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Enamel Defects in the Complete Primary Dentition of Children Born at Term and Preterm
Liliana Aparecida Mendonça Vespoli Takaoka, DDs, MSc' • Ana Lucia Goulart, MD, MSc, PhD^ • Benjamin Israel Kopelman, MD, MSc,
Rosa Maria Eid Weiler, DDs, PhD"

Abstract: Purpose: This study's purpose vi/as to compare the frequency of enamel defects (ED) in the complete primary dentition (CDD) of term chil-

dren (TC) and preterm children (PTC) and to analyze neonatal factors associated with ED in PTC. Methods: The study group was formed by 45

PTC, cared for at the Follow-up Clinic for Preterm Children of the Federal University of Sao Paulo, BraziL The control group included 46 school-

children born at term. Results: ED was more frequent in PTC (87%) than in TC (44%: P<.05). All 34 PTC with trachéal intubation at birth presented ED,

showing a strong association between both. The variable was not included in the regression model. To analyze neonatal factors associated with ED in

PTC, a model of logistic regression was adjusted. Malnutrition at term-corrected age increased the risk of ED in PTC 7.8 times. Opacity (white/cream)

and hypoplasia (missing enamel) were frequent types of ED in this series. PTC and TC presented with high ED frequencies. Conclusions: The frequen-

cies of enamel defects were elevated in term and preterm children, but were higher in the latter. Trachéal intubation was strongly associated with

enamel defects, and extrauterine growth restriction significantly increased the risk for enamel defects in preterm children. (Pediatr Dent 2011:33:171-6)
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Preterm births (oecurring prior to the 37* week of gestation)
are increasing around the world, and approximately 13%
of US births are preterm. The ineidenee of most short-term
major medieal eomplications associated with prematurity has
remained relatively stable, but advances in perinatal medicine
in the last 2 deeades has increased survival after very preterm
birth. The increasing number of preterm births, along with
the reduction in mortality, is resulting in more children who
graduate from intensive eare units, requiring follow-up care
in speeialized elinics.''^

Very low birthweight (<1.5 Kg), espeeially extreme low
birthweight (<1.0 Kg, is highly assoeiated with: respiratory
distress; cardiac disease (patent duetus arteriosus); sepsis; ne-
crotizing enterocolitis; metabolic disorders sueh as hiper-
bilirrubinemia; hypoglycemia; hypocalcemia; metabolic bone
disease; and nutritional and neurologieal disorders.^ Sueh
conditions have been associated wirh defects of dental ena-
mel (DDE) in the primary dentition. DDE can also be the
response of developing teeth affected by loeal traumas in
the tooth buds caused by the laryngoscope blade during
trachéal intubation, frequently neeessary in preterm newborns
with perinatal asphyxia or respiratory distress. In humans.
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dental calcification starts at the 15''' week of inrrauterine life
and is completed only a few months after birth. Disorders
that compromise preterm newborns oecur in this period
and can atfeet dental enamel development.'

Preterm children (PTC) are partieularly susceptible to
developing DDE resulting from multifaetorial causes, and
it is well established that DDE are especially associated with
low birthweight PTC and children submitted to orotracheal
intubation and/or laryngoseopy."*

The preterm dentition was first studied by Stein in 1947,'
who observed enamel hypoplasia in 25% of PTC. Crahnén et
al. (1974)"̂  observed DDE in 21% of PTC and 2% of term
children (TC). More recently, Seow et al. (1984)^ reported
DDE in 100% of PTC with neonatal riekets; Rugg-Cunn
et al. (1998)' reported it in 56% of poorly nourished ehil-
dren vs 43% in the general population; and Aine et al.,
(2000)' registered DDE in the complete primary dentition
of 78% of PTC and 20% ofTC.

DDE have been demonstrated as a predisposing factor
for a higher prevalence of caries,''•^ because hypoplasic and
hypocalcified teeth have higher porosity and can increase
the dental plaque retention. Therefore, dental caries ean be
more frequent in PTC vs TC, and carious disease ean develop
faster and cause a more severe destruction of the compromised
teeth ih PTC"' ' '" This highlights the importance of deter-
mining the earies risk in these patients in order to plan per-
sonal preventive aetions.

