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Guatemalan children with anterior linear
enamel hypoplasia (LEH) had a significantly
greater caries experience in posterior dentition
than their peers who did not have anterior
LEH. The findings suggest that the synergistic
mechanism of undernutrition and infection,
w;hich may underlie the occurrence of anterior
LEH, may also predispose clinically normal
appearing deciduous molars to an excessive
caries attack equal to that observed in the
grossly hypoplastic anterior teeth. The nutri-
tional implications merit further investigation.

Linear enarrmel hypoplasia (LEH) of the de-
ciduous maxillary incisors is commonly ob-
served in undernourished children throughout
the wvorld.1' The lesion is very rarely observed
in the posterior dentition. Clinically, the lesion
is characterized by a horizontal groove most
frequently found on the labial surface of the
middle third of the maxillary central incisors
and on the incisal third of the maxillary lat-
eral incisors. Although the etiology of this
enamel defect is undetermined, factors associ-
ated with the synergistic mechanisms of under-
nutrition and infection5,6 common to popula-
tions where the lesion is prevalent may be con-
tributing factors.7-9 In children living in com-
munities where caries prevalence is relatively
high, the eruption of these defective teeth into
the oral cavity is usually followed by a highly
invasive caries attack. The teeth often become
reduced to blackened stumps and chronic peri-
apical abscess follows.3,4'8 Since a high caries
attack in the posterior dentition of Apache In-
dian children with anterior LEH had been ob-
-viously previouslylO and Russell1' and Russell

Received for publication April 21, 1975.
Accepted for publication June 11, 1976.
* Present address: Biometry Section, Division of

-Surveillance, Hazard Evaluations and Field Studies,
National Institute for Occupational Safety and Health,
Cincinnati, Ohio 45202.

et al'2 had observed entire crowns of decidu-
ous molars destroyed proximate to cariesfree
first permanent molars in children of other
malnourished populations, the data presented
here were analyzed to determine the relation
of anterior LEH to caries experience in the
deciduous molars of Guatemalan children two
through seven years of age.

Materials and Methods

Using field methodology for caries detec-
tion as described previously,13 oral examina-
tions were conducted in four rural Guatemalan
Ladino villages located in the Department of
El Progreso. Anterior teeth were scrubbed with
a gauze sponge to facilitate detection of the
lesions. All dental examinations were con-
ducted by one examiner. Calibration pro-
cedures for caries and enamel hypoplasia clas-
sification were conducted before the field
portion of the study. For enamel hypoplasia
status, children were categorized as reported
previously.7 For the first analysis, children
categorized as questionable as to whether they
had LEH were combined with children iden-
tified as not having LEH, and children in whom
LEH was not possible to determine were com-
bined. Thus, three groups remained for analy-
sis: 113 children with LEH, 246 without LEH,
and 29 in whom LEH was not possible to de-
termine because caries was either too extensive
or because the maxillary incisors had been ex-
foliated. Since LEH obviously cointributed to
the high caries attack rate in the anterior teeth
of these children, it was decided to determine
the extent to which caries experience in the
posterior teeth (teeth that rarely manifest
LEH) might be related to the presence or
absence of LEH in the anterior teeth. Thus,
mean numbers of decayed deciduous molar
teeth and tooth surfaces as well as percentages
of children in whom all eight deciduous molars
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TABLE 1

MEAN TOTAL NUMBERS OF CARIOUS DECIDUOUS MOLAR TEETH AND SURFACES IN CHILDREN
BY LINEAR HYPOPLASIA STATUS AND AGE, BOYS AND GIRLS COMBINED,

GUATEMALA, 1973

Children With Children Without N.P.D.* Because of
Age Anterior Hypoplasia Anterior Hypoplasia Caries or Exfoliation
Group Mean Decayed Molars Mean Decayed Molars Mean Decayed Molars
(Yr) N (Teeth) (Surfaces) N (Teeth) (Surfaces) N (Teeth) (Surfaces)

2 33 1.03 1.33 53 0.28 0.36 0
3 16 2.88 3.88 65 1.06 1.29 7 5.29 8.14
4 24 3.88 5.75 42 1.69 2.12 8 5.00 9.25
5 19 5.74 12.32 48 2.15 3.08 4 4.25 6.75
6 21 5.05 10.67 38 3.16 5.53 10 6.50 12.50

* N.P.D., Not possible to determine linear hypoplasia status.

were cariesfree were computed for children
with versus those without anterior LEH.

