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ABSTRACT

We propose a new classification of severe early
childhood caries (S-ECC): hypoplasia-associated
severe early childhood caries (HAS-ECC). This
form of caries affects mostly young children living
at or below poverty, characterized by structurally
damaged primary teeth that are particularly vul-
nerable to dental caries. These predisposing devel-
opmental dental defects are mainly permutations
of enamel hypoplasia (EHP). Anthropologists and
dental researchers consider EHP an indicator for
infant and maternal stresses including malnutri-
tion, a variety of illnesses, and adverse birthing
conditions. Differentiation of HAS-ECC from
other forms of early childhood caries is warranted
because of its distinct etiology, clinical presenta-
tion, and eventual management. Defining HAS-
ECC has important clinical implications: Therapies
that control or prevent other types of caries are
likely to be less effective with HAS-ECC because
the structural integrity of the teeth is compromised
prior to their emergence into the oral cavity. By the
time these children present to the dentist, the treat-
ment options often become limited to surgical
management under general anesthesia. To prevent
HAS-ECC, dentists must partner with other health
providers to develop interventions that begin with
pregnant mothers, with the aim of eliminating or
ameliorating the covariates accompanying pov-
erty, including better pre- and post-natal care and
nutrition.
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Hypoplasia-associated Severe
Early Childhood Caries — A
Proposed Definition

CARIES AFFECTS MAINLY THE POOR

As the numbers of children living at or below the poverty level increase in
the US and globally, the incidence of early childhood caries rises, despite
falling caries prevalence within the general child population (US Department
of Health and Human Services, 2000; Oliveira et al., 2006; Psoter et al., 2006,
Vargas and Ronzio, 2006). This rising “epidemic” of caries correlates roughly
with the rising number of children living in poverty and poor health. It has
been asserted that 80% of caries can be found within 20% of the population—
this 20% being the nation’s poorest. The most recent US Census reports one in
five American children living at or below poverty, a proportion that continues
to grow (http://www.census.gov/prod/2011pubs/acsbr10-05.pdf). Although
being poor per se does not result in caries, a substandard diet consisting
mainly of processed food high in sugar and low in protein is the necessary
co-condition for most forms of caries, along with certain risk factors enumer-
ated below. Communities that lack access to traditional food sources because
of their unavailability and unaffordability, such as the Native American Indian
population, are an example. Equally troublesome is that the inner-city and
rural poor fill their caloric needs with these low-value foods, leading to another
ever-increasing form of malnutrition, obesity. Although obesity is often mis-
taken as evidence of adequate nutrition, it is yet another form of malnutrition,
and its prevalence is increasing, particularly among the nation’s poor (http://
www.cdc.gov/obesity/childhood/data.html). Obesity is a risk factor for unfa-
vorable birth outcomes and developmental enamel defects (Needleman et al.,
1992) that can lead to increased susceptibility to caries. Maternal obesity is
also associated with “nursing bottle caries” (Johnsen, 1982).

A yet-to-be-defined but growing cohort of children suffers from a severe
and rampant form of dental caries, so destructive that often by age 3 yrs, most
primary teeth are so damaged that their restoration involves outpatient hospi-
talization. In the US, these children are mainly members of a minority group,
including recent immigrants, farm workers, Native American Indians, and
Eskimos, who share the common attributes of being poor and/or detached
from their traditional lifestyle and diet. Worldwide, this same form of aggres-
sive childhood caries can be found among minority and indigenous groups,
where poverty intersects with inadequacies in perinatal health care and poor
nutrition. This form of caries has also been called “rampant caries”, “nursing
bottle caries”, “baby bottle tooth decay”, and, more recently, severe early
childhood caries (S-ECC) (Davies, 1998; Drury et al., 1999; Ismail and Sohn,
1999; Vadiakas, 2008) and is concentrated mainly among the poorest of chil-
dren (Oliveira et al., 2006).

We propose and define a subgroup of S-ECC having specific antecedent
conditions common to children living in poverty: one or multiple perinatal
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stresses resulting in enamel hypoplasia (EHP) coupled with a
dependence on low-cost, processed food high in sugars and
carbohydrates. A third, but less-well-supported, antecedent is
the higher levels and/or early colonization of the dentition by
cariogenic bacteria such as the mutans streptococci. We name
this specific form of severe-ECC as Hypoplasia-associated
Severe Early Childhood Caries (HAS-ECC). Other terms used
to describe this condition likely include or overlap with HAS-
ECC, as will be discussed further.

Here we reviewed a select number of studies supporting the
argument that HAS-ECC constitutes a distinct and biologically
plausible subgroup of S-ECC with clearly defined etiological or
causative antecedents from which risk assessment and preventive/
management strategies can be proposed and tested. It is not the
intent of this article to review exhaustively all aspects of early
childhood caries, since comprehensive and informative reviews
already exist (Davies, 1998; Seow, 1998; Drury et al., 1999;
Ismail and Sohn, 1999; Vadiakas, 2008). Our intention is to con-
nect the existing studies that specifically define HAS-ECC and
attempt to assemble a group of risk factors that may be used by
healthcare workers to attenuate or anticipate this debilitating dis-
ease before extensive damage occurs.

