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Abstract
Purpose: Enamel hypoplasia is of interest to both the clinician

and the basic scientist because it may indicate an increased risk
for caries and can contribute to the understanding of enamel de-
velopment. The purpose of this paper is to report the prevalence of
enamel hypoplasia and isolated enamel opacities in a cohort of
healthy, well-nourished children in Iowa.

Methods: The study sample consisted of 698 children exam-
ined at 4-5 years of age. Individual tooth surfaces were scored for
the presence of enamel hypoplasia (EH) and isolated enamel opaci-
ties. Prevalence of EH and isolated opacities were determined by
tooth type and by gender.

Results: Six percent of the children examined had at least one
tooth with EH; 27% had at least one tooth with isolated enamel
opacities. There was no difference in the prevalence of EH between
boys and girls, but significantly more boys than girls had enamel
opacities.

Conclusions: The prevalence of enamel defects in this study
group is comparable to that seen in other studies of normally de-
veloped children except that in this study, the primary tooth types
most commonly affected with enamel hypoplasia or isolated opaci-
ties were mandibular second molars and maxillary second molars,
respectively. (Pediatr Dent 23:32-36, 2001)

Disturbances during tooth development can be mani-
fested as enamel hypoplasias, diffuse or demarcated
enamel opacities or enamel hypomineralization. These

defects can be the result of hereditary factors (as in amelogen-
esis imperfecta and trichodentoosseous syndrome)1,2 or
environmental factors (both pre- and post-natally).3

Enamel hypoplasia (EH) is defined as a deficiency of enamel
formation. This is seen clinically as pits, grooves, or general-
ized lack of surface enamel. Enamel hypoplasia is important
clinically because it can result in increased caries susceptibil-
ity, increased wear, tooth sensitivity and poor esthetics. This
type of enamel defect may also provide valuable clues about
the child’s early environment and may be predictive of similar
disturbances in the permanent dentition.3

The published prevalence of EH in the primary dentition
varies from 2-99% of children examined depending on the
racial, ethnic, nutritional, or socioeconomic status of the child,
birth weight, the type of classification system used, and the
method of examination.4-9 There is a greater prevalence of EH
in children from developing countries,10,12 children with

chronic or acute malnutrition,10,12 and children with very low
birth weight.4 Other factors that are significantly associated
with EH include a history of maternal smoking, lack of prena-
tal care during the first trimester, elevated blood lead levels,
postnatal measles infection and perinatal intubation.4,13-15  In-
terestingly, enamel hypoplasia of primary teeth is more
common in children with cerebral palsy, mental retardation,
or hearing defects.16 This suggests that the systemic disturbances
that interfere with neurological development may also inter-
fere with tooth development.

Distinct from EH, enamel opacities may be white, yellow,
or brown in color with an intact surface, are usually well de-
marcated, and are round to oval in shape.17 Enamel opacities
represent a mild disruption of enamel formation compared to
enamel hypoplasias. They may occur as a result of a develop-
mental disturbance during amelogenesis or because of
mechanical trauma during the maturation phase of enamel
formation.7 Isolated enamel opacities do not usually lead to an
increased risk for caries but can cause significant esthetic chal-
lenges.

The prevalence of non-fluoride opacities in primary teeth
ranges from 1-98% of children studied.5,7,10,18-21  The prevalence
of isolated opacities is lower among Asian children than among
Caucasian or Hispanic children and is more prevalent in mal-
nourished children.

Direct comparisons of the prevalence of EH and isolated
opacities from previous studies are virtually impossible because
of differences in classification methods, examination tech-
niques, epidemiological factors and the manner of reporting
findings. In Table 1, findings from previous studies are sum-
marized and differences in classification systems are noted.

Relatively few studies have examined the prevalence of
enamel defects in the primary dentition of healthy, well-nour-
ished children in the United States.18 The purpose of this paper
is to report the prevalence of isolated enamel opacities and
enamel hypoplasia in the primary dentition of a cohort of chil-
dren in Iowa who have been followed since birth.

