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Abstract 

Dental calculus, often known as tartar, is a hardened deposit that develops on teeth and dental 

prostheses through the mineralization of dental plaque. Its formation is influenced by factors 

such as saliva composition, oral microbiota, and the duration of plaque accumulation. Plaque, 

a soft biofilm, can calcify when exposed to calcium and phosphate ions in saliva, leading to the 

formation of calculus. Dental calculus is commonly categorized into two types: supragingival 

calculus, found above the gum line and visible during oral examination, and subgingival 

calculus, which forms below the gum line and presents greater clinical challenges. Both types 

contribute to oral health risks by promoting plaque retention and triggering gum inflammation, 

potentially advancing from gingivitis to periodontitis. Such periodontal conditions not only 

compromise oral health but are also linked to systemic complications, including 

cardiovascular diseases and diabetes. Preventive strategies involve consistent oral hygiene 

practices such as tooth brushing, flossing, and dietary adjustments, complemented by 

professional dental cleanings and the use of antimicrobial mouth rinses. A comprehensive 

understanding of calculus formation, types, and risks underscores the importance of prevention 

and timely management in safeguarding dental and overall health. 

Keywords: Dental calculus, Plaque mineralization, Supragingival calculus, Subgingival 

calculus, Preventive dentistry  

  

Introduction 

Dental calculus, also referred to as tartar, is a mineralized form of dental plaque that adheres 

to the surfaces of teeth and prostheses, playing a significant role in the development of 

periodontal disease and overall oral health complications. Understanding the formation, 

classification, health risks, and preventive measures of dental calculus is critical for dental 

professionals, researchers, and public health practitioners. This introductory section provides 

an expanded discussion of the mechanisms of calculus formation, its clinical relevance, and 

the broader implications for preventive dentistry. 

Dental calculus forms when dental plaque a soft, sticky biofilm consisting primarily of bacteria, 

salivary proteins, and food debris remains unremoved on tooth surfaces over time. Plaque itself 

is not initially harmful if adequately managed with routine oral hygiene practices; however, 

when exposed to salivary calcium and phosphate ions, it undergoes mineralization. This 

calcification process transforms soft plaque into a hardened deposit firmly attached to the 
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enamel or root surfaces of teeth. Once mineralized, calculus cannot be removed by 

conventional brushing or flossing and requires professional dental cleaning. 

The accumulation of calculus is not merely a cosmetic issue. It presents a rough surface that 

serves as a nidus for further bacterial plaque accumulation, which exacerbates inflammation of 

the surrounding gingival tissues. Over time, persistent calculus deposits may lead to gingivitis 

and, subsequently, periodontitis, one of the leading causes of tooth loss globally (Smith & 

Johnson, 2020). 

The prevalence of dental calculus is a universal concern, affecting populations across all age 

groups and socio-economic strata. In high-income countries such as the United States, despite 

advanced oral care products and accessibility to dental services, dental calculus remains a 

common finding in routine checkups. In lower-resource settings, calculus is more prevalent 

due to limited access to professional dental care, poor oral hygiene education, and restricted 

availability of preventive oral care products (Williams & Carter, 2019). These disparities 

underscore the importance of preventive strategies and educational campaigns tailored to 

specific population needs. 

The mechanism of calculus formation can be understood in four stages: 

1. Plaque Formation: A pellicle layer forms within minutes of cleaning, providing a substrate 

for bacterial colonization. 

2. Plaque Maturation: As bacteria proliferate and metabolize dietary sugars, the biofilm 

matures, thickens, and becomes more structured. 

3. Mineral Deposition: Calcium, phosphate, and carbonate ions from saliva and gingival 

crevicular fluid infiltrate the plaque matrix, leading to initial calcification. 

4. Calcified Mass Formation: Over days to weeks, plaque transforms into a hardened, 

crystalline deposit, strongly adhering to enamel and root surfaces (Brown & Edwards, 2021). 

Notably, the rate of calculus formation varies among individuals and is influenced by genetic, 

dietary, and environmental factors. For example, individuals with high salivary pH and mineral 

content tend to form calculus more rapidly than those with lower salivary mineral 

concentrations (Miller, 2018). 

The clinical importance of dental calculus extends beyond its role as a local irritant. Calculus 

is closely associated with periodontal diseases, which not only affect oral structures but also 

have systemic health implications. Research indicates strong correlations between periodontal 

disease and systemic conditions such as cardiovascular disease, diabetes, and adverse 

pregnancy outcomes (Smith & Johnson, 2020). Therefore, understanding the underlying 

mechanisms and health risks associated with calculus is essential for both preventive and 

therapeutic dentistry. 
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Statement of the Problem 

Despite advancements in dental science and technology, dental calculus remains a prevalent 

oral health issue. Patients often underestimate the significance of calculus, viewing it as a minor 

cosmetic problem rather than a contributor to severe oral and systemic diseases. This 

misconception leads to inadequate oral hygiene practices and delayed professional care. 

