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Marianne Rythén 

Department of Pediatric Dentistry, Institute of Odontology 
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Gothenburg, Sweden 

ABSTRACT 
Preterm birth is associated with medical complications and treatments postnatally 
and disturbances in growth and development. Primary and permanent teeth develop 
during this postnatal period. The overall aim of the present thesis was to elucidate the 
effects of preterm birth and postnatal complications on oral health and the dento-
alveolar development during adolescence, and to study the effects of preterm birth on 
caries during childhood, in a well-defined group of preterm infants. In the same 
group, explore the development of the primary and permanent teeth and compare the 
results with a matched control group and control teeth. The subjects consisted of 
40(45) of 56 surviving infants, born <29 weeks of gestational age (GA), and matched 
healthy children born at term. The material consisted of 44 teeth from 14 of the 
preterm adolescents and 36 control teeth from healthy children. Clinical 
examinations and dental cast analysis were performed during adolescence and 
morbidity was noted. Retrospective information from medical and dental records was 
obtained. Dental enamel was analyzed in a polarized light microscopy, and scanning 
electron microscopy. Further, chemical analyses of enamel and dentin were 
performed with X-ray microanalysis. The results showed that during adolescence, 
more preterms had plaque and gingival inflammation, lower salivary secretion, more 
S. mutans and severe hypomineralization. Retrospectively, less caries was noted at 
six years of age, but more children had hypomineralization in the primary dentition. 
Angle Class II malocclusion, large over-bite and deep bite associated with medical 
diagnoses were frequent. Furthermore, smaller dental arch perimeters in girls, at 16 
years of age, and smaller tooth size in the incisors, canines and first molars were 
found. The morphological findings were confirmed in the XRMA analyses. In 
postnatal enamel, varying degrees of porosities >5% and incremental lines were seen. 
Lower values of Ca and Ca/C ratio and higher values of C were found. Ca/P ratio in 
both enamel and dentine indicates normal hydroxyapatite in both groups. No single 
medical diagnosis, postnatal treatment or morbidity in adolescents could explain the 
findings. As a conclusion, there are indications for poor oral outcome in this group of 
preterm infants during adolescence, and disturbed mineralization in primary teeth. 
 
Keywords: Demineralization, enamel, enamel hypoplasia, microradiography, 
mineralization, neonatal line, polarized light microscopy, scanning electron 
microscopy, secondary ions mass spectrometry, X-ray microanalysis. 
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1. INTRODUCTION 

1.1 Preterm birth 
In the last decade, research regarding preterm infants has resulted in a 
considerable number of publications discussing different complications 
and treatments involved with preterm birth. Research focus has moved 
toward children with a lower gestational age (GA). The incidence of 
preterm birth has been fairly constant over the years, however, 
advances in perinatal medicine have increased the survival rate of 
children born with the lowest GA and birth weight, resulting in an 
increase of morbidity among preterm children (1-3). 

1.1.1 Definitions 
The nomenclature and the definition of subgroups of very preterm 
(VPT), extremely preterm (EPT) and extremely immature have varied. 
These variations in definitions can be confusing when comparing 
different publications. According to the International Classification of 
Diseases and Related Health problems, the World Health Organization 
(WHO) (4), preterm birth is defined as childbirth occurring at less than 
37 completed weeks or 259 days of gestation. Infants born before 28 
completed weeks or 196 days of gestation are considered extremely 
preterm. 

Another classification of preterm infants used in research is according 
to birth weight (BW). Previously, the common classification was; low 
birth weight (LBW) <2500g, very low birth weight (VLBW) <1500g 
and extremely low birth weight (ELBW) <1000g. According to WHO 
(4), infants with a birth weight of 1000g - 2499g are now diagnosed as 
LBW and a birth weight of 999g or less is diagnosed as ELBW. 
However, this classification for preterm birth can be misleading as low 
birth weight is not necessarily associated with preterm birth.  

In Studies I and II in the present thesis, the terminology EPT was used 
for children born with a GA<29 weeks and in Studies III and IV, the 
terminology VPT was used for the same children. This difference in 
terminology is explained by the children being labeled as VPT in 
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earlier publications. In an effort to use the same definition used in 
more recent publications, the terminology was changed to EPT. In the 
present thesis, the children are presented as preterm (PT). 

The cause of preterm birth is not fully understood. Causative factors 
associated with preterm birth are maternal and/or fetal complications 
such as eclampsia and intrauterine growth restriction. Most preterm 
births are spontaneous, caused by labor with membrane ruptures 
(preterm premature rupture of membranes, PPROM) or without 
membrane rupture, resulting from multiple causes including maternal 
medical disorders as infection or inflammation, vascular disease, and 
uterine over distension. Suggested risk factors for spontaneous preterm 
births have included previous preterm birth, ethnicity, psychological or 
social stress, smoking habits, periodontal disease and low maternal 
body-mass index. A genetic component has also been associated with 
spontaneous preterm birth (5, 6). 

1.1.2 Prevalence and survival 
The worldwide prevalence of preterm is estimated to 9.6% of all births. 
The prevalence being lower in developed countries (7). The birth rate 
in Sweden for preterm infants with a GA below 32 weeks seems to be 
fairly constant (8). However, in the last decade, the rates of live births 
and the survival rate has increased in infants with a GA of < 25 weeks 
and low birth weight (3). According to the Swedish Birth Registration, 
0.3% of all children born alive were born before a GA of 29 weeks 
during the years 1988-91 (8). 

1.1.3 Neonatal morbidity and treatments 
Preterm birth is often associated with neonatal morbidity. The most 
frequent diagnoses postnatally in infants born with a GA of <27 weeks 
are perinatal asphyxia and respiratory disturbances resulting in chronic 
lung disease such as broncholpulmonary dysplasia (BPD), growth 
failure, patent ductus arteriosis, septicaemia, retinopathy (ROP), 
necrotizing enterocolitis (NEC) and intraventricular hemorrhage 
(IVH), and/or periventricular leukomalacia (PVL), resulting in 
neurological sequels and severe brain injury. Studies have shown that 
50-75% of all infants born with a GA<27 weeks, survived without any 
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major morbidities (9, 10). The preterm infants are exposed to medical 
interventions such as artificial ventilation, surgery, invasive treatments, 
and pharmacological therapies (steroids, surfactants and antibiotics). 
The infants have also been kept hospitalized for different periods of 
time. Tube feeding is essential as preterm infants have a poor 
nutritional sucking ability at birth (11, 12). 

The changes in neonatal care during the early 1990s, seen as active 
treatment with surfactant factors, antinatal and postnatal steroids and 
assistant ventilation, have resulted in an increased survival rate, but 
also an increase of neonatal morbidity. Further, a change in formulas 
with an increase of proteins improved the outcome of growth (13, 14). 
The morbidity is more severe with a lower GA and BW (2, 3, 10, 15). 

1.1.4 Growth and development 
Most of the anatomic structures are established by 20 weeks of GA. 
The last trimester is characterized by growth and neurological 
development and the accumulation of important minerals, such as 
phosphorous and calcium, takes place (16). The lungs are not fully 
developed until 33-35 weeks GA. The surfactant factor, essential for 
respiration, is missing. The nutritive sucking ability is not developed 
until 34 GA weeks (6, 12). 

Being born extremely preterm is associated with low birth weight. 
Growth failure is common among preterm infants. Catch-up growth 
periods during the first year and then during childhood seem to 
diminish this aberration (17, 18). However, when the children reach 
school age and adolescence, a difference in length and weight (19) 
between preterm children and children born at term persists. A smaller 
head circumference has been noted in preterm children (19, 20).  

1.1.5 Effects of preterm birth in school children and 
adolescents 

The morbidity associated with preterm birth often affects the outcome 
later in life, resulting in physical, psychological and economic costs 
and is considered a health problem worldwide. Adolescents born with 
a low GA, or with ELBW, may have persistent neuro-developmental 
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major morbidities (9, 10). The preterm infants are exposed to medical 
interventions such as artificial ventilation, surgery, invasive treatments, 
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1.1.5 Effects of preterm birth in school children and 
adolescents 

The morbidity associated with preterm birth often affects the outcome 
later in life, resulting in physical, psychological and economic costs 
and is considered a health problem worldwide. Adolescents born with 
a low GA, or with ELBW, may have persistent neuro-developmental 
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and growth-related sequels and show poorer physical abilities later in 
life, higher mean blood pressure and poorer respiratory function (21-
23) . The long term morbidity did not decrease during the 1990s, but 
during the last decade, an improvement in neuro-development is seen 
among the ELBW children (15). 

The frequency and severity of these morbidities are increased with a 
lower GA and disabilities are more often seen in boys (24, 25). Major 
neonatal morbidities predict for a worse outcome, but the frequency of 
morbidity does not increase with age (23). Chronic health conditions, 
including functional limitations such as cerebral palsy (5-17% vs. 1%), 
asthma (20% vs. 6%), and visual and hearing impairments (9-27 % vs. 
1%), as well as cognitive (40-50% vs. 5%) and neuro-psychiatric 
impairments (10% vs. 5%), are more common among children born 
with a GA<26 weeks, compared to controls (24, 26, 27). 

The wide range of impairments in motor functions, associated with 
preterm birth and low birth weight (28-32) are more related to the male 
sex, postnatal treatments and complications rather than GA. Impaired 
motor function among preterm infants is also associated with a lower 
IQ, academic abilities and behavioral problems (29). 

The cognitive function in preterm /ELBW children and adolescents is 
lower and the children achieved poorer results at school compared with 
children born at term (28, 33, 34). In Sweden, most of the children 
attend the normal school system, but a higher frequency of children 
born before a GA of 29 weeks received special education (22, 35). The 
educational level among adolescents at 18 years of age and young 
adults born with a GA <29 weeks and/or VLBW is lower (21, 22). 

Neuro-psychiatric diagnoses among extremely preterm children are 
more common. Autism Spectrum Disorders (36, 37), as well as 
Attention-Deficit/Hyperactivity Disorder (ADHD) (33, 38-40), are 
associated with preterm birth and the frequency of ADHD increases 
with a lower GA. 

Eating and drinking habits are developed later in preterm children (20) 
and feeding disturbances have been reported (11, 41, 42). Forty-two 
percent of children with early feeding problems were born preterm 
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(43) and a threefold increased risk for a later diagnosis of anorexia 
nervosa has been reported among preterms born with a GA of less than 
33 weeks (44). 

The self-perceived health status was lower but the self-related quality 
of life and function did not differ between ELBW/VLBW children and 
controls (21, 45-47). No differences in morbidity such as fever, cough 
and intake of antibiotics have been shown (20-22, 35). 

 

1.2 Oral Health and preterm birth 

1.2.1 Preterm birth related to oral hygiene and periodontal 
diseases 

Inadequate oral hygiene is considered to cause gingival inflammation, 
calculus and increase the risk for chronic periodontitis (48). Reported 
risk factors, associated with periodontitis in adolescents, include the 
presence of subgingival calculus, dental caries and restorations, 
smoking habits and periodontal pathogens (49-52). The use of gingival 
inflammation and the presence of supragingival calculus as adequate 
indicators for periodontitis have been questioned (53). Normal and 
abnormal variations in the hormone level during puberty may increase 
the gingival reaction to plaque and in some children, periodontitis is a 
manifestation of a systemic disease (51). The frequency of 
periodontitis in young adults in Sweden is very low, however, plaque 
and gingival inflammation are frequently found in Swedish adolescents 
(52, 54, 55). 

Oral hygiene is dependent on regular and careful tooth brushing and 
dental flossing. The preterm children, having an increased prevalence 
in disturbed motor function and perception, as well as a wide range of 
cognitive and behavioral impairments, may have difficulties in 
performing daily oral care on their own, when having reached 
adolescence. An increased frequency of plaque and gingival 
inflammation has recently been shown in 10-12 year old preterm 
children (56). 
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1.2.2 Preterm birth related to caries 
Caries prevalence in the western world has decreased during the past 
decades and there is a skewed distribution having few children with a 
high caries frequency (57-59). Finding children with caries risk factors 
and indicators may help to further reduce this prevalence among those 
children. Risk factors and indicators for developing caries includes 
inadequate salivary flow and composition, high numbers of cariogenic 
bacteria, immunological and genetic factors as well as lifestyle and 
behavioral factors, including poor oral hygiene, poor dietary habits, the 
use of medications containing sugar and inappropriate feeding 
methods. Past caries experience is strongly associated with caries risk. 
Social status, poverty, parental education and insufficient fluoride 
exposure are indicators associated with caries (52, 60-62). 

Caries development is associated with the composition and size of the 
biofilm, oral hygiene, the presence of carbohydrates, sugar and the host 
defense (63-68). The acidogenety of plaque depends on the bacterial 
production. The presence of Lactobacillus in plaque indicates a low 
pH. Still today, the most common bacteria associated with caries is 
mutans streptococci (63-66). 

The salivary flow and flow rate is an important factor in the protection 
against caries. The evidence, however, of the association between 
salivary pH and caries is questioned (69, 70). The saliva secretion is 
controlled by the autonomic nervous system. Salivary flow rate is 
reduced when the autonomic system is activated, as in stress. 
Morbidity, such as asthma, affects the salivary flow (71). It is not 
known if preterm birth has an affect on salivary secretion, however, 
stress and asthma are more frequently found in preterm children (28, 
72). 

Children with morbidity and impaired motor function have an 
increased caries prevalence compared with healthy children (71, 73-
75), however, behavioral disturbances did not show an increase in 
caries, but instead poor oral behavior (76). Most of these risk factors 
and indicators may be found in preterm children and the presumption 
of increased caries prevalence is adequate. Several studies have shown 
an association between LBW and prematurity and an increase of caries 
(77-82). Disturbed enamel mineralization, frequently found in preterm 
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children, may predispose for caries (78, 79, 83). The immunological 
defense in preterm infants is known to be disturbed, which may enable 
early establishment of mutans streptococci (84-86). The dietary habits 
in preterm children with LBW have been shown in early childhood to 
comprise a higher sugar intake (42, 79). Further, preterm birth is more 
frequent in socially deprived groups (87), a strong predictor for caries 
(61). 

The daily use of fluoridated toothpaste has the strongest evidence in 
the reduction of caries (88). Preterm children, with a wide range of 
cognitive and behavioral impairments, may not comprehend this fact 
when managing their own dental care. Despite these obvious risk 
factors and indicators, no consensus regarding preterm birth and caries 
was shown in a review article (89). 

 

1.3 Dento-facial characteristics and preterm birth 

1.3.1 Preterm birth related to growth and skeletal 
development of the head 

Facial growth is a complex interaction of interstitial growth and 
surface apposition in a continuous remodeling process that continues 
into adulthood (90). The development is individual but in general, a 
minor increase of growth is seen in the early mixed dentition (6-8 
years), and the facial pattern changes with a growth acceleration during 
puberty (91). 

Growth failure is common among the preterm children but catch-up 
growth periods during infancy seem to diminish this condition (17). If 
preterm children follow normal growth patterns in the skeletal facial 
growth, is not fully understood. However, the head circumference is 
smaller at birth and remains smaller without catch-up growth up to the 
age of 11 years (19). It has been shown that the cranio-facial 
morphology in preterm children at 8-10 years of age differs from 
children born at term. They have a shorter anterior cranial base (n-s), 
less convex profile (n-ss-pg), shorter maxillary length (sp-pm) (92) and 
more malocclusion traits (93). The differences in cranio-facial 
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dimensions in school children may be associated with a growth 
hormone deficiency (94, 95). When growth deficiency was treated with 
hormones, these effects were reduced (96). 

There are significant changes in the dental arches during the early 
mixed development period, with an increase of the anterior segment. 
When exfoliation of primary molars takes place, the posterior 
segments decrease. The total arch circumference is also dependent on 
the increase of arch width. When all these development changes are 
considered, no changes in the total arch perimeter between the first 
permanent molars are observed between 5 and 31 years of age (97). 
The dento-alveolar growth is mainly genetic, but is also affected by 
external factors such as muscle activities associated with head 
positioning and parafunctions as finger sucking and mouth breathing. 
Compensatory growth, both in the skeletal development, but also in the 
dento-alveolar development, has been shown (98-102). 

