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Abstract 
Dental caries remains a leading global public health concern, affecting individuals across all age groups and 
socioeconomic backgrounds. As a multifactorial disease, caries is influenced by factors such as bacterial presence, diet, 
saliva, host susceptibility, and fluoride exposure. Traditional approaches to caries diagnosis have primarily focused on 
detecting lesions once they have manifested, often resulting in a reactive rather than proactive approach to oral health. 
Caries Risk Assessment Tools (CRATs) have been developed to identify individuals at high risk of developing caries, 
allowing for the implementation of preventive strategies aimed at minimizing the onset and progression of the disease. 
This review article examines the various CRATs available today, including well-established methods like the 
CARIogram and the American Dental Association’s (ADA) Caries Risk Assessment Form, as well as newer tools that 
incorporate salivary biomarkers and microbiological testing. Additionally, the paper explores the integration of emerging 
technologies, such as artificial intelligence (AI) and digital platforms, which have the potential to enhance the accuracy 
and efficiency of caries risk predictions. The role of diet, fluoride, and socioeconomic factors in caries risk assessment 
is also discussed, highlighting the importance of a comprehensive, personalized approach to prevention. While CRATs 
offer promising benefits in improving caries prevention and management, there are limitations to consider, such as the 
variability in tool effectiveness across populations and the complexity of some tools. Despite these challenges, CRATs 
remain essential for guiding clinical decisions, providing tailored care, and ultimately reducing the burden of dental 
caries worldwide. Future advancements in salivary diagnostics, AI applications, and public health initiatives hold 
significant potential for enhancing the accessibility and effectiveness of caries risk assessments, leading to improved oral 
health outcomes globally. 
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Introduction 
Dental caries, also known as tooth decay, is one of the most prevalent chronic diseases worldwide, affecting both children 
and adults. It is characterized by the demineralization of dental hard tissues due to the activity of cariogenic bacteria in 
the oral cavity, primarily induced by frequent exposure to fermentable carbohydrates.[1] While dental caries is 
preventable, the global prevalence remains high, leading to significant public health concerns and economic burdens.[2] 
Early identification of individuals at high risk for developing caries is crucial for implementing preventive measures that 
can reduce the incidence and severity of the disease.[3] 
Over the years, researchers and clinicians have developed various tools to assess the risk of dental caries, which has led 
to the evolution of Caries Risk Assessment Tools (CRATs). [1]These tools aim to identify individuals at a higher risk of 
developing caries, allowing dental professionals to tailor preventive and therapeutic strategies accordingly. [3]This 
review article explores the development, types, effectiveness, and limitations of CRATs, discussing their role in modern 
dental practice and the future directions for caries risk assessment. 
The Need for Caries Risk Assessment 
The management of dental caries has historically been focused on restoring cavities after they have occurred. However, 
this reactive approach has proven to be inefficient, as it does not address the underlying risk factors that contribute to the 
development of caries.[3]Preventive dentistry, which emphasizes early detection and intervention, is crucial to reducing 
the burden of dental caries. Caries Risk Assessment (CRA) plays a vital role in this shift toward a more proactive model 
of care.[4] 
Caries is a multifactorial disease influenced by the interaction of various factors, including: 

1. Bacterial factors: The presence of cariogenic bacteria, such as Streptococcus mutans and Lactobacilli, plays a 
central role in the pathogenesis of caries. 

2. Dietary factors: A diet high in sugar and acidic food products is a major risk factor for caries development. 
3. Salivary factors: Reduced salivary flow, low buffering capacity, and altered composition of saliva can 

predispose individuals to caries. 
4. Host factors: Age, genetics, and overall health, including conditions such as xerostomia, can affect caries risk. 
5. Fluoride exposure: Adequate exposure to fluoride, through fluoridated water or topical fluoride applications, is 

protective against caries.[4,5] 
Traditional methods of diagnosing dental caries often focus on identifying visible damage, such as cavitation.[3] 
However, these methods are insufficient for detecting caries at its early stages. Caries Risk Assessment allows for a more 
comprehensive understanding of an individual's susceptibility to caries, enabling targeted interventions to prevent the 
onset and progression of the disease.[4,5] 
Evolution of Caries Risk Assessment Tools 
The development of CRATs dates back to the 1950s when the concept of caries risk assessment was first introduced. [3] 
Initially, caries risk was assessed primarily based on clinical examination and the observation of existing caries 
lesions.[4] Over time, this model was expanded to incorporate additional factors, such as salivary flow rate, dietary 
habits, and the presence of specific bacteria. The inclusion of these factors led to the creation of more sophisticated and 
comprehensive risk assessment models.[5,6] 
1. Traditional Caries Risk Assessment Methods 
Traditional caries risk assessment methods were largely based on clinical examination and radiographs, which could 
only detect caries once it had progressed to a certain stage.[4] These methods typically focused on: 

 Visual and tactile examination: Dental professionals would visually inspect the teeth for carious lesions and 
use instruments to detect soft areas or cavitation. 

