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Abstract: Tooth wear is a common, multifactorial non-carious dental hard tissue disease, and it may lead to a
range of problems such as hypersensitivity, occlusal dysfunction, and aesthetic defects, significantly impacting
patients’ oral health and quality of life. This article aims to systematically review the clinical assessment,
diagnostic methods, pathophysiology, and etiological classification of tooth wear, with a focus on discussing
evidence-based restorative and pharmacological management strategies, thereby providing a theoretical basis and
practical guidance for clinical practice. This review provides an overview of the fundamental concepts and
classification of tooth wear, encompassing both mechanical and chemical forms. With regard to clinical
assessment, it outlines fundamental examination methods such as visual inspection and history taking, and reviews
the application and development of standardized indices, including the Basic Erosive Wear Examination (BEWE)
and the Tooth Wear Index (TWI), as well as adjunctive tools like intraoral photographs. In terms of etiology, it
analyzes the interaction mechanisms of mechanical wear (attrition and abrasion), chemical wear (erosion), and
biomechanical fatigue, and further classifies etiological factors according to typical location and morphological
characteristics. Regarding treatment, this review emphasizes etiological intervention and risk factor management,
and evaluates the performance and indications of restorative materials such as composite resin, ceramic, and
CAD/CAM resin matrix composites. It also discusses key techniques for achieving durable long-term bonding, as
well as the value and future prospects of integrating digital workflows, such as intraoral scanning and digital smile
design (DSD), into diagnosis, treatment planning, and clinical management. In addition, it reviews
pharmacological strategies for tooth wear, especially topical remineralizing agents, from the perspective of
therapeutic targets and mechanisms of action. The modern management of tooth wear depends on early
identification and accurate etiological diagnosis, appropriate selection of restorative materials based on long-term
performance, and the synergistic application of minimally invasive adhesive techniques, digital technologies,
adjuvant pharmacological therapies, and individualized risk control throughout the treatment process.
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1. Introduction

Tooth wear is a common oral condition characterized by the irreversible loss of enamel and dentin [1,2]. It is
anon-carious disease caused by multiple factors and can be classified into mechanical wear (attrition and abrasion)
and chemical wear (erosion). Chemical tooth wear, or erosion, is caused by intrinsic or extrinsic acids, such as
dietary acids or gastric acid. Mechanical tooth wear can be further divided into attrition and abrasion. Attrition
results from tooth-to-tooth contact during functional and/or parafunctional activities (e.g., bruxism), while abrasion
is caused by mechanical factors other than functional or parafunctional contact, such as improper toothbrushing [1,3].

Based on its impact on the patients’ well-being and oral function, tooth wear can be categorized as either
physiological or pathological. Physiological tooth wear is a slow and progressive process that typically does not
cause any subjective symptoms. In contrast, pathological tooth wear may present with corresponding clinical signs
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and symptoms and lead to a range of problems, such as pain or discomfort, occlusal changes that impair
masticatory function, and aesthetic concerns caused by tooth discoloration and reduction in clinical crown [4,5].

The spectrum of tooth wear is broad, ranging from minor changes confined to enamel in early stages to severe
hard tissue loss involving dentin and even pulp exposure in advanced stages [6]. Its clinical manifestations are
diverse and may include loss of enamel surface gloss, cupping lesions, restorations standing proud of the
surrounding tooth surface, dentin hypersensitivity, aesthetic defects, and decreased masticatory efficiency [7,8].
Without intervention, progressive tooth wear may substantially affect patients’ dietary habits, social confidence,
and oral health-related quality of life [9,10].

Accordingly, early identification, accurate diagnosis, risk factor assessment, and the development of
evidence-based, stepwise treatment strategies have become important issues in contemporary dentistry. This
review aims to systematically summarize current research progress on the diagnostic assessment tools, risk factors,
restorative treatment strategies, and pharmacological approaches for tooth wear, thereby providing a theoretical
basis and clinical guidance for practice.

2. Clinical Assessment and Diagnostic Process

Clinical assessment of tooth wear is the foundation for diagnosing and managing this condition. Its goals are
early lesion identification, determining the etiology, assessing severity, and formulating an individualized
treatment plan. Currently, clinical assessment primarily relies on a combination of basic examination and
standardized indices to ensure systematic and reproducible diagnosis.

