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Abstract
Purpose: Ihe aim of this study was co examine the enamel thickness of the maxillary
primary incisors of pteterm children with very low birth weight (< 1,500 g) compared to
full-term children wich normal birth weight.
Methods: A total of 90 exfoliated maxillary primary central incisors were investigated us-
ing light microscopy and scanning electron microscopy (SEM). Three serial buccolingual
ground sections of each tooth were examined under light microscopy, and maximum di-
mensions of chc prenacally and posCnacally formed enamel were measured.
Results: The enamel of precerm teech was approximately 20% thinner than that for full-
term ceeth. Most of the reduction was observed in the prenacally formed enamel. This
was 5 to 13 times thinner than that for full-term children {P<.OOl). The "catch-up" thick-
ness of postnatally formed enamel did not compensate fully for the decrease m prenatal
enamel (/-*<.001). Although none of the teeth u.sed in this study had enamel defects vis-
ible CO che naked eye, 52% of pretecm ceeth showed enamel hypoplasia under SEM,
compared with only 16% found on full-term teeth (/••<.001). These defects were present
as pits or irregular, shallow areas of missing enamel.
Conclusions: Preterm primary dental enamel is abnormal in surface quality, and is sig-
nificantly thinner compared to full-term enamel. The thinner enamel is due mainly to
reduced prenatal growth and results in smaller dimensions of the primary dentition.
(Pediat Dene 2005:27:374-379)
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I t is tiow well known that prematurely born children
experience many oral complications associated with
rbeir preterm births.'"'̂  Enamel bypoplasia has been re-

ported to be present in over 70% of preterm children. Ihis
condition is likely the result of:

1. neonatal derangements in mineralization due to poor
supply and absorption of calcium and phosphate;

2. local trauma associated with latyngoscopy and endot-
racheal intubation.'^

In addition, short-term distortions of tbe palate may be
caused by prolonged endotracheal intubation, which is fre-
quently required for pulmonary ventilation of the preterm
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children.^ '̂  As in otber aspects ot growth, preterm children
also show delayed dental development and eruption in early
childhood, but compensatory catch-up growth occurs in
later childhood.-

Preterm children have reduced dental dimensions, com-
pared to full-term children. In a controlled study using
natural primary teeth, Seow and Wan" showed tbat natu-
ral primary incisors from preterm children are significantly
smaller in both mesiodistal and faciolingual dimensions
compared to those from full-term children. From plaster
casts of the primary dentition, Fearne and Brook'̂  reported
smaller sizes of the primary molars. The reduced dimen-
sions are presumably the result of serious derangements of
metabolic functions associated with their preterm births.
It is unclear, however, whether the size reduction is due ro
a generalized reduction in crown dimension, or whether it
is the result of a reduction in enamel thickness.
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T.ible 1. Dcmoĵ r<iphy of Subjects Who Donated Teeth for Study

Boys (%)

Girls (%)

Total (100%)

Birth weight (g±SD)

Gestational age (wks±SD)

Right-side incisors 50 (100%)

Left-side incisors 40 (100%)

Preterm ( N = 4 5 )

25 (56%)

20 (44%)

45(100%)

l,480±320g

32.3±3.5

23(51%)

22 (49%)

Full-term ( N = 4 5 )

25 (56%)

20 (44%)

45(100%)

3,370*300 g

39.2±2.1±0.32wks

27 (60%)

18(40%)

l va lue

NS'

NS*

NS*

<.oit

<.oit
NS*

NS*

1 iĵ iiK- I. I'licKogrLijili ol section
ol a prtitrm iixnh showing the
nconatd line Uin^lc-arrownead),
prenatal enamd (solid line), and
postnatal enamel (cloned line).

*Chi-square test.
tStudent's f test.

The authors hypothesize
that a reduction of enamel
thickness in the teeth of
preterm children contributes
to their smaller dental dimen-
.sions. Thus, the present study
aimed co compare the thick-
ness of primary enamel in
preterm and full-term chil-
dren by examining the relative
amount of enamel formed be-
fore and after birth in
histological sections of pri-
mary centra] incisors.