CURRENT DEFINITIONS OF ECC ARE INADEQUATE

The commonly used term “early childhood caries” or ECC is
presently defined mainly by the number of teeth affected, absent
either a pattern affiliation or an etiologically based definition.
(Johnsen, 1984; Johnsen et al., 1987; Davies, 1998; Drury et al.,
1999; Ismail and Sohn, 1999). The current definition of ECC
remains remarkably non-informative, e.g., one or more instances
of caries anywhere in the primary dentition in a child under 6 yrs
of age (American Academy of Pediatric Dentistry; AAPD,
2011). A more severe form of caries affecting children under
the age of 3 yrs with decay to the smooth surfaces is referred to
as Severe Early Childhood Caries (S-ECC) (Drury et al., 1999;
Ismail and Sohn, 1999). Two challenges exist with these defini-
tions: (1) They describe numbers of teeth or surfaces affected
(greater than 1) but fail to distinguish differences in patterns or
etiologies (Johnsen, 1984; Johnsen et al., 1987; Psoter et al.,
2006); and (2) they imply that, by nature of its numerical defini-
tion, caries in early childhood might be a continuum, with
S-ECC as just a more severe form of ECC. Moreover, the dis-
tinction between S-ECC and ECC is not universally acknowl-
edged (Davies, 1998; Seow et al., 2009). Challenges further
hampering this effort to define various forms of ECC, particu-
larly S-ECC, include the fact that: (1) no national registry exists
for S-ECC treated in an outpatient hospital setting; (2) those
most likely knowledgeable to diagnose and/or manage S-ECC
— dental professionals — generally see children only after teeth
are badly damaged by caries, thus obscuring contributing pre-
conditions such as EHP or other developmental defects of teeth;
and (3) children living in poverty or in rural communities lack
access to health care in general, so early signs of S-ECC, even
if evident, continue to progress rapidly to the point of limited
treatment options. We contend that some, perhaps most, of the
cases of S-ECC associated with nursing bottles (or rampant car-
ies) are consistent with what we will define as HAS-ECC. We
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propose that a subgroup of S-ECC (formerly referred to as ram-
pant caries or “nursing bottle caries”) can be more precisely
defined based on relevant criteria including age of onset, pattern
consistent with EHP, severity of destruction, rapidity of progres-
sion, and bacteriological profiles.

ENAMEL HYPOPLASIA (EHP)

Enamel hypoplasia (EHP) is one of several forms of develop-
mental defects of enamel (DDE) identified by the Federation
Dentaire Internationale (FDI) Commission on Oral Health
(1992) and defined as a quantitative disturbance of mineralized
tissue formation during tooth development. For the primary
dentition, the disturbance occurs either pre-natally or in early
childhood (Seow, 1991; Li et al., 1995; Seow et al., 2005).
These defects generally correspond to the developmental stage
and degree of insult as the primary teeth form and are most
commonly present in the readily visible primary incisors,
canines, and first molars. Both pre- and post-natal stresses
adversely affect ameloblasts and odontoblasts during tooth for-
mation and can result in both hypoplastic and hypomineralized
enamel (Suckling, 1989; Sabel et al., 2008). The most common
evidence of perinatal stress affecting tooth formation is found in
virtually every child and presents subclinically as the neonatal
line (NNL) (Sabel et al., 2008). The NNL appears in both
enamel and dentin of primary teeth, denoted by an accentuated
stria, similar to the incremental line called the striae of Retzius
(lines of von Ebner in dentin), the result of injury or stress to
ameloblasts and odontoblasts at the time of birth. Prematurity or
low birthweight leads to an increase in both the extent (width)
and vertical position of the NNL (Sabel et al., 2008). Interestingly,
children delivered by cesarean section have less-pronounced
neonatal lines than infants who are products of prolonged or
difficult labor (Sabel et al., 2008).

Similarly, ameloblasts and odontoblasts can be adversely
affected in both the pre- and post-natal period of tooth develop-
ment by other antecedents, including malnutrition in mother or
child, illness such as measles, and maternal risk factors like
obesity, smoking, liver disease, drug and alcohol use, and other
risk factors leading to prematurity (Table). Key studies defini-
tively linking the adverse effects of malnutrition and EHP were
conducted by Sweeney and others (Sweeney and Guzman,
1966; Sweeney et al., 1969, 1971), resulting in a most pro-
nounced form of EHP termed ‘linear hypoplasia’. Crucial to the
line of evidence, Needleman and co-workers (Needleman et al.,
1991, 1992) collected and examined exfoliated teeth from an
urban Boston population, thus connecting adverse antecedent
conditions to enamel defects. The subsequent work of Seow and
colleagues demonstrated prematurity and low birthweight to be
major contributors to EHP (Seow et al., 1987, 2009; Seow,
1991, 1997a,b, 1998; Pascoe and Seow, 1994; Lai et al., 1997).