2.1. Basic Clinical Examination

Basic clinical examination includes visual inspection, history taking, and related routine assessments. It is
the first step in identifying the characteristics and potential causes of tooth wear.

2.1.1. Visual Inspection

Visual inspection focuses primarily on the morphological features of dental hard tissue loss. Early erosive
tooth wear (ETW) often manifests as loss of enamel surface texture, changes in gloss, and a ‘clay-like’ appearance;
typical wear patterns include cupping, grooving, restoration margin ‘ridging’, and incisal translucency [7]. For
non-carious cervical lesions, stereomicroscopy can further reveal microscopic features, such as scratches and
cracks in wedge-shaped defects, or smooth walls in saucer-shaped lesions [11]. Notably, Ganss (2008) pointed out
that certain features (e.g., “cupping and grooving”) might be caused by both abrasion and erosion, indicating
limited specificity and suggesting the need for comprehensive information in clinical diagnosis [6].

Although visual inspection is simple and convenient, its sensitivity for early or minor lesions is limited.
Studies by Urcelay Moreno et al. indicate that intraoral scanners can detect micron-level wear difficult for the
human eye to recognize, highlighting the potential of digital tools in early diagnosis [12].

2.1.2. History Taking

Medical history is an important part of the basic clinical examination of tooth wear. A thorough and well-
structured history can help identify causative factors, assess the risk and guide follow-up monitoring. O’Toole et al.
emphasize that dietary history (e.g., frequency of acidic diets), systemic history (GERD, asthma, eating disorders,
etc.), medication history (e.g., SSRIs), and oral habits (e.g., night grinding) should be collected to reveal potential
chemical and mechanical causative factors [13]. Wetselaar et al. pointed out that medical history interrogation,
questionnaires, and clinical manifestation identification together constitute the three major tools for etiological
assessment, and medical history should include the patients’ subjective symptoms (e.g., sensitivity, pain, aesthetic
concerns) to fully grasp the patient’s situation [2].

2.2. Standardized Assessment Indices

While visual inspection and history taking provide essential qualitative data, a more objective and
reproducible quantification of the extent and severity of tooth wear is necessary. To systematically quantify wear
severity, various standardized indices have been developed and applied in clinical and epidemiological research.

2.2.1. Basic Erosive Wear Examination (BEWE)

BEWE is one of the most widely used tooth erosion evaluation tools in the world [14]. It can conveniently
record the evaluation of tooth wear caused by various etiologies [15].
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BEWE divides the dentition into six sextants, with the most severely affected surface in each sextant being
recorded [8,15]. The scoring ranges from 0 to 3: 0 points indicate no wear; 1 point indicates initial loss of surface
texture (such as loss of luster, appearing like frosted glass); 2 points indicate hard tissue loss but less than 50% of
the surface area; 3 points indicate hard tissue loss exceeding 50% of the surface area [15]. Clinical photographs
illustrating the grading system are presented in Figure 1 [15]. All sextant scores are added together to get a total score
(up to 18 points), which reflects the overall severity of tooth wear across the dentition [8,15]. Risk levels (none, low,
medium, high) can be assigned according to the total score to guide clinical intervention strategies [15,16].
Martignon et al. further proposed using index teeth (e.g., buccal surface of upper central incisors, occlusal surface
of lower first molars) for assessment to improve clinical efficiency [17].

(a) (b)

(c) (d)

Figure 1. Clinical photographs of BEWE grading. (a) The occlusal surfaces of premolars and molars show no wear,

BEWE 0; (b) The buccal surface of the right upper central incisor is changed (discrete wear area) without other
wear manifestations, BEWE 1; (¢) The occlusal surface of the premolar has lost hard tissue, but the wear does not
exceed 50% of the surface area, BEWE 2; (d) The loss of hard tissue on the occlusal surface exceeds 50% of the
surface area, BEWE 3. All images are used under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).
Modifications: cropped from original figures. Original article: Aranguiz et al. [15].