Methods
Children included in this study were part of The Iowa Fluo-
ride Study cohort,22-26 which has been followed prospectively
since birth. The mean age at examination for the children was
4.6 years. A total of 698 children (359 females and 339 males)
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were examined for enamel hypoplasias of any type and for iso-
lated opacities at the same time that dental fluorosis and caries
were assessed. Characteristics and prevalence of primary tooth
fluorosis27,28 and cavitated vs. non-cavitated lesions29 in these
subjects have been reported separately.29 Fluorosis and non-
fluoride (isolated) opacities were differentiated using Russell’s
criteria17 and features of the developmental defects of enamel
index (DDE).30 These techniques differentiate between the two
types of lesions based on the shape and demarcation of the le-
sion, the color, area, and teeth affected. Non-fluoride opacities
are most commonly creamy-yellow to brown in color, well
demarcated, and on the smooth surface of the tooth. In con-
trast, fluorosis is more symmetrical and more diffuse, with white
lines or patches that lack well-defined margins.

Examinations were conducted using a portable chair and
exam light by one of two trained and calibrated examiners.
Teeth were evaluated for presence of enamel hypoplasia and
isolated opacities using a mouth mirror and exam light, but
without drying the teeth. Presence or absence of enamel hy-
poplasia and isolated opacities was recorded separately for each
tooth, but the specific locations on the tooth were not noted.
Deficiencies in enamel formation such as pits and linear grooves
were recorded as enamel hypoplasia (Fig 1). Localized opaci-
ties that were white, creamy, yellow, or brownish in color were
scored as isolated opacities (Fig 2).

Interexaminer reliability for hypoplasia and isolated opaci-
ties was assessed by examination of about 10% of subjects by
both examiners throughout data collection, between August
1997 and March 2000. Percent agreement and kappa statis-

tics were computed at the subject and tooth levels. At the per-
son level, there was 100% agreement; at the tooth level, percent
agreement was 92% and kappa was 0.69.

Data were entered using SPSS® Data Entry software and
descriptive statistics were generated and statistical tests con-
ducted using SPSS®31 and SAS.®32 P values less than 0.05 were
considered to be statistically significant.

Results

Study group characteristics

The children in this study were relatively homogeneous in so-
cioeconomic status (SES) and in race, with almost all (98%)
being Caucasian. At the time of recruitment (1992 to 1994),
50% of families had incomes greater than $40,000 per year (US
dollars), 38% had family incomes between $20,000-$40,000
per year, and 12% had incomes less than $20,000 per year.
There were no reports of malnourishment and those children
with birth weights less than 2500g were designated low birth
weight. There were 25 children (4%) who were less than 2500g
at birth. None of the children in the study met the criteria for
very low birth weight (1000g-1500g) and none were classified
as extremely low birth weight (less than 1000g).  No attempt
was made to keep a detailed record of each child’s medical his-
tory from birth until the time of examination.

Enamel hypoplasia

Of the 698 children examined, 44 (6%) had enamel hypopla-
sia on at least one primary tooth, 3% had one tooth affected,
2% had two teeth affected, <1% had three teeth affected, <1%
had 4 teeth affected and only one individual had more than
four affected teeth. The appearance of this individual’s teeth
was consistent with a diagnosis of hypoplastic-type amelogen-
esis imperfecta. The mean number of teeth with enamel
hypoplasia in the entire sample was 0.13. Among those indi-
viduals with any hypoplasia, the mean number was 2.02. There
was no statistically significant difference in prevalence between
males (7%) and females (6%).  Although it would be expected
that enamel hypoplasias due to environmental stress would
occur bilaterally, in just over half of the cases (24 out of 44),
only one tooth was affected. Hypoplastic lesions were just as
likely to occur on the left side as they were on the right side of
the mouth.

Figure 3 shows the percentages of affected teeth by indi-
vidual tooth among those children with at least one hypoplastic
tooth. The primary second molars were the most commonly
affected teeth. EH was found most frequently on the mandibu-
lar primary second molars (teeth ‘K’ and ‘T’), with 30% and
27% of all affected teeth, respectively. The maxillary primary
second molars (teeth ‘A’ and ‘J’) had 18% and 16% affected
teeth, respectively. Primary canines on the left side of the mouth
(teeth ‘H’ and ‘M’) were more likely to have EH than primary
canines on the right side of the mouth (teeth ‘C’ and ‘R’). Six-
teen percent of each of the left primary canines was affected
while 7% of each of the right primary canines had EH. The
mandibular primary incisors were the least likely to be affected
(2% for each tooth).