The aim of this study was to analyze the frequencies of
defeets of dental enamel and caries in the eomplete primary
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dentition of PTC cared for in neonatal intensive care units
in recent years vs the frequencies in TC and to evaluate pe-
rinatal factors possibly associated with DDE in PTC.

Methods
This study was conducted between June 6, 2005 and March
30, 2007 and included 45 PTC and 46 TC with complete
primary dentition. The Research Ethics Committee of the
Federal University of Sao Paulo, Sao Paulo, Brazil, approved
the study, and parents/guardians signed written consents.

PTC (gestational age <37 weeks)" with birth weights
less than 2 Kg were invited to participate in the study at the
Follow-up Clinic for Preterm Children of the Federal Uni-
versity of̂  Sao Paulo. TC (gestational age between 37 weeks
and 41 weeks and 6 days)'^ with birth weights greater than
2 Kg were invited to participate in the study at the Children
Education School of the Federal University of Sao Paulo.

Exclusion criteria included major congenital anomalies,
genetic syndromes, symptomatic congenital infection at birth,
and cerebral palsy with deglutition disorder.

PTC data were collected from the records available at the
follow-up clinic and confirmed and completed with inform-
ation of birth from the files of the respective hospitals of
birth. Control group data were collected from the children's
discharge record.

For both groups, the mothers' data included: age: marital
status: number of pregnancies and deliveries: prenatal evalua-
tion: number of prenatal appointments: and type of delivery.
Newborns' data included: gender: gestational age: weight:
length and head circumference at birth: Apgar scores'^ at the
first and fifth minute: and classification by weight for gesta-
tional age." According to the World Health Organization,
children were classified as small for gestational age (SGA)
when birth weights were less than the 10* percentile and ap-
propriate for gestational age (AGA) when birth weights were
between the 10* and 90* percentile of the intrauterine growth
curve.'' Children classified as small for gestational age can have
intrauterine malnutrition or intrauterine growth restriction.

For the PTC group, the following clinic-obstetric out-
comes of the mothers were analyzed (chronic arterial hyper-
tension, pregnancy-related hypertensive disease, premature
rupture of membranes, urinary tract infection, and chronic
fetal distress). Laboratory and clinical data collected only
for PTC included: level of indirect bilirubin (considering

Table 1. DATA FROM MOTHERS OF PRETERM AND TERM
NEWBORNS

Variables

Age (ys) (mean)

Married N (%)

Prenatal N (%)

Prenatal appointments (median)

No. of pregnancies (median)

No. of deliveries (median)

Cesarean section N (%)

* Student's t test. t Fishet's exact test.

Preterm
(N= 45)

29.5±6.8

37 (82)

41 (91)

4(0-11)

4(0-11)

1 (1-7)
38 (84)

Term
(N=46)

32.0±4.8

45 (98)

46 (100)

6(3-12)

6(3-12)

2 (1-3)

27 (59)

X Mann-Whitney test.

P-value

.043"

>i.oot
<.06t

.0011:

<.61t

>.01t
.Olt

>10 mg/dL for diagnosis of pathological jaundice): sepsis
characterized by the presence of at least 1 of the signs and
symptoms (fever, hypothermia, apnea, and/or bradycardia)
without any other apparent cause for infection and inde-
pendent from positive culture: need for and duration of in-
termittent mechanical ventilation through orotracheal tube:
and bone metabolic disease identified by serum levels of phos-
phorus (<5.7 mg/dL or alkaline phosphatase >900 UI/L).'"*

Children were classified as small for term postconceptual
age (SGA-term) when their weights between 37 weeks and
41 weeks and 6 days of corrected age were less than the 10'''
percentile of the intrauterine growth curve." The corrected
age is the gestational age at birth added to the days of post-
natal life.