To further support the
authors' hypothesis that
enamel is abnormal in the
preterm children, scanning
electron microscopy (SEM)
studies were also carried out
on other incisors of preterm

and full-term control children to detect differences in
enamel surface quality.

Methods
This study was approved by the Human Ethics Review Com-
mittee, University of Queensland, Brisbane, Australia.
Naturally exfoliated primary teeth were donated from par-
ents oi preterm children who were cohorts undergoing
multidisciplinary assessment at the Growth and Develop-
ment Clinic, Mater Children's Hospital, South Brisbane,
Australia. Full-term (control) children of normal birth weight
attending the Pediatric Dentistry Clinic of the School of
Dentistry, University of Queensland, also donated exfoliated
teeth for this study. As shown in Table 1, the mean birth
weights and gestational ages of the preterm vs full-term chil-
dren were 1480±320 g vs 3370±320 g (/̂ <.O1), and 32.3±3.5
weeks vs 39.2±2.I±fl.32 weeks (P<.Ql), respectively.

In order that comparisons could be made directly be-
tween groups, only maxillary primary central incisors were
used in this study. One tooth was donated from each child
in the study. Furthermore, to eliminate the effects of sec-
ondary changes on enamel, such as dental caries or

traumatic fracture, only those teeth
without obvious enamel changes when
examined with the naked eye were used
for study. For the light microscopy
study, 40 primary maxillary incisor
teeth (20 each from preterm and full-
term children) were selected. For the
SEM study, another 50 teeth (25 each
from preterm children and full-term
children) were selected. There were ap-
proximately equal numbers of teeth
from boys and girls in the preterm and
full-term groups, respectively. The

numbers of right- and left-sided teeth were also equal in
numbers (Table 1).

Light microscopy

The teeth were cleaned with a bristle brush and pumice and
stored dry. For light microscopy, the teeth were sectioned
faciolingually in the mid-sagittal plane using a hard tissue
saw microtome. Three serial ground sections, each 80-txm
thick, were prepared from each tooth.

The sections were viewed under a light microscope
(Olympus, Tokyo, japan) at x200 magnification. In each
section, the neonatal line in the enamel was located as a
line of visible change of direction of the enamel rods in the
enamel, delineating the enamel formed before and after
birth (Figure 1). The distance from the cementoenamel
junction (CEJ) at the buccal aspect to the commencement
of the neonatal line was measured using an eyepiece which
contained a measuring grid.

For each section, the widths of prenatally and postna-
tally formed enamel, respectively, were measured at right
angles to the dentinoenamel junction (DEJ) at 2 points
from the CEJ: (I) 2.50 mm; and (2) 1.25 mm. The maxi-
mum thickness of enamel at the facial aspect was also
measured. For each tooth section, the measurements were
taken in duplicate, and a mean and standard deviation were
obtained for each tooth.

Scanning electron microscopy

For the SEM studies, the teeth were:
1. cleaned in an ultrasonic bath containing 0.5% sodium

hypochlorite solution for 30 minutes;
2. dried with compressed air;
3. vacuum coated with silver.

The SEM was performed using a Philips SEM 505
(Philips Electronics, Eindhoven, Netherlands) scanning
electron microscope kept at the Centre for Electron Micros-
copy at the University of Queensland. The teeth were
scanned at both low and high power. To standardize images
from preterm and control groups, the SEM photomicro-
graphs were compared at x20 and x200 magnifications.

Statistical analysis

The student's t test was used for statistical analysis. The
alpha value was set at 0.05.
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Table 2. Comparison of Neonatal Line in Preterm and
Full-term Primary Maxillary Central Incisors

Distance from CEJt
ac which neonatal
hnc commences;
mean mm±SD

Length of neonatal
line; mean mm±SD

Preterm N=20
(10 males, 10 females)

0.223±1.27

2.60±1.16

Primary centrai incisor

Full-term N=20
(10 males, 10 females)

1.4l±0.61

2.92±3.81

Difference

0.82±0.66

0.32±2.65

/ 'value*

<.O1

>.l (NS)

'Student's /test.
tCementoenamel junction.