Isolated opacities

Isolated opacities occurred in 188 (27%) of the subjects. The
majority of these (16%) had only one tooth affected, 5% had
2, 4% had 3, 1% had 4, and 1% had 5 or more affected teeth.
The mean number of teeth with opacities for the entire sample

Fig 1. Maxillary primary dentition with enamel hypoplasia evident on both
second molars.

Fig 2. Creamy white enamel opacities are present on maxillary and
mandibular primary canines.
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was 0.50. Among those individuals with at least one opacity,
the mean number of affected teeth was 1.85. Opacities were
significantly more prevalent in males (31%) than in females
(23%) (P=0.018). Among the subjects with at least one opac-
ity, the tooth type most commonly affected was the maxillary
second primary molar (26% and 20% teeth affected). The next
most frequently affected teeth were the mandibular canines
(17% and 15%). There was a significant difference overall in
the prevalence of any isolated opacities in the maxilla (3%) and
the mandible (2%) (P=0.018).

Figure 4 shows the percentages of teeth with isolated opaci-
ties by individual tooth among the subjects with at least one
opacity. As mentioned previously, the primary second molars
were the most commonly affected teeth, with the most preva-

lent opacity found on the right maxillary primary second mo-
lar (tooth ‘A’). Among children with at least one opacity, 26%
had this tooth affected. Each canine was affected among 12%
to 17% of the subjects, each first molar among 3% to 7% of
subjects, and each lower incisor in less than 1%. The preva-
lence of opacities on each primary maxillary incisor ranged from
6% to 7% among those with at least one opacity.

Family income, maternal education, maternal age

There was no significant difference in the prevalence of either
enamel hypoplasia or isolated enamel opacities by family in-
come or by maternal education. Subjects were divided into five
different categories based on their mothers’ ages at the time of

Fig 3. Graphic representation of the percentage of primary teeth with enamel hypoplasia among those children with
at least one hypoplastic tooth.

•Malnourished, ••Developmental Defects of Enamel Index9, †Simplified Hypoplasia Index 8, ††Not Reported,
‡Modified Developmental Defects of Enamel Index30, ‡‡Based on chart review, ‡‡‡(Al-Alousi et al, 1975)39

Study Group Age (YR) Enamel Enamel Enamel N Index used Reference
Defects (%) Hypoplasia (%) Opacities (%)

Japan 3 ———— 2% >1% 2,733 NR†† Yonezu et al,
19975

Thailand 1 – 4• ———— 23% 9% 344 NR†† Kanchanakamol
et al, 199610

China 3 – 5 24% 22% 2% 1,344 DDE•• Li et al, 199611

Li et al, 199520

USA (Mississippi) 4 – 8  ———— 27% (canines)  ———— 2,686 SHI† Silberman et al,
199134

Pakistan 5 – 8 ———— 35%  (canines) ———— 113 NR†† Lukacs, 199112

Australia Child 9% (normal) ————  ———— 8,411‡‡ mDDE‡ Hall, 198937

57% (premature)

Mexico 5 – 15 ———— 6% ———— 300 DDE•• Goodman et al,
198733

USA 1 – 11 ———— 45%  (canines) ———— 220 NR†† Badger, 198538

USA (California) 3 – 6 33% 21% 12% 300 mDDE‡ Nation et al, 198718

 Saudi Arabia  2 – 6  ———— 15% 12% 390 mDDE‡ Rugg-Gunn et al,
199819

Australia (Aborig-inal) 4.4 +/- 0.8 98% 99% 98% 68 DDE•• Seow et al, 19966

Pascoe & Seow,
199435

Great Britain 6 4% 33% 303 Al-Alousi‡‡‡ Murray & Shaw,
197921

Table 1. Prevalence of Enamel Defects in other Studies
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their birth. Analysis of enamel hypoplasias by maternal age
showed no significant differences among the groups.

Analysis of isolated enamel opacities by maternal age showed
a statistically significant difference among the groups (P=0.043,
chi-square), with the highest occurrence among the children
with the youngest mothers (< 20 years) at 58% vs. 27% for
Group II (20-24 years), 32% for Group III (25-29 years), 23%
for Group IV (30-34 years), and 26% for Group V (>35 years).