The dental examination was conducted by the same
examiner in a dental office. After bacterial plaque control (bio-
film), the patients received orientation on oral health tech-
niques. Teeth were professionally cleaned with a low rotation
tool and prophylactic paste, Robinson brush, and rubber cup.
Biofilm and extrinsic stains masking dental changes or lesions
were removed with periodontal curettes. Enamel surfaces were
evaluated by using a magnifying glass and optimal placement
of the light focus. Every tooth was dried with a threefold sy-
ringe air jet and individually examined using an intraoral
hand mirror. The probe was not used. All children received
topical fiuoride application, and the excess solution was
removed with dry gauze. Each child had all the surfaces
(labial, lingual, buccal, mesial, distal, and occlusal) of the 20
primary teeth examined. The decayed, missing, and filled
teeth index (DMFT) was used to estimate the prevalence of
caries in primary teeth, and the evaluation included initial
carious lesions (active white spots)."

DDE were registered according to the protocol of the
Defects of Dental Enamel Index proposed by the Com-
mission on Oral Health, Research and Epidemology of the

Table 2. DATA AT BIRTH OF PRETERM AND TERM CHILDREN

Variables

Female N (%)

Gestacional age
(wks) (mean)

Weight (g) (mean)

Length (cm) (mean)

Head circunference
(cm) (mean)

Apgar first minute
(median)

Apgar first minute <7
N (%)

Apgar fifth minute
(median)

Apgar fifth minute <7
N (%)

Small for gestational age
N (%)

Preterm
(N=45)

25 (56)

31.0±2.8

1365.0±368.4

38.1 ±3.4

27.8±2.4

7 (1-9)

18 (40)

9(4-10)

3(7)

28 (62)

Term
(N=46)

23 (50)

38.8±1.2

3287.9±415.6

48.6±2.1

34.5±1.2

9(2-10)

3(7)

9.5(7-10)

0(0)

1(2)

P-value

<.6O'

<.ooit

<.ooit

<.ooit

<.ooit

<.O0U

<.oor

<.001t

<.12§

<.001§

* Chi-squate. t Student's í test. t Mann-Whitney test. § Fisher's exact test.
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working Croup of Finland and New Zealand,"" in-
eluding type, location, surfaces, number, and de-
mareation of the defects.

Sample size was estimated at 42 children in eaeh
group, considering an 80% power to deteet a differ-
ence of 0.30 between the null hypothesis, in which
the DDE ratio in both groups was 0.60 vs the alter-
native hypothesis in whieh ratios in TC were 0.30,
using a 2-sided chi-square test with a significance
level of 0.05.

The groups were compared using ehi-square or
Fisher tests for categorical and student t or Mann-
Whitney tests for eontinuous variables. To analyze the
factors associated with DDE in PTC, a multivariate
analyses was conducted and the odds ratio and 95%
confidence intervals were ealculated using the exact
binominal method. The neonatal and maternal vari-
ables that presented a /"-value lower than 10% in
the bivariate binomial analysis were seleeted for the
multivariate model.

Results
Mothers' data were similar (Table 1) in relation to
marital status, prenatal follow-up, and number of
pregnancies in both groups. TC mothers, however,
were significantly older (/'>.O4) and had a higher
number of deliveries (P>,0\), PTC mothers had a
smaller number of prenatal appointments (/'=.OO1)
and a higher frequency of Cesarean sections (/'=.O1).

The most frequent obstetric disease for PTC mo-
thers was the premature rupture of membranes (38%), fol-
lowed by pregnancy-related hypertensive disease (22%), uri-
nary traet infections (18%), chronic fetal distress (13%),
and chronic arterial hypertension (9%).

At birth (Table 2), the groups were similar only in rela-
tion to gender (/'<.6O). As expected, term newborns pre-
sented significantly higher values of gestational age, weight,
length, and head eireumference at birth. Median Apgar
scores at the first and fifth minutes were also higher for TC
(P<.001). Term newborns were more frequently ACA, while
preterm newborns were more frequently SCA (P<.001).

The age at evaluation was different (/'=.OO1) between
PTC (3.1 ±0.8 years) and TC (3.7±0.8 years). DDE were
significantly more frequent {P<,QQ\) in PTC (87%) than
in TC {AA%), Caries were more prevalent in PTC (-33%)
than in TC (-17%), but the difference was not significant
{P<,U),

In the TC group, there were no differences at all be-
tween ehildren with and without DDE according to all ana-
lyzed variables, except for a higher frequency of DDE
in boys (65%) than girls (38%).

