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Hierarchical modeling indicated that demarcated opacities 

were a significant predictor of DMFT-IM after control for rel-

evant covariates. The term adolescents had significantly in-

creased DMFT-IM and DMFT scores compared to the LR-

VLBW adolescents.  Conclusion:  LR-VLBW was a significant 

risk factor for increased enamel defects in the permanent 

incisors and first molars. Term children had increased caries 

compared to the LR-VLBW group. The effect of birth group 

and enamel defects on caries has to be investigated longitu-

dinally from birth.  Copyright © 2010 S. Karger AG, Basel 

 The recent statistics indicate that the rate of very low 
birth weight (VLBW  ! 1,500 g) continues to increase 
worldwide, and in the USA it is greater than 64,000 births 
annually [Hamilton et al., 2007]. It occurs most frequent-
ly with preterm birth and disproportionately among Af-
rican-Americans and those of low socioeconomic status 
[Health Resources and Services Administration, 2002]. 
Medical and technological advances have reduced mor-
tality for VLBW infants, but have resulted in an increased 
number of survivors who are at high risk for respiratory 
complications as a result of prematurity [Mercier and 
Soll, 1993; Martin and Walsh-Sukys, 1999]. Although 
VLBW infants represent a small percentage of the total 
births, they account for significantly increased health 
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 Abstract 

  Objectives:  The purpose of this study was to examine devel-

opmental enamel defects and dental caries in very low birth 

weight adolescents with high risk (HR-VLBW) and low risk 

(LR-VLBW) compared to full-term (term) adolescents.  Meth-
ods:  The sample consisted of 224 subjects (80 HR-VLBW, 59 

LR-VLBW, 85 term adolescents) recruited from an ongoing 

longitudinal study. Sociodemographic and medical informa-

tion was available from birth. Dental examination of the ad-

olescent at the 14-year visit included: enamel defects (opac-

ity and hypoplasia); decayed, missing, filled teeth of inci-

sors and molars (DMFT-IM) and of overall permanent teeth 

(DMFT); Simplified Oral Hygiene Index for debris/calculus on 

teeth, and sealant presence. A caregiver questionnaire com-

pleted simultaneously assessed dental behavior, access, in-

surance status and prevention factors. Hierarchical analysis 

utilized the zero-inflated negative binomial model and zero-

inflated Poisson model.  Results:  The zero-inflated negative 

binomial model controlling for sociodemographic variables 

indicated that the LR-VLBW group had an estimated 75% in-

crease (p  !  0.05) in number of demarcated opacities in the 

incisors and first molar teeth compared to the term group. 
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care costs [Agency for Healthcare Research and Quality, 
2002], increased disabilities among the survivors [Wil-
son-Costello et al., 2005] and higher prevalence of func-
tional limitations [Lewis et al., 2002; Short et al., 2003; 
Hack et al., 2005].

  Similarly, a substantial burden of dental caries is found 
among minority, lower socioeconomic groups [Beltrán-
Aguilar et al., 2005] and those who are medically com-
promised or disabled [US Department of Health and Hu-
man Services, 2000]. VLBW children can be susceptible 
to dental caries due to biological and socioeconomic fac-
tors [Burt and Pai, 2001]. Biological problems include the 
increased prevalence of developmental defects of enamel 
(DDE: hypoplasia, demarcated and diffuse opacities) in 
the primary [Johnsen et al., 1984; Seow et al., 1987; Fearne 
et al., 1990; Kopra and Davis, 1991; Lai et al., 1997; Aine 
et al., 2000] and permanent dentition [Pimlott et al., 1985; 
Seow, 1996; Aine et al., 2000] as a result of systemic (ill-
nesses/disturbances/deficiencies of prematurity) and lo-
cal (trauma from endotracheal tubes) causes [Pindborg, 
1982]. Developmental enamel defects are more prevalent 
in VLBW children who require prolonged oral endotra-
cheal intubation [Moylan et al., 1980; Johnsen et al., 1984; 
Seow et al., 1984; Fearne et al., 1990; Kopra and Davis, 
1991]. These defects typically persist at least 10 years into 
childhood [Kopra and Davis, 1991].