Results
Table 2 compares the lengrhs and locatiotis of the neona-
tal line in preterm and full-term teeth as seen under light
microscopy. As shown in Table 2, the length of the neo-
natal line was not significantly different between preterm
and full-term teeth (2.60±l.l6 mm vs 2.92±3.8I mm;
/*>.l), suggesting that the length of the preterm tooth
crowns is not significantly different from that of full-term
teeth. The distance from the CEJ at which the neonatal
line commences, however, is increased in the full-term by
0.82mm(P<.01).

Table 3 compares the thickness ot the pre- and postnatally
formed enamel in preterm and full-term teeth tmder light mi-
croscopy. As shown in Table 3, the mean maximum facial
thickness of enamel from the preterm incisors was significantly
less than that for the full-term children (0.423±0.0')7 mm vs
O.5O5±O.O91 mm,full-term:pretermratio=4.71;/'<.001).At
2.500 mm from the CEJ, the mean thickness of prenatally
formed enamel was only 0.016±0.043 mm in the preterm chil-
dren compared to 0.219±0.101 mm in full-term children. The
full-term:preterm ratio was 13.45 (/-'<.OO1). The postnatally
formed enamel, however, was twice as thick in the preterm
children (0.318±0.066 mm) compared to the enamel of frill-

term children (O.166±O.118
mm; full-term:preterm ra-
tio=0.52;P<.00!).

Despite this increase in
postnatal enamel thickness,
the greatest enamel thickness
of preterm enamel was still
less than that for full-term
children at this distance from
the CEJ (0.334±0.066 mm
vs O.385±O.I18 mm; full-
term:preterm ratio=l. 1 5;
/*<.O1). At a distance of
0.1250 mm from the CEJ,
the prenatal enamel in full-

term children was nearly 5 times thicker than that for the
preterm children (0.043±0.037 mm vs 0.009±0.0()4 mm;
P<.OQ\). At this short distance trom the CEJ, however,
although the preterm enamel also showed thicker postna-
tal enamel, there were no significant differences between
preterm and full-term children (0.248±0.04l mm vs
0.234±0.074 mm).

Under SEM, of the 25 preterm central incisors scanned,
13 (52%) showed evidence of surface enamel hypoplasia,
compared to only 4 out of 20 teeth (16%) in the full-term
group (P<.01; Table 4). As shown in Figure 2, the defects
were mainly located in the mid-crown and incisal third
regions of the crowns. The majority ot defects presented
as patchy, shallow areas of surface enamel loss. Within these
defects, the lesions showed small pits. Higher magnifica-
tion showed defective enamel with irregularities of prism
formation. In other areas, the hypoplastic enamel showed
no evidence of prism formation and the enamel surface
appeared granular (Figure 2). By contrast, enamel Irom full-
term children generally showed unremarkable surfaces,
except for a few scratches (Figure 3). Normal enamel from
the full-term teeth usually showed prism-free (aprismatic)
enamel."'^

Table 3. Comparison of the Thickness of Pre- and Postnatally Formed Enamel
in the Maxillary Primary Incisors of Preterm and Full-term Children

Measured at
0.125 mm from
the CEJt

Measured at
0.250 mm from
the CEJt

Prenatally formed enamel
thickness (mean mm±SD)

Preterm

0.009
±0.004

0.016
±0.043

Maximum thickness
of enamel at
facial aspect

Full-term:
Ftill-tertn Preterm ratio

0.043 4.71
±0.037 (P<.OOr)

0.219 13.45
±0.101 {P<.OOV)

Postnatally formed enamel
thickness (mean mm±5D)

Pretertn

0.248
±0.041

0.317
±0.066

Full-term

0.234
±0.074

0.165
±0.118

Ftill-term:
Preterm ratio

0.94

0.52
(P<.001)

Total enamel thickness
(mean mm±SD)

Pretenn

0.257
±0.041

0.334
±0.066

0.422
±0.057

Ftill-term

0.277
±0.074

0.385
±0.118

0.505
±0.091

Full-term:
Pretenn ratio

1.078
(7'<.001)

1.134
(P<.001)

1.195

'Student's f test.
tCementoenamel junction.
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Table 4. Distribution of Enamel Hypoplasia in the Primary
Maxillary Incisors of Preterm and Full-term Children