1.3.2 Preterm birth related to jaw morphology and 
malocclusions 

There is no general agreement of the impact of preterm birth on dento-
alveolar development (103). During the postnatal period, the preterm 
infants often require prolonged intubation and oral/nasal intubation 
resulting in asymmetry and a deepening of the palate (104-107). 
Palatal grooves and a deepening of the palate due to laryngoscope and 
orotracheal tube pressure have also been shown (108, 109). These 
defects may persist (105), but have also been shown to disappear with 
age due to the remodeling process (107, 110). However, there are 
discrepancies in the diagnostic methods and no uniform definitions of 
the findings exists (111). The effect of the narrow palate, shown as an 
increased frequency of cross-bites, has been shown (105) in young 
school children. The studies discussing cross-bites are few, the age 
range is widespread and confounding factors are not considered (103). 
More malocclusion traits among preterm infants, compared with 
controls, and more need of orthodontic treatments are shown (92). 
Regarding the sagittal and vertical relation, the results differ. The 
sagittal relation seen as Angle Class II was reported (112), while the 
Angle Class III relation in canines was more frequent in another study 
(113). Both deep bite (92) and open bite (114) are more frequently 
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found in preterm children. The referred studies were performed before 
pubertal growth had started. 

1.3.3 Preterm birth related to tooth dimension 
The dento-alveolar development starts intrauterine (115, 116) and the 
neonatal and postnatal period may affect normal tooth development. 

The effects of preterm birth, morbidity and postnatal treatments during 
tooth development, such as mineralization defects, altered crown 
dimensions and morphology, and disturbances in the tooth eruption 
have been shown (112, 117-120). 

The dimension of teeth is mainly determined genetically (121, 122). 
The tooth dimension in the primary and permanent dentition may be 
affected during the developmental stage when the matrix is secreted 
both prenatally and postnatally. Medical diagnoses have shown to 
affect the enamel dimension in prenatal, respectively, postnatal enamel 
(123). An association between tooth dimension and maternal health, 
BW, GA, gender and syndromes has been shown (118, 120, 124-130). 
However, there is no uniform agreement that preterm birth influences 
the tooth size. 

 

1.4 Dental hard tissues in preterm infants 

1.4.1 Dental development 
The development of the tooth is an interaction between the cells 
deriving from the ectoderm and mesoderm. The primary teeth are 
initiated in the 6-8th week of GA by an in-growth of the ectoderm into 
the mesenchyme, and completed by the first year. The enamel 
develops from the ectodermal dental lamina and differentiates through 
different stages (bud stage, cap stage, and bell stage) together with 
underlying dentin, pulp and cementum from the mesenchyme. The 
permanent teeth are formed in the same manner with the start at the 
20th-22nd gestational week from the epithelium of the primary tooth 
germs and from the elongation of the dental lamina. (115, 131, 132). 
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The onset of the calcification process in primary teeth starts at 14 
weeks GA and continues the first year of life (131, 133, 134). In 
permanent teeth, the mineralization starts at 36-40 weeks GA and 
continues during childhood (131, 135). The duration of the crown 
formation of primary teeth is relatively short (one year), compared 
with the permanent teeth (3-5 years) (133, 135-137). The chronology 
of calcification of the primary teeth is as follows: Central incisors, first 
molars, lateral incisors, canines and second molars (131). It has been 
shown that the primary incisors and molars are mineralized 
incisally/cuspally at fullterm births (40 weeks of GA) (116, 131). Thus, 
enamel in children born preterm is poorly maturated at birth. 

The development of the dental hard tissues starts with a complex 
interaction between the differentiated ectodermal epithelial cells 
(ameloblasts) and differentiated mesencymal cells (odontoblasts) into 
enamel and dentin. The enamel develops in three stages. At the 
secretion stage, when the enamel apposition takes place, the 
ameloblasts secrete a gel containing 65% water, 20% organic material 
and 15% hydroxyapatite by weight percent (135). During the secretion 
phase, the hydrophobic protein amelogenin is the main compound. In 
association with matrix formation, primary mineralization takes place. 
The development of hydroxyapatite (Ca10(PO4)6(OH)2) crystals starts 
with enucleation initiated by amelogenin (138). The ability of 
amelogenin to bind and promote hydroxyapatite crystallization is 
dependent on the surrounding pH (139, 140). The ameloblasts deposit 
the first enamel at the dentin surface beneath the future cusp tip (131, 
141). The appositional growth takes place perpendicular to the enamel-
dentin junction (EDJ), until the entire thickness of the enamel is 
formed with an increased rate from the EDJ to the surface. The rate of 
extension growth cervically along the EDJ toward the cervical margin 
is faster in deciduous teeth compared with permanent teeth (131, 133, 
137). 

When the enamel prisms have achieved full length, the ameloblasts 
transition from matrix-producing cells to resorbtion cells. Selective 
replacements of proteins take place by tissue fluid (transition stage). 
The enamel at this stage is very porous due to high water content. 
Finally, an additional increase of crystal growth takes place and the 
amount of water is reduced (142, 143). Mineralization during 
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maturation phase starts at the surface toward the inner layer, and then 
heavily toward the surface (144). Thus, the last part of the crown to be 
mineralized is the cervical outer part. The enamel now contains 95% 
hydroxyapatite and 1% organic material and 4% water by weight 
(141). The enamel formation is a continuous process. Thus, different 
parts of the enamel may be at different stages (116, 136, 138, 143). 

The dentin develops from odontoblasts, differentiated from 
mesenchymal cells next to the ameloblasts. The odontoblasts secret an 
organic matrix, predentin, containing Type III collagen, seen as large 
diameter collagen fibrils, and later densely packed Type I collagen 
fibrils. Within matrix vesicles, the first crystal is seen. This crystal 
grows rapidly, the vesicles burst and clusters of minerals form 
(globular calcification), forming mantel dentin. When the primary 
dentin is formed, the odontoblast moves away from the enamel 
developing cells, forming a matrix, toward the pulp center, leaving a 
process behind as a cell extension. These processes run in canaliculi - 
dental tubes. The formed matrix now contains a ground substance of 
proteoglycanes and densely packed collagen fibrils perpendicular to 
the tubes. Two types of mineralization are seen in dentin - globular and 
linear. Throughout the dentinogenesis, the mineralization continues in 
a rhythmic cycle. Secondary and tertiary dentin continuously 
mineralizes after the root formation is completed. The secondary 
dentin is laid down as a continuation of the primary dentin, while 
tertiary dentin is a reaction to injury by damaged odontoblasts (145, 
146). 

1.4.2 Morphology 
In normal mineralized enamel, hydroxyapatite crystals are 
incorporated in the prisms running from the EDJ toward the surface. 
The crystals are hexagonal and organized closely packed, mostly 
parallel to the prisms axis. The prisms are cylindrical and the shape, 
size and spacing are determined by the morphology of the matrix-
secreting ameloblasts. They are separated by prism sheets from the 
interprismatic substance where interprismatic crystals are organized 
perpendiculary. When studying the prisms in SEM, the pattern changes 
depending on how the cut is made. In cross-sections, the prisms have a 
characteristic keyhole outline. Each prism is formed by one ameloblast 
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(147, 148). The prisms run in an oblique direction vertically from the 
EDJ toward the cusp surface and cervically more horizontal. The 
prisms have a turning movement as it runs toward the surface, seen as 
an optical phenomenon, bands of Hunter and Schreger (138, 149). 

In a polarized light microscope, lines from the EDJ to the surface are 
distinguished in longitudinal cuts, striae of Rhezius. They are caused 
by the weekly rhythm in enamel production. When accentuated, they 
are called incremental lines. The etiology for these lines is disturbances 
during enamel formation causing the prisms to change direction and 
with fewer crystals along the lines. In polarized light microscopy, this 
line appears hypomineralized. The incremental line that separates the 
prenatal mineralized enamel from the postnatal is denoted the neonatal 
line (133, 136-138, 149, 150). 

Subsurface lesions, seen in polarized microscope as a hypomineralized 
area just beneath the surface, earlier associated with mineralization 
disturbances is, however, no longer associated with pathology (151). 

The dentin is less mineralized than the enamel. It is built-up by a 
mineralized matrix of densely packed collagen fibrils in a ground 
substance. Dental tubules, containing the odontoblast process, extend 
through the entire thickness of the dentin in an S-shaped path from the 
EDJ to the pulp. The tubules are covered by a highly calcified matrix, 
the so-called peritubular dentin. In-between the tubules is the 
intertubular dentin where the fibrils are arranged randomly, 
perpendicular to the dentinal tubules. Areas of less mineralized dentin, 
interglubular dentin, are seen as irregular dentin often below the 
mantel dentin (145, 146). Long-period incremental lines, as in enamel, 
are also seen in the dentin, termed contour lines of Owen (152). The 
dentin changes over time and sclerotic dentin is seen as a response to 
stimulus (146). 

1.4.3 Chemical composition of enamel and dentin 
The main component in enamel and dentin is hydroxyapatite. Enamel 
hydroxyapatite differs from ideal hydroxyapatite since HPO4

2-, CO3
2-, 

Na+, F+ and other ions are incorporated into its apatite lattice. The Ca/ 
P ratio in hydroxyapatite is 1.67, but in enamel, this ratio varies. In 
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primary enamel, the ratio Ca/ P is higher (about 2.0) (141). The Ca and 
P concentrations increase gradually during the latter enamel secretion 
phase, but the ratio Ca/P is fairly constant during formation (143). 
Incorporation of carbonate (CO3

-) in the molecule is seen, so-called 
“carbonated hydroxyapatite”, which changes the physico-chemical and 
mechanical properties of the enamel. Enamel is a well-mineralized 
apatite with less carbonate and magnesium ions incorporated into the 
apatite, compared with that of bone (141, 153). During the maturation 
stage, when the peak of mineral growth takes place, the crystal growth 
depends on the supply of calcium and phosphorous, but also on 
surrounding acidification (139, 140, 154). Earlier studies of normal 
enamel, with quantitative microradiography, have also shown lower 
levels of mineralization in deciduous teeth, compared with permanent 
teeth, and an increased concentration gradient from the EDJ to the 
surface (155-157). 

Mature dentin contains 70% inorganic material, hydroxyapatite, 20% 
organic material, mainly collagen Type I and dentin 
sialophosphoprotein (DSPP) derived proteins (90%), and 12% water 
(weight percent) (145, 146, 158). 

1.4.4 Mineralization disturbances - etiology and frequency 
Defects in the enamel structure can only occur during formation as 
mature enamel is acellular and avascular. The enamel defect is 
permanent, representing a time-dependent insult during formation. 

Mineralization disturbances have been described according to 
phenotype and microscope morphology and etiology.  

Enamel hypoplasia is a quantitative defect (159, 160) seen in the 
polarized light microscope as a local reduction of the enamel thickness 
with rounded borders, often in connection with the neonatal line (160, 
161). The etiology of this defect is thought to be a disturbance of short 
duration in the ameloblasts in the secretion phase, associated with 
trauma or, when a chronological pattern is seen, a systemic illness 
(162). When studied in SEM, the base of the defects have irregular and 
rough prism ends and areas of porous enamel are seen (160, 163). 
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Enamel hypomineralization is a qualitative defect seen as demarcated 
opacities with a variety of thickness and color, sometimes associated 
with secondary enamel breakdown or as diffuse opacities with no 
clearcut boundaries to normal enamel. The etiology to this defect is 
unclear and may be associated to the transition phase as well as the 
maturation phase. However, the duration of the disturbance is 
prolonged. Excessive intake of fluoride, malnutrition or chronic illness 
may be responsible for diffuse opacities. The demarcated opacities 
may be associated with trauma (162) or medical conditions over a 
longer period (164). 

When hypomineralized enamel was studied in a polarized light 
microscope, an increased porosity was noted (151, 161, 165-169). 
When studied in SEM at high magnification, the prisms were fairly 
well-organized with indistinct borders to the inter-prismatic space and 
the surface was covered with a structureless film, both in the primary 
and permanent teeth. The crystallites were unorganized and loosely 
packed (163, 169-173). Diffuse opacities were more superficial (163). 
Elemental analyses of the chemical composition in hypomineralized 
enamel have shown a reduction in the mineral composition. The 
findings show fluctuating values for Ca and lower values for P 
compared with normal enamel (171, 174). The ratio for Ca/P was 
found unchanged (171, 172) or lower (174). The values for carbon 
were increased (171, 172, 174). Protein resorbtion during the 
maturation phase is important for normal enamel development (175). 
Proteins such as albumin, found in serum, inhibit crystal growth during 
maturation (176) and causes less mineralized areas. 

In 1992, an Index of Dental Developmental Defects (DDE index) (177) 
was presented by a working group from the World Dental Federation 
(FDI) to enable uniform diagnostics. The index is descriptive and 
developmental defects in enamel are clinically divided into diffuse and 
demarcated opacities and hypoplasia. Each group is further subdivided 
according to appearance and location. 

The etiology of developmental defects in enamel is not yet fully 
understood. The basic mechanism behind enamel aberrations is the 
disturbed function of ameloblasts during different stages of the 
amelogenesis. The defects could be genetic (Amelogenesis Imperfecta) 
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where specific chromosomes are identified (158) giving a variety of 
phenotypes, or environmentally caused, either by local factors (trauma, 
radiation and infections), or systemic factors (intoxications, 
hypocalcemia/rickets, syndromes, nutritional disturbances, infections 
and metabolic disturbances) in the mother or child (167, 178-182). 

1.4.5 Preterm birth related to mineralization disturbances 
Effects of preterm birth and low birth weight on enamel development 
have been shown. The short GA and low birth weight, as well as 
prenatal and postnatal morbidity (56, 180, 183-194) and treatments 
(105, 108, 195), have been associated with aberrations in the enamel. 
A high frequency of mineralization disturbances has been noted (32-
78%) in the primary and permanent dentition. In the permanent 
dentition, as many as 96% of the preterm children were found with 
enamel defects (79). 

Microscopic studies of enamel from preterm children have shown 
areas of increased porosities, hypoplasia (161) and shallow pits (196). 
It is not known what effects preterm birth and associated morbidity, 
nutritional disturbances and postnatal treatments have on the 
ameloblasts during different stages. 

When changes in the degree of porosity are found in the primary 
enamel in preterm infants, it could also be assumed that chemical 
changes of the enamel and dentin would occur, however, there are no 
studies of the chemical composition in the enamel and dentin of 
primary teeth from preterm children. Of special interest is the 
incorporation of some of the major elements (i.e. C, O, P, Ca) during 
the mineralization of the dental hard tissue. The calcium physiology 
and pathology are regulated by magnesium, phosphorous, acid-base 
relation, parathyroid hormone (PTH) and vitamin D. During the last 
trimester of pregnancy, the major accumulation of calcium takes place 
(100-150mg/kg of the fetal weight/day) (16, 140). 
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2. AIM 
The overall aim of the present thesis was to elucidate the effects of 
preterm birth and postnatal complications on oral health and dento-
alveolar development during adolescence, in a well-defined group of 
preterm infants and, in the same group, explore the effects of preterm 
birth on development in primary teeth and compare the results with a 
matched control group and control teeth. 

The specific aims were: 

 To investigate oral health and possible risk indicators for 
developing pathology in teeth and periodontal tissues in 
adolescents born with a GA<29 weeks and compare with 
matched healthy controls born at term, and relate the findings 
from the clinical examination to medical conditions during 
adolescence. 

 To study and compare, in the same groups, the frequency of 
mineralization disturbances in the primary and permanent 
dentition and relate the findings to postnatal morbidity and 
treatments. 

 To study and compare, in the same groups, malocclusion, 
dento-alveolar characteristics and tooth size. 

 To study the degree of mineralization and structural properties 
in primary teeth from preterm infants born with a GA<29 
weeks and relate the findings to postnatal morbidity and 
treatment. 

 To study and compare the chemical element of Ca, P, O , C, 
Ca/P ratio and Ca/C ratio in enamel and dentin in primary teeth 
from preterm infants born with a GA<29 weeks and from 
children without known morbidity. 