  The common hypothesis for DDE in VLBW children 
during the neonatal period is through altered calcium ho-
meostasis [Seow, 1997; Aine et al., 2000] because of the 
many systemic illnesses. Additionally, many high-risk 
VLBW (HR-VLBW) infants experience local factors be-
cause of orotracheal intubation and mechanical ventila-
tion [Seow, 1997] that has a traumatic effect on the soft 
forming enamel resulting in enamel defects [Suckling, 
1989; Seow, 1997]. DDE is thought to be the result of 
abrupt, short-term or long-term ameloblastic insults dur-
ing the secretory or maturation phase of tooth develop-
ment which can indicate if the insult occurred in utero or 
after birth [Suckling, 1989]. For the permanent incisors 
and first molars, the secretory phase begins in utero [Ten 
Cate, 1994] and the maturation phase starts at birth 
[Schour and Massler, 1941], and thus inadequate miner-
alization or trauma during these periods can result in 
DDE [Seow, 1996]. Demarcated opacities in early erupt-
ing permanent teeth (incisors and first molars) are asso-
ciated with neonatal risk factors [Jalevik et al., 2001; Ar-
row, 2009] while diffuse opacities are associated with in-
fant fluoride [Pendrys, 1999] and amoxicillin exposure 
[Hong et al., 2005]. Demarcated opacities in permanent 
teeth have been associated with caries in the precursor 

primary teeth [Lo et al., 2003; Broadbent et al., 2005; Ar-
row, 2009].

  A few studies have suggested a relationship between 
preterm birth, birth weight and primary dental caries [Li 
et al., 1996; Lai et al., 1997; Saraiva et al., 2007a]. A sig-
nificant association was found between caries and enam-
el hypoplasia in the primary dentition of VLBW children 
[Lai et al., 1997]. The two studies in the permanent denti-
tion of low-birth-weight ( ! 2,500 g) children have con-
flicting results regarding this association [Nicolau et al., 
2003; Saraiva et al., 2007b]. These permanent dentition 
studies did not measure enamel defects as they relate to 
dental caries, nor did they look specifically at VLBW chil-
dren.

  Oral health behavior in relation to oral hygiene, dental 
access, insurance status, and exposure to fluorides and 
sealants has been poorly studied in VLBW children. The 
few studies have focused on the primary dentition of pre-
term and VLBW children controlling for some covariates 
[Lai et al., 1997; Saraiva et al., 2007a]. In this study, an a 
priori path model ( fig. 1 ) was utilized for consideration of 
biological and environmental factors that lead to caries in 
the permanent dentition of adolescents.

  We hypothesized that VLBW adolescents would have 
greater enamel hypoplasia and nonfluoride opacity (de-
marcated opacity), and consequently more dental caries 
because of postpartum medical problems (local and sys-
temic insults to the developing permanent teeth) com-
pared to term healthy children. The study focused on ear-
ly erupting incisors and first molar permanent teeth 
which calcify within 4 months after birth [Schour and 
Massler, 1941] that would be most affected by medical 
problems. Thus, the primary objectives of this study 
were: (1) to examine the effect of birth group on develop-
mental enamel defects (enamel hypoplasia and demar-
cated opacity) after controlling for relevant demographic 
factors; (2) to examine in a hierarchical manner utilizing 
the path model ( fig. 1 ) the relative contribution of sets of 
covariates (including demographics, birth group, devel-
opmental enamel defects, dental access and prevention 
factors) on dental caries.

  Materials and Methods 

 Study Sample 

 The sample was recruited from a cohort of children participat-
ing in a longitudinal study evaluating the effects of VLBW on 
neurodevelopment [Singer et al., 1997]. Subjects and their parents 
from the original cohort were recruited from 3 independent 
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Cleveland hospital sites whose neonatal intensive-care units treat-
ed all infants with medical complications.

  HR-VLBW children had all of the following characteristics:
(1) diagnosis of bronchopulmonary dysplasia, a chronic pulmo-
nary condition of prematurity [Mercier and Soll, 1993; Martin 
and Walsh-Sukys, 1999]; (2) preterm birth less than or equal to 36 
weeks’ gestational age; (3) birth weight less than 1,500 g; (4) re-
quired supplementary oxygen for greater than 28 days; (5) radio-
graphic evidence of chronic lung disease.