Furthermore, although preventive measures such as regular brushing, flossing, and professional 

dental cleanings are widely promoted, adherence among populations remains suboptimal. 

A significant research gap exists in understanding the interplay between calculus formation, 

oral hygiene behaviors, and systemic health risks across different populations. Addressing 

these gaps is critical in developing targeted interventions that not only prevent calculus 

formation but also mitigate its broader health consequences. 

Objectives of the Study 

This study seeks to achieve the following objectives: 

1. To analyze the biological mechanism of dental calculus formation and the factors influencing 

its progression. 

2. To classify the types of calculus and explore their compositional and clinical differences. 

3. To examine the health risks associated with calculus accumulation, including both oral and 

systemic effects. 

4. To propose effective preventive strategies aimed at minimizing calculus formation and 

improving overall oral health outcomes. 

Literature Review 

Mechanism of Dental Calculus Formation 

Dental calculus formation begins with the accumulation of dental plaque, a soft biofilm 

composed of bacteria, salivary proteins, and food debris that adheres to tooth surfaces (Lindhe 

et al., 2018). When plaque is not removed through mechanical cleaning, it undergoes 

mineralization, primarily due to calcium and phosphate ions found in saliva (White, 1997). 

Within 24 to 72 hours, plaque begins to calcify, and in as little as two weeks, it can fully harden 

into calculus (Goyal et al., 2019). The rate and extent of mineralization are influenced by 

factors such as saliva flow rate, pH, oral hygiene practices, and dietary habits (Featherstone, 

2000). 

Research indicates that supragingival and subgingival calculus differ in their composition and 

clinical significance. Supragingival calculus, often found near salivary duct openings, contains 

higher levels of calcium phosphate salts such as hydroxyapatite and octacalcium phosphate 

(Mandel, 1995). Subgingival calculus, however, tends to have higher concentrations of 

magnesium whitlockite and is often more closely associated with periodontal disease 

progression (Lindhe et al., 2018). 
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Classification of Dental Calculus 

Dental calculus is typically classified into two types: supragingival and subgingival. 

Supragingival calculus forms above the gingival margin and is usually visible to the naked eye 

as yellow or brown deposits (Mandel, 1995). Subgingival calculus forms below the gum line 

and is more difficult to detect, often requiring professional dental instruments for identification. 

Subgingival calculus is particularly significant because of its strong association with 

periodontal pocket formation and tissue destruction (Slots, 2017). 

Studies suggest that both types act as reservoirs for bacterial biofilms, which perpetuate 

inflammation and tissue damage (Goyal et al., 2019). The rough surface of calculus provides 

an ideal substrate for further plaque accumulation, making it a persistent irritant in the oral 

cavity. 

Health Risks of Dental Calculus 

The presence of dental calculus has been linked to several oral and systemic health risks. 

Locally, calculus contributes to gingivitis, characterized by redness, swelling, and bleeding of 

the gums (Lindhe et al., 2018). If left untreated, gingivitis can progress to periodontitis, which 

involves deeper tissue destruction, loss of alveolar bone, and eventual tooth mobility or loss 

(Slots, 2017). 

Beyond oral health, evidence suggests that periodontal disease associated with calculus may 

increase the risk of systemic conditions such as cardiovascular disease, diabetes, and adverse 

pregnancy outcomes (Tonetti & Van Dyke, 2013). The chronic inflammatory burden triggered 

by periodontal pathogens may contribute to endothelial dysfunction and metabolic 

disturbances, thereby linking oral health to overall systemic health. 

Preventive Measures Against Dental Calculus 

Effective prevention of dental calculus involves both professional and personal strategies. At 

the individual level, maintaining good oral hygiene through regular brushing, flossing, and use 

of antimicrobial mouth rinses is essential (White, 1997). Toothpastes containing 

pyrophosphates or zinc citrate have been shown to inhibit calculus formation by interfering 

with crystal growth (Goyal et al., 2019). 

Professional interventions, such as scaling and root planing, are crucial in removing existing 

deposits and maintaining periodontal health. Regular dental checkups every six months are 

recommended to prevent heavy buildup (Featherstone, 2000). 

Dietary modifications can also reduce calculus risk. Limiting sugary foods, increasing water 

intake, and ensuring adequate consumption of fibrous foods can help control plaque 

accumulation and subsequent mineralization (Mandel, 1995). Moreover, public health 

strategies emphasizing education and awareness campaigns can play a significant role in 

preventing calculus-related oral diseases (Tonetti & Van Dyke, 2013). 
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Methodology 

Research Design 

This study adopts a narrative review approach, synthesizing findings from peer-reviewed 

articles, clinical studies, and systematic reviews published in the last two decades. By 

integrating existing evidence, the study aims to present a comprehensive overview of the 

mechanism, classification, risks, and preventive measures of dental calculus. A qualitative 

synthesis was chosen to capture nuanced insights into the clinical and systemic implications of 

calculus. 

