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Patterns of primary dentition caries encompassing dif-
ferent teeth surfaces have been previously proposed,1-10

and these patterns have been used, implicitly or explic-
itly, as case definitions in prevalence and analytic studies.11,12

The underlying assumption in these studies is that disparate
patterns are the result of different etiologic agents, host status
or responses, or environmental conditions.1,13 Since each risk
factor may have an association with caries that may be tem-
porally critical itself and/or in relation to other factors of the
cariogenic process,14 these relationships could potentially be
reflected in specific dental caries patterns.9 The validity and
precision of risk factor estimates in relation to caries patterns
are dependent on valid and reliable case definitions, which
caries patterns may represent. Moreover, designing and tar-
geting efficacious and cost-effective preventive therapies,
whether for the individual patient or the population, is de-
pendent on accurate risk factor assessment that may be
determined through etiological studies using such valid case
definitions.

The purpose of this paper was to review the literature
regarding caries patterns in the primary dentition during
early childhood by identifying all pertinent scientific re-
ports of Early Childhood Caries (ECC) patterns. The goal
is to describe the conceptual approaches that have been
taken, and identify areas of agreement in ECC patterns
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suggested to date. Established caries patterns are a prereq-
uisite to the study of ECC prevalence, morbidity, and risk
factors, and support the establishment of “best practices”
(ie, scientifically valid procedures and interventions that
optimize health outcomes) to prevent and control this
important early childhood disease.

Review of descriptions of caries patterns

In 1982, Rule characterized caries of the occlusal, poste-
rior proximal, anterior proximal, facial, and lingual
surfaces.15 He stated that “each group of surfaces has ei-
ther a particular pattern of recognition or a special
significance for interpreting the severity of the disease”,
implying a hierarchal morbidity by tooth surface group-
ings (ie, patterns). Rule identified special situations that did
not fit his preceding categories.

Beginning in 1984, Johnsen and associates published a
series of reports regarding caries patterns of the primary
dentition. The first report discussed tooth defect lesions of
the pit and fissure surfaces and hypoplasia, as well as what
was described as “habit-associated lesions,” (ie, nursing
caries and proximal molar lesions).16 Johnsen proposed 2
types of nursing caries patterns: one involving maxillary
anteriors and first molars, and a second type primarily in-
volving the lingual surfaces of the mandibular molars.
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Additionally, a pattern of rampant caries was defined as
caries involving most surfaces of the dentition and, nota-
bly, including the mandibular incisors.

This first paper in 1984 was followed the same year with
an analytic study using caries patterns defined on an a priori
basis.1 The authors describe patterns, which they term “pit
and fissure,” “hypoplasia,” “facial-lingual” (inclusive of
anterior teeth), “proximal molar,” and “rampant.” Children
were classified as having only one pattern, with the hierar-
chy of assignment being the order presented here. For
example, a subject with pit and fissure caries as well as fa-
cial-lingual caries would be assigned to the facial-lingual
category. The authors note that “the intuitive listing of
categories by priority is probably the greatest weakness.”
In fact, while a purpose of that study was to classify caries
patterns (and determine their prevalence), the arbitrary
groupings and hierarchical assignment to a single group-
ing would seem to be a methodological limitation. The
patterns exist because they were observed to exist, and a
case having lesions matching that definition is assigned to
that category regardless of other lesions (or patterns).

Subsequently, Johnsen et al altered their categorization
of patterns slightly, by dropping rampant caries and adding
a facial-lingual/molar proximal pattern.2 Using these pre-

defined patterns, a cross-sectional study was conducted that
examined the changes observed in these categories as a pro-
portion of all the caries patterns of the study’s subjects (2-5
years old). Limitations noted were a small sample size and
the cross-sectional nature of the study. This report suggests
different distributions of the defined patterns at various ages;
interpretation may be limited, however, by the hierarchical
assignment to a single pattern. For example, Johnsen et al
stated that children younger than 2 1/2 years of age are gen-
erally either caries free or have a facial-lingual pattern. They
also stated, however, that children with the facial-lingual pat-
tern are more likely to have molar occlusal caries than those
without the facial-lingual pattern. This latter observation
leads to the question as to whether there are several “facial-
lingual” subcategories (ie, those with and those without
molar occlusal surface involvement).

The potential complexity of patterns within patterns finds
support in a 1993 report.3 Johnsen et al, using cluster analysis,
demonstrated that a priori classifications tended to match the
case clusters formed in his tooth surface-specific analysis, sug-
gesting an analytic basis for the existence of these patterns. A
number of smaller clusters, however, were less explainable by the
classification scheme. As the authors stated, these clusters may
represent a combination of patterns or unrecognized patterns.

