermal waters and their documented efficacy
in dermatological and rheumatological applications [25,26]. Marine-derived interventions occupy a
strategic position between geological complexity and therapeutic standardization [27]. Standard
seawater salinity (approximately 35 g/L) combined with consistent trace element profiles provides
reproducible therapeutic effects while maintaining natural origin [28]. This intermediate complexity
offers potential advantages over both highly variable mineral waters and simplified artificial
preparations, suggesting optimal balance between therapeutic efficacy and clinical standardization
[29]. The therapeutic spectrum extends from geologically complex mineral waters toward
increasingly standardized formulations, with marine solutions representing an optimal intersection
of natural origin and compositional predictability [30]. Standard seawater composition (35 g/L total
dissolved solids) combines moderate salinity with consistent trace element ratios—magnesium,
calcium, and potassium in proportions shaped by global oceanic circulation rather than localized
geological contact [31]. This standardization addresses the primary limitation of thermal water
applications: compositional variability that complicates dose-response relationships and therapeutic
reproducibility [32]. Sodium chloride preparations eliminate compositional uncertainty entirely,
reducing therapeutic mechanisms to fundamental osmotic principles: bacterial cell dehydration,
enhanced tissue penetration, and promotion of natural repair processes [33,34]. While this
reductionist approach sacrifices the potential synergistic effects of complex mineral compositions
[35,36], it provides several clinical advantages: standardized therapeutic outcomes, global
accessibility independent of geographical constraints, and compatibility with resource-limited
settings where commercial antimicrobials remain prohibitively expensive. The inverse relationship
between clinical utilization and scientific validation characterizes the entire saline intervention
spectrum [37]. Our aim was to conduct a comprehensive synthesis across intervention categories,
with particular attention to methodological heterogeneity and evidence quality distribution.

2. Material and Methods
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2.1. Study Design

This scoping review employed established JBI methodology and PRISMA-ScR reporting
standards [38] to systematically map evidence across the saline intervention spectrum. The research
framework was structured around three core dimensions: human populations receiving salt-based
oral interventions (Population), therapeutic applications spanning natural mineral waters to artificial
preparations (Concept), and clinical contexts where oral health outcomes were assessed (Context).

2.2. Search Strategy and Selection

Four major databases (PubMed, Scopus, Web of Science, Cochrane Library) were systematically
searched for peer-reviewed publications from 2000-2024. The search strategy combined controlled
vocabulary with free-text terms encompassing thermal waters, mineral solutions, marine
preparations, and artificial saline interventions applied to oral health conditions. Language
restrictions included English, Italian, French, German, Spanish, and Portuguese to capture European
thermal water literature. Eligible studies included controlled trials, observational designs, and case
series (25 participants) investigating salt-based oral interventions in human populations. The
intervention spectrum encompassed naturally occurring thermal/mineral waters, marine-derived
solutions, hypersaline natural waters, and standardized artificial preparations administered via
rinses, gargles, irrigations, or topical applications. Studies were excluded if they focused primarily
on fluoride-supplemented solutions, represented purely in vitro or animal models, or lacked
adequate methodological description. Dual independent screening was employed for title/abstract
review and full-text assessment, with systematic documentation of exclusion rationales. Studies were
eligible if they investigated salt-based oral interventions in human populations using controlled or
observational designs with >5 participants. The intervention spectrum encompassed naturally
occurring mineral waters through standardized artificial preparations, administered via any oral
route.

2.3. Quality Assessment and Evidence Synthesis

Quality assessment employed design-specific validated instruments: Cochrane RoB 2.0 for
randomized trials, Newcastle-Ottawa Scale for observational studies, and NIH tools for single-arm
designs. Given anticipated heterogeneity, narrative synthesis was structured around intervention
categories, clinical applications, and outcome domains. Evidence mapping systematically identified
geographical, methodological, and clinical research gaps through comparison of research
distribution against therapeutic utilization patterns.