The duration, severity, and combinations of antecedent risk
factors likely influence the extent to which the dental tissue is
damaged. Indeed, most of the antecedent factors listed in the
Table are common covariates of poverty, e.g., inadequate and
poor-quality nutrition and other high-risk behaviors. EHP has
been linked to respiratory distress, post-natal infections, gastro-
intestinal tract infections, anemia, failure to thrive (Pascoe and
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Table. Pre- and Post-natal Antecedents Linked to Developmental Enamel
Defects and Enamel Hypoplasia

Risk Factors Associated with EHP Reference

Alvarez et al., 1993; Infante
and Gillespie, 1976;
Needleman et al., 1991;
Sweeney and Guzman, 1966;
Sweeney et al., 1971

Lai et al., 1997

Pre-natal (maternal) malnutrition

Premature or low-birthweight
(< 2500 g) infant

Low socio-economic status Milgrom et al., 2000; Needleman
et al., 1992; Oliveira et al.,
2006; Vargas and Ronzio,
2006

Seow et al., 1989

Needleman et al., 1992

Needleman et al., 1992

Needleman et al., 1992

Mineral deficiency

Infant measles

Parental smoking

Delayed pre-natal care, low
Apgar score, greater maternal
weight at time of delivery

Maternal liver disease

Respiratory distress, maternal
and postnatal infections, Gl
tract infections, anemia, failure
to thrive

Seow et al.,, 1991
Pascoe and Seow, 1994

Seow, 1994), and liver disease (Seow et al., 1991). It is impor-
tant to note that HAS-ECC is not confined solely to children
living in poverty; many of these disturbances just named can
also occur in non-malnourished individuals with the risk factors
named above.

The timing and extent of the various insult(s) are dutifully
recorded within the forming enamel and dentin, reflecting the
stage of tooth development. As a chronometer for an infant’s life
events, these insults can leave their mark more than once on the
developing tooth, and the defects can extend to every tooth sur-
face of the primary dentition (see Fig. 1). Typically, EHP mani-
fests on those teeth that are at critical stages of secretion of
organic matrices and mineralization around the time of insult
(i.e., the central incisors, laterals, and canines, and less fre-
quently on first and second molars that are mineralized post-
natally). When such perinatal injuries manifest as EHP and are
visible on the tooth surfaces, the hypoplasic bands or defects
progress toward the incisal tip of the teeth, from centrals to
molars, producing what we call the characteristic and bilateral
symmetrical “frown” pattern (Fig. 1). It is often possible to pre-
dict the time of insult based on the position and extent of EHP
from visual examination, and more precisely from microscopic
cross-sections (Fig. 2).

EHP and other developmental defects are not new to the
human condition. For decades, anthropologists used EHP to esti-
mate the health and living conditions of prehistoric populations.
EHP records not only evidence of chronic malnutrition but also
life-threatening forms of metabolic disturbances, including kid-
ney and heart disease, diabetes, infections with both viral and
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Figure 1. Pre- and postnatal developmental formation of the primary
dentition. (A) Drawings from the recent histological study by AlQahtani
and co-workers (AlQahtani etal., 2010). (B) The average developmental
stage of the primary maxillary anteriors at birth (redrawn by permission
of the authors). (C) Clinical representation of EHP that occurred around
birth. Note the downward curve or “frown” coincidental to the stage
of individual tooth development at time of insult. The child was
malnourished but did not have access to refined sugar.

bacterial agents, and fetal/neonatal conditions such as prematu-
rity, Rh incompatibility, and allergies (Cook and Buikstra, 1979).
Investigators have also suggested that some EHP may have a
genetic predisposition, the degree of which so far appears to be
less important than environmental factors (Taji et al., 2011).

Differentiating pre-eruptively-formed EHP from the pre-
carious “white-spot” lesions associated with plaque accumula-
tion and cariogenic diet can be difficult (Needleman et al., 1992;
Seow, 1997a; Oliveira et al., 2006). Clinicians often attribute the
appearance of chalky, opaque enamel along the gingival margin
where plaque accumulates to poor diet and oral hygiene rather
than to EHP. Since tooth eruption and development are corre-
lated events, the location of demineralization due to caries often
coincides with that due to EHP. Indeed, caries and a damaged
enamel surface often occur together, but importantly, the critical
distinction is that the defects caused by EHP precede (and pro-
mote) the overlying caries. Moreover, dental professionals typi-
cally do not see infants when teeth first emerge, so EHP goes
undetected. Unlike the demineralization and subsequent caries
thought to be the result of prolonged or inappropriate nursing
bottle practices (i.e., nursing bottle caries or baby bottle syn-
drome), EHP is already present prior to tooth eruption into the
oral cavity. In other words, primary teeth with EHP, particularly
those in the anterior deciduous dentition, are structurally dam-
aged before emerging into the oral cavity. As we will discuss
later, defects in the surface become readily colonized niches for
cariogenic bacteria such as Streptococcus mutans.
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Figure 2. Macroscopic and microscopic views of an incisor with HAS-ECC. (A) An extracted central incisor from a four-year-old child. A faint band
of EHP including the mesial surface presents a large caries lesion. (B) Cross-section of the same incisor and imaged with polarized light microscopy.
Note the pronounced neonatal line in both enamel and dentin with overlying evidence of insult occurring close to the birth of the infant. Also
present is perturbed enamel structure in the region of the opaque band appearing clinically in (A). (C) Backscattered electron imaging in the
scanning electron microscope (BSE-SEM) over the region of hypoplastic enamel reveals significant demineralization (color-coded orange, yellow,
green, and blue, with decreasing density in enamel at left). (D) SEM images of the surface of enamel overlying the area of opacity and clear areas
of disruption to surface integrity promoting retentive niches for cariogenic bacteria. (E) SEM images of other sites on the surface of the tooth display

irregularities as well.