PTC with and without DDE (Table 3) showed no dif-
ference in relation to gestational age, weight, length, and
head circumference at birth. At SCA-term, however, the
weight values were significantly lower (/'<.O3) and the
frequency of SCA-term was higher (P<.04) in the PTC
group with DDE. All children with trachéal intubation
in the neonatal period presented DDE and approximately

DATA AT BIRTH AND AT TERM POSTCONCEPTUAL AGE OF PRETERM

CHILDREN DISTRIBUTED ACCORDING TO THE PRESENCE OF ENAMEL

DEFECTS

Variables

Gestational age '
(wks) (median) '

Birthweight
(g) (median)

Length at birth
(cm) (median)

Head circumference
(cm) (median) '

Small for gestational age

IN ^ /Q)

Term postconceptual age
(wks) (median)

Weight at term postcon-
ceptual age (g) (hiedian)

Length at term postcon-
ceptual age (cm) (median)

Head circumference at
term postconceptual age
(cm) (median)

Small at term post-
conceptual age N (%)

Enamel defects

Yes (N=39)

30.9
(25.4-36.9)

1,260.0
(620.0-1,910.0)

38.0
(30.0-45.0)

27.5
(22.5-35.0)

24 (62)

39.3
(37.6-41.3)

2,340.0
(1,115.0-4,240.0)

45.0
(34.0-55.0)

34.0
(21.0-39.0)

31 (80)

No (N=6)

32.1
(31.1-35.6)

1,645.0
(1,350.0-1,785.0)

40.0
(37.5-41.5)

29.0
(28.5-30.0)

4(67)

39.0
(38.0-40.9)

3,142.0
(2,060.0-3,335.0)

49.0
(43.0-58.0)

35.0
(33.0-37.0)

2(33)

/•-value

<.O8'

<. i r

>.O9'

<.O5*

>i.oot

>.68'

<.O3'

>.O5"

<1.00*

<.04t

* Mann-Whitney test. f Fishers exact test.

DISTRIBUTION [%) OF LOCATION OF ENAMEL DEFECTS IN

THE TEETH OF PRETERM CHILDREN (PTC) AND TERM

CHILDREN (TC)

Teeth

A

F

Ó

P

D

G

N

Q
C

H

M

R

B

I

L

S
A

J
K

T

Incisai

PTC

58*

0

4

9

38t
76-

0

0

4

5
4

2

0

0

0

0

0

0

0

0

half

TC

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Gingival and
incisai

PTC

11

13t
9
4

13

7

4

0

11

18'

13t
7

0

0

0

0

0

0

0

0

lialves

TC

2

2

4

4

0

0

0

0

6

6

6

6

0

0

0

0

0

0

0

0

Occlusal

PTC

0

0

0

0

0

0

0

0

0

0

0

0

7
9tt
4

7

7

7
18*

9tt

TC

0

0

0

0

0

0

0

0

0

0

0

0

4

2

0

0

11

9
2

l i t

Cuspal

PTC

0

0

0

0

0

0

0

0

0

0

0

0

9

13'

ut
4

16-

9

7
l i t

TC

0

0

0

0

0

0

0

0

0

0

0

0

0

4

4

4

6

6

6

9

'P<.02. tt/'<.05.
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87% of PTC had DDE. The children without enamel
defects had not undergone orotracheal intubation in the
neonatal period.

Variables included in the logistic regression model were
maternal age, gestational age, and classification by weight at
the postconceptual age of term. The variable intubation
could not be included in the model since the association was
100%. Logistic regression analysis evidenced that the only
variable independently associated with DDE was SGA-term.
The chance of developing DDE was 7.8 times higher in in-
fants classified as SGA-term vs well-nourished infants iP>,05;
95% confidence interval=1.198, 50.127).

