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Abstract

This study aimed to review the dental literature about caries risk assessment over the last 10 years in order to show which variables have

been considered risk predictors and risk factors of dental caries in infants, preschool-, schoolchildren and adolescents. A Medline search

of the published English language literature from 1997 to 2007 was made for papers of longitudinal studies that reported on caries risk

assessment. A total of 39 papers were included in this review. Most studies were conducted in schoolchildren (n=19), followed by

preschool children (n=9), adolescents (n=7) and infants (n=4). Variables such as caries experience, gingival status, microbiological

counts, oral hygiene, plaque mineral concentration, fluoride history, socioeconomic and educational level, demographic, anthropometrical,
oral, dietary and toothbrushing habits were studied. Past caries experience has been the predominant predictor for future caries in 0-18-
year-old subjects. Other variables, such as dietary habits, including sugar intake, and toothbrushing habits may also help identifying
high-risk individuals. In conclusion, the variables related to caries experience continue to be the main predictor of caries increment.
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Introduction

One of the main goals of Dentistry has been to prevent
dental caries, which has been, according to Aoba and
Fejerskov!, the predominant cause of tooth loss in all
populations worldwide.

In general, two preventive strategies can be used to prevent
and/or control caries disease: the “high-risk strategy”,
which is directed towards individuals particularly
susceptible to developing dental caries?, and the
“population strategy”, which endeavors to protect all the
people, including high and low caries risk individuals.
Burt® has referred to the “geographically targeted strategy”,
in which the preventive measures are targeted to a sub-
group or a specific area of the city/country, such as schools
in deprived areas of the city or an area of immigrant
population. However, all strategies have the same goal: to
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prevent and/or to control the development of new carious
lesions or to arrest the progression of preexisting lesions.
In spite of increase in the adoption of preventive measures,
it seems that for a minority of children these procedures
have been insufficient for preventing and controlling the
disease, as the majority of carious lesions are concentrating
in this group. Therefore, oral health care providers have
been adopted the “high risk strategy” for these
individuals.

If individuals with a risk for developing dental caries are
correctly identified, planning specific measures for caries
control and prevention may become a biological and
socioeconomic measure, increasing the efficiency of
preventive programs, as emphasized by Giannoni et al.*.
Moreover, identifying caries risk factors/predictors allows
selecting the individuals or population groups that will
really benefit from preventive measures. This makes it
possible to use specific and appropriate preventive measures
in target people and may work as an alert for conducting
a more detailed dental examination. In addition to the
aforementioned advantages, knowing caries risk factors is
decisive in detecting those with initial carious lesions,
who may benefit from novel and emergent preventive
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technologies®. Fontana and Zero® discussing caries risk
assessment in private practice have recommended that
factors such as caries experience, dictary habits, fluoride
exposure, presence of cariogenic bacteria, salivary status,
general medical history and sociodemographic
characteristics should be evaluated when assessing the
patient’s caries risk.

Assessing caries risk consists of determining which
individuals are more or less likely to prevent or to control
dental caries in the future by means of knowing the variables
associated with the disease’. Caries risk assessment studies
can be performed using cross-sectional data, in which the
subjects’ data, usually about a disease prevalence or severity,
are collected once or longitudinal data, in which the
individuals are examined repeatedly over time. In addition
to clinical variables, several others such as, socioeconomics,
demographics, and behavioral characteristics can be used
to assess their effects on caries levels (cross-sectional studies)
or in caries incidence and/or increment (longitudinal
studies). Although longitudinal studies are expensive,
difficult to conduct and depend on the participants”
willingness, their results are stronger than those obtained
in cross-sectional studies’. Moreover, when assessing caries
risk, the use of multiple regression analysis is preferable®’
since the etiology of dental caries is multifactorial.

The aim of this work was to review the dental literature
about caries risk assessment over the last 10 years (1997-
2007), in order to show which variables have been
considered caries risk factors/predictors in longitudinal
studies conducted in infants, preschool-, schoolchildren
and adolescents.