To this point, it seems plausible that the clinical entity called
“nursing bottle caries” can co-exist with or exacerbate pre-
existing EHP or be a separate and distinct form of S-ECC. The
case for nursing bottle caries as a distinct subgroup of S-ECC
comes from the observation that caries manifests mostly in the
primary maxillary anterior teeth that are exposed to bottle con-
tents at nighttime and follows the gingival margin, where plaque
accumulates. That the lower incisors are usually not affected,
presumably due to the protective effect of saliva, is compelling.
We would argue that HAS-ECC and nursing bottle caries are not
mutually exclusive events, often correlated, but clinical exami-
nations of very young children as teeth emerge along with the
pattern of caries would facilitate a differential diagnosis. As
noted by Reisine and Douglass (1998), nursing bottle excesses
may or may not lead to caries. Perhaps those who do develop
“nursing bottle caries” have EHP as an antecedent. Further
delineation between nursing bottle caries and HAS-ECC awaits
properly designed studies with clearly defined variables.

Histological findings in primary teeth affected by EHP reveal
the effects of various insults to developing teeth, serving as precise
chronometers of events both pre- and post-natally. The NNL
serves as a point of reference as to when the insult occurred.
Periods of food scarcity, complications of birth, and exposure to
infectious diseases leave their signature on the developing tooth

and skeletal structures. Fig. 2A shows an extracted central incisor
from a four-year-old child with HAS-ECC examined at different
depths, revealing a faint band of EHP (arrow) including the mesial
surface presenting a large caries lesion that extended into the pulp.
A cross-section of the same incisor imaged by polarized light
microscopy illustrates the pronounced neonatal line in both enamel
and dentin with overlying evidence of insult represented as mild
hypoplasia soon after birth. Polarizing microscopy also reveals a
change in below-surface enamel structure in the vicinity of the
opaque band appearing clinically (Fig. 2A). Since this was likely
the result of demineralization, we performed density-dependent
backscattered electron imaging in the scanning electron micro-
scope (BSE-SEM) imaging of the block of enamel adjacent to the
section prepared for Fig. 2B. The color-coded BSE grey level
image is shown in Fig. 2C (inset indicates that mineralization den-
sity decreases from warm to cool colors). The enamel mineraliza-
tion density of affected enamel decreased under the area of EHP;
blue and green represent the least dense enamel (a density similar
to that of dentin, at right), while yellow and orange represent
increasing density, and unaffected enamel is pink. SEM images of
the surface of enamel in the vicinity of the opacity and hypoplastic
enamel (Fig. 2D) reveal clear areas of disruption to surface integ-
rity, promoting retentive niches for the colonization of cariogenic
bacteria such as mutans streptococci. SEM imaging of other sites
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on the surface of the tooth display irregularities as well, such as
chipping and palling of enamel (Fig. 2E). Clinical presentations
depicted in Fig. 3 and Appendix Fig. 1 represent examples of what
we propose as HAS-ECC (see Fig. 3 and Appendix Fig. 1).

In some cases, the primary teeth are so undermined by EHP
defects that entire sheets of enamel appear to fracture away. This
pattern of apparent fracture parallel to the labial surface (and
lines of Retzius) supports the case for EHP undermining the
integrity of the enamel and differs from cavitation that occurs
from the surface due to caries alone. Such en masse loss of
enamel is evident from clinical images shown in Fig. 3 and
Appendix Figs. 1 and 2.

Histological findings reveal irregular crystalline formation
along the lines of Retzius, sometimes accumulating on the sur-
face perikymata as pits or lines (Seow et al., 2005; Sabel et al.,
2008) (Fig. 2). Teeth from pre-term children, many of whom
have EHP, exhibit hypomineralized enamel and dentin with
indications of porosity (Rythen et al., 2008, 2010). Seow et al.
(2005) reported 20% less mineralized enamel overlying EHP as
well as aberrant surface defects similar to those shown in Fig. 2.
It is noteworthy that Seow and co-workers found surface defects
in 52% of teeth in which no EHP was visible, indicating that
EHP may not be clinically apparent in many cases.

That EHP is a major risk factor for subsequent caries requires
longitudinal observations. Three such studies exist (Lai ef al.,
1997; Oliveira et al., 2006; Targino et al., 2011). Oliveira and
co-workers showed that primary teeth with EHP are 15 times
more likely to develop caries compared with non-EHP teeth.
These investigators further made the critical distinction between
white-spot lesions and EHP based on pattern differences and
low SES. A recent study by Milgrom et a/. (2000) showed EHP
as a covariant to caries risk as well.