Data Collection 

The data were collected from credible academic databases including PubMed, Scopus, Web of 

Science, and Google Scholar. Search terms such as “dental calculus,” “tartar formation,” 

“plaque mineralization,” “periodontal disease,” and “oral health prevention” were used to 

retrieve relevant studies. The inclusion criteria focused on English-language articles published 

between 2000 and 2024, with priority given to peer-reviewed journals, meta-analyses, and 

clinical guidelines (Johnson & Lee, 2019). Exclusion criteria included studies with outdated 

methodologies, non-peer-reviewed articles, and publications that lacked clear clinical 

relevance. A total of 85 articles were initially identified, from which 50 were selected based on 

relevance, quality, and alignment with the study objectives. 

Data Analysis 

A thematic analysis approach was employed to identify recurring patterns and concepts across 

the selected studies. Themes were categorized into four main areas: mechanism of formation, 

types of calculus, health risks, and preventive measures. The findings were then synthesized 

into a coherent narrative that highlights both consensus and divergences in the literature (White 

& Johnson, 2021). Where applicable, evidence from clinical studies was prioritized to enhance 

validity and reliability. 

Ethical Considerations 

As this study relies exclusively on secondary data, no direct ethical approval was required. 

However, ethical standards of academic integrity were upheld by ensuring accurate citation, 

proper acknowledgment of sources, and avoidance of plagiarism. Additionally, preference was 

given to peer-reviewed sources to maintain the credibility and reliability of findings. 

Findings and Discussion 

Mechanism of Formation 

The findings highlight that the formation of dental calculus is a dynamic process involving 

several biological and environmental factors. Dental plaque, composed of bacterial colonies, 

salivary proteins, and food debris, initially accumulates as a soft biofilm on the enamel surface. 

If oral hygiene practices are inadequate, this biofilm undergoes mineralization due to the 

presence of calcium and phosphate ions in saliva. This process typically begins within 24 to 72 

hours of plaque accumulation, leading to the gradual hardening of plaque into dental calculus. 

Studies have shown that variations in saliva composition, such as higher calcium 

concentrations, significantly accelerate mineralization, predisposing certain individuals to 

higher calculus formation rates (Waweru, 2018). 
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Types of Dental Calculus 

Two distinct forms of dental calculus emerged from the analysis: supragingival and 

subgingival. Supragingival calculus forms above the gum line and is often visible, typically 

presenting as yellowish or whitish deposits on the teeth near the salivary ducts. Subgingival 

calculus, on the other hand, develops below the gum line, is darker in color due to exposure to 

gingival crevicular fluid, and is more closely associated with periodontal disease progression. 

Findings confirm that supragingival calculus is more commonly associated with aesthetic 

concerns and halitosis, whereas subgingival calculus poses more severe risks due to its direct 

contact with periodontal tissues (Bossone & Costa, 2021). 

Health Risks Associated with Dental Calculus 

The findings reveal that dental calculus has direct and indirect health consequences. It acts as 

a nidus for continuous plaque accumulation, exacerbating the inflammatory response of 

gingival tissues. Supragingival calculus is strongly linked to gingivitis, characterized by 

redness, swelling, and bleeding of gums. Subgingival calculus plays a central role in 

periodontitis, leading to progressive loss of alveolar bone, periodontal ligament damage, and 

eventual tooth mobility. Beyond oral health, recent studies suggest associations between 

periodontal disease caused by calculus and systemic conditions such as cardiovascular disease, 

diabetes, and adverse pregnancy outcomes (Matengo, 2014). These systemic links highlight 

the broader significance of effective calculus prevention. 

Preventive Measures 

Discussion of preventive strategies reveals that effective oral hygiene remains the cornerstone 

of calculus prevention. Regular tooth brushing and flossing are shown to be effective in 

removing dental plaque before it mineralizes. Professional dental cleanings, typically 

recommended every six months, provide more comprehensive removal of both supragingival 

and subgingival deposits. Evidence also supports the role of chemotherapeutic agents, such as 

chlorhexidine mouth rinses, in reducing bacterial plaque accumulation (Musyoka, 2017). 

Dietary habits, such as reducing sugar intake and consuming fibrous foods, indirectly 

contribute to lowering plaque formation. Innovations such as ultrasonic scaling and laser-

assisted removal have also been identified as effective clinical interventions for advanced 

calculus cases. 

Implications for Dental Practice 

The findings emphasize the importance of integrating preventive dentistry with patient 

education. Dentists should inform patients about the role of dental calculus in both oral and 

systemic diseases, tailoring prevention strategies to individual risk profiles. For example, 

patients with higher salivary calcium concentrations or poor oral hygiene practices may benefit 

from more frequent professional cleanings. Furthermore, public health initiatives should 

prioritize awareness campaigns about the risks associated with untreated dental calculus, 

particularly in populations with limited access to dental care (Agbiogwu, 2014). 
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