Concepts and Terminology

As one of the study’s aims is to review the dental literature
about risk factors and risk predictors in longitudinal studies of
dental caries, it is important to consider the following terms.
Risk factor has been defined by Beck® as “an
environmental, behavioral or biologic factor confirmed by
temporal sequence, usually in longitudinal studies, which
if present directly increases the probability of a disease
occurring, and if absent or removed reduces the probability.
Risk factors are part of the causal chain, or expose the
host to the causal chain. Once disease occurs, removal of
a risk factor may not result in a cure”.

Risk predictor is also named by Beck® as a risk marker,
and is defined as a characteristic associated with a high
risk for the disease. The risk predictor predicts well but it
is not thought to be part of the causal chain. As a good
example, past caries experience has been strongly
associated with a high risk for caries increment in the future.
However, this variable is not part of the causal chain and
is therefore considered a risk predictor. Moreover, it has
been reported that in case of preventive measures being
introduced in the studied caries risk group to reduce the
disease activity, past caries experience becomes a risk
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predictor with reduced worth.

In this study, the expressions “risk factor” (RF) and “risk
predictor” (RP) will be used for classifying those variables
statistically associated with caries increment in multivariate
regression analyses, if they were either part (RF) or not
(RP) of the causal chain of dental caries.

Material and Methods

A search of the English Language literature published from
1997 to 2007 was made in the Medline database for articles
that reported on caries risk assessment using the following
descriptors: longitudinal caries risk. Furthermore, MeSH
Database PubMed Service was used with some of the cited
terms: “Longitudinal Studies”[MeSH] AND “Dental
Caries”[MeSH] AND “Risk”[MeSH]. The limits for the
search included: “Publication Date from 1997 to 2007”;
Language: English; Ages: “All Child: 0-18 years”. Studies
were selected if they met the following criteria: longitudinal
study conducted with children aged 0-18 years, providing
information on sample size, age at initial examination
(baseline), variables collected at baseline, study lasting,
statistical tests used and a measure of caries increment/
incidence as an outcome variable. In accordance with the
search criteria, 189 papers were retrieved. A total of 59
were selected by reading the title and among them 30
were selected by reading the abstract and/or the full text.
Twenty-nine papers were excluded because they did not
report the outcome variable as caries incidence/increment
(n=9), were review articles (n=2), validation study (n=1)
evaluation/comparative studies (n=11) or used cross-
sectional data (n=6). Moreover, hand searching was
performed from the citations of the identified reports (n=3)
and other key papers (n= 6). Therefore, a total of 39 papers
were included in this review.

A variable that is part or expose the host to the causal
chain of dental caries and remained statistically significant
in multivariate regression models was considered risk factor.
Risk predictor was considered the variable that is not part
of the causal chain of dental caries and remained
statistically significant in multivariate regression models.

Results and Discussion

Researches on caries risk assessment have been conducted
since the 1980’s, focused on developing an easy tool for
identifying high-caries-risk individuals'®. Published studies
in general have studied clinical, microbiological, salivary,
socioeconomic and demographic data, medical history,
dietary habits, fluoride history, use of dental services and
dental health behaviors, separately and in combination to
identify high-caries-risk individuals.

According to the dental literature, the use of caries increment
during a period of time is the primary outcome measure!'!
and statistical analysis based on logistic regression with
multiple factors are preferable because of the complex and
multifactorial etiology of the caries process?.
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Tables 1 to 4 present a detailed review of the papers
published over the last 10 years (1997-2007) about caries
risks assessment in infants (<2 years), preschool children
(2-5 years), schoolchildren (6-12 years) and adolescents
(13-18 years) is presented. The age groups were established
based on those of Medline. The studies on caries risk
assessment during the last 10 years were conducted mainly
in schoolchildren (n=19), followed by preschool children
(n=9), adolescents (n=7), and infants (n=4). The majority
of them were related to data collected in Finland (n=7),
followed by Brazil (n=4), Sweden (n=3), China (n=3),
Norway (n=3), USA (n=3), the Netherlands (n=3),
Belgium (n=2), Greece (n=2), Japan (n=2), Australia
(n=1), Denmark (n=1), Germany (n=1), Israel (n=1),
Italy (n=1), Mexico (n=1) and New Zealand (n=1). As
one can see, European countries have contributed a great
deal to the dental literature on caries risk assessment over
the last decade. For classifying a variable as a risk factor
(RF) or risk predictor (RP), the study had to use
multivariate regression analyses including several variables
in the regression models.