2.2.2. Tooth Wear Index (TWI)

The TWI was proposed by Smith and Knight in 1984 [18] and it is one of the systems capable of measuring
the loss of hard tissue in teeth due to a variety of causes. Unlike BEWE, this index independently evaluates the
four visible tooth surfaces of all teeth, with a score range of 0—4 [19,20]. Based on these scores, the degree of tooth
structure loss in each corresponding region can be evaluated independently [19]. However, TWI is time-consuming
and requires high standards from the examiner, which limits its routine clinical use [19]. It is mainly used in clinical
practice for detailed evaluation and diagnosis of individual patients, not for screening [19].

2.2.3. Other Common Indices

The Lussi Index and Eccles Index are also commonly used for assessing erosive wear in the anterior region.
Wetselaar et al. compared four indices, including BEWE, TWI, Lussi, and Eccles, noting differences in their
diagnostic sensitivity and applicable scenarios, and called for the establishment of a unified modular assessment
system [21].

2.2.4. Modular System: TWES

The Tooth Wear Evaluation System (TWES) provides a comprehensive framework covering screening,
grading, etiological diagnosis, and treatment planning. TWES 2.0 further integrates pathological classification and
etiological features, aiming to improve diagnostic consistency and reproducibility [1,3]. Studies indicate it shows
acceptable reliability in clinical training and computer-assisted diagnosis, but wider application requires further
validation [22].

2.3. Auxiliary Assessment Tools and Techniques

Besides basic examination and indices, intraoral photographs also play an important role in the assessment
of tooth wear. Intraoral photographs serve as non-invasive tools to record early signs of wear (e.g., loss of enamel
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texture and surface gloss changes) and can be combined with indices like BEWE or TWES for longitudinal
monitoring [7]. Recently, artificial intelligence (Al)-based automated analysis systems have shown high accuracy
and efficiency, promising to become auxiliary tools for future standardized assessment [23].

2.4. Consistency of Assessment Methods and Future Prospects

Despite the coexistence of multiple indices and tools, their diagnostic consistency remains debated. Al-Malik et al.
found discrepancies between visual inspection and histological examination in assessing primary tooth wear,
suggesting clinical examination might underestimate the actual degree of wear [24]. Inconsistencies in risk
stratification and diagnostic thresholds among different indices also affect comparability across studies [21].

In the future, clinical assessment of tooth wear should further develop towards modular, multi-dimensional
systems, integrating Al and 3D technology to enhance early diagnostic capability, optimize treatment planning,
and enable long-term dynamic monitoring. The synergistic application of standardized indices and digital tools
will drive continuous optimization of tooth wear management strategies.

3. Pathophysiology and Etiological Classification

With the clinical picture established, the next step is to interpret these findings in the context of the various
etiological factors responsible for tooth wear. The mechanisms of tooth wear are complex. Based on etiology and
clinical presentation, tooth wear can be classified into two main categories: mechanical wear (e.g., attrition,
abrasion) and chemical wear (e.g., erosion), but in most cases, it results from a combination of factors [25].
Understanding its etiological classification is crucial for diagnosis and treatment strategy formulation. This section
systematically elaborates on the pathophysiological mechanisms and etiological classification of tooth wear.

3.1. Pathophysiological Mechanisms

The pathophysiological process of tooth wear primarily involves mechanical wear, chemical wear,
biomechanical stress, and material fatigue.

3.1.1. Mechanical Wear

Mechanical wear refers to tissue loss caused by mechanical forces and can be further divided into attrition
and abrasion. Attrition is mainly caused by functional or parafunctional tooth-to-tooth contact, commonly seen in
bruxism patients. Bruxism is a repetitive masticatory muscle activity that can occur during wakefulness or sleep
and is associated with progressive loss of enamel and dentin [26]. Abrasion is typically caused by external
mechanical factors, such as excessive toothbrushing, use of abrasive toothpaste leading to cervical and labial wear
(“toothpaste abrasion”), or harmful oral habits [11]. Bruxism itself, in most multivariate analyses, shows no
significant association with tooth wear, unless combined with cervical abrasion [27].