 

Marianne Rythén 

17 

3. MATERIALS AND METHODS 

3.1 Subjects (I, II)  
The subjects (PT) consist of 45 (28 boys, 17 girls) adolescents from all 
survived infants (n=56), born before a gestational age (GA) of 29 
weeks during 1988-1991 at the Sahlgrenska University Hospital (at the 
time Östra Hospital, Mölndal’s Hospital and Sahgrenska Hospital) in 
the city of Gothenburg, County of Västra Götaland, Sweden, to 
mothers who were residents of Gothenburg (Fig. 1). In the city of 
Gothenburg, with 430,000 inhabitants, 25,284 resident infants were 
born alive during these years. The fifty-six infants born alive with <29 
weeks of GA in the city of Gothenburg, during the same period, 
consisted of 0.2% of all births in this area. 

 
Figure 1. Flow chart describing the study population (preterm children and 
controls) and the study material (teeth). 



Preterm infants – Odontological aspects 

16 

2. AIM 
The overall aim of the present thesis was to elucidate the effects of 
preterm birth and postnatal complications on oral health and dento-
alveolar development during adolescence, in a well-defined group of 
preterm infants and, in the same group, explore the effects of preterm 
birth on development in primary teeth and compare the results with a 
matched control group and control teeth. 

The specific aims were: 

 To investigate oral health and possible risk indicators for 
developing pathology in teeth and periodontal tissues in 
adolescents born with a GA<29 weeks and compare with 
matched healthy controls born at term, and relate the findings 
from the clinical examination to medical conditions during 
adolescence. 

 To study and compare, in the same groups, the frequency of 
mineralization disturbances in the primary and permanent 
dentition and relate the findings to postnatal morbidity and 
treatments. 

 To study and compare, in the same groups, malocclusion, 
dento-alveolar characteristics and tooth size. 

 To study the degree of mineralization and structural properties 
in primary teeth from preterm infants born with a GA<29 
weeks and relate the findings to postnatal morbidity and 
treatment. 

 To study and compare the chemical element of Ca, P, O , C, 
Ca/P ratio and Ca/C ratio in enamel and dentin in primary teeth 
from preterm infants born with a GA<29 weeks and from 
children without known morbidity. 

 

Marianne Rythén 

17 

3. MATERIALS AND METHODS 

3.1 Subjects (I, II)  
The subjects (PT) consist of 45 (28 boys, 17 girls) adolescents from all 
survived infants (n=56), born before a gestational age (GA) of 29 
weeks during 1988-1991 at the Sahlgrenska University Hospital (at the 
time Östra Hospital, Mölndal’s Hospital and Sahgrenska Hospital) in 
the city of Gothenburg, County of Västra Götaland, Sweden, to 
mothers who were residents of Gothenburg (Fig. 1). In the city of 
Gothenburg, with 430,000 inhabitants, 25,284 resident infants were 
born alive during these years. The fifty-six infants born alive with <29 
weeks of GA in the city of Gothenburg, during the same period, 
consisted of 0.2% of all births in this area. 

 
Figure 1. Flow chart describing the study population (preterm children and 
controls) and the study material (teeth). 



Preterm infants – Odontological aspects 

18 

Fifty-one of the 56 preterm infants, having reached adolescence, and 
their parents, were invited by letter to participate in the studies of this 
thesis. The adolescents were all born with low-birth-weight (LBW). 
These infants were earlier included in studies of growth, retinopathy 
and cognitive ability (17, 197, 198). The five adolescents excluded 
from the start had insufficient medical information and were not 
eligible for the study. Three adolescents did not wish to participate and 
three were not reached. 88% (n=45) of the 51 eligible adolescents 
accepted the invitation. The six dropouts (four boys and two girls) did 
not differ significantly regarding GA and birth weight (BW) (Table 1). 

 
Table 1.  Demographic and neonatal data in the clinical study, data from the 
retrospective study in brackets. (PT=preterm; CTR=controls; Age=at the clinical 
study; GA=gestational age; BW=birth weight, BWsds=standard deviation score for 
birth weight.) (201) (*=p<0.05, ***=P<0.001). 

 
 PT CTR 
 n=40 (n=45) n=40 (n=45) 

 
Sex 

Boys 25 (28) 25 (28) 
Girls 15 (17) 15 (17) 
 

Age 
Mean 14.2 (14.2) 14.3 (14.4) 
Median 14.0 (14.0) 14.3 (14.4) 
Range 12.3-16.4 (12.3-16.4) 12.3-16.3 (12.3-16.3) 
 

GA 
Mean 27.4 (27.4) 40.0 (40.0) 
Median  ***27.7 (27.9) 40.0 (40.0) 
Range 24.3-28.9 (24.3-28.9) 37.0-43.0 (37.0-43.0) 

 
BW 
 Mean 1006 (1030) 3585 (3602) 

Median ***1008 (1020) 3540 (3550) 
Range 450-1450 (450-1520) 2875-4560 (2875-4560) 

 
BWsds 
 Mean -1.05 (-0.94) -0.32 (-0.28) 

Median *-0.53 (-0.51) -0.33 (-0.29) 
Range -5.59-1.49 (-5.59-1.49) -2.84-1.47 (-2.84-1.47) 
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Five of the 45 adolescents born preterm did not wish to attend the 
clinical examination, thus, 40 extremely preterm children (25 boys, 15 
girls) participated in the clinical and dental cast studies (Fig. 1). 

The controls (CTR) consisted of 45 (40) adolescents born at term and 
individually matched, by age, gender and catchment area of the same 
Public Dental Service Clinic (Fig. 1). The controls were selected by the 
head of the clinic at a matched Public Dental Service Clinic. The first 
adolescent from the patient register matching the inclusion criteria, and 
the parents, was invited by letter. If they declined, the following 
patient in the patient register was asked (Table 1). 

 

3.2 Tooth material (III, IV) 
A total number of 44 earlier exfoliated primary teeth (20 incisors, 4 
canines and 20 molars) were collected from 14 of the 45 adolescents 
born preterm, for histo-morphological studies in a polarized light 
microscope. The sample constituted all teeth retrieved from 
participating preterms. The subjects and teeth are presented in Table 2. 

As control material in Study IV, thirty-six exfoliated primary teeth (27 
incisors; 9 molars) were used, collected from 36 healthy children. The 
teeth had earlier been described in a study of elemental composition in 
primary teeth (202). 
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Fifty-one of the 56 preterm infants, having reached adolescence, and 
their parents, were invited by letter to participate in the studies of this 
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study; GA=gestational age; BW=birth weight, BWsds=standard deviation score for 
birth weight.) (201) (*=p<0.05, ***=P<0.001). 
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Median *-0.53 (-0.51) -0.33 (-0.29) 
Range -5.59-1.49 (-5.59-1.49) -2.84-1.47 (-2.84-1.47) 
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Five of the 45 adolescents born preterm did not wish to attend the 
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The controls (CTR) consisted of 45 (40) adolescents born at term and 
individually matched, by age, gender and catchment area of the same 
Public Dental Service Clinic (Fig. 1). The controls were selected by the 
head of the clinic at a matched Public Dental Service Clinic. The first 
adolescent from the patient register matching the inclusion criteria, and 
the parents, was invited by letter. If they declined, the following 
patient in the patient register was asked (Table 1). 
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Table 2. Gestational age in weeks (GA), birth weight in grams (BW) and number of 
collected primary teeth from the preterm children; (I=Incisor; C=Canine; 
M=Molar) in the different studies (ToothPOLMI=morphological study (III); 
ToothSEM=morphological study (III); ToothXRMA=chemical study (IV).) 

 
Pat. GA BW Tooth Tooth Tooth 
 POLMI SEM XRMA 

 
 1 28.14 1130 1* M  1* M 
 2 28.86 1370 1* I. 1*M  1* I 
 3 26.00 690 1* I. 1*M  1* I. 1*M 
 4 28.86 1015 1* I  1* I 
 5 25.86 695 1* I. 1*M  1* I. 1*M 
 6 27.86 1280 6* I. 1*C. 3*M 1* I 1*I 
 7 28.71 1250 3* M 1* M 1* M 
 8 27.43 1180 1* I  1* I 
 9 28.57 1450 2* M 1* M 2* M 
 10 28.14 1140 1* I. 1*C 1* I 1* I 
 11 28.14 1180 1* I. 1*M  1* I 
 12 27.00 1355 6* I. 2*C. 4*M  1* I 
 13 27.00 1000 1* M  1* M 
 14 28.00 1425 1* I. 2*M  1*M 

Mean 27.76 1154 
STD 0.98 239 
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3.3 Methods 

3.3.1 Study design 
Study I: Cross-sectional case-control. 
Study II: Cross-sectional. 

Study III: Descriptive. 

Study IV: Case–control. 

3.3.2 Ethical approval and considerations 
Ethical consent was given by the Ethical Research Committee at the 
University of Gothenburg (Studies I, II. Dnr 262-06 and Studies III, IV. 
Dnr S 675-02). Informed consent was obtained from the preterm and 
control adolescents and their parents. Written consent from the 
Swedish National Board of Health and Welfare, to collect medical 
information from the Swedish Medical Birth Register, was retrieved. 

3.3.3 Medical records and medical history 
The preterm infants’ neonatal and postnatal medical diagnoses and 
treatments were retrieved from hospital medical records and the data of 
the controls from the Swedish Medical Birth Registration (Studies I, II, 
III). A standard deviation score for birth weight (BWsds = actual birth 
weight – mean value of birth weight/standard deviation of respective 
gestational age at birth and gender) was calculated. Small for 
gestational age (SGA) was considered when BWsds were below -2.0 
sds (201). Weight differences between birth, one month and two 
months of age were calculated.  

At the clinical examination, medical history was obtained from the 
parents of the adolescents and the daily intake of medicines was noted. 

3.3.4 Odontological registrations (I, II) 
The clinical examination was performed by a single examiner (MR) 
under a working light in a dental chair. Clinical photos and analogue 
X-ray bite-wings were taken if not provided by the adolescents´ 
dentists. Salivary examination and bacterial analyses were performed. 
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Oral hygiene and periodontal status (I) 
Plaque, gingival health and periodontal status were registered for all 
incisors and first molars. As the adolescents were in different dental 
stages, no other teeth were used. Plaque was noted using a probe 
passing on the buccal and lingual surfaces along the gingival margin. 
Plaque was noted as general if registered both at the incisors and the 
molars and local, if registered either at the incisors or the molars. In all 
other cases, it was noted as plaque-free. 

The periodontal registrations were made according to the WHO 
guidelines for clinical examinations (203) of incisors and molars. 
Bleeding on probing (BoP) and pocket depths ≥ 4mm for each site 
(mesial, buccal, distal and lingual) were registered. Three extremely 
preterm adolescents and one control did not cooperate to probing. 

Caries diagnostics (I) 
For caries diagnostics, the DMFT (Decayed Missing Filled Teeth) 
index was used. A mouth mirror was used to identify manifest occlusal 
caries and smooth surfaces, buccally or lingually. Caries was registered 
in a fissure when seen as a cavity and on smooth surfaces, defined as 
initial when the surfaces were demineralized with the loss of 
translucency along the gingival margin, and as manifest when seen as a 
cavity. Analogue X-ray bite-wings were used for approximal caries, 
registered according to Shwartz et al., 1984 (204), and occlusal caries 
when clearly noted as radiolucency in the dentin. Missing teeth caused 
by caries were noted. 

Intra-examination reliability for caries diagnostics on bite-wing was 
calculated, using 60 bite-wing radiographs from 30 randomly selected 
patients not involved in the study. The radiographs were diagnosed for 
caries according to the above mentioned criteria, twice, with a four 
week interval. 

Dental stage (II) 
To investigate the relation between chronological and developmental 
records, the dental stage was registered according to the method 
described by Björk et al., 1964 (205). 
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Salivary examination (I) 
For the saliva examination, stimulated saliva was collected during five 
minutes with the patient sitting in an upright position. The amount of 
saliva was measured in ml/min and registered as normal if >1ml/min 
(206). Dentobuff® Strip was used to measure the pH in saliva (207) 
and Dentocult SM Strip Mutans™, and Dentocult LB dip slides (Orion 
Diagnostica, Sweden) was used for identifying Streptococcus mutans 
(S. mutans) and Lactobacilli (208, 209). If no cultivation was seen, it 
was noted as no growth. At the statistical analysis for S. mutans, the 
groups low and medium were analyzed together. 

Mineralization disturbances (I) 
The index of developmental defects in dental enamel (the DDE index) 
was used to identify enamel mineralization disturbances (177). 
Hypomineralized enamel (diffuse and demarcated opacities) was 
registered and noted as local, multiple or affecting all teeth. 
Hypomineralized enamel with enamel breakdown was noted 
separately. Enamel hypoplasia was noted as local or affecting all teeth. 
Fluorosis was diagnosed when confirmed with the medical history. 

3.3.5 Dental records at 3, 6 and 9 years of age (I) 
Dental records at 3, 6 and 9 years of age, for both the preterms and the 
controls, were retrieved from the yearly dental records provided from 
the clinics in the Swedish Public Dental Service, and in five cases from 
private dental clinics, where the children received dental treatment. At 
the age of 3 years, deft (deft=decayed, extracted, filled primary teeth) 
was noted. At the age of 6 and 9 years, deftm (deftm=decayed, 
extracted, filled primary teeth, molars) and DMFT were registered. In 
these cases, a notation of mineralization disturbances were found in the 
records and this was registered.  

3.3.6 Study cast analyses (II) 
Study casts in the central occlusion were taken, if not provided by the 
childrens’ dentist or orthodontist. Study cast analysis was performed 
for the malocclusions according to Björk et al., 1964 (205). The 
malocclusions were registered by the three authors together and 
compared with a Swedish reference material (210). When dental casts 
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were missing, the malocclusion diagnoses were set by one of the 
examiners (MR) at the time of the clinical examination. Consideration 
to mesial drift by the first permanent molar was taken when sagittal 
diagnoses were registered. Crowding was noted when ≥4 mm in each 
quadrant. 

 
 

 

 

 

 

 

 

 

Figure 2. a-b. Arch length, according to Thilander, 2009 (97). The total 
circumference of the dental arch, divided into right/left posterior (P2-C) and 
anterior segments (I2-I2), was obtained by measuring the arch perimeter to 
the mesial surface at the first permanent molars, thus, representing the 
distance (P2-P2). (P2=Second premolar; I2=Lateral incisor; C=Canine.) 
c-d. Arch width, according to Thilander, 2009 (97). The maxillary and 
mandibular intermolar width was obtained by measuring the distances 
between the central fossae of the corresponding first molars on the left and 
right side between (M1- M1). ( M1=First molar.) 
e. Palatal height, according to Thilander, 2009 (97). The palatal height was 
achieved in the mid-palatal plane, determined by measuring the 
perpendicular distance from the occlusal plane constructed from the 
permanent first molars. Through a hole in a plastic sheet, the end of the 
caliper was pressed to the palatal contour. The distance minus the thickness 
of the sheet represented palatal height. 

 
 
On each study cast, arch length, width, palatal height (Figs. 2a-e) and 
mesio-distal tooth width was measured with a digital caliper 
(Cocraft®) and compared with the normal ideal (not orthodontic 
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treated) sample (97). The measurements were performed twice at 
different occasions by one of the authors (MR). In order to compare 
the arch length, width and palatal height with the reference material, 
the two groups were divided according to gender and age (13 and 16 
years of age) (Table 3). 

 
Table 3. Chronological age groups (13 and 16 years old) and gender (G) 
(F=female; M=male). Preterm children (n=36), controls (n=39) and reference 
material (REF) according to Thilander, 2009 (97). Mean age (MA) and standard 
deviation (SD). 

 
 Preterm Controls REF 
 G n MA SD n MA SD MA SD 

 
13 years F 8 13.4 0.7 8 13.0 0.8 13.0 0.4 
 M 14 13.3 0.7 15 13.3 0.6 13.1 0.4 
16 years F 6 15.7 0.4 6 15.4 0.4 15.8 0.5 
 M 8 15.2 0.5 10 15.5 0.6 15.8 0.5 

 
 

3.3.7 Morphological and chemical analysis of primary 
teeth (III, IV) 

All teeth were macroscopically examined for opacities and enamel 
hyperplasia before morphological and chemical analyses were 
performed. One tooth was found with enamel hypoplasia and all the 
teeth had marked attrition, considered normal for primary teeth when 
exfoliating. Before preparation, all teeth were stored in 70% ethanol 
for at least 24 hours. 