There are few studies targeting infants at baseline
examination, and these collected mainly dental variables
(Table 1). Only one study'? used logistic regression models
with multiple variables for identifying risk predictors/
factors (RP/RF) for caries development, which are the
preferable model for this type of study, as dental caries
presents a multifactorial and complex etiology®. In the
Pienihdkkinen’s et al.’? study the mutans streptococcus
counts, the presence of incipient caries lesions, and the

Main results
RP/RF§
None of the studied variable reached an accuracy of

Mean new lesions: 1.7 (9% developed >3 manifest
80%

caries)
Caries incidence associated with high MS levels and

Developing caries before the age of 2 indicated that
positively correlated with WIG synthesis

a child is at risk for dental caries
RP: incipient caries lesions; RF: MS strip, use of

candies
RF: lack of daily toothbrushing, consumption of

candies

Outcome Variable
onset on primary

and permanent

cavitated carious
molars

lesions and or

Caries incidence
fillings >0

Differences in dft
(high risk: >3
manifest caries)
Timing of caries

scores
Increment of

Analysis
CS, st
MW, CS,

ROC
SA

Data
MLR

Tim
ef
1
3
7

incisor and of the

aces of upper incisors,
most distal mandibular right molar, questionnaire (consumption of fluorides and candies)

on buccal tooth surfaces,

use of candies were predictors for caries increment after a
3-year-follow-up. Another study'’ used survival analysis
and identified the consumption of candies and the lack of
daily toothbrushing as the variables that impacted on caries
onset. As one can see, sugar consumption is an important
variable that may identify children at risk of caries in this
age group. It is an important finding since according to
Zero', the relationship between sugar consumption and
dental caries is less strong in comparison to that from the
prefluoride era. Therefore dietary counseling is highly
recommended to mothers and should be part of oral health
preventive programs in public health services. Considering
the small number of studies in this age group during the
last 10 years, further studies should be conducted and make
use of more appropriate statistical analysis.

As regards studies concerning preschool children (Table
2), 9 papers published over the last 10 years were selected.

Variables collected at baseline (VB)
Examination (EX)

VB: Caries — dmfs (incipient caries lesions in enamel + dentinal lesions), sealan ts (surface
VB: Caries (initial: restricted to the enamel + manifest caries: i n dentin needing restorative
dental care), questionnaire (consumption of candies, use of fluo ride tablets, toothbrushing,

pacifier sucking, use of a nursing bottle at night, prolonged beastfeeding)

EX: Dental unit with good light and compressed air, mirror with 1.6 -fold magnification, blunt
EX: Local health center dentists (normal routines)

mutans streptococci virulence factors (MS acidogenesis, water-insoluble glucan synthesis -
periodontal probe and fiberoptic transillumination

WIG, adherence analysis)
Mutans streptococci (MS) from proximal surface of a central maxillary

VB: Caries (cavitation): decayed or filled primary teeth (dft)
EX: Mirror, explorer, optimal light after drying (cotton/air)

VB: Caries (initial + manifest lesions), plaque on the labial surf
level), presence of visible plaque (VP), gingival bleeding (GB)

EX: Dental surfaces brushed and dried with gauze

; . . . 5 2 - 2 o~ o~
Variables such as dental, socioeconomic, behavioral,
dietary, microbiological, medical and demographic data = - ° -
. . . E =N - .
have been collected in study periods ranging from 0.5 to & | © S N <
10 years. Most studies (n=7) used regression models as
statistical analyses and showed that the main risk predictor 5 — < Bo . = S2
i i ; 28 |29 8§87 22 Qs
was caries experience and the risk factors were sugar g9 f2 € O©R% ER8% oe'if
. . T | R E oo S s T G 8=
consumption and the presence of plaque/toothbrushing £c 3508 8287 £°%5S§ PR
S5 258 £5 8 2
2° | 5888 s°fF 8T8 553
>=2=+5 S2ocmd aoic oca=