3.1.2. Chemical Wear

Chemical wear, also known as erosion, is the dissolution of dental hard tissues by intrinsic or extrinsic acids
without bacterial involvement. Its main sources include extrinsic acids and intrinsic acids. Extrinsic acids primarily
come from dietary acidic beverages (e.g., carbonated drinks, fruit juices), foods, or occupational exposure [28].
Intrinsic acids are related to gastroesophageal reflux disease, eating disorders (e.g., anorexia nervosa, bulimia)
causing gastric acid reflux into the oral cavity [29]. The acidic environment demineralizes the enamel surface,
reducing its hardness and thereby accelerating the process of mechanical wear [30]. Typical clinical features
include loss of enamel surface gloss, a ‘wet clay-like’ appearance, cupping, and restoration ‘overhangs’ [7].

3.1.3. Biomechanics and Material Fatigue

Occlusal forces create stress concentration at the cervical area, particularly in the presence of occlusal
interferences or parafunctional movements, leading to microcracks and fractures in the tooth structure, a process
termed “abfraction” by some researchers [31]. Dental tissues undergo fatigue fracture under repeated stress,
especially at the more vulnerable enamel-dentin junction [32], resulting in tissue loss. Simulation studies of non-
carious cervical lesions indicate that the combined action of acid exposure and mechanical loading leads to the
most significant tooth tissue loss [32].
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3.1.4. Role of Saliva

Saliva plays an important role in protecting teeth from acid erosion. Low stimulated whole saliva pH is
significantly associated with tooth wear, while salivary flow rate, buffering capacity, and other properties may also
influence the wear process [33,34]. The potential value of monitoring salivary pH for early assessment and
prevention of tooth wear has been emphasized [34].

3.2. Etiological Classification

Based on the dominant causative factors, tooth wear can be classified into the following types:

3.2.1. Attrition Type

Attrition type is associated with bruxism, presenting as occlusal flattening, incisal wear, often accompanied
by masticatory muscle pain, headache, etc. [26]. Bruxism can be classified into awake and sleep types, and its
diagnosis requires combining clinical symptoms, questionnaires, and tools like polysomnography (PSG) [35].

3.2.2. Erosion Type

Extrinsic erosion is common in individuals with frequent intake of acidic beverages (e.g., carbonated drinks,
fruit juices), especially adolescents and young adults [36].

Intrinsic erosion is associated with gastroesophageal reflux disease (GERD) and eating disorders (e.g.,
bulimia nervosa), often presenting as concavities on the palatal surfaces of upper anterior teeth and occlusal
surfaces [37]. Patients with eating disorders often exhibit characteristic erosion on the palatal surfaces of the
maxillary anterior teeth due to repeated vomiting, and such dental damage may become a “visible scar”, affecting
long-term psychological and social function [38].

3.2.3. Mixed Type

Tooth wear is usually not caused by a single factor, and in most patients, mechanical and chemical factors
coexist and interact in the process of tooth wear to form mixed forms of tooth wear, such as erosion-attrition and
erosion-abrasion [39]. Under acidic conditions, the effects of mechanical factors on teeth are amplified [39]. For
example, teeth in bruxism patients are more susceptible to wear in an acidic environment [40].

3.2.4. Other Special Types

Non-carious cervical lesions are a special form of tooth wear, caused by multiple factors including occlusal
forces, brushing technique, and acidic environment [41]. Tooth wear may also be associated with systemic diseases
such as Prader-Willi syndrome, HIV/AIDS patients, etc., where salivary dysfunction or medication effects make
them more susceptible to generalized tooth wear [42,43].

Based on the location, morphology, and number of lesions, different etiological patterns can be identified [25],
as summarized in Table 1.

Table 1. Etiological patterns of tooth wear.

Etiology Typical Location Morphological Features Behavioral Characteristics
Bruxism Anterior > Posterior Teeth Matchm.g occlusal facets, Patient often denies,
no cupping stress-related

Toothpaste Abuse Lab'lal surfaces of mandibular Shghtly rough surface, Overbmshlng, pursuit

canines/premolars cupping of whitening

Palatal surfaces of Even wear from gingival Common in bulimia,
Reflux . . . . .

maxillary anteriors margin, cupping often denied
Carbgnated Drink Mandibular first molars Cupping with sharp Prolonged holding of drinks
Holding enamel edges
Carbonated Drink  Posterior teeth, Cuppine with worn edees Health-conscious,
Holding both arches equally ppIng & often vegetarians

The pathophysiological mechanisms of tooth wear are complex, involving interactions among chemical,
mechanical, behavioral, and physiological aspects. By recognizing typical wear patterns, clinicians can more
accurately determine the etiology and formulate targeted prevention and treatment strategies. Future research
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should focus on developing unified assessment tools, strengthening multivariate analysis and long-term follow-up
to further clarify the independent roles of various risk factors and their dynamic changes in disease progression [3].