Authors Year ECC patterns Notes

Rule 1982 Occlusal (pit and fissure), posterior proximal, anterior proximal, Described for primary and
facial/lingual (pit and fissure, and smooth surfaces), hypoplasia, permanent dentitions.
rampant, nursing-bottle

Johnsen 1984 Pit and fissure, hypoplasia, nursing caries (maxillary anterior
pattern, and lingual mandibular molar pattern), proximal
molar, rampant

Johnsen et al 1984 Pit and fissure, hypoplasia, facial-lingual smooth surface A “minimal” and an “extensive”
(or proximal anterior), proximal molar, rampant classification for each category was

included and category assignment
was to one category.

Johnsen et al 1987 Pit and fissure, hypoplasia, facial-lingual smooth surface Category assignment was to one
(or proximal anterior), proximal molar, facial-lingual+ category.
proximal molar

O’Sullivan,Tinanoff 1993 Maxillary anterior, posterior, maxillary anterior+posterior Assignment was to one category only.

O’Sullivan,Tinanoff 1993 Maxillary anterior, pit and fissure, proximal molar, posterior Assignment was to multiple
smooth facial-lingual categories, if applicable.

Douglass et al 1994 Maxillary anterior, pit and fissure, proximal molar, posterior Prevalence, severity, and
smooth facial-lingual distribution measures were

presented for comparing populations.

Veerkamp and 1995 Maxillary anteriors and first molars, dependent on age Stages are associated with specific
Weerheijm ages and are described by teeth

involved and extent of lesions.

Douglass et al 2001 Maxillary anterior, maxillary anterior+pit and fissure, Grouped onto pattern combinations.
maxillary anterior+pit and fissure+proximal molar,
pit and fissure, pit and fissure+proximal molar

Psoter et al 2003 Maxillary incisors, first molar occlusal, second molar Assignment is to multiple
pit and fissure, smooth surfaces (other than the categories, if applicable.
maxillary incisors)

Table 1. Literature Regarding Caries Patterns in the Primary Dentition
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A series of studies by O’Sullivan, Tinanoff, Douglass,
and their associates supported and developed the concept
of primary dentition caries patterns and expanded on the
work of Johnsen and his associates. A 1993 report using 3
defined caries patterns of maxillary anterior teeth only,
posterior teeth only, and maxillary anterior and posterior
dentition caries, found differing levels of mutans strepto-
cocci across the defined caries patterns.13 Based upon these
findings, the authors concluded that different etiologies or
the timing or duration of etiologic exposures may lead to
different patterns or pattern combinations of caries. The
implication of this conclusion is that analytic studies of risk
factors would benefit by specific case definitions of those
patterns. A second 1993 paper by O’Sullivan and Tinanoff
demonstrated that, while children with and without max-
illary anterior caries had similar percentages of pit and
fissure caries, a significant difference was noted between the
groups in terms of molar proximal as well as molar facial
and lingual caries.5 These findings suggest different mor-
bidity levels associated with various caries patterns.

The results of these studies suggest the utility of an al-
ternative to the one-subject/one-case definition approach.
A limited number of patterns may be described, and any
individual may, in fact, have none, one, or several of these
caries patterns. Using this approach, Douglass et al pre-
sented a caries analysis system using 4 patterns.7 The
patterns were defined as caries of: (1) maxillary anterior
surfaces; (2) pit and fissure surfaces; (3) molar proximal
surfaces; and (4) other posterior smooth surfaces. In con-
trast to all but one earlier report, Douglass et al allowed an
individual to have more than one pattern.5 Of note, in this
study different distributions of caries by pattern were ob-
served for white, African American, Hispanic, and Chinese
children. O’Sullivan and Tinanoff used the patterns of
Douglass et al6 in a 1996 report on a longitudinal-based
study. The findings of this report suggest that the evolu-
tion of incident carious surfaces depends on the specific
prior caries pattern. These findings may be considered evi-
dence supporting the existence of caries patterns, or possible
subpatterns, as well as a time dependency for manifesta-
tions of the various patterns and a possible lack of
independence between patterns. In particular, the latter 2
studies5,6 suggest that analytic investigations may be en-
hanced by improved pattern discrimination.

In 1995, Veerkamp and Weerheijm proposed a devel-
opmental approach to caries patterns.9 These authors
hypothesized that ECC associated with some nursing (feed-
ing) behaviors results in caries patterns that are also a
function of the child’s dental development. The authors
defined the patterns as stages that occur in overlapping time
periods: (1) initial (ages 10-20 months); (2) damaged (ages
16-24 months); (3) deep lesions (ages 20-36 months); and
(4) traumatic (ages 30-48 months). Each stage has a de-
fined clinical appearance regarding the extent of caries and
specific teeth involved. Essentially, a hierarchy of tooth
destruction and tooth involvement is described and related
to eruption patterns and risk factor exposures. This devel-

opmental approach emphasizes the importance of time as
a determinant factor in caries patterns of the primary den-
tition.

