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one of the most significant advancements in dentistry 
during the past decade is the concept of “caries 
management by risk assessment” (1). There are many 

different ways to interpret and apply this to clinical practice, 
but its most relevant clinical implication is that active caries 
lesions should be managed as signs of an infection, rather than 
as localized defects of the dental tissues. The primary difference 
between the two types of management approach is that the first 
focuses on the identification and management of the etiological 
factors of the infection, whereas the latter involves mechanical 
or surgical correction of the defect. The advantage of the first 
approach is clear: as with any lesion of infectious origin, if the 
etiological factor is not identified and eliminated, the infection 
will continue and the lesions can recur. This approach can 
be relatively straightforward for the management of most 
infectious diseases that are caused by specific organisms. In 
the case of dental caries, however, the microbial etiology of the 
disease is not species-specific; rather the disease is the result of 
a disruption in the ecological balance of the dental biofilm (2, 
3). Therefore, our goal should not be to eliminate any single 
organism, but instead to identify and modify the factors that 
may cause caries-promoting oral ecological shifts in individual 
patients (4).

A multitude of biological and psychosocial factors can 
directly or indirectly influence oral microbial ecology. 
Consequently, the most widely accepted approach for caries 
risk assessment involves multivariate statistical models that 
incorporate several caries risk factors. Invariably, the factor with 
the highest predictive value in these models is previous caries 
experience, and this limits their utility to dental professionals 
(5). Furthermore, the concept of using the existing level of 
disease to predict future disease is controversial with respect to 
its clinical utility. Another limitation of multivariate caries risk 
assessment models is the lack of simple, validated instruments 
for assessing complex psychosocial caries risk factors. Salivary 
levels of Streptococci mutans and overall acid production are 
the biological factors most commonly incorporated in caries 
risk assessment models. A number of tools for measuring 
these factors are commercially available, but they require long 
incubation periods and are reported to have low specificity. 
Thus, in spite of our improved understanding of the biological 
processes that lead to the development of dental caries, we still 
do not have an accurate instrument for assessing caries risk that 

would be suitable for use in every day clinical dental practice or 
by non-dental health professionals (5, 6). 

This paper proposes a novel approach for assessing caries 
risk based on emerging evidence (8-13), which indicates that 
effective monitoring of the acid: base physiology of plaque is 
needed to be included in caries risk assessment. Based on this 
evidence we are proposing a new concept, the Caries Risk 
Pyramid-CRP, which forms the foundation for this approach 
(Figure 1). The CRP model states that the etiological factors 
leading to the onset of dental caries, as well as the complex 
interactions among them, can be sequentially organized 
according to the level in which their influence is exerted, forming 
a pyramid. The tip of this pyramid (Level 4) consists of a single 
factor, the plaque pH, which ultimately controls the chemical 
phenomena that lead to caries formation (de-mineralization/
re-mineralization) (7). The pH of the plaque is determined 
primarily by biochemical pathways that generate acid and alkali 
in the plaque, as well as by other potential buffering systems, and 
to a lesser and more transient extent by substances in the diet 
(Level 3). The expression and activity of these systems depends 
on biological factors, which include host-related factors (saliva, 
immune system), oral ecology and sugar availability (Level 2). 
The base of the pyramid (Level 1) consists of the more complex 
psychosocial, behavioral and genetic factors that determine the 
biological profile of an individual. 

The hierarchical organization of the various caries risk factors 
in the CRP model is an innovative concept, which provides the 
foundation for its clinical implementation. Another innovative 
feature of this model is that it incorporates new risk factors 
that have not previously been well integrated into the existing 
multivariate models for caries risk assessment. These new factors 
are the abilities of dental plaque and saliva to generate alkali 
from endogenous substrates, such as urea and arginine (8-13). 
According to the CRP model, the ability to generate acids from 
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sugars and the ability to generate alkali from endogenous sources 
in the dental plaque and/or in the saliva are two closely related 
factors, which summarize the combined effect of all other caries 
risk factors and are closely related to disease development (12-
13). Therefore, if we develop simple, rapid methods to measure 
these abilities together, that could enhance the accuracy of a 
screening instrument for caries activity, and possibly for caries 
risk, without the need to evaluate simultaneously all the lower 
and more complex risk factors. Furthermore, if a biochemical 
risk factor is identified in a high risk individual, such as increased 
acid production or reduced alkali production, it could be linked 
using the CRP model to lower level biological or behavioral 
factors that could be more easily modified or corrected. These 
lower level factors are therefore more suitable targets for caries 
preventive approaches.

with other psychosocial and biological risk factors to produce a 
more accurate caries risk assessment tool. 

acknowledgments

This work was supported by grants R21 DE021135-01A1 
and K23 DE015285 from NIDCR, by RCMI grant #G12 
RR 03051, and by 1U54RR026139-01A1 from NCRR. The 
contents of this manuscript are solely the responsibility of the 
authors and do not necessarily represent the official view of 
NIDCR, NCRR or NIH.

 
references

1. Young DA, Featherstone JD, Roth JR, Anderson M, Autio-Gold J, Chris-
tensen GJ, Fontana M, Kutsch VK, Peters MC, Simonsen RJ, Wolff MS. 
Caries management by risk assessment: implementation guidelines. J Ca-
lif Dent Assoc 2007;35:799-805. PubMed PMID: 18080486.