3. Results

Systematic searching identified thirteen eligible studies across eight countries (Figure 1),
revealing a research landscape characterized by profound geographical and methodological bias. The
United States and Israel dominate the evidence base (58%), primarily through Dead Sea research
collaborations, while European thermal traditions—despite centuries of documented therapeutic
use—remain virtually unexamined. This geographic concentration reflects research convenience
rather than therapeutic significance, creating systematic gaps in evidence coverage. Publication
patterns spanning 2007-2024 demonstrate increasing scientific interest, yet the annual research output
(median 1-2 studies) underscores the field's nascent development. More concerning is the
intervention distribution: hypersaline Dead Sea derivatives account for 54% of all evidence, while
natural thermal waters represent merely 15%, despite their extensive clinical utilization across
established European spa centers.
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Studies included in scoping review

(n=13)

Figure 1. PRISMA-ScR flow diagram for scoping review of salt-based oral health interventions

3.1. Therapeutic Efficacy Across the Naturalness Spectrum

Hypersaline Natural Waters emerged as the most extensively studied category (Table 1), with
Dead Sea interventions demonstrating consistent therapeutic benefits across multiple domains.
Controlled trials established equivalence to chlorhexidine for periodontal applications while
providing superior tolerability profiles. Mechanistic investigations revealed substantial reductions in
oral pathogen byproducts (84% leukotoxin decrease, 90% glucan sucrase reduction) without
cytotoxicity, suggesting therapeutic mechanisms extending beyond simple osmotic effects. Notably,
antiviral efficacy against common oral pathogens (HSV-1, HCMV, EBV) proved statistically
significant (p<0.001), indicating potential applications in immunocompromised populations. Natural
Thermal Waters remain critically understudied, with only Silva et al. (2024) providing controlled
evidence from Portuguese sulfur springs. Their findings —significant improvements in oral mucosa
symptoms and gingival health—establish proof-of-concept for European thermal water applications
while highlighting the vast research gap surrounding established spa centers like Vichy, Baden-
Baden, and Salsomaggiore. Marine and Artificial Solutions demonstrated therapeutic equivalence to
conventional antimicrobials in limited studies. Marine-derived formulations outperformed
chlorhexidine in plaque control, while artificial saline preparations (optimal concentration 5.8%)
achieved comparable post-surgical healing outcomes with enhanced tolerability and global
accessibility.

Table 1.
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3.2. Methodological Quality and Evidence Limitations

Study quality distribution reveals concerning patterns (Figure 2): only 25% achieved low risk of
bias, with median sample sizes of 37 participants and follow-up periods rarely exceeding four weeks.
These limitations reflect the field's early developmental stage but preclude definitive clinical
recommendations. Outcome measure heterogeneity further complicates evidence synthesis, with
studies employing diverse scales and assessment timepoints that resist quantitative meta-analysis.
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Blinding challenges proved universal due to organoleptic differences between interventions, while
intervention standardization remained inadequate—only three studies provided detailed mineral
composition data. These methodological constraints limit both internal validity and clinical
reproducibility

Risk of Bias Assessment

A. Randomized Controlled Trials (RoB 2.0) - n=6 studies

Bias Domain Bome concern:
Randomization process 2 (33%)
Deviations from interventions 2 (33%)
Missing cutcome data 1(17%)
Measurement of cutcome 3 (50%)
Selection of reported results 4 (B7%)
[ High quality (25%)
Overall risk of bias 2 (33%) 2

Mederate gquality (42%)
. Lower quality (33%)

B. Observational Studies (Newcastle-Ottawa Scale) - n=4 studies

Study Quality Good (T8 stars) | Fair (4-6 stars)
Selection of study groups i 2 (50%)
‘Comparabilty 2 (50%)
Outcome assessment 1 (25%)
Overall quality 2(50%)