Embedding and sectioning of teeth 
Since dental enamel is brittle and hard, sections of teeth for 
histological investigations have to be supported by an embedding 
media before cutting in a saw microtome. Before analyses, the 
specimens were, therefore, embedded in an epoxy-resin (Epofix®, 
Electron Microscopy Sciences, Fort Washington, PA, USA). Sagittal 
longitudinal sections with a thickness of approximately 100 m were 
prepared in a Leica SP1600 Saw Microtome (Leica Microsystems 
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GmbH, Wetzlar, Germany), under constant water cooling (211) (Fig. 
3a).  

Polarized light microscopy (POLMI) 
Polarized light microscopy is a contrast enhancing light microscopic 
technique using two polarization filters (polarizer and analyzer) (Fig. 
3b). The first filter (polarizer) makes the transmitted light vibrate in a 
single plane. When the two filters are placed at right angles to each 
other, the light extinguishes. If a specimen with the capacity of double 
refraction (birefringence) is placed between the two filters, an image 
will appear with bright colors against a dark background. Polarization 
microscopy of enamel structures enables a good image of enamel 
morphology with a high contrast, as well as a possibility for the 
estimation of the degree of mineralization. 

When the degree of mineralization is evaluated in POLMI, a λ-filter is 
used. Therefore, normal mineralized enamel (negatively birefringent) 
appears with a blue/turquoise color when examined in dry air. Less 
mineralized or porous enamel appears with a reddish color (positive 
birefringence). Normal enamel has a pore volume of approximately 
0.1%. By examining the specimen in liquids with different refractive 
indexes, the degree of porosity in enamel can be measured. If the 
enamel, after water imbibition, remains positively birefringent, it is an 
indicator that the enamel has a micro-porosity of more than 5% (160, 
161, 212-216). 

 

Figure 3. (a) Leitz Low Speed Microtome. (b) Polarized light microscope. 
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Scanning electron microscopy (SEM) 
Scanning electron microscopy is primarily used when studying the 
surface morphology of enamel in high magnification (Fig. 4). The 
microscope is used as a reversed light microscope and instead of light, 
electrons are used. To prevent disturbances in the electron’s path and 
isolate high voltage from the electron source, the electron beam and 
specimen are kept in vacuum. The result is an image with extensive 
depth of the field and a sense of three dimensional appearances. The 
image is produced by scanning with an electron beam with high energy 
in a raster scanning pattern. Electrons are reflected from the surface 
and transmitted to a viewing screen. The amount of reflected electrons 
will depend on the surface material and the angle between the electron 
beam and the specimen. To reinforce the effects of the reflected 
electrons and avoid surface charging, the surface is coated with a thin 
layer of gold by vapor deposition. The magnification range used is 10-
30,000x. 

 

Figure 4. Scanning electron microscope. 
 
X-ray micro analyses (XRMA) 
X-ray micro analyses are performed in a SEM with an attached X-ray 
detector and software program. Instead of reflecting electrons from the 
surface of the specimen, characteristic and well-defined K-α X-rays are 
emitted from a volume below the surface. The detector collects the X-
rays and the pulses are shown on a screen where each element has its 
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Figure 3. (a) Leitz Low Speed Microtome. (b) Polarized light microscope. 
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Scanning electron microscopy (SEM) 
Scanning electron microscopy is primarily used when studying the 
surface morphology of enamel in high magnification (Fig. 4). The 
microscope is used as a reversed light microscope and instead of light, 
electrons are used. To prevent disturbances in the electron’s path and 
isolate high voltage from the electron source, the electron beam and 
specimen are kept in vacuum. The result is an image with extensive 
depth of the field and a sense of three dimensional appearances. The 
image is produced by scanning with an electron beam with high energy 
in a raster scanning pattern. Electrons are reflected from the surface 
and transmitted to a viewing screen. The amount of reflected electrons 
will depend on the surface material and the angle between the electron 
beam and the specimen. To reinforce the effects of the reflected 
electrons and avoid surface charging, the surface is coated with a thin 
layer of gold by vapor deposition. The magnification range used is 10-
30,000x. 

 

Figure 4. Scanning electron microscope. 
 
X-ray micro analyses (XRMA) 
X-ray micro analyses are performed in a SEM with an attached X-ray 
detector and software program. Instead of reflecting electrons from the 
surface of the specimen, characteristic and well-defined K-α X-rays are 
emitted from a volume below the surface. The detector collects the X-
rays and the pulses are shown on a screen where each element has its 
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own spectra. The pulses are transformed to a computer calculating the 
relative relation of weight percent between the included elements. The 
method can be used for chemical analyses in dental hard tissues (215). 
The method enables comparison between different specimens only 
when the circumstances are equal and the analyses are performed in 
the same way. In order to avoid surface charging, the specimen is 
coated with an electrical conducting material by vapor deposition. 

POLMI analyses 
The enamel, in all sections, was examined in an Olympus polarizing 
light microscope (Olympus, Tokyo, Japan), dry in air and after water 
imbibition. All specimens were examined by the two authors (MR, 
JGN) together, whereafter, each examiner studied the sections. Finally, 
the findings were compared and any differences were discussed. 

The appearance and location of the neonatal line (NNL), incremental 
lines and subsurface lesions (SSL) were registered both dry in air and 
after water imbibition. 

The degree of mineralization, seen as porosities in the enamel, was 
noted by using positive and negative birefringence. The extent of the 
positive birefringence in the enamel, when examined dry in air and 
after water imbibition, was registered (Fig. 5) 

For orientation within the specimens, micro-photos were taken of the 
central sections and used for the scanning electron microscope (SEM) 
analysis. 

SEM analysis 
Four teeth, from four preterms, representing varying degrees and 
extent of porosity as seen in polarized microscopy, were further 
studied in SEM (Study III) (Table 2). For the SEM analyses, the 
sections were mounted on sample holders for SEM with carbon tape, 
etched for 30 seconds with 30% phosphoric acid and carefully rinsed 
with de-ionized water. The sections were coated with gold by vapor 
deposition. The SEM examinations were carried out in a Philips SEM 
515 at 20 kV (Philips, Eindhoven, The Netherlands) and in a field 
emission scanning electron microscope (Gemini IMB, LEO 1530, 
Germany). The analyses were carried out at different locations in 
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hypomineralized and normal enamel; close to the surface, middle 
enamel and close to the EDJ (Fig. 6). The morphological appearance of 
prisms, crystals and the unity of the structures were evaluated by the 
two authors together (MR, JGN). 

 
The extent of the positive birefringence in the postnatal enamel when 
examined dry in air was registered in three groups: 

1: When positive birefringence is noted in the surface region only. 
2: When the extent is <1/2 of the enamel thickness. 
3: When the extent is >1/2 of the enamel thickness.  

 

The extent of the positive birefringence in the enamel after water 
imbibitions was registered as: 

0-wi: When the degree of porosity is <5% in the enamel after water 
imbibition.  

1-wi: When positive birefringence is seen only as streaks. 
2-wi: When the extent is <1/2 of the enamel thickness.  
3-wi: When the extent is >1/2 of the enamel thickness. 

 
The localization of the microporous zone was registered by dividing the 
tooth into five groups:  

A: <1/4 of the crown coronally.  
B: ½ of the crown coronally.  
C: 2/3 of the tooth coronally.  
D: The central part of the tooth.  
E: The total crown. 

 

 
Figure 5. Registrations of positive and negative birefringence in enamel, 
when studied dry in air and after water imbibition. 
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Figure 6. Areas of analyses in SEM for the four teeth examined. 
 

The results were compared with medical data (infant respiratory 
distress syndrome, hematological infections, number of blood and 
plasma transfusions, numbers of days with artificial ventilation, and 
number of days with nasal oxygen with overpressure). 

Analyses in XRMA 
Seventeen (9 incisors and 8 molars) of the 44 primary teeth from the 
same 14 adolescents were used for the chemical analyses. The teeth 
were chosen from each one of the preterm children and in three of the 
patients, additionally one tooth was used (Table 2). 

Chemical analyses of C, O, Ca and P in the enamel and dentin were 
performed in Philips SEM 515 (Philips, Eindhoven, The Netherlands) 
equipped with an EDAX DX-4 ECON detector (EDAX Inc., Mahwah, 
NJ, USA). The sections from the preterm children and controls were 
mounted on sample holders for X-ray micro-analysis (XRMA) with 
carbon tape and coated with carbon by vapor deposition after being 
etched for 30 sec with 30% phosphoric acid and carefully rinsed with 
de-ionized water (Fig. 7). For all measurements, the emitted X-rays 
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were detected during continuously fast scanning by a small window of 
6.1 µm x 4.3 µm at a magnification of 650x. 

 

Figure 7.  Section of a tooth embedded in epoxy-resin, mounted on sample 
holder for SEM and coated with carbon. 

 

The relative amounts of C, O, Ca and P were obtained by the EDAX 
DX-4 software, expressed in weight % and normalized to 100%. The 
software program corrected the data for carbon coating. All 
measurements were carried out from the surface, along a line toward 
the tip of the pulp, on the buccal side of the tooth starting 
approximately at half of the crown height, always aiming at 
morphologically analyzing the same area. Thus, all measurements 
were made in the postnatal enamel. The measurements were performed 
at five locations in the enamel and the dentin, respectively. The first 
measurement was made 10 m below the surface and followed by 
measurements located at ¼, ½ and ¾ of the enamel thickness and 10 
m above the EDJ. The measurements in the dentin were performed in 
the same way, starting 10 m below the EDJ and at ¼, ½ and ¾ of the 
dentin thickness and 10 m above the pulp chamber (Fig. 8). 
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Figure 8. Overview of an un-decalcified section seen in SEM showing the 
locations of the XRMA measurements at half of the crown height in the 
enamel and dentin (L1=measurement line 1; L2=measurement line 2; 
magnification 16x). 

 

All measurements were performed twice, with a distance of 
approximately 5 m, parallel to the first. No measurements were 
performed in carious enamel, which was checked both in the polarized 
light microscope and in the SEM. All values are to be considered semi-
quantitative. The mean and median value from the two measurements 
on each location were estimated and the ratio for Ca/P and Ca/C was 
calculated and used for the statistical analyses which, thus, were 
performed on an individual level. 

As reference, data from a previous study of the elemental composition 
in normal primary teeth was used (202). 

3.3.8 Statistical methods 
SPSS version 15-19 (SPSS, IBM, Chicago, USA) was used for the 
statistical analysis. The level of significance in all studies was set to 
p<0.05. 
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In Study I, differences between groups were analyzed using the Chi-
Square Test for nominal data, Fishers´s Exact Test for small nominal 
data and Mann Whitney U-test for numeric data. Correlation analyses 
between numeric variables were calculated using the Spearman 
Correlation Analyses. Non-parametric methods were used since the 
measured values did not have a normal distribution. Intra-observer 
reliability was evaluated with the Cohen’s Kappa Test. 

In Study II, differences between groups were analyzed with the Chi 
Square Test and Fisher’s Exact Test for nominal data, and the 
Student`s T-test for numeric data. Correlation analyses between 
hospital treatments and tooth dimension were calculated using 
Pearson’s Correlation Analyses. Adjustments according to Bonferroni 
have not been performed. The Error of the method was calculated for 
tooth measurements according to the Dahlberg formula (217): 

SE=  nd 2/2 , 

where d is the difference between the two measurements and n is the 
number of measurements. 

In Study IV, the Mann-Whitney U-test was used for comparison of the 
medians. Non-parametric methods were used since the measured 
values did not have a normal distribution. The charts shown are based 
on the median values. 
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4. RESULTS 

4.1 Postnatal complications/treatments and health 
during adolescence 

The preterm infants were hospitalized (range 41-441 days) and treated 
with artificial ventilation, blood transfusions, antibiotics, artificial 
nutrition and in some cases, surgery (Table 4). Nine preterm infants 
were considered SGA. Thirty-five (thirty-nine) of forty (forty-five) 
infants returned to the hospital for treatments after discharge. 

At the time of the clinical examination, the adolescents born preterm 
suffered from various medical conditions (Table 4). 

Four sets of twins were found in the preterm group. No differences 
were observed between each sibling and the total preterm adolescents 
regarding oral health and risk indicators. Similarities in one set of 
twins were observed, seen as asthma and several teeth with 
hypomineralization (6/7) with severe hypomineralization (2/2). One set 
of twins had low salivary secretion. Further, all twins had Angle Class 
I relation and in one set, both siblings had crowding and dental 
anomalies. 

None of the control infants had neonatal or postnatal medical 
diagnoses causing prolonged hospitalization, though six infants had 
signs of mild hypoxia or transient tachypnéa and one child had a 
hemolytic disease. No information regarding medical care after the 
hospital discharge was available.  

According to the inclusion criteria, all controls were healthy at the time 
of the clinical examination with two exceptions; one had developed a 
nickel allergy and one had an untreated pollen allergy. 
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Table 4. Medical data in the clinical study, data from the retrospective study in 
brackets. (PT=preterm; CTR=controls; BPD=bronchopulmonary dysplasia; 
NEC=necrotizing enterocolytis; IVH=intraventricular haemorrhage; 
ADHD=attention deficiency hyperactivity disorder; CP=cerebral palsy.) 

 
 PT CTR 
 n=40 (n=45) n=40 (n=45) 

 
Postnatal 
Morbidity  
 BPD 9 (10) 0 

Sepsis 17 (20) 0 
NEC 4 (4) 0 

 Hyperbilirubinemia 18 (22) 0 
IVH 4 (5) 0 
 

Treatments  
 Blood transfusion 36 (39) 0 

Hospitalized >90days 11 (12) 0 
Artificial nutrition >60days 26 (28) 
 

Post hospital treatments 
within the first year 35 (39) 
 
Anamnesis at clinical examination 
 Asthma 7 0 

Heart disease 3 0  
Growth deficiency 3 0 
Allergy 7 2 
Pierre Robins Syndrome 1 0 
Turner Syndrome 1 0 
Medicines (growth hormone 

 steroides, broncholytic sub- 
 stances, stimulants, neuroleptica) 7 0 
 
Dysfunctions at clinical examination 
 ADHD 5 0 

Autism 2 0 
CP 2 0 
Hearing, visual impairments 11 0 
Perception, learning difficulties 6 0 
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4.2 Oral health in adolescents born preterm (I) 

4.2.1 Oral hygiene and periodontal disease  
Plaque was found in 33 preterm adolescents (23 local and 10 general) 
compared with 21 among the controls (18 local, 3 general, p=0.007). 
BoP was seen in 16 preterm adolescents compared with 7 controls 
(p=0.024). The number of BoP sites was also significantly higher (19 
vs. 8, p=0.011). No significant difference in the frequency of 
periodontal pockets was found (6 PT vs. 2 CTR). 

4.2.2 Caries 
The caries prevalence had a skewed distribution in both groups. The 
preterm adolescents were noted having more caries (decayed 
teeth=DT; decayed teeth initial approximal DTia) (PTDT=7, CTRDT=5; 
PTDTia=13; CTRDTia=11), but more controls had a history of caries 
(filled teeth=FT) (PTFT=12; CTRFT=18). DTia ≥4 was found in eight 
preterms compared with two controls. Ten preterm adolescents had 
initial caries buccally/lingually (DTibl) compared with four controls. 
Two preterm adolescents each had one tooth extracted due to severe 
hypomineralization and caries, and one control had one tooth extracted 
due to caries. However, there were no significant differences between 
the preterm adolescents and the controls in the frequency of DT, DTia, 
DTibl, MT or FT.  