Location ut enamel hypoplasia

Mainly cervical one third

Mainly middle and incisal

Mainly incisal

Hniiri- crown alteLti'd

Iotal wiih enamel
hypoplasia

Total without enamel
hypoplasia

l'reterm (N=23) Full-ierm tN=25J

1 (4%) 2 (50%)

8 (32%) 2 (50%)

1 (4%) 0

3(12%)

13(52%) 4(16%)

12(48%) 21(84%)

/* value

<.OO1

<.OO1

Discussion
The present snidy's results confirmed the hypothesis that,
compared to full-term children, prererm children have
decreased enamel thickness of the primary maxillary inci-
sors. Prenatally formed enamel may be delineated trom the
postnatally formed enamel by the presence of the neonatal
line—a histological landmark consisting of altered arrange-
ment of the enamel prisms which results from the transition
of intrauterine to extrauterine environments.'Mn the
preterm children, the prenatally formed enamel is the most
reduced—at a level of approximately 5 to 13 times the
thickness of the enamel of full-term children. This directly
reflects the shortened duration in the prenatal stage of
enamel formation. Interestingly, the discrepancy is partially
compensated by an increase in postnatal enamel formation
of between 6% and 90% percent. The overall thickness of
the facial enamel of the maxillary central incisors, however,
is still significantly less than that for full-term children by
approximately 20%.

It is now well known that the size of dental crowns is
thought to be determined by both genetic and environmen-
tal factors, but the relative importance of these influences
is unclear. In previous studies, the authors reported that pre-

maturity of birth is associated with
smaller primary teeth 6% to 11% of the
time, compared to the teeth of full-term
children.^This crown size redtiction may
be the result of a generalized reduction
in tooth size and may reflect an overall
smallness in body size resulting from gen-
era! growth retardation associated with
birth prematurity.'^"'''Thus, growth re-
tardation may occur as a result of the
severe metabolic derangements encoun-
tered by a preterm child and is likely to
be reflected in reduced and abnormal mi-
totic activity of all the tissues mapping
out the amelodentinal junction in 3 di-

mensions of the dental crown. Such a situation is observed
in many adverse maternal and fetal conditions, such as ma-
ternal smoking, hemifacial microsomia, congenital endocrine
abnormalities (eg, thyroxine and growth hormone deficien-
cies), and chromosomal abnormalities in which smaller
crown dimensions have been reported in both the primary
and permanent dentition." '''•''

By contrast, the authors hypothesize that observed re-
ductions of primary crown size of preterm children results
mainly from reduced enamel formation, most likely the
result of premature cessation of ameloblast activity induced
by the severe systemic derangements at birth. The site of
this cessation of activity is marked by the neonatal line,
which was found to be located further incisally from the
CEJ in preterm teeth compared to full-term teeth. This
finding affirms the neonatal line as a suitable reference lo-
cation to delineate prenatally and postnatally formed
enamel.'"-"

The authors' hypothesis is strongly supported by the
present study s results, which show a significant reduction
in overall enamel thickness within the same order of di-
mension reduction of the maxillary primary incisors of
preterm children in previous studies.** It is of interest to note

Figure 2. Scanninj^ck't-iron microscope image ol prcterm
showing surface enamel hypnplasia. The enamel appears rough,
granular, and poorly mineraiized (niagiiifitaiion x200). Bar represents
100 ^m.

1 • , us; t'lct:[ron miLTostojii.'im,if;i. 1)1 fnariK-l SLirlatc oi
inciior Iruin lull-ierm child. The sLirfacc is unremarkable, except for a
few scratches (magnification x200). Bar represents 100 pra.
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that, while there is increased growth of postnatal enamel
to compensate for the severely reduced prenatal enamel
development, recovery of enamel formation is not sufficient
to achieve full thickness enamel formation in the present
study cohort of preterm children who had mean birth
weights of <l,500 g and below.