THE CONNECTION BETWEEN EHP AND THE
MUTANS STREPTOCOCCI

While it seems logical that surface irregularities on the
smooth surfaces of the teeth from EHP would promote the colo-
nization of mutans streptococci (MS), the pivotal study linking
EHP and elevated levels of MS was first reported by Li and
co-investigators in 1994 (Li et al., 1994). Examining over 480
three- to four-year-old undernourished children in Miyun,
China, they showed that children with EHP had elevated levels
of MS compared with non-EHP children, attributed to the pres-
ence of a retentive niche provided by EHP defects, which, in
turn, promoted higher colonization levels. Subsequent studies
by Wan et al. (2003) confirmed that low-birthweight children
with EHP were 4.4 times more likely to be infected by MS than
non-EHP children. Although these authors concluded that early
infection among low-birthweight children was contrary to the
concept of a “window of infectivity” derived from an urban
American population (Caufield et al., 1993), their findings do
support the underlying premise of the window concept, i.e.,
presence of colonization-favorable ecological sites dictates the
window’s margins. Instead of fissures in molars, the presence of
smooth-surface retentive areas would be expected to open the
window of infectivity sooner, as Wan et al. reported (Wan et al.,
2003).
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Figure 3. The clinical presentations from preschool children with
various degrees of caries and/or EHP of HAS-ECC. Panel A shows
EHP on multiple primary teeth without active caries that we propose to
define as HAS-ECC, stage 0. Panel B shows primary teeth with EHP
and a minor fo moderate degree of caries that we propose fo define
as HAS-ECC, stage 1. Panel C shows primary teeth with EHP and
severe caries which we propose to define as HAS-ECC, stage 2. These
preschool children were from impoverished families, mainly from
China, with a documented history of malnutrition (Li et al., 1995).
Almost all of them were colonized with moderate to high levels of
mutans streptococci (Li et al., 1994).

Earlier colonization by MS in young children generally
translates into increased caries rates (Kohler et al., 1988). The
association between MS and rampant or nursing bottle caries
has convincing support in the literature. For example, van Houte
and co-workers (1982) reported that some children with nursing
caries had levels of MS as high as 60% of the total cultivable
microbiota. Lesser MS counts, but still greater than 10% of the
cultivable biota, were reported by Berkowitz et al. (1984). In
our population of HAS-ECC Hispanic children from Bellevue
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Figure 4. Model of the sequence of events leading to HAS-ECC (see text). MS, mutans streptococci.

Hospital in New York City, we observed elevated levels of MS
in saliva, but averaging less than 1% of the total cultivable biota
(Li et al., 2007). More recent studies, based on cultivation
(Tanner et al., 2011) and microarray together with al6S rRNA
survey (Becker et al., 2002), confirmed a clear presence of
S. mutans in most, but not all, cases of S-ECC. MS in levels over
1% of the total biota are considered a risk indicator for caries
(Loesche, 1986). Microbes other than, or in addition to, MS,
which preferentially colonize retentive sites include the lactoba-
cilli (Li et al., 1994; Marchant et al., 2001; Becker et al., 2002,
Gross et al., 2010; Yang et al., 2010) and possibly several novel
species of microbes (Li ef al., 2007; Tanner et al., 2011). It is
also noteworthy that the overall microbial diversity in plaque of
children with S-ECC (HAS-ECC) is significantly less diverse
than that of caries-free controls (Li et al., 2007).

Collectively, these studies suggest that children with HAS-
ECC are prone to early colonization by MS, due to retentive
surface defects associated with EHP. While most of the litera-
ture points to MS as the major pathogen associated with HAS-
ECC, presumably due to its predilection for colonizing retentive
sites, other cariogenic bacteria with similar ecological require-
ments are likely to be found.

PUTTING IT ALL TOGETHER - DEFINING HAS-ECC

Thus, we present the following model for the pathogenesis of
HAS-ECC (Fig. 4). Primary teeth forming in utero are adversely
affected by various insults to embryonic cells responsible for
dentin and enamel formation. These insults are comprised
mainly of covariates associated with low SES and poverty,
including malnutrition and possibly other dietary deficiencies,
low birthweight and prematurity, pre- and post-natal infectious
diseases, and a host of other risk factors affecting both mother
and newborn. The collective impact results in various manifes-
tations of tooth damage, clinically presenting in most cases as
EHP. EHP is most often seen in the maxillary anterior teeth of
the primary dentition but can extend to other teeth, including
molars. Teeth with EHP are vulnerable to early and elevated
colonization by cariogenic bacteria, notably MS and lactoba-
cilli, promoting early caries at the ecological sites of enamel
defects, leading to what we call HAS-ECC. However, early or
elevated colonization of MS and other cariogenic bacteria is
necessary, but not sufficient. Without a caries-promoting diet
high in fermentable carbohydrates, EHP probably would not
progress to HAS-ECC. It is the duality of EHP and poor diet
that defines HAS-ECC. We further suggest that the present
definition of ECC encompasses not just one disease, but sev-
eral, each distinct with different natural histories, antecedent

contributors, anatomical sites, bacterial etiology, severity or
aggressiveness, chronic vs. acute status, and distribution within
different racial/ethnic groups. The divisions become blurred in
these groups because of shared common etiologies, i.e., cario-
genic bacteria and a caries-promoting diet. Some have attrib-
uted S-ECC to nursing bottle and even prolonged breast-feeding
habits, but this association is mainly a correlation, not causa-
tion. We define HAS-ECC as a subgroup of what is already
termed S-ECC but is etiologically distinct from other possible
causes of S-ECC such as nursing bottle caries, although we
would argue that some or most of the cases attributed to nursing
bottle caries have underlying EHP and would be more appropri-
ately called HAS-ECC.
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APPENDIX 1
A Call to Action