2. Marsh PD. Dental plaque as a biofilm and a microbial community-impli-
cations for health and disease. BMC Oral Health 2006; 6(supplI):S14.

3. Takahashi N, Nyvad B. The role of bacteria in the caries process: ecologi-
cal perspectives. J Dent Res 2011; 90:294-303. Epub 2010 Oct 5 Review. 
PubMed PMID: 20924061.

4. Tinanoff N, Douglass JM. Clinical decision making for caries manage-
ment in children. Pediatr Dent 2002;24:386-92.

5. Berg JH. The marketplace for new caries management products: Dental 
caries detection and caries management by risk assessment. BMC Oral 
Health 2006;6(suppl I):S6.

6. Hausen H. Caries Prediction. In: Fejerskov O. and Kidd E.(ed). Dental 
Caries: The disease and its clinical management. Blackwell Munksgaard  
2008:527-542.

7. Kleinberg I. A mixed-bacteria ecological approach to understanding the 
role of oral bacteria in dental caries causation: an alternative to Strepto-
coccus mutans and the specific-plaque hypothesis. Crit Rev Oral Biol 
Med 2002;13:108-25.

8. Burne RA, Marquis RE. Alkali production by oral bacteria and protection 
against dental caries. FEMS Microbiol Lett 2000;193:1-6.

9. Toro E, Nascimento MM, Suárez-Pérez E, Burne RA, Elias-Boneta A, 
Morou-Bermúdez E. The effect of sucrose on plaque and saliva urease 
levels in vivo. Arch Oral Biol 2010;55:249-54. Epub 2010 Jan 21. PubMed 
PMID: 20096398; PubMed Central PMCID: PMC2853032.

10. Nascimento MM, Gordan VV, Garvan CW, Browngardt CM, Burne RA. 
Correlations of oral bacterial arginine and urea catabolism with caries 
experience. Oral Microbiol Immunol 2009;24:89-95. Erratum in: Oral 
Microbiol Immunol 2009;24:264. PubMed PMID: 19239634; PubMed 
Central PMCID: PMC2742966.

11. Shu M, Morou-Bermúdez E, Suárez-Pérez E, Rivera-Miranda C, Brown-
gardt CM, Chen YY, Magnusson I, Burne RA. The relationship between 
dental caries status and dental plaque urease activity. Oral Microbiol Im-
munol 2007;22:61-6. PubMed PMID: 17241172.

12. Morou-Bermúdez E, Elias-Boneta A, Billings RJ, Burne RA, Garcia-Rivas 
V, Brignoni-Nazario V, and Suárez-Perez E. Urease activity in dental plaque 
and saliva of children during a three-year period and its relationship with 
other caries risk factors. Archives of Oral Biology (2011), doi:10.1016/j.
archoralbio.2011.04.015

13. Morou-Bermúdez E, Elias-Boneta A, Billings RJ, Burne RA, García-Rivas 
V, Brignoni-Nazario V, and Suárez-Pérez E. Urease activity as a risk factor 
for caries development in children during a three-year study period: a sur-
vival analysis approach. Archives of Oral Biology (2011), doi:10.1016/j.
archoralbio.2011.06.017.

Alkaline pH
Remineraliza�on/Health

Acidic pH
Demineraliza�on/Caries

Level 4
pH

Level 3
Biochemical
Acid/Alkali

Level 2
Biological

Host/Bacteria/Sugars

Level 1
Psychococial, Behavioral, Gene�c

The CRP concept has the potential to shift our approach for 
caries risk assessment from the current complicated multivariate 
models to a new paradigm of just measuring acid/alkali 
production in plaque as the ultimate factors that determine 
caries activity and caries risk, and it may lead to better, more 
practical strategies for managing caries. This approach could be 
easily employed by allied health professionals and public health 
workers to help identify individuals who either have active caries 
or who are at an immediate risk to develop the disease. These 
individuals can then be referred to dentists for appropriate 
treatment. Alternatively, the CRP concept could be incorporated 
into existing multivariate caries risk assessment models together 

Figure 1
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