DDE evaluated according to location, surfaces, type,
number, and demarcation are presented in Tables 4 to 7. Ac-
cording to Table 4, the location of defects in PTG was more
frequent in the incisai half of the maxillary left central incisor
(76%) and maxillary right central incisor (58%). These chil-
dren also presented significantly higher frequencies of defects
in the gingival and incisai halves of the maxillary right lateral

DISTRIBUTION (%) OF ENAMEL DEFECTS ON TEETH SURFACES 0

PRETERM CHILDREN (PTC) AND TERM CHILDREN (TC)

incisor (PTG=13%; TG=O%; P>.0\) and in the occlusal of the
mandibular left second molar (PTG=18%; TG=2%; P<.02),

DDE in the labial and buccal surfaces (Table 5) of the
4 maxillary incisors were much more frequent in the PTG
group. Goncerning types of defects. Table 6 shows that white/
cream opacities in PTG were more frequent than in TG in
all maxillary incisors. The same was observed with yellow/
brown opacities, but the differences were not significant. The
frequencies of hypoplasia characterized as pits or missing
enamel in the maxillary incisors were significantly higher in
the PTG group, except for pits in the maxillary left lateral
incisor. The frequencies of horizontal grooves were similar
in both groups, and no other type of defect was found in
this study.

Table 7 shows that single DDE were significantly more
frequent in all maxillary incisors and mandibular right
central incisors of PTG, while the frequency of multiple de-
fects was higher only in maxillary right central incisors. The
frequencies of diffuse defects characterized as patchy and fine

white lines were higher in all maxillary incisors
and in maxillary right second molars (22% vs
6%, P<.04) in the PTG group.

Teeth

E

F

O

P

D

G

N

Q

Facial

PTC

64-

80'

13

9

38'

69'

4

4

TC

2

2

4

4

2

0

0

0

Lingual

PTC

0

0

9

7

0

0

0

0

TC

0

0

2

2

0

0

0

0

Buccal

PTC

18t

27t

0

0

13§

1811

0

0

TC

2

2

0

0

0

0

0

0

Mesial

PTC

4

7

2

2

4

7

0

0

TC

0

0

2

0

0

0

0

0

Distal

PTC

4

9

24

0

2

4

0

0

TC

0

0

0

0

0

0

0

0

*P<.00\. ||/>=.OO3.

Table 6

Teeth

E

F

O

P

D

G

N

Q

DISTRIBUTION {%} OF TYPES OF ENAMEL DEFECTS IN TEETH OF

PRETERM CHILDREN (PTC) AND TERM CHILDREN (TC)

Opacities

White/
cream

PTC

24'

33t

4

4

13

22t

2

2

TC

2

0

0

0

0

0

0

0

Yellow/
brown

PTC

2

9

2

4

9

0

0

0

TC

0

0

0

0

0

0

0

0

Pits

PTC

l i t

24t

-

-

9

24t

0

0

TC

0

0

0

0

0

0

0

2

Hypoplasia

Horizontal
grooves

PTC

7

7

0

0

4

4

0

0

TC

0

0

0

0

0

0

0

0

Missing
enamel

TPC TC

20§

33t

0

2

24-

29t

4

2

0

0

0

0

2

2

0

0

fP<.ÛOl. tP<.Oi. §/'=.OOl.

Discussion
Our findings have confirmed the higher prevalence
of DDE in the primary dentition of PTG (87%) vs
TG (44%), as reported in other studies.''"'̂  Our fre-
quencies, however, were greater than those reported
by Seow et al.̂  (62% for PTG; 13% for TG), but
ratified those reported by Eearne et al.'^ and Aine
et al.'̂  (PTG=77% and 78% and TG=37% and
20%, respectively).

The major progress of perinatal care in the
last 20 years has fostered the survival of more and
more premature children with low birthweight pre-
senting severe neonatal complications, including:
metabolic disorders (hypoglycemia, hypocalcaemia,
hypophosphatemia, and hyponatremia); respiratory
distress; sepsis; and neurological disorders.''^ All these
conditions may interfere with odontogenesis. Thus,
with improvements in neonatal care and survival of
severely preterm newborns, an increase in the pre-
valence of DDE should be expected, since teeth are
true biologic chemographs," and alterations caused
by neonatal diseases will persist in the primary den-
tition. Moreover, the higher frequencies observed
in our study can be justified by the clinical exami-
nation carried out in a dental office with ideal
conditions and by only 1 examiner. Most studies
evaluating DDE in PTG were performed under
natural light using a dental mirror and explorer
and after drying the surfaces only with gauze.̂ "