  Low-risk children with VLBW (LR-VLBW) did not have a di-
agnosis of bronchopulmonary dysplasia, were preterm, weighing 
less than 1,500 g at birth, and required oxygen supplementation 
for less than 25 days. Full-term subjects (term) were healthy, of 
greater than 36 weeks gestational age and weighed greater than 
2,500 g at birth for singleton infants. During the recruitment pe-
riod (1989–1991), for each HR-VLBW infant, the next-born LR-
VLBW infant and term infant of the same race and socioeconom-
ic status were recruited. Infants with major neurological prob-
lems, congenital malformations, alcohol or drug exposure, 
mothers that had major psychiatric or physical illness, HIV expo-
sure, mental retardation or who lived greater than 2 h driving 
distance away were excluded. Extensive neonatal medical infor-
mation and demographic data were collected from the hospital 
charts or maternal interviews. The original cohort consisted of 
321 subjects (115 HR-VLBW, 83 LR-VLBW and 123 term) who 
were followed from birth until 14 years of age. The participation 
rate at the 14-year visit was 84% (268/321) for the original study.

  A total of 246 subjects were seen in the dental study. The re-
maining 22 subjects of the original study were either seen prior to 
the start of the dental study or refused to participate in the dental 
study. With further exclusion of 22 subjects (due to incomplete 
records, severe medical problems, orthodontic braces), the final 
dental study sample consisted of 224 subjects. The study was ap-
proved by the Institutional Review Board of the participating hos-
pital, and written informed consent and assent were obtained 
from the parent/caregiver and adolescent, respectively.

   Study Design 

  A retrospective cohort design was used since the birth group 
was formed prior to the dental examinations at 14 years of age and 
existing prior demographic and medical assessments were uti-
lized to study the dental outcomes of the children at adolescence.

   Procedures 

   Sociodemographic and Medical Assessments 
  Sociodemographic and medical data were collected during en-

rollment in the original longitudinal study and have been de-
scribed previously [Singer et al., 1997]. At birth, the data were 
taken from the hospital chart or maternal interview and included 
the following: infant birth weight (grams), infant gestational age 
(weeks), supplemental oxygen (days), ventilation (days), gender, 
ethnicity, maternal age, education and socioeconomic status us-
ing Hollingshead’s [1965] classification (class I, II, III: middle to 
high class; class IV and V: lower class) of social class.

  During the 14-year visit, maternal and adolescent interviews 
added the following variables: current marital status, number of 

children at home, adolescent body mass index computed from 
height and weight, and whether the adolescent currently received 
physical, occupational, speech or psychological therapies.

   Oral Health Questionnaires 
  Parent questionnaires adapted from a prior study [Oliveira et 

al., 2006] were used during the 14-year visit to determine adoles-
cents’ dental behavior, insurance status during the last month, 
frequency of dental visits, fluoride use and other oral health pre-
vention exposures over their lifetime. The questionnaire respons-
es were categorized or collapsed for purposes of analysis. Dental 
access variables included insurance type (categorized as none, 
Medicaid, other, both Medicaid and other) and frequency of den-
tist visits (categorized as an ordinal score: 0 = none or rarely; 1 = 
less than 2 years; 2 = every 2 years; 3 = every year). Preventive 
dental factors from the questionnaire inquired if the adolescent 
had ever received fluoride treatments (i.e. fluoride varnish, fluo-
ride supplements, fluoridated mouth rinses) and the number of 
months of brushing supervision given by the parent/caregiver 
during the adolescent’s lifetime.

   Dental Examinations 
  Dental examinations were conducted by 1 trained and cali-

brated examiner (G.L.) masked to the adolescents’ birth group 
status. Intraoral photographs, frontal and lateral views, were ob-
tained from all subjects except those with mental or physical
disabilities who could not tolerate the procedure or follow in-
structions. For the purpose of interexaminer and intraexaminer 
reliabilities, random photographs were examined by a second ex-
perienced examiner.

  The Simplified Oral Hygiene Index for debris was obtained 
from all subjects as an objective measure of brushing behavior in 

Birth group risk (2)
(BPD, VLBW, term)

Developmental
enamel defects –

opacity, hypoplasia (3)

Dental caries

Sociodemographic
variables (1)

Oral health behavior –
access (4)

Oral health preventive
behavior (5) –

 prevention factors

  Fig. 1.  Conceptual model of the time sequence between birth 
group and dental caries. The hierarchical model includes these 
sets of variables: (1) sociodemographics; (2) birth group; (3) enam-
el defects; (4) dental access behavior; (5) prevention factors.
BPD = Bronchopulmonary dysplasia.   
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the adolescent [Green and Vermillion, 1964]. The score ranges 
from 0 to 6, with higher scores indicating greater debris covering 
the teeth. The dental examiner also recorded the presence of seal-
ants on the permanent molars. 