In addition, the derangement of the ameloblasts caused
by the severe metabolic insults is Hkely to be worsened by
the reduced supply of calcium and phosphate to the de-
veloping teeth. It is well known that preterm children have
severely impaired calcium and phosphate metabolism, of-
ten to the extent that many extremely preterm neonates
show signs of clinical rickets.^^'^'The deprivation of min-
eral is likely to be worse in the case of the forming teeth,
as maintenance of constant blood chemistry and bone min-
eralization probably take precedence over the dentition for
supply of calcium and phosphate.-''

Although it is current standard medical practice to in-
crease the supply of minerals to preterm children through
the use of milk fortification and other techniques, the prob-
lem is difficult to manage. This is due to the prematurity
of the preterm infant's metabolic systems for absorbing and
processing minerals.̂ '̂̂ ^ In previous publications, the au-
thors showed that children with premature neonatal rickets
are highly predisposed to enamel hypoplasia and that there
was a strong association ofosteopenia of prematurity with
abnormal enamel mineralization.'''' Thus, the authors hy-
pothesize that the reduced enamel in preterm children is
likely to have resulted from both the cessation/reduction
of ameloblastic activity and the reduced supply of mineral
to the developing teeth. These effects are more likely to be
associated with prematurity than low birth weight.

The present study also shows that 52% of preterm in-
cisors with no visibly discernable defects demonstrated
surface enamel hypopiasia detectable at the SEM level.
These findings suggest that enamel quality is affected, de-
spite the general compensatory growth of the tissue during
the postnatal period. The location of the majority of de-
fects at the middle and incisor regions of the teeth further
suggests that the time period of the insult to enamel
matches the events of the premature births.

Because dentin dimensions were not measured in the
present study, a reduction in overall dental size cannot be
entirely excluded. It is reasonable to assume, however, that
genetic influences on dental development are not associ-
ated with birth prematurity. The genetic parameters of
crown shape and other dental tissues are not likely to be
affected by the preterm birth. Furthermore, in the present
study, there are equal numbers of teeth from males and
females in the preterm and full-term groups, so that sex
differences in enamel formation are also excluded.

Significant clinical implications arise for the thinner and
hypoplastic enamel found in preterm children. In previous
studies, the authors reported increased caries susceptibility
of preterm children and demonstrated the strong association
between enamel hypopiasia and dental caries.^'''*'The in-

creased caries among children with enamel hypoplasia is
likely a result of greater attachment of mutans streptococci
to rough surfaces"^ and promoting earlier colonization of the
cariogenic bacteria.^"

Conclusions
Based on this study's results, the following conclusions can
be made:

1. Preterm primary dental enamel is abnormal in surface
quality and is significantly thinner than full-term
enamel.

2. The thinner preterm enamel is due mainly to reduced
prenatal growth.

3. The reduced enamel is likely to result in smaller crown
dimensions in preterm children.

Acknowledgements
This study was supported by a grant from the Australian
Dental Research Foundation.

References
1. Seow WK. The effects of preterm birth on the oral

growth and development. Aust DentJ 1997;42:85-91.
2. Seow WK. A controlled study of the development of the

permanent dentition in children prematurely born with
very low birth weight. Pediatr Dent 1996; 18:379-384.

3. Seow WK, Masel JP, Weir C, Tudehope Di. Min-
eral deficiency in the pathogencsis of enamel
hypoplasia in prematurely born, very low birth weight
children. Pediatr Dent 1989;11:297-302.

4. Seow WK, Humphrys C, Tudehope DI. Increased
prevalence of developmental dental defects in low-
birth-weight children: A controlled study. Pediatr
Dent 1987:9:221-225.

5. Seow WK, Brown JP, Tudehope DI, O'Callaghan M.
Effect of neonatal laryngoscopy and endotracheal in-
tubation on palatal symmetry in two- to five-year-o!d
children. Pediatr Dent ]985;7:30-36.

6. Seow WK, Brown JP, ludehope DI, O'Callaghan M.
Developmental defects in the primary dentition of
very low birth weight infants: Adverse effects of laryn-
goscopy and prolonged endotracheal intubation.
Pediatr Dent 1984;6:28-31.

1. Seow WK, Perham ST. Young WG, Daley T. Dilac-
eration of primary maxillary incisor associated with
neonatal laryngoscopy. Pediatr Dent 1990; 12:321-324.