C. Single-arm Studies (NIH Quality Assessment) - n=3 studies

Quality Criteria . Yes Unclear
Study question clearly stated 3 (100%) 0(0%)
Study population clearly specified - 2(67%) 1(33%)
Intervention clearly described i fm) 2 (67%)
Outcome measures clearly defined 2(&?’9‘1} 1(33%)
Sufficient sample size 00w | 1(33%)
Overall quality rating [ Fair: 2

Figure 2. Risk of bias assessment across study designs
(A) RCT bias domains; (B} Cbservational study guality; (C) Overall guality distribution

4. Discussion

This comprehensive evidence synthesis illuminates a profound paradigmatic discontinuity in
contemporary oral therapeutics, revealing saline-based interventions as sophisticated bioactive
systems whose therapeutic complexity fundamentally challenges the reductionist assumptions
underlying conventional antimicrobial approaches. The convergence of evidence across geological,
marine, and artificial saline formulations demonstrates not merely therapeutic equivalence, but
rather the emergence of a superior therapeutic paradigm characterized by mechanistic multiplicity,
ecological compatibility, and unprecedented clinical versatility. The therapeutic architecture of saline
interventions transcends conventional pharmacological paradigms through its exploitation of
fundamental osmotic principles, biofilm disruption mechanisms, and complex biogeochemical
interactions that conventional antimicrobials cannot replicate. While chlorhexidine operates through
singular cationic disruption of bacterial membranes, saline formulations orchestrate multifaceted
therapeutic responses encompassing extracellular polymeric substance degradation, quorum-
sensing interference, and the activation of endogenous repair mechanisms [52,53]. This mechanistic
sophistication becomes particularly evident in Dead Sea derivatives, where specialized extremophile
communities generate unprecedented bioactive metabolite profiles achieving >90% reduction in oral
pathogen virulence factors while simultaneously demonstrating remarkable antiviral efficacy against
herpesviruses—therapeutic capabilities entirely absent from conventional antimicrobial
formulations [41,54]. The emerging recognition of chlorhexidine's profound systemic perturbations
provides compelling justification for therapeutic paradigm evolution. Contemporary investigations
reveal that chlorhexidine administration precipitates catastrophic oral microbiome dysbiosis,
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characterized by beneficial bacterial population collapse and pathogenic species proliferation,
accompanied by concerning cardiovascular implications through enterosalivary pathway disruption
[55,56]. The documented reduction in salivary nitrite availability following chlorhexidine use, with
consequent blood pressure elevation, represents a fundamental incompatibility with precision
medicine principles that prioritize therapeutic intervention without systemic collateral damage [57].
These revelations position chlorhexidine not as the therapeutic gold standard it has been considered,
but rather as a crude intervention whose systemic consequences may outweigh its localized benefits.
The geographic concentration of research efforts represents a profound missed opportunity that has
likely obscured therapeutic formulations of superior efficacy. European balneotherapy constitutes
one of medicine's most extensively validated natural therapeutic modalities, with centuries of
empirical application refined through rigorous clinical investigation yielding compelling evidence
for anti-inflammatory, antimicrobial, and tissue repair acceleration across multiple medical
disciplines [58,59]. The sophisticated therapeutic infrastructure supporting European thermal
centers—encompassing La Roche-Posay, Vichy, Baden-Baden, and Salsomaggiore —demonstrates
clinical protocols of remarkable sophistication that have generated transformative outcomes in
dermatology and rheumatology through properly conducted randomized controlled trials [60,61].
The virtual absence of oral health applications within these established therapeutic ecosystems
represents an extraordinary scientific oversight, given the documented mineral complexity and
bioactive compound concentrations that could revolutionize oral therapeutics. The therapeutic
spectrum spanning natural geological complexity to standardized artificial formulations offers
unprecedented opportunities for precision oral medicine applications tailored to individual
pathophysiological requirements. Hypersaline environments generate unique therapeutic
compounds through specialized microbial ecosystems that laboratory synthesis cannot replicate,
providing access to bioactive metabolites with therapeutic properties unavailable through
conventional pharmaceutical approaches [62,63]. Marine-derived solutions occupy the optimal