  The presence of dental caries was determined according to the 
criteria of Radike [1968] and included the number of decayed, 
missing, filled teeth of incisors and first molars (DMFT-IM), and 
DMFT of all teeth. The permanent incisors and first molars were 
of particular interest due to the time line of calcification of these 
teeth after birth [Schour and Massler, 1941] and the likelihood of 
these teeth being affected by poor mineralization/trauma due to 
complications of prematurity [Seow, 1996]. Further, perinatal 
VLBW data from 14 centers of the National Institute of Child 
Health and Human Development Neonatal Research Network in-
dicated that the mean length of hospital stay (as a surrogate for 
medical problems) was between 40 and 116 days depending on the 
birth weight [Lemons et al., 2001]. Hence, permanent incisors and 
first molars were analyzed separately.

  The DDE Index [Commission on Oral Health, Research and 
Epidemiology, 1982] was utilized to determine the presence and 
classification of enamel defects. Tooth surfaces were examined wet, 
and heavy plaque deposits were removed for DDE examination. To 
test the hypothesis of this study, the analysis focused on develop-
mental defects (hypoplasia, demarcated opacity) in the incisor and 
first molar permanent teeth. These included the number of demar-
cated opacities (white or discolored change in enamel translucency 
with a clearly defined boundary and not diffuse) in the incisors and 
first molar teeth (opacity-IM) and the number of single/multiple 
hypoplastic (break in enamel continuity with pits or grooves) le-
sions on incisors and first molar teeth (hypoplasia-IM).

   Statistical Analysis 

  The comparison of sociodemographic and medical variables, 
dental access, and preventive dental factors among the 3 birth 
groups were analyzed using the F test for continuous data and the 
 �  2  test for categorical data. The unadjusted comparison of caries 
(DMFT and DMFT-IM) and enamel defects (opacity-IM and hy-
poplasia-IM) between the 3 groups were analyzed using the F test.

  The zero-inflated negative binomial method was used to mod-
el the distribution of responses for DMFT, opacity-IM and hypo-
plasia-IM while the zero-inflated Poisson method was used to 
model DMFT-IM which tended to have lower expected counts and 
less overdispersion [Cheung, 2002; Lewsey and Thomson, 2004]. 
In addition, the mean for each variable was modeled via nonlinear 
regression as a function of covariates. A hierarchical modeling ap-
proach was used, whereby sets of covariates were added cumula-
tively in the order indicated by an a priori path model ( fig. 1 ). Thus, 
the hierarchical models for enamel defect outcomes involved only 
the demographic (race, sex, socioeconomic status and age) and 
birth group variables (2 indicator variables for the 3 groups: HR-
VLBW, LR-VLBW and term). For the dental caries outcomes, the 
following 5 sets (in the listed order) were used in the hierarchical 
models: (1) demographic variables; (2) birth group; (3) enamel de-
fects (opacity-IM and hypoplasia-IM for DMFT-IM, and demar-
cated opacities and hypoplasia in all teeth for DMFT); (4) access 
variables (insurance type and frequency of dental visits); (5) pre-
ventive dental factors (any fluoride treatment, brushing supervi-
sion, sealant presence and Simplified Oral Hygiene Index).

  The focus was on 2 comparisons among the 3 groups (term
vs. LR-VLBW and term vs. HR-VLBW). These comparisons were 
considered as distinct and separately interpretable, and thus were 
not adjusted for multiplicity. Maximum likelihood was used to 
obtain estimates of the percent increase in the mean for a 1-unit 
increase (or the specified category versus the reference category) 
for each covariate. Approximate  �  method t tests and F tests were 
used to test for an effect on the mean response of each covariate 
and each set of covariates, respectively. In the hierarchical ap-
proach, the estimates and tests of interest for each set of covariates 
are those obtained when they are ‘just added’ to the model. R 2  
statistics were calculated using the likelihood ratio statistic for the 
contribution of each added set [Lipsitz et al., 2001]. The zero-in-
flated negative binomial and zero-inflated Poisson models were 
fit using SAS 9.1 Proc NLMIXED (SAS Institute). Statistical sig-
nificance was based on a 0.05 alpha level criterion.

    The kappa statistic was calculated for opacity, hypoplasia and 
caries to determine percent agreement between the examiner 
(G.L.) and an independent experienced examiner. The kappa val-
ues indicated good to excellent (0.51–0.83) interexaminer and in-
traexaminer reliability.