Discussion
The data for this paper were obtained as part of a longitudinal
study of children in the Iowa Fluoride Study. The primary ob-
jectives of the study have been to collect information relative
to fluoride exposures and ingestion and to relate these to the
presence and severity of dental fluorosis and caries. Documen-
tation of enamel hypoplasias and enamel opacities was done
to provide a more complete picture of the developmental
enamel defects that occurred in this study group. The sample
is not fully representative of any particular group of individu-
als. It primarily represents children whose parents have chosen
to keep them in the study, and are of relatively high SES.23

Comparisons of findings in this study with those in other simi-
lar studies must be done with caution because of the differences
in populations, environmental influences, and methods of re-
porting. The purpose of this part of the study was to report
the prevalence of enamel hypoplasia and isolated (non-fluoride)
opacities in a cohort of healthy Iowa children.

In the current study, we found the prevalence of enamel
hypoplasia in primary teeth to be 6%. This falls within the
lower end of the range seen in other studies. In previous stud-
ies, the populations with the lowest prevalence of enamel
hypoplasia were from Japan (2%)5 and Mexico (6%).33  In gen-
eral, a higher prevalence of EH was reported among
African-American children,18,34 aboriginal children,6,35 and chil-
dren with chronic malnutrition.10,11 The Iowa study sample had
fewer than 3% non-Caucasians and the children were healthy
and well nourished.  The relatively low prevalence of EH in
the Iowa sample may be partially explained by the exclusion
of teeth with stainless steel crowns. The crowns could have been
placed to treat either caries or enamel hypoplasia. Treatment
effects such as this would result in an overall reduction in the
reported prevalence of hypoplasia.

The percentage of children in this study with enamel opac-
ity on at least one tooth was 27%. In other studies, the
prevalence ranged from less than 1% to 98% of children with
at least one affected tooth. The lowest prevalence was seen in
Asian children5,11and the highest prevalence was in Australian

Aboriginal children.35  The prevalence of enamel opacities in
the Iowa study sample was similar to that seen in a study of
children in Great Britain (33%).21

Of interest is the difference in prevalence of EH and iso-
lated opacities within the same study sample. In most other
studies, EH was more prevalent than isolated opacities. In the
current study, that trend was reversed. One potential explana-
tion is that the examination technique resulted in the
underdetection of teeth with hypoplastic lesions due to prior
treatment with stainless steel crowns (as mentioned above).
Another possibility is that fluoride-related opacities were in-
correctly scored as isolated (non-fluoride) opacities. The
potential for this type of diagnostic error was minimized by
using Russell’s criteria and criteria similar to the DDE index
(described above) to differentiate isolated opacities from fluo-
rosis.  In addition, the designer of the Tooth Surface Index of
Fluorosis (TSIF) index provided extensive training and calibra-
tion of the examiners in the diagnosis of fluorosis.36

Women who gave birth when they were less than 20 years
old were more likely to have children with enamel opacities but
not with enamel hypoplasias. In some cases, young mothers are
more likely to have babies born prematurely or with low birth
weight. There is clear evidence to show that low birth weight
babies (<2500g) are at a greater risk for developing enamel
defects in the primary dentition.4

Defects such as enamel hypoplasia and isolated enamel
opacities occur as a result of disruptions in enamel develop-
ment. A variety of environmental and genetic factors have been
shown to contribute to the formation of these defects, includ-
ing malnourishment, mechanical trauma, racial or ethnic
background, and lack of prenatal care. With continued inves-
tigation of these defects, a better understanding of the process
of enamel development and the factors that interfere with it
will be reached.

Conclusions
1. Among a convenience sample of 698 primarily caucasian

children in Iowa, the prevalence rate for enamel hypopla-
sia was 6% and for isolated enamel opacities was 27%.

2. The primary tooth types most commonly affected with
enamel hypoplasia or isolated opacities were mandibular
second molars (28%) and maxillary second molars (25%),
respectively.

3. Enamel hypoplasia was more common on mandibular ca-
nines (27%) than on maxillary canines (23%); a similar
pattern was present for isolated opacities where mandibu-

Fig 4. Graphic representation of the percentage of primary teeth with isolated enamel opacities among children with
at least one opacity.
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lar canines (32%) were more frequently affected than max-
illary canines (28%).

4. Isolated opacities were more common in males than fe-
males.

The study was supported by NIH grants 2RO1-DE09551, 2P30-
DE10126 and CRC-RR00059
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