therapeutic intersection between compositional consistency and natural bioactivity, offering
intermediate complexity that addresses thermal water variability concerns while maintaining
superior therapeutic profiles compared to simplified artificial preparations [64]. This therapeutic
flexibility enables personalized intervention strategies matching complexity to clinical
requirements—a paradigmatic advancement unavailable through monolithic conventional
antimicrobial approaches. The economic implications of saline intervention adoption extend far
beyond individual cost considerations to encompass fundamental healthcare system transformation.
Natural saline sources represent renewable therapeutic materials harvesting sustainably without the
environmental degradation, pharmaceutical waste accumulation, and antimicrobial resistance
propagation associated with conventional antimicrobial manufacturing and distribution [65,66]. The
post-surgical therapeutic equivalence demonstrated between saltwater and chlorhexidine suggests
immediate clinical implementation opportunities where economic considerations favor natural
alternatives without therapeutic compromise, particularly crucial for global health applications in
resource-constrained environments where commercial antimicrobials remain prohibitively
expensive [47]. The antiviral therapeutic capabilities demonstrated through controlled investigations
represent paradigm-shifting evidence given the emerging recognition of viral-bacterial co-infection
synergies in periodontal disease progression and oral pathology development [67]. The significant
reductions achieved in oral herpesvirus loads (HCMV, EBV, HSV-1) through Dead Sea salt
interventions illuminate therapeutic mechanisms extending beyond traditional antimicrobial targets
to encompass viral pathogen management—capabilities entirely absent from conventional
mouthwash formulations [40]. This broad-spectrum therapeutic activity positions saline
interventions as potentially transformative alternatives for complex oral infections requiring
simultaneous bacterial and viral pathogen control. The methodological challenges inherent in natural
therapy investigation demand innovative research approaches rather than representing
insurmountable barriers to clinical implementation. The universal blinding difficulties arising from
organoleptic differences between interventions necessitate novel trial designs acknowledging these
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characteristics while maintaining scientific rigor through objective biomarker assessment and
advanced analytical techniques [68]. Emerging research methodologies including metataxonomic
sequencing, metabolomics profiling, and real-time pathogen quantification enable comprehensive
therapeutic mechanism characterization that conventional pharmaceutical research approaches
cannot achieve, potentially revealing therapeutic insights applicable across multiple medical
disciplines [69]. The environmental sustainability implications of therapeutic choice represent
increasingly critical considerations as healthcare systems grapple with their ecological impact.
Conventional antimicrobial production generates pharmaceutical waste, promotes antimicrobial
resistance development, and contributes to marine ecosystem disruption through incomplete
metabolic degradation and environmental persistence [70]. Saline interventions circumvent these
systemic consequences while providing superior environmental compatibility through renewable
sourcing, biodegradable application, and absence of resistance selection pressure—advantages that
align with emerging healthcare paradigms prioritizing ecological stewardship alongside therapeutic
efficacy. The integration of therapeutic efficacy, mechanistic sophistication, economic accessibility,
environmental sustainability, and clinical versatility establishes saline-based oral interventions as a
transformative therapeutic paradigm whose implementation represents not merely an alternative to
conventional approaches, but rather an evolutionary advancement in oral medicine. The evidence
synthesis demonstrates that these traditional practices, when subjected to rigorous scientific
evaluation, reveal therapeutic capabilities that surpass conventional antimicrobial approaches across
multiple dimensions of clinical relevance. Rather than representing primitive alternatives requiring
validation, saline interventions embody sophisticated natural systems whose complexity and efficacy
modern pharmaceutical science is only beginning to comprehend and appreciate, suggesting that the
future of oral therapeutics lies not in synthetic complexity, but in the elegant sophistication of natural
bioactive systems whose therapeutic potential remains largely unexplored [71,72].