Whether it is rural Alabama, Detroit, or Pennsylvania, the West
Coast farm regions with vast armies of migrant workers, the
native Indian reservations at Pine Ridge, or indigenous popula-
tions of Australia, Guatemala, or rural China, the aftermaths of
poverty, malnutrition, and poor general health will continue to
fuel the rising prevalence of hypoplasia-associated severe early
childhood caries (HAS-ECC) among vulnerable child popula-
tions. According to the 2010 US Census Bureau, the number of
people in poverty (46.2 million) is the largest number in the 52
years for which poverty estimates have been published (http://
www.census.gov/hhes/www/poverty/about/overview/index.
html). Dedicated dental health care providers try to manage this
disparity as they work tirelessly to provide better access to den-
tal services, but they are fighting a losing battle. In the words of
Dr. Don Marianos, former dental director at the Centers for
Disease Control and Prevention (CDC), and with years of public
service in the Indian Health Service (IHS), “our dental program
did it all, community water system fluoridation, toothbrushes
and toothpaste and oral hygiene instruction, community and
individual education. There were no other ECC-prevention mea-
sures left to try, but nothing really worked. The caries rate
decreased minimally” (Symposium, 2009). Pediatrician Dee
Robertson has decades of service in the IHS and experience in
diagnosing and treating other infectious diseases affecting
Native Americans; he believes that the very early-onset, aggres-
sive, and rapidly destructive course of ECC, and its significant
short- and long-term morbidity, set it apart as, in effect, a differ-
ent disease from the caries that affects more affluent child popu-
lations, and that it should be viewed as a pediatric infectious
disease with dental manifestations (Symposium on Early
Childhood Caries in American Indian and Alaska Native
Children, 2009). What we outline here as HAS-ECC reinforces
these prophetic observations. While improving access to dental
care is a step in the right direction, it does not address poor nutri-
tion and other antecedent conditions leading to HAS-ECC. And
by the time the dentist is involved, the treatment is surgical,
often requiring general anesthesia, and addresses only the symp-

Hypoplasia-associated
Severe Early Childhood
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toms, not the cause, so more caries is likely to carry over to the
permanent dentition, for a life-long history of dental disease and
suffering. Understanding the etiology and risk factors associated
with HAS-ECC is a first and crucial step in its eventual treat-
ment and prevention. Dentists and dental auxiliaries must work
cooperatively with physicians and other health-care workers to
attenuate both the immediate and long-lasting effects of HAS-
ECC. The concept of a dental home by one year of age for every
child, as advocated by the American Academy of Pediatric
Dentistry (AAPD, 2010), is clearly a step in the right direction.
But crucial to the goal for children to see a dentist at an earlier
age is the inclusion of not only the careful scrutiny of a child’s
past medical history for clues as to antecedent risk factors for
HAS-ECC, but also screening for early signs of EHP. Periodic
examinations beginning at 1 yr of age or earlier could be coor-
dinated with pediatricians, nurses, or trained health workers,
preferably from the local community, provided they are taught
how to recognize EHP and gather the pertinent perinatal history.

Significant roadblocks exist, however, which hamper the
implementation and the practicality of early interventions, the
principle one of which is the logistical obstacle of unequal dis-
tribution of dentists among the underserved, not to mention lack
of financial incentives to practitioners. Early diagnosis of EHP
in very young children is part of the immediate solution, but the
real challenge and long-term prevention of HAS-ECC lie in
addressing the far-reaching effects of poverty and malnutrition
among marginalized populations, not just in the United States,
but worldwide. This will require a larger team approach aimed
at improving pre- and post-natal care and improving nutrition
— a daunting task to be sure. While expanding the capacities of
outpatient operating rooms is being planned to meet the devas-
tating effects of HAS-ECC, it should be viewed as a palliative
and short-term response to the growing prevalence of S-ECC
(Berkowitz et al., 1997; Graves et al., 2004). Until such a time
that the devastating effects of poverty and other factors contrib-
uting to HAS-ECC can be addressed in a coordinated manner,
infants presenting with EHP and poor nutrition can be assigned
to a high-risk cohort and various preventive measures instituted,
e.g., antimicrobials, varnishes, sealants, and dietary counseling.
Although these present-day therapies are unlikely to prevent
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Appendix Figure 1(A). HAS-ECC = 0, enamel hypoplasia without active caries.

HAS-ECC completely, they nonetheless may alleviate its sever-
ity to the extent that the remaining caries can be treated in a less
aggressive and costly way that minimizes the need for hospital
outpatient services. In this way, health partnerships serve both
the profession and the patient, and allow dentists to share with
other health-care providers a common goal of eliminating
poverty.