In early childhood, twice as many controls had caries in the primary 
dentition (decayed teeth=dt; decayed teeth molars=dtm) compared 
with the preterm children (3 years: PTdt=2, CTRdt=5; 6 years: PTdtm=7, 
CTRdtm=14). At six years of age, six controls had ≥3 decayed teeth 
compared with none in the preterm group. The caries frequency at six 
years of age was significantly higher in the controls (p=0.045). When 
filled teeth (filled teeth molars=ftm) were taken into account, the total 
difference in the caries prevalence was reduced (6 years: PTftm=8, 
CTRftm=5), however, there were six preterm children with only one 
filled tooth compared with one CTR child. No differences were found 
between the two groups regarding the frequency of dtm and DT at 9 
years of age (9 years: PTdtm=14, CTRdtm=15; 9 years: PTDT=5, 
CTRDT=6). Increased prevalence of ftm, FT was found in the controls 
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(9 years: PTftm=16, CTRftm=21; PTFT=3, CTRFT=8), and more 
extracted primary molars (etm) (PTetm=8, CTRetm=9; five CTR had ≥3 
primary molars extracted vs. none PT), indicating a higher past caries 
activity among the controls, however, this was not significant.  

4.2.3 Saliva and bacteria 
Stimulated saliva <1ml/min was found in 20 preterm adolescents 
compared with the seven controls (p=0.004). Most children in both 
groups had a normal pH value. Streptococcus mutans > 1,000,000 were 
found in eight preterm adolescents compared with three controls 
(p=0.032) and Lactobacillus >100,000 were found in five preterm 
adolescents and twelve controls, however, this difference was not 
statistically significant. 

4.2.4 Mineralization disturbances 
The total enamel mineralization disturbances, according to the DDE 
index, did not differ between the two groups. Enamel hypoplasia was 
seen in two preterms compared with five controls. All teeth in one 
control had signs of hypoplasia with horizontal grooves. 

Sixteen preterm adolescents were found with local (6) and multiple (8) 
hypomineralization, seen as demarcated opacities, compared with ten 
controls (5+5). Two adolescents from each group had enamel 
hypomineralization affecting all teeth, seen as diffuse striae, white or 
yellow. In the control group, one was diagnosed as having fluorosis, 
according to the odontological history and clinical appearance. One 
preterm was diagnosed with lactose intolerance and one preterm had a 
history of complex illness, with prolonged hospitalization and tube-
feeding.  

A significant difference, however, was seen in the frequency of severe 
hypomineralization between the preterm and control adolescents. 
Eleven teeth with enamel breakdown were found in seven preterm 
adolescents, compared to one tooth among the control adolescents 
(p=0.028). Further, two preterm adolescents had each one first molar 
extracted due to hypomineralization and caries and one was waiting for 
extraction. 
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Stimulated saliva <1ml/min was found in 20 preterm adolescents 
compared with the seven controls (p=0.004). Most children in both 
groups had a normal pH value. Streptococcus mutans > 1,000,000 were 
found in eight preterm adolescents compared with three controls 
(p=0.032) and Lactobacillus >100,000 were found in five preterm 
adolescents and twelve controls, however, this difference was not 
statistically significant. 

4.2.4 Mineralization disturbances 
The total enamel mineralization disturbances, according to the DDE 
index, did not differ between the two groups. Enamel hypoplasia was 
seen in two preterms compared with five controls. All teeth in one 
control had signs of hypoplasia with horizontal grooves. 

hypomineralization, seen as demarcated opacities, compared with ten 
controls (5+5). Two adolescents from each group had enamel 
hypomineralization affecting all teeth, seen as diffuse striae, white or 
yellow. In the control group, one was diagnosed as having fluorosis, 
according to the odontological history and clinical appearance. One 
preterm was diagnosed with lactose intolerance and one preterm had a 
history of complex illness, with prolonged hospitalization and tube-
feeding.  

A significant difference, however, was seen in the frequency of severe 
hypomineralization between the preterm and control adolescents. 
Eleven teeth with enamel breakdown were found in seven preterm 
adolescents, compared to one tooth among the control adolescents 
(p=0.028). Further, two preterm adolescents had each one first molar 
extracted due to hypomineralization and caries and one was waiting for 
extraction. 

Fourteen preterm adolescents were found with local (6) and multiple (8) 
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In the primary dentition, none of the control adolescents was found to 
have enamel mineralization disturbances according to the dental 
records. Five and nine preterm children had enamel disturbances at six, 
respectively, nine years of age (p=0.004). 

 

4.3 Dento-alveolar characteristics in adolescents 
born preterm (II) 

4.3.1 Dental development 
No differences in the dental stage or between preterm and controls 
were found. Eight preterm and seven control adolescents remained in 
late mixed dentition (DS2M1 - DS3M1). The variations, in the late 
mixed and early permanent dentitions and adolescence, were normal 
due to individual dental development. 

4.3.2 Malocclusions and dento-alveolar measurements 
Three or more malocclusions were twice as common among the 
preterm adolescents. Twice as many preterm adolescents had Angle 
Class II malocclusion and an overbite ≥5 mm compared with the 
controls. An over-jet ≥6 mm was significantly more frequent among 
the preterm (p=0.04) (Table 5). In ten out of twelve preterm 
adolescents with Angle Class II malocclusion, the diagnosis was 
associated with medical or functional disturbances, however, this was 
found in all classes (Fig. 9). Deviations of normal tooth morphology 
were more often seen in the preterms. This was not significant and no 
other differences in dental anomalies were found. 

No major differences between the preterm and control groups were 
found in arch length, width and palatal height except for a decrease in 
the dental arches in the preterm girls at 16 years of age (maxillary 
anterior length: 28.2mm vs. 31.9mm, p= 0.039; maxillary total length: 
69.5mm vs. 76.3mm, p=0.015; mandibular posterior length: 19.7mm 
vs. 21.6mm, p=0.004; mandibular total length: 60.3mm vs. 65.6, 
p=0.041; maxillary width 42.4 vs. 47.5, p= 0.028; mandibular width: 
36.2mm vs. 41.4mm, p= 0.007). 
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Figure 9. Frequency of Angle Class I, II and III, respectively, related to 
morbidity, neurological and neuro-psychiatric disturbances in preterm 
children. 
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Table 5. Prevalence of occlusal, space and dental anomalies in 40 preterm children 
(PT), 40 controls (CTR) and a Swedish reference material of 5459 school children 
(REF) (210). Given in number (n) and percent (%). 

 
 PT CTR REF 
 n % n % % 

 
Occlusal anomalies 
Sagittal 

Angle Class II 12 30.0 6 15.0 14.1 
Angle Class III 2 5.0 1 2.5 4.2 
Over-jet ≥ 6mm 8 20.0 2 5.0 8.0 

Vertical 
Overbite ≥ 5mm 10 25.0 5 12.5 8.4 
Open bite 2 5.0 1 2.5  
Edge-to-edge 1 2.5 1 2.5 1.3 

Transversal 
Cross-bite (uni- and bilateral) 5 12.5 5 12.5 10.7 
Scissors bite (uni- and bilateral) 2 5.0 1 2.5 2.0 
 

Space anomalies 
Crowding ≥4mm 10 25.9 12 30.0 26.3 
Spacing ≥2mm 4 10.0 1 2.5 8.6 
(incl midline diastema) 
 

Dental anomalies 
Hypodontia 2 5.0 2 5.0 6.1 
Hyperodonti 1 2.5 0 0.0 1.1 
Tooth impaction 4 10.0 4 10.0 5.4 
Deviation from normal 
Dental morphology 4 10.0 1 2.5 0.7 
Inverted incisors, canines 3 7.5 4 10.0 11.1 

 
 

In the preterm adolescents, significantly smaller maxillary central 
incisors, canines and first molars were seen in the girls. Significantly 
smaller mandibular incisors and canines were seen in both the boys 
and the girls, and mandibular molars were seen in the girls, only (Table 
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6). This was found especially in adolescents with prolonged postnatal 
hospitalization (Fig. 10). 

 

Table 6.  Mesio-distal crown diameters (mm) of permanent teeth in preterm children 
(PT), controls (CTR) and normal material (REF) (97), (T=tooth; G=gender; 
F=female; M=male) given as the mea and standard deviation (SD). (*=p<0.05, 
**=p<0.01; PT/CTR). 

 
 PT CTR REF 
T G Mean SD Mean SD Mean SD 

 
Maxilla 
I1 F 1**8.2 0.45 18.9 0.55 18.5 0.52 

  M 18.7 0.60 19.0 0.47 19.0 0.46 
I2 F 16.8 0.52 17.0 0.70 16.6 0.62 
 M 17.0 0.55 16.9 0.39 17.1 0.62 
C F 1**7.1 0.42 17.8 0.41 17.6 0.44 
  M 17.9 0.36 18.1 0.33 18.3 0.52 
P1 F 17.0 0.49 17.2 0.45 17.0 0.45 
 M 17.2 0.29 17.1 0.43 17.3 0.43 
P2 F 16.7 0.39 16.8 0.36 16.7 0.49 
 M 16.8 0.41 16.9 0.43 16.9 0.38 
M1 F **9.9 0.42 10.4 0.40 10.3 0.54 
 M *10.4 0.55 10.7 0.42 10.8 0.52 
M2 F 19.6 0.64 10.1 0.84 19.4 0.63 
 M 10.1 0.57 10.3 0.56 10.0 0.62 
Mandible 
I1 F 1*5.3 0.27 15.5 0.33 15.4 0.33 

  M *5.4 0.30 15.6 0.26 15.6 0.24 
I2 F 1**5.7 0.34 16.1 0.39 15.9 0.32 
 M 1**5.9 0.40 16.2 0.39 16.1 0.27 
C F 1**6.2 0.35 16.8 0.38 16.6 0.43 
 M *6.9 0.27 17.1 0.42 17.2 0.47 
P1 F 17.0 0.54 17.2 0.41 17.0 0.42 
 M 17.3 0.42 17.2 0.36 17.4 0.56 
P2 F 17.1 0.54 17.2 0.38 17.1 0.43 
 M 17.2 0.43 17.3 0.40 17.5 0.51 
M1 F *10.4 0.53 10.9 0.49 10.8 0.58 
 M 10.9 0.86 11.0 0.53 11.3 0.62 
M2 F 19.8 0.56 10.2 0.75 19.9 0.59 
 M 10.3 0.84 10.7 1.36 10.1 0.77 
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The data of the controls was constantly close to those of the reference 
material (97, 210), thus strengthening the results. 

 

Figure 10. Upper central incisor - tooth size (mm) and postnatal morbidity 
shown as number of days hospitalized (days). 

 

4.4 Morphological and chemical findings of 
primary teeth in children born preterm (III, IV) 

4.4.1 Macroscopical findings (III) 
Enamel hypoplasia was found in one tooth. In the remaining examined 
teeth, a marked attrition was noted, however, this is considered as 
normal wear. 

4.4.2 Postnatal health and treatments of children born 
preterm contributing with teeth 

In the teeth from the preterm group included in the morphological and 
chemical analyses, the postnatal medical history showed that the 
infants suffered from IRDS, hemolytic infection and 
hyperbilirubinemia, and were treated with blood transfusions, artificial 
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ventilation, nasal oxygen with overpressure or oxygen alone. Three 
children had none of these diagnoses but were treated with blood 
transfusions and oxygen for other reasons. Three children had no blood 
transfusions and two had more than 20 occasions of transfusions. Four 
children had artificial ventilation and all children had received oxygen 
(Table 7). 

4.4.3 Histo-morphological findings (POLMI) 
The neonatal line (NNL) was seen as a distinct incremental line, with a 
positive birefringence when examined both dry in air and after water 
imbibition. The NNL, when found, extended from the enamel dental 
junction (EDJ) coronal to the middle part of the enamel surface. In the 
preterm teeth, the NNL was located incisally (Figs. 11a-b) 
corresponding to the GA. The line separates prenatal enamel found in 
17 teeth (15 incisors, 1 molar and 1 canine) from postnatal enamel. In 
27 of the teeth (19 molars, 3 canines and 5 incisors), no neonatal line 
was found (Table 8). 

 

Figure 11. (a) Un-decalcified section of a primary molar from a preterm 
infant, seen dry in air in polarized light with a neonatal line (NNL) and 
prenatal (PreN) and postnatal (PostN) porous zone (D=dentin). Original 
magnification ×40. 
(b) Un-decalcified section of the same primary molar as in (a), seen after 
water imbibition in polarized light with a neonatal line (NNL) and a 
prenatal (PreN) and a postnatal (PostN) porous zone (D=dentin). Original 
magnification ×40. 



Preterm infants – Odontological aspects 

42 

The data of the controls was constantly close to those of the reference 
material (97, 210), thus strengthening the results. 
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Table 7. The occurrence of postnatal complications and treatments among preterm 
infants and findings in teeth with POLMI, when the degree of porosity is >5% in 
different spreading of the enamel. Represented by the tooth with highest porosity. 
IRDS=Infant respiratory distress syndrome; HEM=haematologic infection; 
HB=hyperbilirubinemia; BT=number of blood and plasma transfusions; 
AV=number of days with artificial ventilation; CPAP=number of days with nasal 
oxygen with overpressure; O2d=number of days with only oxygen treatment; 
I/C=incisors/canines; M=molars. 

 
Pat. *IRDS *HEM *HB BT AV CPAP O2d **I/C **M 

 
 1 X X  5 0 7 62  3-C 
 2 X X X 6 0 6 41 2-D 3-D 
 3 X X  43 35 60 184 2-A  
 4    0 6 54 53 2-B 
 5 X   84 61 37 471   
 6 X X X 0 0 2 37 3-B 3-C 
 7    1 0 3 2  3-C 
 8   X 5 0 10 55 3-C 
 9 X   5 17 17 38  3-A 
 10    2 0 2 15 3-B 
 11   X 3 0 3 12   
 12 X  X 2 0 3 3 2-B 3-C 
 13 X   4 0 12 62 3-C  
 14   X 0 0 0 2 1-A 1-D 
 
*X=yes 
**1-A=seen as streaks, <coronally 1/4; 1-D=seen as streaks, central part; 2-
A=<½ of the enamel thickness <coronally 1/4; 2-B=<½ of the enamel 
thickness, coronally ½; 3-A=>½ of the enamel thickness, <coronally 1/4; 3-
B=>½ of the enamel thickness, coronally ½; 3-C=>½ of the enamel 
thickness, coronally 2/3; 3-D=>½ of the enamel thickness, central part. 

 
 

The prenatal enamel, found in 17 teeth, appeared mostly normal. When 
examined dry in air, a positive birefringence was seen. In six teeth, this 
inner microporous zone remained positively birefringent after water 
imbibition, indicating a degree of porosity >5% (Figs. 11a-b). 
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Table 8. The morphological findings from the POLMI analysis and data of the 
preterm infants. Tooth: UI=upper incisor, LI=lower incisor, C=canine, FM=first 
molar, SM=second molar. NL=neonatal line: Y=present, N=not found. 
L=Localization of the neonatal line: 1=cervical 1/3, 2=middle 1/3, 3= incisal 1/3 
4=cuspal/incisal. Pren=prenatal enamel, after water imbibition X=with >5% degree 
of porosity. Postn=postnatal enamel examined dry in air: N=normal, 1=positive 
birefringence at the enamel surface; 2=positive birefringence <½ of the enamel; 
3=positive birefringence >½ of the enamel. A=<1/4 of crown; B=1/2 of crown; 
C=2/3 of crown; D=central; E=entire crown. IMB=postnatal enamel after water 
imbibition: N=normal; 0-wi=<5% degree of porosity; 1-wi=streaks of >5% degree 
of porosity; 2-wi=>5% degree of porosity <½ of the enamel; 3-wi=>5% degree of 
porosity >½ of the enamel; A=<1/4 of crown; B=1/2 of crown; C=2/3 of crown; 
D=central. SSL=subsurface lesion, X=present. INC=incremental lines; X=present. 