Results

As given in Table 1, children with anterior
LEH had mean numbers of decayed deciduous
molar teeth and tooth surfaces that were about
two to four times greater than the means in
children without anterior LEH. The percent-
ages of children with one or more decayed de-
ciduous molars were then computed for chil-
dren positively identified as having anterior
LEH and for children of all other categories
combined. These data are given in Table 2.
For each one-year age group comparison, the
percentages of children in whom all of the de-
ciduous molars were cariesfree were consist-
ently lower in the group with anterior LEH
versus all other children. With all age groups

combined, 31% of the children with anterior
LEH had one or more decayed deciduous mo-
lars as compared with 48% in the group of all
other children. These differences were highly
significant (P <0.01) by Chi-square testing
(X2 9.48; df 1). If the 25 children with
extensive decay of the maxillary incisors had
not been included with "all other children," the
differences would have been much greater.

The caries experience in these preschool
Guatemalan children was previously reported
to be about twice that reported for US white
children.13 A large portion of this increased
rate of caries attack was attributed to a greater
involvement of caries in the hypoplastic areas

of the anterior teeth. However, it was decided
to estimate the contribution of factors associ-
ated with anterior LEH that might be related
to caries involvement in the posterior teeth

3LE 2

PERCENTAGE OF CHILDREN WITH CARIESFREE DECIDUOUS MOLARS BY ANTERIOR LINEAR
HYPOPLASIA STATUS AND AGE, BOYS AND GIRLS COMBINED,

GUATEMALA, 1973

Children With Anterior
Linear Hypoplasia All Other Children*

Number With Number With
Age Cariesfree Percent Cariesfree Percent

Group N Molars Cariesfree N Molars Cariesfree

2 33 24 72.7 53 44 83.0
3 16 4 25.0 72 40 55.6
4 24 5 20.8 50 15 30.0
5 19 1 5.3 52 21 40.4
6 21 1 4.8 48 12 25.0

All Ages 113 35 31.0 275 132 48.0

* All other children includes those positively identified as not having hypoplasia, plus 29 children in whorm
hypoplasia could not be determiend because of excessive crown destruction or exfoliation.
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FIG Mean number of decayed deciduous molar teeth in Guatamalan children with and
without anterior LEH, 1973, and in the US white children, 1969-1970.

Thus, means for decayed molar teeth and
tooth surfaces in the Guatemalan children
were compared with similar data for US white
children who were examined during the Na-
tional Preschool Nutritional Survey of 1969-
1970. Children in both countries were exam-

ined by the same dentist, who used similar cri-
teria for assessment of def molar teeth. Data
for caries experience in the deciduous molars
of Guatemalan children without anterior LEH
and for US children are given in Table 3. Simi-
lar data for Guatemalan children positively
identified with anterior LEH are given in
Table 1. All of these data are shown graphic-
ally in the illustration. The illustration shows
that the Guatemalan children with anterior
LEH had about twice the mean number of de-
cayed deciduous molars compared with their
peers without hypoplasia and also compared to

US white children. Guatemalan children with-
out LEH experienced caries in the deciduous
molars similar to US white children. The find-
ings given in Table 3 show that the age-stand-
ardized number of decayed deciduous molar
teeth in the US children was 1.52 versus 1.43
in the Guatemalan children.

Since significant differences in the total
number of deft by sex in the entire study popu-

lation were observed as reported previously,'3
data were analyzed by sex for children with and
without anterior LEH. In children without an-

terior LEH, caries experience in the deciduous
molars was virtually identical in both sexes. In
the anterior teeth, however, boys had an aver-

age of about 0.4 and 0.6 additional decayed
teeth and tooth surfaces, respectively. These
data are given in Table 4.