DDE cause greater retention of biofilm and
higher adherence of Streptococcus mutans on the
wrinkled enamel surface, resulting in early coloni-
zation by cariogenic bacteria, and may predispose
to a higher incidence of white spots and caries.̂ ' In
our study, we found a higher prevalence of caries
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in PTC (-33%) vs TC (-18%), but the difference was
not significant (P=.O8). The nutritional status in the
neonatal period, evaluated by the weight at term, and
frequency of children classified as SCA-term, was com-
promised in PTC with DDE. This finding suggests
that nutritional deficiency in the neonatal period affects
dental enamel mineralization and maturation pro-
cesses, and highlights the impact of neonatal malnu-
trition in the genesis of DDE.

Postnatal growth failure is extremely common
in very low birth weight infants. A study comprising
4,438 infants weighing between 501 and 1,500 g
showed that intrauterine growth restriction was present
in 22% of the cohort at birtb. At 36 weeks, 97% of
them had growth failure, characterized by weight lower
than the 10''' percentile.-^^ Considering that neonatal
growth failure in very low birthweight infants is not
preventable and increases the risk of DDE, we should
observe an increasing number of PTC with alterations
of the primary dentition who deserve specialized care.

Local traumas resulting from orotracheal intu-
bation and use of laryngoscopes in the neonatal period
are well established risk factors for DDE'**''''^''^' In

DISTRIBUTION (%) OF NUMBER AND DEMARCATION OF ENAMEL
DEFECTS IN TEETH OF PRETERM CHILDREN (PTC) AND TERM
CHILDREN (TC)

Teeth

E

F

0

P

D

G

N

Q

Single

PTC

5r
44'

27t

7

24Í

44-

2 i

7

TC

4

4

6

6

6

2

0

4

Multi

PTC

91

11§

7

2

7

91

2

4

pie

TC

0

0

0

0

0

0

0

2

Diffuse

Fine white
lines

PTC

11§

27'

9

4

13t

1711

0

0

TC

0

0

0

0

0

0

0

0

Patchy

PTC

33'

40'

7

4

13t

29'

0

2

TC

0

0

2

0

0

0

0

0

•P<.00].

this
study, all children who needed tracheai intubation at birth
developed DDE, and the defects were observed in the incisai
half from 76% of the left and 48% of the maxillary right
central incisors. Our studied children were born with gesta-
tional ages between approximately 25 and 37 weeks, when
enamel mineralization of maxillary incisors begins (around
the 28''' week of intrauterine life) in the incisai half and pro-
gresses to the root. Since lesions were more frequently ob-
served in the incisai half, we have to consider the impact of
local traumas caused by laryngoscope or endotracbeal tubes.

Facial surfaces of anterior teeth were the areas most affected
by DDE. Maxillary central incisors were the most affected
teeth in PTC, and very small defects in the incisors were
observed in TC. These results suggest the local effects of
traumatic forces in the anterior teeth of premature infants
caused by laryngoscope during tracheai intubation.

Hypoplasia is the clinical expression of insults imposed
during the formation of the organic matrix. When insults
occur in the maturation or calcification phases, opacities sur-
rounded by normal enamel are the clinical expression^'. Opa-
cities were the most frequent clinical expression in our series,
indicating that teeth were primarily affected in the enamel
maturation or calcification period. This finding agrees with
the gestational age of the newborns included in this study.

These findings allow us to recommend to neonatal support
teams a less traumatic use of the laryngocope and a protocol for
orotracheal intubation, including the use of protective support
made of resilient material.^'' It also highlights the importance
of optimal nutritional support in the neonatal period.

Conclusions
Based on this study's results, the following conclusions in-
volving the complete primary dentition can be made:

1. Preterm children presented with a higher prevalence
of defects of dental enamel vs term children.

tP>.02.

2. All children with tracheai intubation in the neo-
' natal period presented with DDE.

3. The risk of DDE was 7.8 times higher in PTC
small at term postconceptual age (malnourished).

4. DDE affected mainly the incisai half of the facial
surfaces of maxillary central and lateral incisors
in PTC and maxillary second molars in term
children.

5l For both PTC and TC, the most frequent DDE
were opacity (white/cream) and hypoplasia (miss-
ing enamel).
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