 
Pat. nr. Tooth NL L Pren Postn Imb SSL INC 

 
 11 SM N   3C 3-wiC 
 12 LI Y 2 X 3D 2-wiD 
  SM N   3E 3-wiD X 
 13 UI Y 3  3B 2-wiA X X 
  SM N   3C 0-wi   X 
 14 UI N   3B 2-wiB  X 
 15 UI N   N N 
  FM N   2B 0-wi 
 16 UI Y 2  3C 1-wiD  X 
  UI Y 2 X 3E 2-wiB  X 
  C Y 4  N N  X 
  LI Y 4  N N 
  UI N   3C 3-wiB  X 
  LI Y 4  2B 0-wi  X 
  LI Y 3  2A 2-wiA X X 
  SM N   3C 2-wiC X X 
  SM N   3C 3-wiB X X 
  FM N   3C 3-wiC  X 
 17 SM N   3C 3-wiC  X 
  SM N   3C 3-wiC X 
  SM N   3E 3-wiC 
 18 UI N   3C 3-wiC 
 19 FM N   3B 3-wiA X X 
  SM Y 4  3B 2-wiA 
 10 C N   3C 3-wiB X X 
  UI Y 3 X 3C 0-wi X X 
 11 FM N   3E 0-wi X X 
  UI Y 3 X 3E 0-wi X X 
 12 UI Y 3  N N   
  UI Y 3 X 2A 0-wi  X 
  UI Y 2  3C 0-wi 
  C N   3C 1-wiC X X 
  FM N   3C 1-wiC X X 
  SM N   3C 1-wiD X X 
  SM N   3C 3-wiC X 
  LI Y 2  N N X X 
  LI Y 3  3B 1-wiD  X 
  UI N   3B 2-wiD 
  C N   3B 2-wiB X X 
  FM N   3C 3-wiC X X 
 13 FM N   3C 3-wiC 
 14 FM N   3C 1-wiD  X 
  LI Y 2 X 3A 1-wiA X X 
  FM N   3C 1-wiD 
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L=Localization of the neonatal line: 1=cervical 1/3, 2=middle 1/3, 3= incisal 1/3 
4=cuspal/incisal. Pren=prenatal enamel, after water imbibition X=with >5% degree 
of porosity. Postn=postnatal enamel examined dry in air: N=normal, 1=positive 
birefringence at the enamel surface; 2=positive birefringence <½ of the enamel; 
3=positive birefringence >½ of the enamel. A=<1/4 of crown; B=1/2 of crown; 
C=2/3 of crown; D=central; E=entire crown. IMB=postnatal enamel after water 
imbibition: N=normal; 0-wi=<5% degree of porosity; 1-wi=streaks of >5% degree 
of porosity; 2-wi=>5% degree of porosity <½ of the enamel; 3-wi=>5% degree of 
porosity >½ of the enamel; A=<1/4 of crown; B=1/2 of crown; C=2/3 of crown; 
D=central. SSL=subsurface lesion, X=present. INC=incremental lines; X=present. 

 
Pat. nr. Tooth NL L Pren Postn Imb SSL INC 

 
 11 SM N   3C 3-wiC 
 12 LI Y 2 X 3D 2-wiD 
  SM N   3E 3-wiD X 
 13 UI Y 3  3B 2-wiA X X 
  SM N   3C 0-wi   X 
 14 UI N   3B 2-wiB  X 
 15 UI N   N N 
  FM N   2B 0-wi 
 16 UI Y 2  3C 1-wiD  X 
  UI Y 2 X 3E 2-wiB  X 
  C Y 4  N N  X 
  LI Y 4  N N 
  UI N   3C 3-wiB  X 
  LI Y 4  2B 0-wi  X 
  LI Y 3  2A 2-wiA X X 
  SM N   3C 2-wiC X X 
  SM N   3C 3-wiB X X 
  FM N   3C 3-wiC  X 
 17 SM N   3C 3-wiC  X 
  SM N   3C 3-wiC X 
  SM N   3E 3-wiC 
 18 UI N   3C 3-wiC 
 19 FM N   3B 3-wiA X X 
  SM Y 4  3B 2-wiA 
 10 C N   3C 3-wiB X X 
  UI Y 3 X 3C 0-wi X X 
 11 FM N   3E 0-wi X X 
  UI Y 3 X 3E 0-wi X X 
 12 UI Y 3  N N   
  UI Y 3 X 2A 0-wi  X 
  UI Y 2  3C 0-wi 
  C N   3C 1-wiC X X 
  FM N   3C 1-wiC X X 
  SM N   3C 1-wiD X X 
  SM N   3C 3-wiC X 
  LI Y 2  N N X X 
  LI Y 3  3B 1-wiD  X 
  UI N   3B 2-wiD 
  C N   3B 2-wiB X X 
  FM N   3C 3-wiC X X 
 13 FM N   3C 3-wiC 
 14 FM N   3C 1-wiD  X 
  LI Y 2 X 3A 1-wiA X X 
  FM N   3C 1-wiD 
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The postnatal enamel appeared with a negative birefringence in five 
teeth (four incisors and one canine) when examined dry in air, 
indicating normal mineralized enamel. The remaining 39 teeth showed 
positive birefringence with a variation of extension throughout the 
enamel (Figs. 11a-b). After water imbibition, most of the enamel 
changed to negative birefringence, indicating a degree of porosity 
<5%. However, in all but eight sections, a positively birefringent zone 
remained, with a varying extension of the enamel, indicating a degree 
of porosity >5% (Figs. 12a-d). In eight of these remaining 31 teeth, the 
area of positive birefringence was seen as streaks (Fig. 12d). In 26 
teeth (17 molars, 7 incisors and 2 canines), the positively birefringent 
zone, seen dry in air, extended to 2/3 of the crown (Fig. 12c). Twenty-
one of these sections remained positively birefringent after imbibition 
in water, indicating a degree of porosity >5% (Table 8). 

Subsurface lesions were seen as a thin positively birefringent zone, 
both buccally and lingually in 19 teeth, mostly molars (Fig. 13a). 
Subsurface lesions were more often seen in teeth with a microporous 
zone >5%, but also seen in teeth with normal enamel. There were no 
connections with other structural changes (Table 8). 
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Figure 12.  (a) Un-decalcified section of a primary molar from a preterm 
infant, seen dry in air in polarized light with a neonatal line (NNL) and 
hypomineralized postnatal enamel (PostN) (PreN=prenatal enamel; 
D=dentin). Original magnification ×40. 
(b) Un-decalcified section of a primary molar from a preterm infant, seen 
after water imbibition in polarized light with a neonatal line (NNL) and 
hypomineralized postnatal enamel (PostN) (PreN=prenatal enamel; 
D=dentin). Original magnification ×40. 
(c) Un-decalcified section of a primary molar from a preterm infant, seen 
dry in air in polarized light with a neonatal line (NNL) and postnatal 
enamel (PostN) with severe hypomineralization of the enamel (D=dentin). 
Original magnification ×40. 
(d) Un-decalcified section of a primary molar from a preterm infant, after 
water imbibition in polarized light with a neonatal line (NNL) and postnatal 
enamel (PostN) with varying degrees of hypomineralization (D=dentin). 
Original magnification ×40.  
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Figure 13. (a) Un-decalcified section of a primary incisor from a preterm 
infant, seen dry in air in polarized light with a neonatal line (NNL) and 
subsurface lesions (SSL) in the postnatal enamel. Original magnification 
×40. (D=dentin.) 
(b) Un-decalcified section of a primary molar from a preterm infant, seen 
dry in air in polarized light with a neonatal line (NNL) and incremental 
lines (IncrL) in the postnatal enamel. Original magnification ×40. 
(D=dentin.) 

 

The incremental lines, located in the postnatal enamel, were found in 
28 sections, while only one incremental line was seen in prenatal 
enamel. The incremental lines were not associated with microporous 
zones. All incremental lines were positively birefringent both dry in air 
and after water imbibition (Fig. 13b) (Table 8). 

4.4.4 Histo-morphological findings (SEM) 
The areas with increased porosity, found in POLMI, differed from 
normal enamel in the SEM analysis (Fig. 14a). The prism had 
indistinct boundaries and was covered with a structureless film, 
indicating remains of organic matter (Fig. 14b). The overall impression 
differed from normal enamel. In high magnification, the prisms 
consisted of unstructured, loosely arranged crystals (Fig. 14c). In SEM, 
the incremental lines were seen as wavy lines with a less distinct 
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enamel structure and often localized in hypomineralized enamel (Fig. 
14d). 

 

Figure 14. (a) Un-decalcified section of a primary incisor seen in scanning 
electron microscope (SEM) with normal enamel (P=enamel prism; 
IP=interprismatic area). Magnification ×3000; Bar=20m. 
(b) Un-decalcified section of a primary incisor from a preterm infant, seen 
in SEM with hypomineralized enamel covered with a structureless ‘film’ 
(P=enamel prism; IP=interprismatic area; OL=organic layer on the prisms 
– the structureless film). Magnification ×3000; Bar=3m. 
(c) Un-decalcified section of a primary incisor from a preterm infant, seen in 
SEM in high magnification of the porous hypomineralized enamel 
(P=enamel prism; IP=interprismatic area). Magnification ×30 000; 
Bar=1m. 
(d) Un-decalcified section of a primary molar from a preterm infant, seen in 
SEM showing the enamel structure in an area of incremental lines 
(ES=enamel surface; INC=incremental lines). Magnification ×3000; 
Bar=2m. 

 

4.4.5 Chemical findings (XRMA) 
The values for the measured elements did not differ between incisors 
and molars, or between genders, when a statistical analysis of the 
medians and range was performed. Thus the values for all teeth were 
pooled. The results for each element and level are shown in charts as 
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median values (Figs. 15-16). The specific element curves of preterm 
teeth (PTT) and the control teeth (CTRT) were mostly parallel but on 
different levels. 

 

Figure 15. Charts of median values, given in weight %, of (a) carbon (C) 
and oxygen (O) (b) phosphorus (P) and calcium (Ca), and (c) the Ca/P and 
Ca/C ratios from the X-ray microanalyses (XRMA) measurements taken in 
the five locations in the enamel of primary teeth from the control (CTR) and 
preterm (PT) children. EDJ=enamel–dentin junction; ES=enamel surface. 
(*p< 0.05.) 

 

The enamel in PTT, compared with CTRT, had lower values for 
calcium (Ca) (close to the surface: 32.72 vs. 34.70; p= 0.040) and 
higher values for carbon (C) (on the second location under the surface: 
10.65 vs. 9.32; p=0.029). There were no differences in chemical 
composition between the teeth from the two groups regarding the 
values for phosphorous (P). The value for oxygen (O) increased from 
the surface to the EDJ in both groups and was slightly higher in the 
PTT. The curves for Ca and P in both groups were flat throughout the 
enamel but for Ca, which was slightly lower at the surface and at the 
EDJ. 
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In both groups, the carbon curve dropped from the surface toward the 
enamel bulk with a slight increase toward the EDJ. The Ca/P ratio was 
fairly constant, however, slightly lower in the PTT enamel, being 
significantly lower in the two locations below the surface (1.89 vs. 
2.00, p=0.026; and 1.92 vs. 2.01, p=0.047). The Ca/C ratio was lower 
at the surface and increased toward the bulk with a decrease toward the 
EDJ in both groups. The enamel in the PTT had a significantly lower 
Ca/C ratio in the three locations in the outer half of the enamel (2.89 
vs. 3.92, p=0.033; 3.30 vs. 4.45, p=0.016; and 3.31 vs. 4.35, p=0.038). 

 

 

Figure 16. Charts of median values, given in weight %, of (a) carbon (C) 
and oxygen (O), (b) phosphorus (P) and calcium (Ca), and (c) Ca/P and 
Ca/C ratios from the X-ray microanalyses (XRMA) measurements taken in 
the five locations in the dentin of primary teeth from the control (CTR) and 
preterm (PT) children. DP=dentin–pulp junction; EDJ=enamel–dentin 
junction. (*p< 0.05, **p< 0.01.) 

 

The SD was higher for the CTRT values for Ca, C and the Ca/C ratio. 
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When the measured values from the elemental analysis in the dentin 
from the PTT were compared with the controls, the values for Ca and 
P were higher among the preterms. At the dentin-pulp border, P was 
significantly higher in the PTT (5.82 vs. 4.67, p=0.004). The values for 
Ca and P decreased from the EDJ to the dentin-pulp border in both 
groups, however, the decrease for Ca in the PTT was larger and varied 
more compared with the controls. The curve for P in the controls 
increased in the bulk before decreasing toward the dentin-pulp border. 
There were no differences in the values for C between the two groups, 
while the values for O were lower in the dentin from the PTT, reaching 
significantly lower values at the dentin-pulp border (33.69 vs. 38.64, 
p=0.017). The curves for both C and O varied throughout the dentin 
for both groups with the highest values at the dentin-pulp border. 

The Ca/P ratio made a marked decrease in the PTT toward the dentin-
pulp border, while the ratio increased slightly in the controls (1.12 vs. 
1.84, p=0.002). The Ca/C ratio decreased slightly from the EDJ toward 
the dentin-pulp border. No differences between the groups were seen. 

The SD for the values of C, P and Ca was higher in the PTT and higher 
for O in the CTRT. 

4.4.6 Clinical and morphological findings and medical 
associations (I, III, IV) 

No single medical anamnesis, at the time of the examination, was 
associated with the clinical findings (caries, oral hygiene, gingivitis, 
salivary flow and S. mutans) and no single medical diagnose, 
postnatally, was related to the clinical enamel mineralization 
disturbances (Table 9). Enamel aberrations found in the POLMI 
examinations did not show any relation to a single neonatal or 
postnatal medical history found in the medical charts from the preterm 
infants (Table 7). 
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Table 9. Enamel defects and postnatal morbidity (wI=Weight difference <400 gram 
the first month; wII=weight difference <600 gram the second month; BWs=birth 
weight standard deviation score <-2.00; IVH=intraventricular haemorrhage; 
HB=hyperbilirubinemia; BPD=bronchopulmonell dysplasia; NEC=necrotic 
enterocholitis; Time=>90 days at hospital; AN= artificial nutrition >60 days; 
No=number of teeth; Hypomin=hypomineralized enamel; Hypomin II=Severe 
hypomineralized enamel; Hypoplasia=enamel hypoplasia.) 

 
 wI wII BWs IVH HB BPD NEC Time AN 

 
No 25 9 9 4 18 9 4 11 26 
Hypomin 9 4 4 2 3 3 1 5 7 
(16) 
Hypomin II 5 2 2 0 2 2 0 2 3 
(7) 
Hypoplasia 2 1 1 0 0 0 0 0 2 
(2) 
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5. DISCUSSION 
The studies in this thesis were conducted to elucidate the impact of 
prematurity on oral health, dento-alveolar status during adolescence, 
and dental development. Further, assessment was taken of the neonatal 
and postnatal health and treatments, and the general health during 
adolescence. The implication of this for the dentist is that more 
children with medical conditions and developmental defects, due to 
preterm birth, will attend the clinic. The odontological needs of these 
children during adolescence are not well known. The main findings in 
the present studies were that the preterm adolescents, in general, had 
no odontologically related health problems, with few exceptions in the 
enamel development and dento-alveolar outcome. However, there are 
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5.1 Methodiological considerations 

5.1.1 Study groups and material 
The original study group consisted of all preterm children born alive 
with a GA <29 weeks to mothers residing in the city of Gothenburg. 
The total amount of resident children born alive in this area during the 
years 1988-91 was 25,284. The children constituted 0.2 % of all live 
births at the time (8). This was lower than the total prevalence in 
Sweden of 0.3%. This deviation may be explained by diagnostic 
differences in live births. 

The population in the catchment area includes different socio-
economic groups and nationalities, reflected in the present study 
groups. The impact of different ethnicity is not discussed in this thesis, 
but may influence the results. However, in society today, a mix of 
ethnicity is common due to immigration and adoptions. To reach an 
eligible study size when performing research in groups with low 
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prevalence, a mixture of nationalities is needed and also gives a better 
description of the situation in the society as a whole. 

From the total invited group, 9% were not eligible. Thus out of 51 
preterm children, 78% agreed to participate in the clinical study and 
88% in the retrospective study. This might be a high rate of 
participation considering the years that have past and the present 
widespread place of residence. 

More boys (25/28), compared to girls (15/17), participated in the study. 
This may affect the outcome as males, with a lower GA, were shown 
to have more morbidities postnatally and a worse outcome (25). 
Furthermore, the preterm children had medical diagnoses, syndromes 
and neurological and neuro-psychiatric sequels that affected the 
results. The choice in this study was to include all children and discuss 
the obvious effects. Excluding groups with certain diagnoses from the 
study would not elucidate the problem of being born preterm. The 
preterm group included four sets of twins. The similarity between these 
siblings exists, however, none of the sets were monozygotic twins, 
wherefore the impact on the results is considered small. 