 Radiographic evaluation: X-rays were used to identify interproximal caries, which might not be visible during 
a clinical examination. 
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 Patient history: Information about previous caries experiences and general oral hygiene habits was used to 
predict future risk.[5] 

While these methods were useful for diagnosing existing caries, they were less effective at predicting future caries 
development, particularly in individuals with no visible damage but who were at high risk.[6,7] 
2. Modern Caries Risk Assessment Tools 
With advancements in research, newer CRATs have incorporated a more holistic approach to evaluating caries risk. 
[3]These tools aim to combine clinical, behavioral, and biological factors, providing a more accurate prediction of an 
individual's susceptibility to caries.[4] Modern CRATs include the following: 

 CARIogram: The CARIogram is a comprehensive tool developed in Sweden that assesses caries risk based on 
multiple factors, including clinical history, dietary habits, fluoride exposure, saliva flow, and bacterial counts. It 
generates a graphical risk profile that helps clinicians develop individualized preventive plans for patients.[4] 

 ADA Caries Risk Assessment Form: The American Dental Association’s Caries Risk Assessment Form is a 
simplified tool that helps dental professionals assess caries risk based on patient history, oral hygiene practices, 
diet, fluoride exposure, and other factors. This form categorizes patients into low, moderate, and high-risk groups 
and helps clinicians implement appropriate preventive measures.[4,5] 

 ICDAS (International Caries Detection and Assessment System): ICDAS is a diagnostic system for caries 
detection, which can also be used in conjunction with risk assessment tools. ICDAS is primarily focused on 
detecting and scoring the severity of caries through visual and tactile examination.[10] 

 Salivary Biomarker-Based CRATs: With the advancement of salivary diagnostics, CRATs that assess salivary 
factors—such as flow rate, buffering capacity, and the presence of cariogenic bacteria—have gained popularity. 
These tests offer a more personalized approach to caries risk, allowing for precise prediction based on an 
individual’s salivary profile.[6] 

 CariFree: CariFree is a commercially available caries risk assessment system that uses both clinical evaluation 
and microbiological testing to assess the risk of developing caries. It includes a saliva test to measure bacterial 
load and pH levels, which can help predict the risk of caries development.[6,7] 

Types of Caries Risk Assessment Tools  
There are several different types of CRATs, which vary in their complexity, data requirements, and scope of use. These 
tools can be broadly categorized as follows: 

1. Basic Risk Assessment Tools: These tools are simple and quick to use, relying primarily on patient history and 
clinical examination. They are commonly used in general dental practice for routine caries risk assessments. 
Examples include the ADA Caries Risk Assessment Form.[4] 

2. Comprehensive Risk Assessment Tools: These tools incorporate a broader range of factors, including salivary 
flow, dietary habits, microbiological data, and fluoride exposure. They are designed to provide a detailed risk 
profile and may require specialized equipment or laboratory testing. Examples include the CARIogram and 
CariFree system.[6,8] 

3. Salivary Biomarker-Based Tools: These tools focus on assessing the patient's salivary profile to predict caries 
risk. They measure factors such as salivary flow rate, pH, buffering capacity, and the presence of cariogenic 
bacteria. Examples include salivary diagnostic tests and the CariScreen test.[6] 

4. Digital and Software-Based Tools: Some CRATs incorporate digital platforms and software to streamline the 
assessment process. These tools often include algorithms that calculate the risk based on various input data, and 
they may generate visual risk profiles for clinicians. Examples include the use of software-based tools such as 
the CARIogram and digital versions of the ADA Caries Risk Assessment Form.[8,9,10] 

Table 1: Comparison of Caries Risk Assessment Tools [7,8,9,10] 

Tool Features Data Requirements Complexity Use 
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CARIogram 
Comprehensive tool 
with graphical risk 
profile 