  Results 

 The sample consisted of 224 subjects (80 HR-VLBW, 
59 LR-VLBW, 85 healthy term adolescents). The mean age 
at examination was 15.0  8  0.77 years with 47% male, 
48% African-American and 61% low socioeconomic sta-
tus. Maternal characteristics at birth and at the 14-year 
visit were similar between the 3 groups ( table 1 ). At birth, 
the VLBW adolescents were significantly of lower birth 
weight, lower gestational age, and were on supplemental 
oxygen and ventilation ( table 1 ). At the 14-year visit, a sig-
nificantly greater proportion of VLBW adolescents were 
receiving occupational therapy.

  In the dental access variables ( table 2 ), insurance status 
was significantly (p  !  0.05) different between the 3 groups 
with a higher proportion of HR-VLBW adolescents with-
out dental insurance and Medicaid participation highest 
in the LR-VLBW group. Among the prevention factors 
( table 2 ), the VLBW groups had significantly (p  !  0.05) 
greater mean months of supervised brushing from par-
ent/caregiver compared to the term group. The overall 
unadjusted means ( table  2 ) indicate that the 3 groups 
were not different in the caries or enamel defect assess-
ments. However, pairwise comparisons indicated that the 
number of demarcated opacities in the LR-VLBW were 
significantly (p  !  0.05) higher compared to the term 
group.

  The hierarchical model estimates ( table 3 ) of percent 
mean increases (or decreases) found a significant effect 
of the demographic variables on mean opacity-IM (p = 
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0.02). Ethnicity and age were the significant predictors 
of opacity-IM. In the birth group variables, the LR-
VLBW had a 75% increase in mean number of demar-
cated opacities that was significant (p = 0.03) compared 
to the term group. The overall R 2  was 8%, with the esti-
mated effect of all covariates (demographic variables and 
birth group) on opacity-IM being significant (p = 0.01). 
No significant effect of the covariates on hypoplasia-IM 
was found.

  The hierarchical model ( table 4 ) found an overall sig-
nificant effect of demographic variables on DMFT-IM 
and DMFT (p = 0.001). Being female and low socioeco-
nomic status were significantly associated with increased 
mean DMFT-IM and DMFT. For birth group, an overall 
significant effect was found only for DMFT (p = 0.04). 
The term group had an estimated 71.6% significant in-
crease in mean DMFT counts compared to the LR-
VLBW group. An overall significant effect of enamel de-
fects was found only for DMFT-IM (p = 0.01). Among the 
enamel defect variables, a unit increase in opacity-IM 
had an estimated 18.2% significant increase in mean 
DMFT-IM. We did not find an overall significant effect 

of the set of access or prevention variables for either 
DMFT-IM or DMFT. Among the access variables, fre-
quency of dental visits and sealant presence were signif-
icant predictors of DMFT-IM, and 2 additional variables 
(insurance status and Simplified Oral Hygiene Index) 
were significant predictors of the overall DMFT score. 
Approximately 27% (R 2  = 0.27, p  !  0.001) of the variation 
in both DMFT-IM and DMFT were explained by the 5 
sets of variables. 

  Discussion 

 Enamel Defects in VLBW 
 To our knowledge this is the first study of the extent 

of dental caries and enamel defects in the permanent 
teeth of HR- and LR-VLBW adolescents compared with 
term adolescents. Our findings indicate that demarcated 
enamel opacity in the permanent incisors and molars 
was significantly higher for the LR-VLBW compared to 
term adolescents, and suggest that permanent teeth that 
calcify soon after birth are vulnerable to systemic in-

Table 1. M aternal and child characteristics at birth and at the 14-year follow-up (means, SD in parentheses)

Characteristic HR-VLBW
(n = 80)

LR-VLBW
(n = 59)

Term
(n = 85)

p value

At birth – maternal
Age, years 28.3 (5.5) 28.3 (6.1) 27.85 (6.3) 0.89
Education, years 13.3 (2.2) 13.3 (2.2) 13.5 (2.5) 0.81
Low SES, % 55 66 62 0.39

At birth – child
Birth weight, g 977.1 (248.3) 1,272.9 (185.1) 3,415.7 (528.8) 0.00
Gestational age, weeks 27.5 (2.1) 30.5 (2.3) 39.7 (1.3) 0.00
Oxygen duration, days 108.5 (164.7) 4.7 (4.2) 0.0 (0.0) 0.00
Ventilation duration, days 35.6 (27.1) 2.8 (3.0) 0.0 (0.0) 0.00
Male, % 55 36 47 0.09
African-American, % 44 49 52 0.67