4. Evidence-Based Strategies for Restorative Management

Based on the underlying etiology and clinical presentation, appropriate restorative strategies can be selected
to address tooth wear effectively. This section reviews evidence-based approaches to restorative management.

4.1. Etiological Control and Risk Management

Tooth wear, especially erosive tooth wear, is a multifactorial, progressive disease. Its etiology mainly
includes extrinsic erosion (e.g., dietary acids) and intrinsic erosion (e.g., gastric acid reflux). Effective etiological
control and risk management are key to preventing disease progression and reducing the need for complex
restorative treatment.

First, identifying the source of the etiology is the primary step in management. Based on the location and
clinical presentation, a preliminary judgment can be made between intrinsic or extrinsic erosion. Intrinsic erosion
is often related to GERD, eating disorders, chronic alcoholism, etc. Extrinsic erosion is associated with acidic diet,
occupational exposure, medication use, etc. [7]. Clinicians should conduct systematic assessment through detailed
history taking, diet diaries, and clinical examination, combined with the BEWE scoring system.

Regarding dietary management, a hospital-based case-control study by O’Toole et al. (2017) indicated that
the frequency of acidic drink intake, consumption of acidic foods between meals, and prolonged intraoral contact
time of acidic substances (e.g., swishing juice, slow drinking) are significant risk factors for ETW [44]. Notably,
in that study, consuming fruit with meals did not significantly increase the risk, whereas acidic drinks, whether
consumed with or between meals, were significantly associated with ETW [44]. Although these findings provide
valuable insights, they were derived from a specific population (adults referred to a dental hospital) and require
confirmation in longitudinal studies with more diverse samples. From an etiological control perspective, patients
should be advised to avoid acidic foods and drinks between meals, reduce the total daily intake of acidic beverages,
and modify drinking habits (e.g., using a straw) to reduce contact time with teeth [7,44].

Oral hygiene behaviors also require individualized guidance. Although traditional advice emphasizes
delaying brushing after meals to avoid further wear of softened enamel, O’Toole et al. (2017) found no significant
independent association between brushing timing and ETW; brushing immediately after meals did not significantly
increase tooth wear risk in their study population, suggesting that the traditional recommendation of delaying
brushing after meals may need re-evaluation. Therefore, the focus of prevention should lean more towards dietary
control rather than simply postponing brushing [44]. Furthermore, using low-abrasiveness toothpaste, soft-bristled
toothbrushes, and avoiding immediate brushing after acid exposure—rinsing first with water, fluoride mouthwash,
or milk to neutralize the acidic environment—is recommended [7].

For intrinsic causes, such as GERD or eating disorders, multidisciplinary management should be adopted.
Patients with suspected GERD should be referred to gastroenterology for further diagnosis and management;
patients with bulimia nervosa require psychological counseling; patients with obstructive sleep apnea and
nocturnal reflux should undergo sleep studies and consider using CPAP or mandibular advancement devices [7].

In summary, etiological control for tooth wear, especially erosive tooth wear, is a systematic process requiring
the integration of etiology identification, dietary intervention, behavior modification, and multidisciplinary
collaboration to achieve comprehensive risk control from prevention to management.

4.2. Evidence-Based Evaluation of Restorative Material Performance

In the restorative treatment of tooth wear, material selection should be based on evidence of long-term clinical
performance, comprehensively considering aesthetics, function, durability, and individual patient circumstances.
Commonly used restorative materials include composite resins, ceramic materials (e.g., lithium disilicate,
zirconia), resin nano-ceramics, and CAD/CAM materials. The performance of different materials is systematically
evaluated below based on recent clinical studies.