In countries other than the US, such as China, Japan, and
Brazil, several promising approaches exist for arresting the
advancement of caries lesions accompanying HAS-ECC, nota-
ble of which is silver diamine fluoride (Llodra et al., 2005;
Rosenblatt ez al., 2009; Yee et al., 2009). Reports are encourag-
ing, with as few as one or two applications of AgDMF per year
to existing lesions. More recently, Steven Duffin has shown
remarkable results using topical application of 25% AgNO, then
covering with fluoride varnish (Duffin, personal communica-
tion). The esthetics-minded dentist points to the discoloration
accompanying the treatments, and this is a concern; however,
lesions do not progress in most cases. This buys time for the
dentist, especially in the very young. Delaying progression

translates into delaying treatment until a child is old enough to
be more amenable to tolerating extensive dental procedures.
Moreover, arrested lesions are more easily managed, with less
tooth preparation and fewer pulp exposures. Discoloration and
teeth with open but arrested lesions are arguably better for the
overall health of the child than premature extractions.

While untested with HAS-ECC, glass-ionomer sealants, tol-
erant to moisture, may delay treatment and arrest caries, perhaps
filling in defects that foster colonization of cariogenic bacteria
and possibly coalesce defects in the weakened tooth structure.
Clearly, these methods remain mostly untested but warrant con-
sideration as materials improve and theory is reduced to prac-
tice. Other preventive measures such as fluoride varnishes
(Milsom et al., 2011) and promoting better oral hygiene have
been implemented by not only dental personnel but also by
pediatricians. Many of these attempts lack convincing evidence
of efficacy, particularly when cavitated lesions are present.
What may be effective in “garden variety” ECC patients may
not be effective in HAS-ECC patients. Given the many anteced-
ent risk factors associated with HAS-ECC, it is also unlikely
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Appendix Figure 1(B). HAS-ECC = 1, enamel hypoplasia with a minor to moderate degree of caries.

that systemically administered water fluoridation will influence
the occurrence of EHP. Underpinning fluoridated water is a
required infrastructure to provide clean, chlorinated water,
likely to improve the overall health of children, which, in turn,
could indirectly affect tooth formation, especially given the
anticaries effects that fluoride is thought to exert topically and
not in utero.

For some time, clinicians in Europe have reported encourag-
ing treatment outcomes with ART (Atraumatic Restorative
Therapy; Frencken et al., 1996). As the name implies, minimal
instrumentation followed by an interim restorative material can
also serve the purpose of delaying or arresting lesion progres-
sion. More recently, Innes and co-workers reported very positive
results with the Hall technique, involving complete covering of
lesions with crowns without removing caries (Innes et al.,

2011). What is important to note with the Hall approach is that
caries can be arrested simply by isolating cariogenic bacteria
from their substrates in the oral cavity. Eliminating or reducing
the necessity of extensive caries removal with all its accompa-
nying instrumentation not only conserves limited health dollars
by decreasing time and effort but also increases mobility and
access.

In summary, unlike a newly introduced infectious disease
that sweeps across a vulnerable child population, the proposed
etiology of HAS-ECC has both a clear biological plausibility
and a fairly large repertoire of potential approaches to preven-
tion or treatment. Although most of these approaches are not
novel, they must be applied in ways that differ from the way we
treat conventional caries. Once the etiological underpinnings of
HAS-ECC are fully understood and systemically addressed, the
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Appendix Figure 1(C). HAS-ECC = 2, enamel hypoplasia with severe caries.

Appendix Figure 1. Clinical case presentations of the proposed categories of HAS-EECC. Panel A shows “HAS-ECC = 0", which includes enamel
hypoplasia on multiple primary teeth without active caries. These predisposing developmental dental defects, mainly permutations of enamel
hypoplasia (EHP), are particularly vulnerable to dental caries (Li et al., 1996). Panel B shows “HAS-ECC = 1", which includes enamel hypoplasia
on multiple teeth with a minor to moderate degree of caries. Panel C shows “HAS-ECC = 2", which includes enamel hypoplasia on multiple teeth
with severe caries with or without enamel fractures. Many of the images that meet HAS-ECC criteria were from the same children’s cohort, with
documentation of chronic malnutrition diagnosed by anthropometric measurements (Li ef al., 1995). As previously reported, 24% of the children
had various degrees of EHP; almost all of them were colonized with moderate to high levels of mutans streptococci in their saliva (Li et al., 1994).
Even though the children did not have excessive access to refined sugar, due to the family’s low economic status and remote location (villages
hundreds of miles outside the Beijing metropolitan area), a high prevalence of HAS-ECC was observed among this child population, suggesting
that EHP on primary teeth may contribute to advanced and elevated colonization of mutans streptococci and, consequently, may accelerate caries
development in young children.

challenge will be not only to prevent dental disease but also to
improve the overall health and well-being of our most precious,
yet vulnerable, population, our children.