In children with LEH, with data for all
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TABLE 3

MEAN NUMBERS OF DECAYED DECIDUOUS MOLARS IN GUATEMALAN CHILDREN
WITHOUT ANTERIOR LINEAR ENAMEL HYPOPLASIA AS COMPARED TO

UNITED STATES WHITE CHILDREN*

Guatemalan Children
Without Hypoplasia U.S. White Children

Age Mean Decayed Mean Decayed
Group Mean Deciduous Molars Mean Deciduous Molars
(Yrs) Age N (Teeth) Age N (Teeth)

2 2.52 53 0.28 2.50 186 0.18
3 3.46 65 1.06 3.54 200 1.15
4 4.48 42 1.69 4.52 207 1.81
5 5.54 48 2.15 5.48 205 2.88
6 6.43 38 3.16 -

All Ages 4.30 246 1.54 4.05 798 1.54
Age-Std. 4.00 246 1.43 4.00 798 1.52

Age-Std., Age standardized to 4.00 years.
* Data source for US white children, National Preschool Nutritional Survey, 1969-70.

ages combined, boys had an average of 0.8 and
2.0 additional decayed molar teeth and tooth
surfaces, respectively. These data are given in
Table 5. Boys also had an average of 0.6 and
1.0 additional decayed anterior teeth and tooth
surfaces, respectively. Thus, for comparisons by

sex in children with LEH, boys had a slightly
greater caries attack in both the anterior and
posterior teeth. In children without LEH, boys
had a slightly greater caries attack in the ante-
rior teeth only.

As given at the bottom of Table 5, chil-
dren with anterior LEH had a mean of 2.95
and 3.43 anterior and posterior decayed teeth.
respectively. Children without LEH (Table 4)
had means of 1.26 and 1.54 for similar teeth.
Thus, children with anterior LEH experienced
2.34 and 2.23 times greater caries attack in an-
terior and posterior teeth, respectively. These
findings suggest that children with anterior
LEH may have an increased caries suscepti-
bility in the posterior teeth equal to that experi-

TABLE 4

MEAN NUMBERS OF DECAYED DECIDUOUS ANTERIOR AND POSTERIOR TEETH AND TOOTH
SURFACES IN CHILDREN WITHOUT ANTERIOR HYPOPLASIA BY SEX,

GUATAMALA, 1973

Age Anterior Segment Posterior Segment
Group Mean Mean Mean Mean Mean
(Yrs) Age N deft defs deft defs

BOYS
2 2.50 25 0.52 0.72 0.24 0.32
3 3.48 29 1.10 1.31 1.10 1.21
4 4.53 26 1.58 2.00 1.50 1.92
5 5.51 18 2.28 2.78 2.39 3.33
6 6.45 21 2.14 2.81 3.05 5.67

All Ages 4.34 119 1.45 1.82 1.52 2.29
GIRLS

2 2.54 28 0.46 0.54 0.32 0.39
3 3.45 36 0.92 0.97 1.11 1.36
4 4.50 16 1.50 1.88 2.00 2.44
5 5.55 30 1.73 2.00 2.00 2.93
6 6.41 17 0.94 1.06 3.29 5.35

All Ages 4.26 127 1.09 1.24 1.55 2.19
BOYS AND GIRLS COMBINED

All Ages 4.30 246 1.26 1.52 1.54 2.24
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TABLE 5

MEAN NUMBERS OF DECAYED DECIDUOUS ANTERIOR AND POSTERIOR TEETH AND TOOTH
SURFACES IN CHILDREN WITH ANTERIOR HYPOPLASIA BY SEX, AGES COMBINED,

GUATEMALA, 1973

Mean Anterior Segment Posterior Segment
Sex Age Mean Mean Mean Mean
Group (Yr) N deft defs deft defs

Boys 4.28 56 3.23 4.93 3.84 7.16
Girls 4.29 57 2.68 3.98 3.03 5.28
Both Sexes 4.29 113 2.95 4.45 3.43 6.21

enced in the arossly hvpoplastic anterior teeth.