4.2.1. Composite Resin Materials

Composite resins are widely used for direct restoration of moderate to severe tooth wear due to their ease of
use, low cost, and minimally invasive nature [45]. The overall survival rate of direct composite restorations is
lower than that of resin nanoceramic and indirect ceramic restorations [46], and one of the key factors affecting
their long-term survival is the wear behavior of the composite resin [47].
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Although composite resins have complications such as wear, staining, or fracture (annual complication rate
about 2.16%) [46], their reparability maintains their advantage in early and intermediate restorations [48].

4.2.2. Ceramic Materials

Ceramic materials, known for their excellent mechanical strength, wear resistance, and aesthetic properties,
are the preferred choice for restorations in high-load areas [49,50]. Lithium disilicate glass ceramics (e.g., IPS
e.max) perform excellently in both anterior and posterior restorations, with high aesthetic match, suitable for
veneers, inlays/onlays, and crowns [49,50]. Long-term randomized controlled trials show a success rate exceeding
98% over 6 years, with color match superior to zirconia [49]. Good outcomes have also been achieved in occlusal
vertical dimension reconstruction [50]. Zirconia has excellent mechanical properties, suitable for posterior high-
load areas, but its high hardness may cause wear of opposing enamel. Studies show that the vertical wear of
opposing natural teeth by zirconia crowns (average 46 um) is significantly higher than controls, suggesting careful
occlusal design and consideration for protecting opposing teeth when using it [S1]. Systematic reviews indicate
that ceramic materials have the lowest annual failure rate (0.04%), significantly lower than composite resin
(0.64%) and resin nano-ceramic (0.13%) [46].

4.2.3. CAD/CAM Resin Matrix Composites

The application of CAD/CAM technology provides minimally invasive, personalized solutions for tooth wear
restoration, particularly suitable for materials like resin nano-ceramics (e.g., Lava Ultimate) and polymer-
infiltrated ceramic network (PICN) [52]. CAD/CAM resin-based composites showed an overall survival rate of
96.8-100% over 5.5 years of follow-up, but failure risk was higher in molar regions, with fracture being the main
failure reason [52]. Clinical evidence indicates that one limitation of CAD/CAM resin-matrix composites is their
tendency to exhibit more noticeable wear within the first year after placement. To address this, the routine use of
an occlusal splint has been proposed [48]. Nevertheless, these materials remain a valuable option for minimally
invasive rehabilitation of worn dentition [48].

4.2.4. Emerging Materials and Development Trends

In recent years, new materials such as resin-infiltrated ceramics and polyoxymethylene (POM) have been
gradually applied clinically. POM has good mechanical properties and biocompatibility, suitable for removable
partial dentures, but its wear resistance still needs improvement [53]. In the future, with advancements in material
science and digital technology, restorative materials will become more personalized and functional.

In summary, direct composite resin is suitable for anterior teeth, balancing minimally invasive and repairable
advantages [45]; ceramic materials (e.g., lithium disilicate, zirconia) are more suitable for posterior high-load
areas, offering excellent mechanical properties and long-term durability [49]; CAD/CAM resin-based composites
serve as minimally invasive options with acceptable medium-term survival rates, but require higher maintenance
in molar regions [52]. More high-quality, long-cycle randomized controlled trials are still needed in the future to
further refine the evidence base for restorative material selection.

4.3. Achieving Long-Term Stable Bonding and Digital Technologies

In the restorative treatment of tooth wear, achieving long-term stable bonding between the restoration and
tooth structure is key to success. With the rapid development of material science and digital technology, modern
restorative therapy can restore vertical dimension, function, and aesthetics through minimally invasive means,
significantly enhancing the longevity and predictability of restorations. This section reviews adhesive techniques
and material selection, integration of digital workflows, and long-term stability and clinical outcomes.