A Proposal for a More Meaningful Classification System

It has been a challenge to establish a meaningful scoring system
to define and classify ECC. The current ECC definition, com-
bined with the use of dmft/dmfs indices, presents several limita-
tions: (1) It fails to reflect this acute and rapid onset form of the

disease; (2) it lacks clues regarding the etiology of the disease;
and (3) it does not facilitate clinical application, i.e., clinical
examination, diagnosis, and recording of the disease, particu-
larly for caries management in pediatric dental populations.
Here, we tentatively propose, and open for a discussion, the
establishment of a HAS-ECC coding system in which three
categories are involved. As illustrated in Fig. 2 and Appendix
Fig. 1, “HAS-ECC = 0” represents EHP or defects on multiple
anterior teeth, but without active caries. The “0” denotes a pre-
HAS-ECC condition, generally occurring as teeth first emerge,
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Appendix Figure 2. Examples of “baby bottle tooth decay” (BBTD) car-
ies from the 2011 AAPD Web site [http://www.aapd.org/members/
photogallery/(for members only)] (printed with permission). These
examples of BBTD more likely represent HAS-ECC, especially consider-
ing the symmetry of hypoplasic banding seen in A, C, and D. Frank
fracturing of layers of enamel seems to have occurred in B, C, and D.
Without more detailed medical histories, however, the clinical presen-
tations alone are insufficient for a definitive diagnosis of HAS-ECC.

or, as was the case, lacking a cariogenic diet high in refined
sugar (Li et al., 1994). The category captures a variety of enamel
defects as defined by the Federation Dentaire Internationale
(FDI) and Seow and others (Seow, 1991; FDI, 1992). “HAS-
ECC = 17 represents those primary teeth with EHP and a minor
to moderate number of caries lesions. Restorative treatments are
routinely applied, including simple clinical procedures and the
use of non-invasive approaches, such as atraumatic restorative
therapy (Frencken et al, 1996) or the application of silver
diamine fluoride (Llodra et al., 2005; Rosenblatt et al., 2009;
Yee et al., 2009). “HAS-ECC = 2” represents those primary
teeth with EHP and a severe degree of caries as lesions with or
without fractured enamel defects. Treatments for this category
often require surgical procedures. This proposed HAS-ECC
scoring system aims to provide a simple, meaningful, and
straightforward scheme for disease diagnosis as well as for treat-
ment evaluation. Where this system may fall short of being etio-
logically based is that it describes only the clinical presentation
without a relevant medical history or a bacterial profile showing
early or elevated levels of mutans streptococci (MS) or other
bacterial specificity, some of which are likely to come forward
as research on this disease becomes more focused.

Potential Areas of Future Research

In the preparation of this review, a series of questions arose,
some due to a dearth of published data, others because we were
unable to find answers, and some due to our ignorance or asking
the wrong questions. Listed in no particular order, those ques-
tions are as follows:

1. Foremost, what is the true prevalence of HAS-ECC in
children, and how much does the prevalence vary among

Hypoplasia-associated Severe Early Childhood Caries 5

Appendix Figure 3. Multi-dimensional scaling analysis of ECC on vari-
ous tooth surfaces in Arizona children (Psoter et al., 2003; published
with permission of the editor). Left to right indicates time fo eruption,
later to earlier, and posterior to anterior dentitions. Vertically, bottom
to top, partitions smooth surfaces from pit and fissures. Caries status
was derived from 5,169 children aged 5 to 59 mos (Douglass et al.,
20071). Clusters are based on their MDS-determined similarity/dissimi-
larity distances grouped into 4 primary dentition caries patterns: (i)
maxillary incisor surfaces, (i) first molar occlusal surfaces, {iii) second
molar pit and fissure surfaces, and (iv) all other smooth surfaces. We
would place HAS-ECC within group (i), as denoted in the lower right
quadrant of the graph. Symbols used: u/I, upper (maxillary) and lower
(mandibular) dental arches, respectively; 1-5, central incisor, lateral
incisor, canine, first molar, and second molar, respectively; o, occlusal;
m, mesial; d, distal; b, buccal (facial); and |, lingual tooth surfaces.

different populations? This query will become easier to
answer with a clear definition of what it is and its
differentiation from ECC. A National Registry, at least for
children treated in a hospital setting, would be a step in the
right direction.

2. Apparently low prevalence of HAS-ECC exists among
African-American children. While some might argue this
assertion, our informal survey of cases treated in the OR in
New York Bellevue Hospital and Children’s Hospital,
Birmingham, Alabama, found African-American children to
be less affected by EHP. If this is true, is this an issue of
access or genetic/environmental differences? African-
American children are certainly exposed to long-standing
poverty, obesity, and poor nutrition.

3. Why do the mandibular anteriors appear to be less affected
by EHP than maxillary anteriors, even though the upper and
lower dentitions develop concurrently? Is it because of
exposure to saliva, as has been suggested with “nursing
bottle caries?” or is there another explanation?

4. How do antecedents affecting primary dentition carry over or
affect permanent dentition? Are we treating but not
recognizing the effects of EHP in permanent dentition?

5. EHP and fluorosis have a common connection — both result
from arrested or damaged ameloblasts and odontoblasts. As
a corollary query, fluorosed lesions in permanent teeth seem
less vulnerable to caries than EHP-affected teeth. Why?
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