No information regarding the five children (8%) excluded from the 
total group of 56 was known. The eleven dropouts (six boys and 5 
girls) from the clinical study did not differ from the included subjects 
according to GA, BW, SGA or postnatal health or treatments. Two 
dropouts had CP and one was known to have ADHD. Considering 
these facts, the dropouts may have had a small impact on the total 
outcome.  

The controls were selected from matched clinics in the Swedish Public 
Dental Service, thereby taking into account social conditions. No 
information regarding the control dropouts was obtained. This 
information had been desired but was not possible to acquire. The 
controls were well-matched according to age (mean age in both groups 
differed with 0.1/0.2 years), gender, born at term, healthy and with 
only minor illnesses neonatally. None of the neonatal conditions 
caused prolonged hospitalization or symptoms later in life. The 
controls were chosen having no medical diagnoses or postnatal 
complications to minimize the bias of conflicting medical conditions 
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with being born preterm. The data of the controls was constantly close 
to that of the population-based reference materials used in Study II (97, 
210), which strengthens the results in that study.  

The impact of immigrant influence and low socio-economic factors 
associated with poor oral outcome (58, 218-220) in the present study 
population, was reduced by the matching and would not change the 
main outcome of the study. 

The tooth material in Studies III and IV was derived from the included 
preterm children. Among the control children in the clinical study, 
only two contributed with teeth, thus no control material was used in 
Study III. The control material in Study IV was obtained from a 
completely different group of children without known morbidity, 
presented in another study (202). The number of teeth used was 
adequate in comparison with other similarly conducted studies (130, 
161, 169, 196, 221). All teeth saved after exfoliation were collected 
from preterm children. Two preterm children contributed with 10 
respectively 12 teeth, which constitutes almost half of the total 
material. This had to be taken into consideration when the results were 
evaluated. The four teeth studied in SEM were selected to represent 
different degrees of porosity in POLMI and the 17 teeth studied with 
XRMA were chosen to represent each child and according to the 
quality of the specimen. 

5.1.2 Methods 
Study design 
The study design for Studies I and IV was case-control studies, where 
retrospective comparisons between two well-defined groups were 
performed. The limitation with this type of study is the retrospective 
part, when the results are based on medical and dental records or the 
medical history, and the impossible task in blinding. A cross-sectional 
study design was also used in Studies I and II. The evidence in this 
type of study is not as high as prospective studies, but may still be 
motivated and adds important information regarding preterm children 
and dental health, though care must be taken when generalizing the 
results in a population. Study III is a descriptive study where the results 
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are related to information in the medical records and was confirmed in 
Study IV. 

All registrations in the studies were performed according to well-
defined criteria and techniques. 

Clinical registration (I) 
The registrations were set by one experienced examiner. The 
evaluation of intra-observer reliability of the bite-wing radiograph 
registrations was high (p=0.81). Incisors and molars for the registration 
of plaque and periodontal diseases were chosen as these teeth were 
found in all of the children and according to the routines used in the 
County of Västra Götaland. In the present study, all types of enamel 
defects were registered according to the DDE-index, as none of the 
different types of defects could be ruled out as an insult due to preterm 
birth or postnatal complications (the control, diagnosed as fluorosis, is 
an exception) (162). As demarcated and diffuse opacities may both 
have an origin from medical conditions during the same formation 
phase, they were added together in the analyses. 

Dental casts registration (II) 
The diagnoses were set together by the three authors (one orthodontist 
and two pedodontists) at two separate analyses and the results were 
compared with the population-based reference materials (97, 210). The 
accuracy of the registrations was confirmed by the similarity between 
the controls and the reference material, adding. The measurements of 
the dental casts were performed twice, by one of the authors (MR), and 
the error of the method showed a high degree of precision and 
accuracy. When no casts were available (four preterms and one 
control), the diagnoses where set at the clinical examination by one of 
the authors (MR) or by the responsible orthodontist. This was 
considered sufficiently reliable. 

Polarized light microscopy and scanning electron microscopy (III) 
The teeth used in the studies were collected from children and had 
been stored for different lengths of time, in air. There was no evidence 
that the storage influenced the results. The examined teeth showed 
marked attrition incisally, making it impossible to judge the cusp tips. 
The specimens were brittle and easily cracked when cut, thus limiting 
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the specimen studied in SEM and XRMA. Every cut was aimed to 
have the same thickness. All specimens were examined first in dry air 
and after water imbibition. The technique for polarized microscopy has 
earlier been described in the literature (161, 215, 216, 222). To 
minimize a subjective bias in Study III, the evaluation of POLMI 
analyses were performed by the author and an experienced colleague, 
separately, and the results were then discussed according to the chart 
before final judgment was made. The chart enables duplication of the 
study. SEM is a surface analysis technique used for studies of dental 
hard tissues in high magnification. The use of SEM confirms the 
morphological findings in POLMI.  

X-ray micro analyses –XRMA (IV) 
The elements of interest to study in the enamel were Ca, P, C and O as 
these are the main consisting elements. The XRMA analyses have 
previously been used in enamel (171, 174, 202, 223-226). The 
elements studied are well-described with this method. To confirm the 
area analyzed, the specimen was first studied in SEM. In order to make 
comparisons between the teeth, the analyses were performed along a 
line aiming at the same location. The analyses were performed twice 
and the mean was calculated in order to minimize measurement error. 
The measurements are regarded as semi-quantitative and are expressed 
as weight % after normalizing the four elements to 100%. A computer 
software program was used for correcting the thin coating of carbon, 
ensuring no interference with the measurements occurred. To note is 
that the measurements performed are unique and can only be repeated 
under identical circumstances, thus comparisons with experiments 
performed elsewhere is not possible. Since the teeth from both 
preterms and controls were measured in exactly the same way and in 
the same instrument, they may be compared. 

 

5.2 The strength and limitations 
The strength of the present studies is that the well-defined group of 
preterm infants, irrespective of medical disorders, with extensive 
information of postnatal complications and treatments, have been 
followed to adolescence and compared with an equally well-defined 
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matched healthy control group. A further strength with this study was 
the similarity between the controls and the reference material in Study 
II.  

Additional strength with the study was that the specimens were studied 
both morphologically and chemically, and subsequently, related to the 
detailed postnatal medical history. 

The main limitations of the studies were the restricted number of 
preterm children available, the size of dropouts and excluded children. 
However, there was no evidence that the dropouts would affect the 
results. Considering the prevalence of preterm birth with a low GA, a 
nationwide collaboration is needed for larger study groups. The ideal 
for clinical studies is to justify the sample-size by power analyses. This 
was not performed due to limited availability of the study group and 
the inclusion criteria. The studies were motivated by the absence of 
studies in this field, at the time. 

A limitation in Study I was the use of “no plaque”, “local plaque” and 
“general plaque”, instead of surface-by-surface registration, which 
would have proven the differences between the groups with a higher 
accuracy.  

In Study II, the limitation was the lack of cephalometric analyses 
confirming the dento-alveolar diagnoses and giving a more complete 
picture of cranio-facial growth. However, exposing the children to 
radiation was not considered ethical. 

Additional limitation was the lack of control teeth in Study III. An 
effort was made to collect teeth from the controls, however, only a few 
were obtained. Information regarding normal development of primary 
teeth was acquired from earlier studies at the department (151, 161, 
168, 227). 

The statistical methods used were restricted according to the study 
size. Accordingly, a skewed distribution was seen and non-parametric 
methods were used except in the dento-alveolar analyses, where 
normal distribution was found. Corrections with Bonferroni were not 
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performed in the dento-alveolar analyses and, therefore, the results 
must be taken into consideration. 

 

5.3 Ethical considerations 
When researching, it is of importance that ethical considerations are 
taken and acknowledged. Questions to answer when conducting a 
study are: Does the study contribute to further knowledge in the special 
subject? Do the involved subjects benefit from the study? Will the 
subjects in any way be harmed or take risks by participating? If these 
questions are satisfactorily answered, the study may proceed with 
considerations such as: Informed consent, confidentiality and honesty 
in the presentation of the results. 

By obtaining approval from the Ethical Committee, the legal questions 
in the present study were fulfilled. When investigating the oral health 
of prematurely born children, the objective was to improve their 
quality of life and improve their dental care. Few previous studies exist 
regarding oral outcome of adolescents born preterm. 

For the preterm adolescents and their parents, already burdened by 
morbidity, treatments, social disadvantages and earlier participation in 
numerous studies, considerations must be taken and acknowledged. To 
minimize any risk or discomfort, the examination was conducted as a 
yearly revision and the children’s dentists received the results. If the 
ordinary dentist could provide X-ray bite-wings, no additional X-ray 
images were taken. The study casts included in the study were, if 
possible, collected from the patients` dentist or orthodontist and in four 
cases, no casts were produced when the subjects refused to cooperate. 

When accepting to participate in a study, it must be founded on 
informed consent, which includes comprehension of the study and free 
will. To fulfill these requirements for research where the autonomy is 
impaired might not be possible and the question arises if the study 
should be conducted. In the Conventions on the Rights of the Child, 
proclaimed by UNICEF and passed by the United Nations in 1989 
(228), a child is defined when below 18 years of age, but 
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considerations have to be taken concerning autonomy according to the 
children’s maturity and development. The children’s´ right to decide to 
informed consent is further regulated by The Swedish Ethical Review 
Act; 2003:460 (229) Before the study was performed, informed 
consent was obtained from both the adolescents and their parents. The 
will of the participants or parents to avoid any part of the examination 
was accepted. In the present study, all except one subject were able to 
make their own decision to participate. In this one case, the parents 
accepted the participation on behalf of their child. 

 

5.4 Postnatal aspects and health during adolescence 
The rates of neonatal morbidities have varied over the years. BPD and 
sepsis increased during the years 1995 and 2004 while NEC, IVH and 
rethinopathy were unchanged or decreased (3). The prevalence of 
postnatal complications in the present study (BPD 22%; septicheamia 
42%, and IVH 10%) did not differ from other studies (18). In 
concordance with earlier studies, invasive treatments such as 
mechanical ventilation and tube feeding were frequent in this study 
group (1, 3). Considerations must be taken to differences in diagnostics 
and treatments. 

The children with cerebral palsy (CP), in the present study, had minor 
disturbances and were not dependent on means. Considering the GA 
and BW, the prevalence of asthma and CP was quite high (24, 26, 28, 
230). Neuro-psychological impairments and a high prevalence of 
learning and perception difficulties among the present preterm children 
were in agreement with other studies regarding preterm children with a 
GA<26 weeks (26, 33, 34, 36, 38, 40). The PT children have 
previously participated on studies of growth, prevalence of visual 
impairments and cognitive abilities in lower ages. The results showed 
that compared with controls, the growth deficiency was diminished 
(17), visual disturbances and subnormal optical disc were more 
common (198) and a large variability of performance was shown 
(197). 
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previously participated on studies of growth, prevalence of visual 
impairments and cognitive abilities in lower ages. The results showed 
that compared with controls, the growth deficiency was diminished 
(17), visual disturbances and subnormal optical disc were more 
common (198) and a large variability of performance was shown 
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The children with Turner syndrome and Pierre Robins syndrome are 
included in the studies as they may have the same type of medical 
conditions as the rest of the group, however, considerations of the 
specific diagnoses must be taken in the evaluation of the results. 

 

5.5 Aspects on dental plaque, periodontal diseases 
and caries 

The use of risk indicators to assess caries risk is important when 
identify the children at risk of developing caries and periodontal 
diseases. Risk indicators (may include risk factors) are defined as a 
probable or putative risk factor, with lower evidence than risk factors 
confirmed in longitudinal studies, and is associated with the outcome 
established in cross-sectional studies (231). Caries and periodontitis 
have a skewed distribution in the population (53) and there is an 
interest to identify groups at risk for developing dental diseases. 

In early childhood, the oral hygiene habits in children with low birth 
weight do not differ from those with normal birth weight (79, 192), 
indicating parental concern. The fact that the preterm children’s 
disability in subtle motor-function tends to increase with age (32), in 
combination with disturbed visual perception and visual motor- 
integration (232), may induce the poor oral hygiene found in this 
study. The results are in concordance with earlier findings in preterm 
children (56), and also found in children with motor-functional 
disturbances (74, 233). The poor oral hygiene among preterm infants 
may also be a consequence of the neuro-psychiatric dysfunctions and 
cognitive impairments found in this group and also medical disorders. 
Earlier findings have shown an association with poor oral behavior and 
hygiene and ADHD (234, 235) and long-term treated asthma (236). 

The primary etiological factor for periodontal disease is the formation 
of plaque and the host response (48, 49, 51). A high degree of gingival 
inflammation (POB>25%) has a strong correlation with subgingival 
calculus (52) predisposing for developing periodontitis (48, 49, 51). 
No significant differences were found in periodontal pockets between 
the preterm and control adolescents. However, three times as many 
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preterm adolescents had pockets >4mm. With a larger study size, this 
might have shown more significant results. No notation of subgingival 
calculus was presented in this study. The association between plaque 
and gingival inflammation and caries has been shown (52, 68, 237). 

There are many risk indicators associated with caries development. 
However, the evidence for these indicators varies (60-62). In the 
present study, clinical variables such as plaque accumulation, gingival 
inflammation, caries experience in childhood, DMFT, bacteria in 
saliva, salivary flow and pH, and the frequency of mineralization 
disturbances were used to describe the differences between the group 
of preterm children and healthy children born at term, in regard to 
caries risk.  

There is contradicting evidence for the association of preterm birth/low 
birth weight and caries, however, most studies on this subject showed 
no relation (42, 56, 77, 79, 80, 82, 89, 186, 238-244). This is in 
concordance with the findings in the present study, where fewer 
preterm children were found with fewer teeth with cavities and fillings 
in the primary dentition. There was an increased frequency of caries 
among the controls which, however, tended to decrease with age. As 
teenagers, there was no difference in the DMFT between the groups. 
However, there seemed to be an increase of initial caries among the 
preterm adolescents on smooth surfaces. Parental influence on oral 
health related issues is important in childhood. During adolescence, 
when the parents are taking a less part in oral health care and have less 
influence on dietary habits, the conditions may change in the oral 
cavity.  

Preterm infants, as toddlers and young children, are shown to have 
feeding disorders and poor dietary habits (11, 41, 42, 192). These 
problems are not only confined to the children with underlying 
morbidity (245). However, in this study, this did not reflect in 
increased caries activity in the preterm children during childhood. 
Thus, the increase in smooth surface caries seen during adolescence is 
primarily a reflection of poor oral hygiene. This theory was not 
confirmed in a questionnaire performed in 12-14 year old children 
born preterm, where few differences in dental care or oral health issues 
were found compared with controls (246). However, the same author 
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found an increase in the frequency of gingival inflammation at a 
clinical examination (56). 

Today, the ecological plaque hypothesis is proposed and various 
bacteria in the microflora may contribute to the development of caries. 
The predictive value of microbiological tests is questioned (61), 
however, S. mutans tests are still used to predict caries (63, 64), and 
lactobacilli is considered a contributor but not in the induction of 
lesions (64). The increased amount of S. mutans found in the preterm 
adolescents may be associated with a high intake of carbohydrates and 
sugar and an indication of caries at risk.  

There is insufficient evidence between the association of salivary flow, 
buffering capacity, pH, and caries. This lack of evidence may be 
multifactor (69, 70, 247). However, lowered salivary secretion is still 
used as an indicator for caries (69). Stimulated salivary flow was set to 
<1ml/min (70, 206). The lower salivary flow in the preterm 
adolescents was also seen in children with ADHD (234), however, no 
increase in dental caries was found in that study. The low salivary flow 
may be explained by the asthma diagnose. In a metha-analysis, asthma 
was doubling the risk for caries and a possible explanation for this was 
change in the salivary flow (75). However, in the present study, no 
association between asthma and low salivary secretion was found. 
Preterm birth and fetal growth restriction have been associated with 
increased sympathoadrenal activity induced by mental stress (72). It is 
a well-known fact that preterm children in early childhood are exposed 
to many painful invasive treatments resulting in changed pathways of 
pain (248). Situations of stress and expected painful events, when 
visiting the dental clinic, might result in lowered salivary secretion. 