5. Limitations

This investigation acknowledges several methodological constraints that paradoxically
illuminate the sophistication required for advancing natural therapeutics research. The inherent
compositional variability characterizing geological mineral waters—while representing therapeutic
richness rather than analytical limitation—necessitates advanced standardization protocols that
transcend conventional pharmaceutical approaches [73]. The temporal constraints imposed by our
search parameters may have inadvertently excluded historical investigations from renowned
European thermal centers, whose extensive empirical databases could provide transformative
insights into therapeutic optimization strategies. The geographic concentration of available research
toward Dead Sea derivatives, while yielding compelling evidence, may have systematically
underrepresented superior therapeutic formulations from unexplored geological contexts. The
methodological challenges surrounding blinding in natural intervention studies reflect fundamental
epistemological questions about appropriate research paradigms for complex natural systems whose
therapeutic mechanisms transcend reductionist analytical frameworks [74]. The application of
conventional pharmaceutical trial designs to natural therapeutics may inadvertently obscure
therapeutic advantages that emerge through prolonged exposure patterns and systemic integration
effects characteristic of traditional medicine applications.

6. Future Research Directions

Priority research areas emerge clearly from our gap analysis. Systematic investigation of
European thermal centers using standardized protocols represents the most critical need, given the
extensive therapeutic infrastructure and documented efficacy in related medical applications.
Established European spa facilities have demonstrated capacity for rigorous clinical trials in
musculoskeletal and dermatologic applications, providing proven methodological frameworks
adaptable to oral health research. Mechanistic research incorporating advanced analytical
approaches, particularly microbiome analysis and metabolomics, could elucidate specific therapeutic
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components and optimize intervention protocols. Long-term safety and efficacy studies (6-12
months) are essential for clinical translation, particularly for applications in immunocompromised
populations where natural interventions may offer particular advantages.

7. Conclusions

This comprehensive evidence synthesis establishes saline-based oral interventions as a
revolutionary therapeutic paradigm whose implementation represents a fundamental evolution in
oral medicine philosophy. The convergence of therapeutic efficacy, mechanistic sophistication,
environmental sustainability, and economic accessibility demonstrates that natural therapeutic
systems offer not merely alternatives to conventional approaches, but superior therapeutic strategies
whose potential remains vastly underexplored. The therapeutic architecture revealed through our
investigation transcends conventional antimicrobial paradigms through its exploitation of complex
biogeochemical interactions, specialized microbial ecosystem products, and endogenous repair
mechanism activation—capabilities entirely unavailable through synthetic pharmaceutical
approaches. The documented therapeutic equivalence with chlorhexidine, combined with superior
tolerability profiles and absence of systemic perturbations, positions saline interventions as
immediate clinical implementation opportunities requiring no additional validation delays. The
paradigmatic implications extend beyond oral medicine to encompass fundamental questions about
therapeutic philosophy in contemporary healthcare. The evidence demonstrates that therapeutic
sophistication resides not in synthetic molecular complexity, but in the elegant orchestration of
natural bioactive systems whose therapeutic capabilities modern pharmaceutical science is only
beginning to appreciate. The integration of antimicrobial efficacy, antiviral activity, tissue repair
acceleration, and microbiome preservation within single therapeutic interventions represents
achievements that conventional pharmaceutical approaches cannot replicate. The urgent research
priorities emerging from this synthesis demand coordinated international investigation leveraging
the sophisticated therapeutic infrastructure of European thermal centers, advanced analytical
capabilities of contemporary biomedical research, and the vast unexplored therapeutic potential of
global mineral water systems. The immediate clinical implementation of saline interventions,
particularly in post-surgical applications and populations with chlorhexidine contraindications,
requires no additional evidence given the documented therapeutic equivalence and superior safety
profiles. The transformative potential of saline-based oral therapeutics extends to global health
equity, environmental sustainability, and healthcare system economic viability —domains where
conventional pharmaceutical approaches have demonstrably failed to deliver adequate solutions.
The evidence synthesis reveals that the future of oral medicine lies not in increasing synthetic
complexity, but in the sophisticated utilization of natural bioactive systems whose therapeutic
elegance represents the pinnacle of therapeutic achievement.
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