Clinical exam, diet history, 
microbiological data, 
fluoride exposure, saliva 
flow 

High 
Comprehensive 
caries risk 
assessment 

ADA Caries Risk 
Assessment 
Form 

Simple questionnaire 
focusing on patient 
history and habits 

Patient history, diet, 
fluoride exposure 

Low 
General dental 
practice, 
preventive care 

ICDAS 
Visual and tactile caries 
detection scoring system 

Clinical exam Moderate 
Caries detection, 
risk screening 

CariFree 
Microbiological and 
clinical data to assess 
caries risk 

Saliva testing, clinical 
exam, history 

Moderate to 
High 

Caries prevention 
and personalized 
care 

Salivary 
Biomarker-
Based Tools 
  

Measures salivary 
factors and bacterial 
load 

Saliva samples, clinical 
exam 

Moderate to 
High 

Personalized 
caries risk 
assessment  

 

 
Effectiveness of Caries Risk Assessment Tools 
CRATs have been shown to be effective in improving patient outcomes by enabling early detection and intervention.[6] 
Several studies have highlighted the utility of CRATs in reducing caries incidence and progression. By identifying high-
risk individuals early, clinicians can implement preventive measures, such as fluoride treatments, dietary modifications, 
and improved oral hygiene practices, which significantly lower the likelihood of caries development.[8,9] 
For instance, studies have demonstrated that the CARIogram tool is effective in predicting caries risk and guiding 
preventive interventions, especially when used in conjunction with clinical examination and dietary counseling.[8] 
Similarly, the ADA Caries Risk Assessment Form has been found to be a useful tool for categorizing patients and 
providing personalized care, particularly in settings where time and resources are limited.[5,10] 
Incorporating salivary biomarker tests into CRATs has also shown promise in enhancing the accuracy of caries risk 
prediction. Salivary factors, such as flow rate and buffering capacity, provide valuable information about an individual’s 
susceptibility to caries, and their incorporation into risk assessment tools offers a more personalized approach to 
prevention.[11] 
Advances in Caries Risk Assessment: Emerging Trends and Technologies 
1. Integration of Artificial Intelligence (AI) in Caries Risk Assessment 
The use of artificial intelligence (AI) in healthcare has been gaining traction, and dentistry is no exception. AI 
algorithms, particularly machine learning and deep learning, have the potential to revolutionize caries risk assessment 
by providing more accurate and data-driven predictions of caries risk.[12]By analyzing large datasets that include 
clinical, microbiological, dietary, and salivary factors, AI models can identify subtle patterns that might be missed by 
human clinicians.[13] 
For example, AI-powered software can analyze dental images (e.g., radiographs) to detect early caries lesions and predict 
the likelihood of future dental issues, enabling clinicians to implement preventive care before the disease progresses. 
[14]Moreover, AI can be integrated with traditional CRATs such as the CARIogram or ADA Caries Risk Assessment 
Form to provide a more holistic approach to patient care.[8] 
AI's ability to integrate multiple data points and generate personalized predictions could lead to individualized preventive 
care plans, improving patient outcomes and reducing the overall cost of dental treatments.[15] 
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2. Salivary Diagnostics and Biomarkers 
The role of saliva in caries risk assessment has been increasingly recognized, as it plays a pivotal role in maintaining 
oral health by neutralizing acids and providing essential minerals for remineralization. Salivary biomarkers, such as 
proteins, enzymes, and bacteria present in saliva, can provide valuable information about an individual’s caries risk.[6] 
Tests that measure salivary flow, pH levels, buffering capacity, and the presence of specific cariogenic bacteria (e.g., 
Streptococcus mutans) are becoming more common in modern caries risk assessment. These biomarkers can offer 
insights into the patient’s susceptibility to caries and allow for more personalized treatment plans. [6]Salivary diagnostic 
tools, like the CariScreen Test, offer a fast and non-invasive way to assess caries risk, making them particularly useful 
for monitoring patients over time. 
For example, a study by Sampaio et al. (2020) demonstrated that individuals with low salivary flow and altered pH 
levels had an increased risk of developing dental caries. Furthermore, salivary tests can help identify patients who may 
benefit from additional interventions, such as fluoride varnishes or antimicrobial treatments.[12] 
3. Role of Dietary Counseling in Caries Risk Assessment 
Diet plays a crucial role in caries development, and dietary habits are a key factor in most caries risk assessment tools. 
High sugar consumption, particularly frequent intake of fermentable carbohydrates (e.g., soft drinks, candies), is a 
well-established risk factor for dental caries. [13]Modern CRATs incorporate dietary assessments to evaluate the 