4.3.1. Adhesive Techniques and Material Selection

Bonding is the core of long-term survival for minimally invasive restorations. For anterior veneers and
posterior inlays/onlays, lithium disilicate ceramics are widely used due to their excellent mechanical properties,
aesthetics, and reliable bonding performance [50]. The standard bonding protocol includes hydrofluoric acid
etching, silane coupling agent application, selective enamel etching, and the use of universal adhesives and resin
cements (e.g., Variolink series) [50]. Studies show that lithium disilicate restorations using this protocol have a
high long-term survival rate [50]. For ultra-translucent multilayer zirconia, its chemical inertness must be
addressed through specific surface treatment protocols. The “APC zirconia bonding concept” is recommended,
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including Airborne-particle abrasion (A), ceramic primer containing MDP monomer (B), and composite resin
Cement (C), clinically demonstrating reliable bond strength and long-term stability [54].

4.3.2. Digital Workflows

Digital technology provides an efficient and predictable treatment pathway for full-mouth rehabilitation.
Acquiring digital models via intraoral scanning, combined with 3D facial photography or stereophotogrammetry
systems, allows precise assessment of vertical dimension changes and their impact on facial soft tissues [55]. In
virtual design, Digital Smile Design (DSD) and virtual articulators enable clinicians to simulate post-restorative
aesthetics and function and communicate expected outcomes with patients [54].

Digital processes have been proven to have certain advantages in multiple studies. Ibrahim et al. reported that
by combining facial scanning with CAD/CAM technology, increasing the vertical dimension in full-mouth bonded
rehabilitations, and testing the new jaw position using high-performance polycarbonate provisional restorations,
the final lithium disilicate restorations showed no failures over 9 years of follow-up [56]. Kreulen et al. also
confirmed that CAD/CAM nano-composite resin restorations offer minimally invasive advantages with good
functional and aesthetic recovery in severely worn dentitions [57]. Furthermore, Gkantidis et al. developed a digital
wear assessment method based on 3D superimposition, providing a high-precision tool for pre-operative planning
and post-operative monitoring [58]. The introduction of artificial intelligence further enhances diagnostic
efficiency, such as the deep learning-based tooth wear grading system developed by Pang et al., achieving 93%
accuracy [23].

4.3.3. Long-Term Stability and Clinical Outcomes

The success of minimally invasive restorations relies on precise bonding and adequate material thickness.
Lithium disilicate ceramics demonstrate good fatigue strength even at 0.5 mm thickness [50], while ultra-
translucent zirconia offers translucency similar to natural teeth while maintaining strength [54]. The combination
of digital design and adhesive techniques not only restores occlusal function and aesthetics but also maintains
stability over long-term use [50,54,55]. Clinical studies further support the long-term benefits of integrating
adhesion and digitalization. For example, Luna-Dominguez et al. used a fully digital workflow combined with
MDP-based bonding protocol to observe restoration edge tightness, color stability, and no shedding or chipping at
2-year follow-up [54].

The combination of adhesive techniques and digital workflows provides minimally invasive, predictable, and
long-term stable solutions for tooth wear restoration. Future research should further explore the integration of
personalized bonding protocols and digital follow-up systems to achieve more efficient long-term management.

5. Medication

Pharmacological intervention can modulate the pathogenesis of tooth wear from different levels, including
inhibiting demineralization, promoting remineralization, desensitization therapy, and improving saliva secretion,
which helps to delay disease progression and alleviate symptoms. According to their targets and mechanisms, the
agents currently used in the management of tooth wear can be broadly divided into topical remineralizing
preparations, proton pump inhibitors (e.g., omeprazole and esomeprazole), salivary function-modulating agents
(e.g., pilocarpine and cevimeline), potassium salts, and physical dentinal tubule-occluding agents. Among them,
local remineralization preparations are of great significance for the control of early damage and are also an
important means of non-restorative management. This section will therefore focus on the mechanisms and clinical
evidence of local remineralization preparations in the treatment of tooth wear.

The core pathological process in tooth wear, especially erosive tooth wear, involves demineralization of
dental hard tissues in an acidic environment, dissolution of hydroxyapatite crystals, loss of calcium and phosphate
ions from the tooth surface [59], and ultimately the formation of tissue defects. Local remineralization preparations
are important categories of treatment drugs for tooth wear that combat the pathological process of erosive tooth
wear by inhibiting acid dissolution of enamel and dentin (anti-erosion) and promoting remineralization of
demineralized tissue. According to the active ingredients, such preparations mainly include fluoride and
calcium/phosphate complexes, etc.