At 14-year follow-up – maternal
Marital status, % single 65 59 57 0.60
Children, n 2.4 (1.1) 2.7 (1.2) 2.6 (1.5) 0.21

At 14-year follow-up – child
Mean age, years 15.2 (0.9) 15.0 (0.7) 14.9 (0.6) 0.10
BMI 24.5 (6.5) 23.6 (5.8) 25.4 (7.1) 0.26
Physical therapy, % 13 9 4 0.10
Occupational therapy, % 11 5 1 0.02
Speech therapy, % 18 12 6 0.07
Psychotherapy, % 8 5 13 0.21

S ES = Socioeconomic status; BMI = body mass index. Italics indicate values significant at p < 0.05.
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Table 2. U nadjusted comparison of dental access, preventive behavior and dental outcomes between the 3 groups 
at the 14-year follow-up

Variable HR-VLBW LR-VLBW Term p value
(n = 80) (n = 59) (n = 85)

Dental access
Insurance status, %

None 22 10 6 0.04
Medicaid 9 21 14
Other 48 53 60
Both Medicaid and other 21 16 20

Dental visit frequency, %
None or rarely 4 2 1 0.80
<2 years 6 12 10
Every 2 years 8 7 5
Every year 82 79 84

Prevention factors
Fluoride treatments, % yes 66 70 62 0.64
Sealants, % yes 29 25 28 0.89
Simplified Oral Hygiene Index scores 1.380.9 1.180.6 1.280.8 0.34
Brushing supervision, months 102.5848.2 99.8843.2 79.8836.4 0.00

Dental outcomes
DMFT-IM scores 1.0681.6 1.0081.5 1.4981.7 0.13
Total DMFT scores 1.7083.1 1.5682.1 2.3982.9 0.15
DMFT-IM, % yes 42 42 53 0.28
DMFT, % yes 43 54 59 0.12
Opacity-IM, n 0.8181.5 1.2481.9 0.7381.2 0.121

Hypoplasia-IM, n 0.3480.90 0.4181.0 0.3380.76 0.86

R esults are means 8 SD or percentages as indicated. Italics indicate values significant at p < 0.05. 
1 Significant difference between VLBW and term groups at p < 0.05.

Table 3. H ierarchical estimates of percent increase in mean demarcated opacity and hypoplasia in incisors and 
first molar teeth

Covariate
(category vs. reference 
group or unit change)

Opacity-IM H ypoplasia-IM

% increase SE p value % increa se SE p value

Race (black vs. white) 73.1 45.0 0.04 –6.9 35.6 0.85
Sex (female vs. male) 12.4 25.2 0.60 9.6 37.8 0.79
SES (low vs. high) –2.3 26.5 0.93 10.4 42.2 0.80
Age (+1 year) –31.1 11.1 0.02 21.3 25.8 0.36
Sociodemographics R2 = 0.057 p = 0.02 R2 = 0.013 p = 0.90

Birth group (HR-VLBW vs. term) 30.7 35.3 0.32 –7.4 37.9 0.85
Birth group (LR-VLBW vs. term) 74.5 44.4 0.03 20.9 50.6 0.65
Birth group R2 = 0.028 p = 0.09 R2 = 0.003 p = 0.83

Overall R2 = 0.083 p = 0.01 R2 = 0.016 p = 0.95

SE  = Standard error; SES = socioeconomic status. Italics indicate values significant at p < 0.05. 
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sults. Demarcated opacities in the developing perma-
nent teeth can be a result of long-lasting/sudden insults 
to the enamel-forming cells, ameloblasts during the se-
cretory phase (in utero) or severe disturbances during 
the maturation phase in the first year of life [Suckling, 
1989; Jalevik et al., 2001]. Prior studies [Jalevik et al., 
2001; Arrow, 2009] have reported that health problems 
such as infections and respiratory diseases during the 
first few months after birth were important risk factors 
for demarcated opacities in the early erupting perma-
nent teeth. In this study, the increased oxygen use and 
ventilation following birth in the LR-VLBW compared 
to term adolescents is evidence of the health problems 
that could have had an effect on the maturation phase of 
enamel formation.