8. Seow WK, Wan A. A controlled study of the morpho-
metric changes of the dentition in preterm children.
J Dent Res 1999;79:63-69.

9. Fearne JM, Brook AH, Small primary tooth-crown
size in low birth weight children. Early Hum Dev
1993;33:81-90.

10. Skinner M, Dupras T. Variation in birth timing and
location of the neonatal line in human enamel. J Fo-
rensic Sci 199338:1383-1390.

378 Seow et al. Ultrastructure of preterm primary cname! Pediatric Dentistry - 27:5. 2005



1 ]. Wliittaker DK. Structural variations in the surfece zone
of human tooth enamel observed by scanning electron
microscopy. Arch Oral Biol I982;27:383-392.

12. Kodaka T, Nakajima F, Higashi S. Structure ofthe
so-called "prismless" enamel in human deciduous
teeth. Caries Res 1989;23:290-296.

13. Eli I, Sarnat H, Talmi E. Effect ofthe birth process
on the neonatal line in primary tooth enamel. Pediatr
Dent 1989; 11:220-223.

14. Harila-Kaera V, Heikkinen T, Alvesalo L, Osborne RH.
Permanent tooth crown dimensions in prematurely born
children. Early Hum Dev 2001 ;62: 131-147.

15. Harila-Kaera V, Heikkinen T, Alvesalo L. Deciduous
tooth crown size in prematurely born children. Early
Hum Dev 2003;75:9-20.

16. Kari M, Alvesalo L, Manninen K. Sizes of deciduous
teediin45,Xfemales.J Dent Res 1980;59:1382-1385.

17. Garn SM. Osborne RH , Alvesalo L, Horowitz SL.
Maternal and gestational influences on deciduous and
permanent tooth size. J Dent Res 1980;59:l42-l43.

18. Hack M, Merkatz IR. McGrath SK, Jones PK, Avroy
AF. Catch-up growth in very-low-birtb-weight in-
fants, j Dent Child 1984; 138:370-337.

19. Berkowitz GS, Papiernik E. Epidemiology of preterm
birth. Epidemiol Rev 1993;15:4l4-443.

20. Savitz DA, Blackmore CA, Thorp JM. Epidemiologic
characteristics of preterm delivery: Etiologic hetero-
geneity. AmJ Obstet Gynecol 1991;l64:467-77l.

21. Seow WK, Urban S, Vafaie N, Shusterman S. Mor-
phometric analysis of the primary and permanent
dentitions in hemifacial microsomia. J Dent Res
1998;77:27-38.

22. Faerk J, Petersen S, Peitersen B, Michaelsen KF. Diet
and bone mineral content at term in premature in-
fants. Pediatr Res 2000;47:l48-156.

23. Ryan S. Bone mineralization in preterm infants. Nu-
trition 1998; 14:745-747.

24. Seow WK, Brown JP, Tudehope DI, Cailaghan M.
Defects in the primary dentition of children born pre-
maturely with very low birth weight and neonatal
rickets. Pediatr Dent 1984;6:88-92.

25. W\ PY, Seow WK, Rogers Yl. Tudehope DI. Enamel
hypoplasia and dental caries in very low birth weight
children: A longitudinal, case-controlled study. Pediatr
Dent 1997; 19:42-49.

26. Pascoe L, Seow WK. Enamel hypoplasia and dental
caries in Australian aboriginal children on Bathurst Is-
land: Prevalence and correlation between the two
diseases. Pediatr Dent 1994:16:193-199.

27. Li Y, Navia JM, Bian JY. Caries experience in decidu-
ous dentition of rural Chinese children 3-5 years old
in relation to the presence or absence oi enamel hy-
poplasia. Caries Res 1996;30:8-15.

28. Wan AKL, Seow WK, Purdie DM, Bird PS, Walsh LJ,
Tudehope DI. A longitudinal study of Streptococcus
mutans colonization in infants aft:er tooth eruption. J
Dent Res 2003;82;504-508.

Pediatric Dentistry - 27:5. 2005 Ultrastructure of preterm primary enamel Seow et aL 379