Table 1 - Review of literature on caries risk assessment in infants (0-2 years old) over the last 10 years (1997-2007)

related habits. Caries experience detected at baseline has
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been a strong variable in identifying children at risk
because it shows that the oral environment was prone to
develop caries. Sugar consumption has played an important
role in caries risk assessment in young children, as
previously described for infants. Others variables related
to oral hygiene also showed their significance in
identifying children at risk. The presence of plaque on
teeth, due to the lack and/or deficiency in toothbrushing,
offers substrates to cariogenic bacteria favoring caries
development.

Schoolchildren have been the most studied group in caries
risk assessment (Table 3). From 1997 to 2007, 19 papers
were selected and reviewed. Study duration ranged from 1
to 8 years and, as usual, dental variables were collected at
baseline in all the papers. Other variables that also were
collected in a considerable number of studies were:
socioeconomic, microbiological and behavioral
characteristics. Among the studies that used regression
techniques (n=16) in statistical analysis the predominant
RP was past caries experience followed by others related
to socioeconomic level. The main RFs were the variables
related to oral hygiene. As previously reported, past caries
experience detected at baseline is the variable that best
indicates those at risk for developing new lesions and poor
oral hygiene increases the probability of caries increment.
Seven studies involving caries risk assessment in
adolescents (Table 4) were found from 1997 to 2007. The
researchers followed-up the participants from 1 to 10 years,
and collected data on dental, behavioral, demographic,
socioeconomic, anthropometric, medical and
microbiological variables and dietary habits. Caries
experience at baseline was the main RP obtained in
regression techniques.

In general, review of the papers demonstrated that past
dental caries was the risk predictor of the future disease for
all age groups. Others important RP include socioeconomic
level and fluoride usage. The risk factors obtained in
regression analyses were variables related to oral hygiene,
sugar consumption and microbiological counts.
Collecting data on dental caries is very easy and may
help in caries risk assessment. However, the disease has to
be present. Others risk factors such as sugar consumption
and oral hygiene related characteristics are also not difficult
to gather information on them from a community point of
view and help dental professionals in selecting those caries-
free individuals at risk. In fact, it has been suggested that
in caries risk assessment, variables such as caries experience
and severity, plaque index, fluoride use, socioeconomic
level status should be collected before the application of
the test for e.g. mutans streptococcus'. As reported by
Kopycka-Kedzierawski and Billings'®, “a caries risk
assessment protocol must involve the use of measures that
are easily obtained, widely accepted, simple to use,
reproducible and cost-effective”.

It is important to take into consideration that this study

An overview of caries risk assessment in 0-18 year-olds over the last ten years (1997-2007)

presents some limitations such as the absence of quality
criteria for selecting the papers (no score for papers), and
the selection of studies mainly from Medline database. In
spite of its limitations, by reviewing the published papers
over the last 10 years, this study could clearly demonstrate
that past caries experience has been the predominant
predictor for future caries in subjects from 0 to 18 years of
age. Therefore, those with previous contact with the disease
should receive good oral health education, preventive
measures and should be made aware that they are subjects
at risk for developing caries. Continuous monitored is
necessary to prevent the onset of new lesions.

On the other hand, as discussed by Tinanoff'’, it would be
unwise to wait for the presence of caries to know which
subject will be more susceptible to develop lesions in the
future. Further studies involving a large number of caries-
free individuals should be conducted on caries risk
assessment. Nevertheless, the use of other variables such
as dietary habits, including sugar consumption, and
toothbrushing habits or presence of dental plaque may
help identifying those caries-free subjects who might be
more prone to have new carious lesions in the future.

In conclusion, the variables related to caries experience
collected at the initial examination continue to be the
main risk predictor of caries increment. Moreover, those
related to sugar consumption and oral hygiene could
identify subjects at caries risk.
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