  While the HR-VLBW adolescents also had higher de-
marcated opacities, they were not significantly different 

from the term adolescents. The HR-VLBW adolescents 
had a significantly greater number of days on ventilation 
at birth, but this did not translate to more enamel prob-
lems in the permanent dentition. Due to the longer hos-
pitalization for the HR-VLBW group [Klinger et al., 
2006]; we speculate that this could also translate to closer 
monitoring of these children. At 14 years, the VLBW chil-
dren had significantly more functional limitations as 
noted from the increased physical, occupational and 
speech therapies needed than the term adolescents. This 
finding, however, also indicates that they receive more 
coordinated care and are linked to various health care 
systems, perhaps resulting in greater awareness and ac-
cess to dental providers, a factor that might reduce the 
burden of dental problems. Although a higher proportion 
of the HR-VLBW group had no dental insurance during 
the past month at the 14-year assessment, it could be that 

Table 4. H ierarchical estimates of percent increase in mean decayed, missing, filled teeth of all (DMFT) and 
only in incisors and first molar teeth (DMFT-IM)

Covariate 
(category vs. reference
group or unit change)

DMFT-IM DMFT

% increase SE p value % increase SE p value 

Race (black vs. white) 20.9 23.0 0.32 –0.35 19.8 0.99
Sex (female vs. male) 48.0 26.0 0.03 43.7 26.4 0.05
SES (low vs. high) 81.5 40.7 0.01 103.6 46.0 0.00
Age (+1 year) 10.5 12.9 0.39 18.0 14.3 0.17
Sociodemographics R2 = 0.11 p = 0.00 R2 = 0.12 p = 0.00

Birth group (term vs. HR-VLBW) 26.1 26.2 0.27 33.5 29.6 0.20
Birth group (term vs. LR-VLBW) 60.1 35.4 0.04 71.6 36.8 0.01
Birth group R2 = 0.028 p = 0.10 R2 = 0.050 p = 0.04

Opacity demarcated (+1 tooth) 18.2 6.8 0.00 3.5 2.4 0.14
Hypoplasia (+1 tooth) 6.9 10.5 0.50 7.7 5.4 0.14
Enamel defects R2 = 0.053 p = 0.01 R2 = 0.033 p = 0.13

Insurance (Medicaid vs. none) 65.9 74.0 0.26 68.0 71.7 0.23
Insurance (other insurance vs. none) 61.4 62.6 0.22 123.1 87.3 0.04
Insurance (both insurance vs. none) –16.0 36.0 0.68 36.6 58.8 0.47
Visit (+1 category) –23.4 10.2 0.05 –32.8 10.2 0.01
Access R2 = 0.053 p = 0.15 R2 = 0.045 p = 0.06

Fluoride (any treatment vs. none) 47.7 30.8 0.06 35.1 30.2 0.18
Sealant (0 vs. ≥1) 58.7 36.6 0.049 64.6 41.3 0.049
Months supervised (+1 month) 1.0 0.24 0.95 <0.10 0.26 0.77
OHI-S (+1 unit) 3.2 2.4 0.18 5.1 2.5 0.03
Prevention factors R2 = 0.056 p = 0.08 R2 = 0.051 p = 0.08

Overall R2 = 0.27   p < 0.001 R2 = 0.27   p < 0.001

SE  = Standard error; SES = socioeconomic status; OHI-S = Simplified Oral Hygiene Index. Italics indicate 
values significant at p < 0.05. 
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they may have had prior insurance coverage that was not 
captured by our questionnaire. In fact, US national sur-
vey results [Liu et al., 2007] indicate that children with 
special health needs had a higher likelihood of having 
dental insurance and using more preventive services than 
children without special needs.

  Enamel hypoplasia was however not related to VLBW 
status in the adolescents, a finding contrary to prior in-
vestigations [Seow, 1996; Aine et al., 2000] of permanent 
teeth in preterm children. Enamel hypoplasia was not as 
prevalent (19%) compared to opacities (40%) in our sam-
ple, a finding [Seow, 1996] similar to a previous study. 
Enamel hypoplasia was not predictive of caries either, 
perhaps due to the small number of adolescents with 
these defects.

  It is also possible that the pattern of enamel defects 
that we found in our sample could be indicative of the 
molar-incisor hypomineralization [Willmott et al., 2008]. 
Since the focus of our study was not on investigating the 
molar-incisor hypomineralization spectrum, we did not 
specifically use the criteria of Weerheijm et al. [2003] for 
diagnosing molar-incisor hypomineralization. More-
over, in our sample all other teeth besides first permanent 
molars and incisors were also affected by demarcated 
opacities. Since all other permanent teeth calcify after 
early infancy, we could not be certain that enamel defects 
in these teeth were due to complications of prematurity 
and thus focused on the first molars and incisors.