5.1. Fluoride Preparations

The core mechanism by which fluoride protects against acid erosion lies in the formation of calcium fluoride
(CaF»)-like layers on the tooth surface. On the one hand, this layer releases fluoride ions during the acid etching
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process, which then form fluorapatite with lower solubility in acid. On the other hand, the CaF»-like layer acts as
a physical barrier that reduces direct contact between acid and the tooth surface, while also buffering hydrogen
ions, thereby exerting a dual protective effect [60,61].

The anti-erosive effect of fluoride is influenced by both its concentration and dosage form [62]. Commonly
used fluoride dosage forms include fluoride toothpaste, high-fluoride toothpaste, fluoride mouthwash, fluoride gel,
fluoride varnish and fluoride foam, and their effects and usage methods are different. Clinical evidence supports
the effect of fluoride concentration on acid etching. Creeth et al. confirmed through a network meta-analysis that
there is a clear dose-effect relationship between toothpaste fluoride concentration (0-1426 ppm F) and enamel
remineralization and acid resistance [62]. Another study showed that treatment with 5000 ppm fluoride toothpaste
significantly improved tooth enamel’s resistance to orange juice’s aggressive challenge compared to toothpaste
with a lower fluoride concentration (1450 ppm) [63].

Different fluorides have varying protective effects against acid erosion. Under the same fluoride
concentration, acidic stannous fluoride (SnF,) and amine fluoride (AmF) have better protective effects than sodium
fluoride (NaF). Wiegand et al. found that only acidic SnF, (0.5% and 1%) and 1% AmF solutions could
significantly reduce tooth enamel loss, while NaF solutions had limited effects, and the superiority of AmF may
be related to its cationic properties [61].

5.2. Calcium/Phosphate Complexes

Calcium/phosphate complexes are another important category of localized remineralization and anti-acid
erosion formulations. The mechanism of this type of preparation is to provide calcium and phosphate ions,
supplement the mineral substrate for the remineralization process, and promote the remineralization of the
demineralized tissue by increasing the local ion concentration gradient [64,65].

Casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) is one of the most studied and widely
used of this class of preparations. CPP can stabilize calcium and phosphate ions in solution, thereby promoting
remineralization of demineralized tissues [66]. Fluorinated CPP-ACP (CPP-ACPF) is a compound formulation
with fluoride ions added to CPP-ACP, the presence of fluoride ions can further stabilize amorphous calcium
phosphate and contribute to remineralization [64]. In vitro studies on tooth erosion showed that compared with
sodium fluoride varnishes and fluorinated tricalcium phosphate varnishes, the CPP-ACPF varnish group had the
lowest surface microhardness loss, indicating that CPP-ACPF varnish had a significant effect in preventing enamel
erosion [67]. In addition, a range of other calcium/phosphate-containing preparations, such as amorphous calcium
phosphate (ACP), hydroxyapatite (HA) nanoparticles, and the calcium phosphate complex NACP, have been
investigated [65,68].

6. Conclusions

Tooth wear is a complex and multifactorial oral condition whose management requires moving beyond
restorative intervention alone towards an evidence-based, diagnosis-driven comprehensive strategy. This review
systematically summarizes recent progress in this field and leads to several key conclusions.

First, successful clinical management begins with systematic and accurate assessment. This requires the
integration of standardized clinical indices, such as BEWE and TWES, with digital tools to achieve early diagnosis,
etiological identification, and longitudinal monitoring. Second, a clear understanding of pathophysiology and
etiological classification of tooth wear is fundamental to the development of individualized treatment strategies.
Third, in the restorative phase, a stepwise, evidence-based approach appears to be effective: priority should first
be given to etiological control and risk management, followed by the selection of restorative materials with
demonstrated long-term clinical performance according to lesion location and functional demand, and finally by
the integration of modern adhesive techniques and digital workflows to achieve minimally invasive, predictable,
and long-term stable functional and aesthetic rehabilitation. Finally, pharmacological interventions, particularly
topical remineralizing agents, can slow the progression of tooth wear and relieve related symptoms through
different mechanisms, and therefore represent an important adjunct in the overall management of this condition.
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