frequency and quantity of sugar intake, which is essential for understanding a patient’s caries risk.[6,7] 
Dietary counseling is, therefore, an essential part of caries risk management. Counseling interventions help educate 
patients on the effects of sugar on oral health and encourage healthier dietary choices. Some CRATs, like the ADA 
Caries Risk Assessment Form, include sections for clinicians to assess a patient’s diet and provide tailored advice based 
on the individual’s dietary risk.[12,13] 
Recent advances in nutritional science have also shown that foods rich in calcium, phosphorus, and fluoride can help 
remineralize early carious lesions. This has led to a more integrated approach to caries prevention, where diet, saliva, 
and oral hygiene are considered in a holistic manner to reduce the risk of caries.[13] 
4. Evolving Role of Fluoride in Caries Prevention and Risk Assessment 
Fluoride is a cornerstone of caries prevention and is integrated into most CRATs. Adequate exposure to fluoride, through 
fluoridated drinking water, topical applications, or fluoride-containing toothpaste, has been shown to significantly reduce 
caries risk by promoting remineralization and inhibiting demineralization.[5] 
Many modern CRATs assess fluoride exposure, as it is a key determinant of caries risk. The CARIogram, for example, 
considers fluoride exposure as one of its major factors when calculating risk, and it uses a weighted scoring system to 
evaluate the effect of fluoride on caries prevention. Clinicians may use this information to recommend fluoride treatments 
for individuals at high risk, especially those with limited access to fluoridated water or toothpaste.[12,13] 
Recent studies have also explored the efficacy of alternative fluoride delivery methods, such as fluoride varnishes and 
fluoride-releasing restorative materials, in reducing caries risk, particularly in high-risk populations, such as children 
and elderly individuals.[5,12,13] 
5. Impact of Socioeconomic and Behavioral Factors on Caries Risk 
Socioeconomic factors, such as income, education, and access to dental care, play a significant role in determining an 
individual's risk of developing caries. People with lower socioeconomic status often face barriers to accessing regular 
dental care, fluoride treatments, and oral hygiene products, which can increase their caries risk.[15] 
Additionally, behavioral factors, such as smoking, alcohol consumption, and oral hygiene practices, are also critical 
components of caries risk. Smokers, for instance, tend to have reduced salivary flow, which can contribute to a higher 
susceptibility to caries. Incorporating these behavioral factors into CRATs allows for a more comprehensive risk 
assessment that accounts for lifestyle influences.[16] 
By assessing these socioeconomic and behavioral factors, CRATs can help dental professionals identify at-risk 
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populations and provide targeted preventive interventions. For example, individuals with low income or limited access 
to care may benefit from community-based oral health programs and increased access to fluoride treatments.[3,4] 
Limitations of Caries Risk Assessment Tools 
While CRATs offer numerous benefits, they are not without limitations. One significant limitation is the variability in 
the effectiveness of different tools across diverse populations. For example, a tool that works well in one geographic 
region or demographic group may not be as effective in another due to differences in diet, oral hygiene practices, or 
access to fluoride.[5,8] 
Another limitation is the complexity of some CRATs. Comprehensive tools that require microbiological testing or 
detailed patient histories may not be practical in all dental settings due to time constraints or the need for specialized 
equipment. Additionally, the accuracy of some tools, particularly those that rely on self-reported data, can be influenced 
by patient compliance and honesty.[9] 
Furthermore, while CRATs are valuable for identifying individuals at high risk, they are not diagnostic tools and cannot 
replace clinical judgment. They should be used in conjunction with regular dental exams and radiographic evaluations 
to ensure comprehensive care.[10] 
Conclusion 
Caries Risk Assessment Tools are vital components of modern preventive dentistry. By considering a range of factors 
that contribute to caries development, these tools help dental professionals identify high-risk individuals and implement 
personalized prevention strategies. While there are various types of CRATs available, each with its own strengths and 
limitations, the continued development and integration of these tools into clinical practice have the potential to 
significantly reduce the global burden of dental caries. Future advancements, such as the incorporation of more advanced 
diagnostic technologies and the use of artificial intelligence, may further improve the accuracy and accessibility of caries 
risk assessments, leading to better oral health outcomes for individuals worldwide. 
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