Discussion

Children with anterior LEH would be ex-
pected to have a greater caries experience in
the maxillary anterior teeth.3A4'8 A significantly
greater caries experience in the posterior teeth
of children with anterior LEH, however, has
not been reported previously. Since deciduous
molars rarely manifest linear hypoplasia, the
mechanisms that result in a greater caries ex-
perience for these teeth are not known. Some
children without anterior LEH had linear
hypocalcified lines that corresponded to the
areas in the maxillary incisors where linear
hypoplasia is usually observed. In these cases,
there was no observable discontinuity in the
normal contour of the enamel surface. Per-
haps the posterior teeth of children with an-
terior LEH are affected similarly, resulting in
hypocalcification or hypomaturation in areas of
these teeth that are not readily apparent by
clinical obselvation. Although there is consid-
erable variation in children in terms of the rela-
tive timing of enamel calcification of individual
teeth, the molars probably have completed
little more than cusp formation at the time
hypoplasia develops in the anterior teeth.
These observations suggest that enamel laid
down in both the anterior and posterior teeth
subsequent to ameloblastic dysfunction in the
anterior teeth may be more susceptible to de-
calcification. Clinically, the progression of an-
terior caries from the hypoplastic defect is usu-
ally toward the cervical area of the tooth, the
crown portion developed subsequent to the
formation of hypoplasia.

To date, it has usually been assumed that
the progression of caries to the cervical area
of the tooth was the rcsult of a greater accumu-
lation of plaque as compared to the more in-
cisal portion of the crown. However, teeth have

not been analyzed to determine the hypocalci-
fication status for the portions of the crown
that develop both before and subsequent to the
lhypoplastic defect. Likewise, salivary glandu-
lar development or dysfunction in children
with LEH also has not been studied and might
merit further investigation.

For children with LEH, Table 1 shows
that 6-year olds had fewer mean numbers of def
molar teeth and surfaces than 5-year-old chil-
dren. Caries superimposed over the hypoplastic
lesions becomes more extensive with advancing
age. Thus, eliminating from the hypoplasia
category a greater number of children who had
decav in the maxillary incisors, to the extent
that hypoplasia was not possible to determine
(NPD), probably resulted in the ascertainment
of a lower caries experience in the deciduous
molars than was actually the case. Variability
resulting from the small numbers at each age
interval also may have resulted in the reversal
for 6-year olds.

Although other associations with LEH
might bear investigation, LEH has been re-
ported only in children of undernourished
populations, and hence it is not unreasonable
to assume a nutritional association. In a study
of children recovering from third-degree mal-
nutrition, Sweeney, Saffirfi and de Leon4 re-
ported that 73% had anterior LEH. Sweeney
et al6 reported a significantly greater prevalence
among Guatenmalan children with infection
during the first 35 days of postnatal develop-
ment. The hypoplasia also has been observed
among Apache Indian children8 who made up
a population in which acute diarrheal disease
was common.9 Thus, acute diarrheal disease
and its relation to nutritional status would seem
to merit further investigations as a factor pre-
disposing children of undernourished popula-
tions to a significantly greater caries attack rate.

The findings of this study suggest that the
synergistic mechanisms of undernutrition and
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infection, wlhich are thought to be responsible
for the occurrence of LEH in the anterior
teeth, also may predispose clinically normal
appearing deciduous molars to a significantly
greater caries attack rate. Increased caries sus-
ceptibility of the deciduous molars in children
with LEH seems to be as great as that observed
in the anterior teeth. The caries experience in
the molars of children without anterior LEH
seems to be similar to that reported for U.S.
white children.

As an alternate hypothesis, one might sug-
gest that hypoplastic anterior teeth may facili-
tate the establishment of cariogenic bacteria in
the entire mouth. However, this hypothesis
seems more unlikely in view of observations
indicating that the caries attack in first per-
manent molars was the same as that observed
in U.S. white children.13

Conclusions

A study of anterior LEH in relation to
dental caries experience in the deciduous den-
tition of rural Guatemalan children two
through seven years of age indicated that chil-
dren with anterior LEH had greater mean
numbers of decayed deciduous molars than
children without anterior LEH for each one-
year age group comparison.

The percentage of children with cariesfree
deciduous molars was significantly lower in the
group with anterior LEH versus the group
without LEH.

In children without anterior LEH, caries
in the deciduous molars was about the same
as in US white preschool children.

In comparison to children without an-
terior LEH, children with LEH had a percent-
age increase in caries experience in the pos-
terior dentition that was similar to the per-
centage increase in the anterior dentition. This
finding suggests that the synergistic mecha-
nisms of undernutrition and infection, which
may underlie the occurrence of anterior LEH,
also may predispose clinically normal appear-
ing posterior teeth to an excessive caries attack
equal to that observed in the grossly hypoplastic
anterior teeth.
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