The age/eruption-associated evolution of morbidity for
“nursing caries” has provided qualified definitions for car-
ies at various ages, and may be considered an elaboration
of an earlier discussion of this condition in terms of tooth
eruption.17 Douglass et al reported on the relationship be-
tween 3 proposed caries patterns and eruption distributions
and found support for eruption timing as an important
determinant in caries pattern development.8

In general, the aforementioned studies have all used
priori pattern definitions, substantiating the proposed pat-
terns by differences across populations or risk factor
distributions (with the exception of Veerkamp and
Weerheijm’s9 proposed patterns). Notably, only 2 studies
have analytically classified potential caries patterns. Johnsen
et al subjected cases to a single-cluster technique and com-
pared the resulting cluster memberships to previously
assigned a priori-defined pattern membership of the sub-
jects.3 More recently, multidimensional scaling, a
classification/taxonomy analysis of data, was employed
without the use of predefined pattern definitions. That
analysis identified 4 ECC patterns: (1) maxillary incisor;
(2) first molar occlusal; (3) second molar pit and fissure
(occlusal, mandibular facial pit, maxillary lingual fissure);
and (4) smooth surfaces other than the maxillary incisors.10

The delineation of separate first and second molar patterns
supports the relevance of tooth eruption age in pattern de-
termination. Table 1 summarizes the historical literature
regarding caries patterns in the primary dentition.

Discussion
Proposed caries patterns differ in terms of the surfaces com-
posing the patterns and whether or not a child can be
assigned to more than one pattern. A common theme,
however, emerges regarding the hypothesized caries pat-
terns. In other words, patterns of maxillary anteriors, molar
pits and fissures, and posterior proximal and other smooth
surfaces are all suggested, either singly or in some combi-
nation. These caries patterns have been implicitly utilized
in the current American Academy of Pediatric Dentistry
(AAPD) Reference Manual 2003-04 definition of Early

*dmfs=decayed, missing, and filled surfaces.
†Caries of any smooth surface, regardless of dmfs score.
‡dmfs>1 on any anterior surface.

Age (ys) Criteria

≤2 dmfs*>0 on any smooth surface†

3 dmfs=4 on any surface or maxillary anterior caries‡

4 dmfs=5 on any surface or maxillary anterior caries‡

5 dmfs=6 on any surface or maxillary anterior caries‡

Table 2. National Institute for Dental and Craniofacial
Research’s: Severe Early Childhood Caries Criteria
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Childhood Caries,18 which is based on an earlier report by
Drury et al.19

In 1999, Drury et al reported on a proposed ECC case
definition derived during a workshop on ECC. The pro-
posed case definition of ECC defines 2 categories
(Table 2) of caries in preschool children (ages<6 years old):

1. ECC, defined as any primary dentition caries;
2. severe ECC.19

The criteria for the severe-ECC category are stratified
by age and described for each year of life (0-6 years old).
These criteria are:

1. any smooth surface lesions in children less than 36
months old;

2. for 36- to 71-month-old children, any maxillary an-
terior lesions or dmfs (decayed, missing, and filled
surfaces) scores of 4, 5, and 6 for children ages 3, 4,
and 5 years, respectively.

The ECC case definitions reported by Drury et al have
integrated age, morbidity, and 2 caries patterns (smooth
surface and maxillary incisor caries). The workshop further
recommended that research continue on the question of
caries patterns in early childhood—hence, the importance
of understanding the literature on caries patterns.

There is a clear but limited body of literature regarding
the use of caries patterns as case definitions. Inconsisten-
cies in the various proposed caries patterns, however, as well
as the use of a priori-defined patterns imply that accurate
ECC case definitions are yet to be validated. Furthermore,
only 2 investigations have used analytic techniques that
specifically allow the analysis to identify underlying pat-
terns of the data. Additional research on defining such
caries patterns is necessary.

If real, caries patterns should help reduce disease
misclassification and, therefore, enhance the ability of an
analysis to identify meaningful associations between sus-
pected risk factors and ECC. Success in estimating accurate
and precise risk factor determination will:

1. suggest appropriate public health and clinical practices
to define high-risk populations/individuals and pre-
ventive interventions;

2. will assist in the establishment of “best practices” (ie,
scientifically valid procedures and interventions that
optimize health outcomes).

Enhanced preventive approaches at the clinical and popu-
lation health service levels will minimize the number of
children experiencing this chronic-infectious disease of child-
hood, which is endemic in some populations, particularly those
populations experiencing social and economic disparities.
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