  Dental Caries in VLBW Children 
 We did not find increased caries in the VLBW groups. 

We explain these results as follows. First, since our ado-
lescents were part of an ongoing cohort study, the VLBW 
children could have received timely care. In fact, a re-
cent study [Gravina et al., 2006] indicated that caries in 
the primary teeth was lower among premature com-
pared to term children, due to the preterm ones being 
followed routinely with appropriate oral health care, 
while term children were referred to physicians for reg-
ular pediatric care. However, Saraiva et al. [2007a] using 
the US National Health and Nutrition Examination 
Survey III data set reported that preterm birth was as-
sociated with increased dental caries in the primary 
teeth, but not in children with intrauterine growth re-
tardation (IUGR). The determinants of low birth weight 
are preterm birth and/or IUGR [Kramer, 1987]. In this 
study, all our VLBW adolescents were born before term, 
and it could be plausible that some had IUGR. Some
of the reasons speculated by Saraiva et al. [2007a] for
a negative association of caries with IUGR such as de-

layed tooth eruption and accelerated enamel maturation 
could not be explored with our data. However, antibi-
otic use may have been higher in our sample, due to the 
many health problems of prematurity and VLBW. The 
frequent use of antibiotics has been indicated as inhibit-
ing the colonization of cariogenic bacteria [Fukuda et 
al., 2005] that may possibly explain the reduced caries 
experience in our VLBW adolescents. Specific antibi-
otic use information was not available for this study and 
hence remains a speculation. Second, the behavioral 
data from our study indicate that caregivers were pro-
viding brushing assistance/supervision for the VLBW 
groups for a significantly longer period than for the 
term group. Supervised tooth brushing has been report-
ed to be an effective preventive strategy for caries pre-
vention in young children [Tinanoff et al., 2002]. Also, 
dental sealant presence in our sample (28%) was lower 
than the national rate of 37% [Beltrán-Aguilar et al., 
2005], indicating that at least in the term group a com-
bination of risk factors could have resulted in higher 
caries. Third, sociodemographic variables were the 
most significant predictor of approximately 11–12% of 
the variation in DMFT-IM and DMFT scores, consistent 
with prevalence findings from national surveys [Bel-
trán-Aguilar et al., 2005]. This indicates that environ-
mental factors have a huge influence on caries in the 
permanent dentition, exceeding earlier biological influ-
ences.

  The study also found that demarcated opacities were 
a significant predictor of caries in the incisors and mo-
lars of permanent teeth which is similar to prior findings 
[Ellwood and O’Mullane, 1994, 1996] in 12- to 14-year-
old schoolchildren. Demarcated opacities in the perma-
nent teeth have also been reported to be twice more like-
ly if caries had been present in the primary precursor [Lo 
et al., 2003; Broadbent et al., 2005; Arrow, 2009]. Thus, 
it is probable that the LR-VLBW adolescents with de-
marcated opacities could have had a carious primary 
precursor tooth that was not possible to assess in this 
study.

  Limitations of the study include: (1) Potential recall 
information bias for the parental questionnaire since the 
parent/caregiver was aware of the birth group status of 
the adolescent – but it is unlikely that the dental access, 
prevention and behavior questions could have been 
skewed based on the parent/caregiver knowing the birth 
group status of the adolescent. (2) There could have been 
some misclassification bias due to the failure to distin-
guish between posteruptive enamel loss in hypomineral-
ized areas and caries in permanent molars and incisors; 
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such a bias could have influenced the association between 
demarcated opacities and caries, but this bias should be 
minimal due to the use of 1 study examiner, training and 
calibration on the dental assessments, and the excellent 
reliability of the examiner for caries diagnosis. (3) The 
absence of dental data prior to the 14-year visit renders us 
unable to compare the sequelae of dental problems in the 
VLBW groups.

  In conclusion, our data suggest that developmental 
enamel defects persist in the permanent incisors and mo-
lars of LR-VLBW adolescents. Since oral health is essen-
tial for systemic health [US Department of Health and 
Human Services, 2000], more longitudinal studies from 
birth of medically compromised children such as VLBW 
infants are needed to investigate the various mediating 
and confounding factors on caries.
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