The association between increased frequency of mineralization 
disturbances and caries has been discussed (78, 79, 83). In this study, 
severe hypomineralization was found in eleven teeth in seven children. 
Of those, three teeth in two children were extracted or in line for 
extraction due to a combination of hypomineralization and caries and 
several of the teeth had extensive filling therapies, thus confirming the 
theory. In contradiction, the results in the primary dentition showed 
more preterm children with enamel mineralization disturbances and 
still no increase of caries was found.  
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The preterm children, in early childhood and as young school children, 
were found to have less caries than the healthy controls. The above 
discussed indicators for poor oral health seem to alter the general fact 
that previous caries is a strong predictor for new caries (208, 249). The 
behavioral and cognitive impairments in preterm children may 
contribute to developing poor oral health as well as visual and motor 
dysfunctions. Studies have shown that the adolescents’ own perception 
of oral health varies (250). The increased levels of caries and 
symptoms are associated with limited oral functions, which are 
important for the health comprehension (251, 252). In studies, preterm 
children have shown a higher self-perceived health than what parents 
and teachers found (38, 47). This might implicate that they are in a 
sense more at risk to develop poor oral health as they, apart from the 
teenager’s perception of oral health, also have the impairment to 
correctly judge risk indicators. This might be reflected in an earlier 
study when the questionnaire did not reveal a difference in oral 
hygiene habits in preterms and controls, but the clinical examination 
showed more gingival inflammation (246). 

 

5.6 Dento-alveolar considerations during 
adolescence 

There is no uniform consensus in the outcome of cranio-facial and 
dento-alveolar development in preterm children (92, 93, 103, 113, 114, 
253). This might be explained by the postnatal treatment protocol, at 
different delivery departments, following different regimes. Important 
changes in postnatal care for preterm children have occurred to reduce 
the effects of oral/nasal intubation and tube feeding (104, 254) and 
promote growth (13, 14, 255). Preterm birth may interfere with cranio-
facial and dento-alveolar development due to growth disturbances in 
cranio-facial bones. The circumferences of the neuro-cranium in 
preterm children are found to be smaller (19), however, recent studies 
show a normalizing growth of the head over time (22, 256). 

Earlier studies have shown that growth restriction results in a smaller 
cranial base, increased lower facial height, retrognathia and open bite 
(257-259). In the present study, preterm adolescents treated with 
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growth hormones were represented in the groups of Angle Class I and 
II, indicating that treatment with growth hormones reduces the effects 
of growth restriction to a certain extent. The effects on dento-alveolar 
development caused by postnatal treatments, seen as a long flat head 
and narrow palates, was not confirmed in the present study nor was 
dento-alveolar effects caused by prolonged oral habits found. The 
development of the dental arches and the occlusion is a continuous 
process between the facial structure, monitored by genetics and 
environmental factors. The events that happened in early childhood 
affecting growth may be reduced by the catch-up growth during later 
childhood. 

The increase in growth velocity during adolescence (91) induces 
changes in the cranio-facial and dento-alveolar relations resulting in 
dynamic changes in the occlusion, compared with that found in 
younger children. Therefore, this study adds new information. The 
main finding in the present study, opposed to earlier studies (92, 113), 
was a high frequency of Angle Class II in adolescents born preterm, 
often associated with large over-jet, thus indicating Angle Class II 
division 1 type. The differences in the results may depend on the 
inclusion criteria. In the present study, all children born preterm were 
included irrespective of medical diagnoses. In concordance with earlier 
studies, the two adolescents with cerebral palsy were found in the 
group with Angle Class II (260, 261). Further, two children had 
syndrome diagnoses associated with an Angle Class III relation and 
lateral open bite, respectively, Angle Class II and deep bite. 
Morbidities such as heart diseases, asthma and neuro-sensory and 
neuro-psychiatric diagnoses were found in Angle Class I and II. Thus, 
the impact of these diagnoses on the dento-alveolar outcome may be 
considered small.  

The four sets of twins in the preterm group may affect the results, 
however, none of the sets were monozygotic twins. Similarities 
between twins in the present study were Angle Class I in all siblings. 
In one set of twins, both siblings had crowding and dental anomalies.  

The increased frequency of deep bite found in the present study was in 
concordance with an earlier study (92) but differed from a study in an 
American population (114). The treatment with growth hormones may 
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have a reduced effect on open bite (94, 257), as well as the ethnic 
impact (262). 

The effects of preterm birth, birth weight and postnatal health on tooth 
dimensions, shown in earlier studies, are not unanimous (118, 120, 
124, 128). In the present study, smaller mesio-distal tooth dimensions 
were found in incisors, canines and first molars. Further, an interesting 
finding was that prolonged hospitalization seemed to affect the tooth 
size. This finding was not supported by Fearne and Brook (128). The 
genetic impact on the tooth dimension may be more important than the 
environmental effects during tooth formation (263). There is clear 
evidence for changes in tooth dimension associated with chromosomal 
abnormalities as Down’s Syndrome, Kleinerfelter´s Syndrome and 
Turner Syndrome (125-127). The impact of the girl with Turner 
Syndrome in the present study, being mosaic, was reduced. The tooth 
sizes of the twins did not differ from the other preterms, however, a 
certain similarity was seen in the set of twins, in concordance with an 
earlier study (264). When correction for Bonferroni was performed, the 
differences disappeared, thus, conclusions should be drawn with care. 

 

5.7 Aspects on enamel and dentin defects 

5.7.1 Clinical aspects 
Both dentitions, being in different developing stages, may be affected 
by postnatal complications and treatments associated with preterm 
birth. The calcification starts on the cusps of the first permanent molar 
at one to seven weeks before birth at term (131, 135). Thus, defects 
found clinically may relate to episodes beyond this date. However, as 
these stages do not have clear cut boundaries, different parts of the 
tooth are found in different stages at the same time (116, 131, 170). 

In the clinical study, three of four children with defects affecting all 
teeth were found with hypomineralization seen as white or yellow 
striae, one associated with a high intake of fluoride. Three preterm 
children and two controls each had one incisor with demarcated 



Preterm infants – Odontological aspects 

66 

growth hormones were represented in the groups of Angle Class I and 
II, indicating that treatment with growth hormones reduces the effects 
of growth restriction to a certain extent. The effects on dento-alveolar 
development caused by postnatal treatments, seen as a long flat head 
and narrow palates, was not confirmed in the present study nor was 
dento-alveolar effects caused by prolonged oral habits found. The 
development of the dental arches and the occlusion is a continuous 
process between the facial structure, monitored by genetics and 
environmental factors. The events that happened in early childhood 
affecting growth may be reduced by the catch-up growth during later 
childhood. 

The increase in growth velocity during adolescence (91) induces 
changes in the cranio-facial and dento-alveolar relations resulting in 
dynamic changes in the occlusion, compared with that found in 
younger children. Therefore, this study adds new information. The 
main finding in the present study, opposed to earlier studies (92, 113), 
was a high frequency of Angle Class II in adolescents born preterm, 
often associated with large over-jet, thus indicating Angle Class II 
division 1 type. The differences in the results may depend on the 
inclusion criteria. In the present study, all children born preterm were 
included irrespective of medical diagnoses. In concordance with earlier 
studies, the two adolescents with cerebral palsy were found in the 
group with Angle Class II (260, 261). Further, two children had 
syndrome diagnoses associated with an Angle Class III relation and 
lateral open bite, respectively, Angle Class II and deep bite. 
Morbidities such as heart diseases, asthma and neuro-sensory and 
neuro-psychiatric diagnoses were found in Angle Class I and II. Thus, 
the impact of these diagnoses on the dento-alveolar outcome may be 
considered small.  

The four sets of twins in the preterm group may affect the results, 
however, none of the sets were monozygotic twins. Similarities 
between twins in the present study were Angle Class I in all siblings. 
In one set of twins, both siblings had crowding and dental anomalies.  

The increased frequency of deep bite found in the present study was in 
concordance with an earlier study (92) but differed from a study in an 
American population (114). The treatment with growth hormones may 

Marianne Rythén 

67 

have a reduced effect on open bite (94, 257), as well as the ethnic 
impact (262). 

The effects of preterm birth, birth weight and postnatal health on tooth 
dimensions, shown in earlier studies, are not unanimous (118, 120, 
124, 128). In the present study, smaller mesio-distal tooth dimensions 
were found in incisors, canines and first molars. Further, an interesting 
finding was that prolonged hospitalization seemed to affect the tooth 
size. This finding was not supported by Fearne and Brook (128). The 
genetic impact on the tooth dimension may be more important than the 
environmental effects during tooth formation (263). There is clear 
evidence for changes in tooth dimension associated with chromosomal 
abnormalities as Down’s Syndrome, Kleinerfelter´s Syndrome and 
Turner Syndrome (125-127). The impact of the girl with Turner 
Syndrome in the present study, being mosaic, was reduced. The tooth 
sizes of the twins did not differ from the other preterms, however, a 
certain similarity was seen in the set of twins, in concordance with an 
earlier study (264). When correction for Bonferroni was performed, the 
differences disappeared, thus, conclusions should be drawn with care. 

 

5.7 Aspects on enamel and dentin defects 

5.7.1 Clinical aspects 
Both dentitions, being in different developing stages, may be affected 
by postnatal complications and treatments associated with preterm 
birth. The calcification starts on the cusps of the first permanent molar 
at one to seven weeks before birth at term (131, 135). Thus, defects 
found clinically may relate to episodes beyond this date. However, as 
these stages do not have clear cut boundaries, different parts of the 
tooth are found in different stages at the same time (116, 131, 170). 

In the clinical study, three of four children with defects affecting all 
teeth were found with hypomineralization seen as white or yellow 
striae, one associated with a high intake of fluoride. Three preterm 
children and two controls each had one incisor with demarcated 



Preterm infants – Odontological aspects 

68 

opacity, thus trauma could not be ruled out. The other defects were 
seen as demarcated opacities with varied extensions and locations.  

In the present study, no differences were found between the two study 
groups regarding enamel defects in the permanent dentition, in contrast 
to what was found in previous studies (56, 185, 189, 190). In the study 
by Brogardh-Roth, molar-incisor-hypomineralization (MIH) was used 
as diagnose criteria, contrary to the other studies and the present study. 
An interesting finding in the present study was a significant difference 
between the groups in the frequency of severe hypomineralization seen 
as enamel breakdown as in MIH. In MIH, the color of the defects 
(yellow – brown) indicate a more profound insult involving most of the 
depth of the enamel (162, 265), with lower hardness values (170, 171). 

MIH has earlier been associated with perinatal and postnatal problems 
(266), hypocalcemia (267), different diseases in childhood, medical 
compromised children, antibiotics (267-269), dioxins in breast milk 
(270) and feeding habits in toddlers (271, 272), indicating a multifactor 
etiology (164). Preterm children are mostly fed by formulas. In the 
1990s, when the children in the present study were born, the formulas 
were insufficiently supplemented in proteins and calcium (14, 255). 

More preterm children with enamel defects in the primary teeth were 
found in the retrospective clinical records compared with the controls. 
This is in agreement with other studies where a short GA (188, 190, 
273) and developmental enamel defects in the primary dentition were 
shown in association with LBW (95, 105, 183, 186, 188, 191, 193, 
274, 275), hypocalcemia (161, 178, 184, 187, 194, 276) and mineral 
deficiency (277), and different medical deficiencies associated with 
preterm birth (186, 188, 193, 278). In the present study of primary 
teeth, being retrospective, no information of location or type of enamel 
defects was available. However, earlier studies have shown more 
defects in the incisor regions incisally, and more often seen as enamel 
hypoplasia (79, 108, 110, 183, 186, 193-195, 276). 

5.7.2 Morphological and chemical aspects in enamel 
The developmental defects found in clinical records in the primary 
dentition were also seen in the morphological and chemical analyses. 

Marianne Rythén 

69 

Hypoplasia was only found in one tooth. Prenatal enamel was mostly 
seen in incisors, explained by normal development (131) due to 
preterm birth. According to this, the neonatal line was, when found, 
always seen in the incisal half of the crown, contrary to teeth from 
children born at term, where the neonatal line begins at the EDJ 
cervically (150, 161). The increase of incremental lines indicates 
repeated incidences of stress during the enamel formation (149, 169, 
181, 279). The overall morphological appearance of the prenatal 
enamel did not differ from what has been described earlier (155, 161, 
169, 181, 215). 

The postnatal enamel, with few exceptions, showed a varying degree 
of increased porosity throughout the enamel, indicating a lower 
mineral content. This was in agreement with findings in teeth from 
children with low birth weight, 22q11 deletion syndrome, Ehler Danlos 
syndrome (161, 169, 181), and with features of fluorotic dental enamel 
(214). 

The four teeth studied in SEM confirmed the findings in POLMI. In 
areas with high porosity, the prisms had unclear boundaries and were 
covered with a structureless film that might relate to organic 
components. The crystals were spaced and arranged irregularly, 
indicating less crystal growth. This is in concordance with earlier 
findings in deciduous teeth with hypomineralization (169, 280). 

This change in structure, as well as the porosities found in POLMI, 
may indicate an increase of organic substance and a change in the 
mineral content. The findings in XRMA, with a significantly lower 
ratio of Ca/C in the bulk and outer part of the enamel, and generally 
lower values of Ca and P in the outer part of the enamel, suggest a 
normal mineralization process but with lower mineral content. The 
amount of C is normally decreased during the maturation phase (281). 
The higher values of C found in the total enamel partly reflect an 
increase of organic matter and explain the porosity in POLMI and the 
findings in SEM. 

The higher content of C and lower Ca/C ratio may also be a result of a 
higher content of carbonate in enamel. Earlier studies have shown a 
decrease in carbonate concentration with increasing mineralization 
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dentition were also seen in the morphological and chemical analyses. 
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Hypoplasia was only found in one tooth. Prenatal enamel was mostly 
seen in incisors, explained by normal development (131) due to 
preterm birth. According to this, the neonatal line was, when found, 
always seen in the incisal half of the crown, contrary to teeth from 
children born at term, where the neonatal line begins at the EDJ 
cervically (150, 161). The increase of incremental lines indicates 
repeated incidences of stress during the enamel formation (149, 169, 
181, 279). The overall morphological appearance of the prenatal 
enamel did not differ from what has been described earlier (155, 161, 
169, 181, 215). 

The postnatal enamel, with few exceptions, showed a varying degree 
of increased porosity throughout the enamel, indicating a lower 
mineral content. This was in agreement with findings in teeth from 
children with low birth weight, 22q11 deletion syndrome, Ehler Danlos 
syndrome (161, 169, 181), and with features of fluorotic dental enamel 
(214). 

The four teeth studied in SEM confirmed the findings in POLMI. In 
areas with high porosity, the prisms had unclear boundaries and were 
covered with a structureless film that might relate to organic 
components. The crystals were spaced and arranged irregularly, 
indicating less crystal growth. This is in concordance with earlier 
findings in deciduous teeth with hypomineralization (169, 280). 

This change in structure, as well as the porosities found in POLMI, 
may indicate an increase of organic substance and a change in the 
mineral content. The findings in XRMA, with a significantly lower 
ratio of Ca/C in the bulk and outer part of the enamel, and generally 
lower values of Ca and P in the outer part of the enamel, suggest a 
normal mineralization process but with lower mineral content. The 
amount of C is normally decreased during the maturation phase (281). 
The higher values of C found in the total enamel partly reflect an 
increase of organic matter and explain the porosity in POLMI and the 
findings in SEM. 

The higher content of C and lower Ca/C ratio may also be a result of a 
higher content of carbonate in enamel. Earlier studies have shown a 
decrease in carbonate concentration with increasing mineralization 
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(281). Carbonate replaces either hydroxyl groups or phosphate in the 
hydroxyapatite lattice and rendering a more acid-labile molecule, more 
susceptible to caries.  

The Ca/P ratio was significantly lower in the outer part of the enamel 
of primary teeth in preterm children. The impact of this ratio is not 
fully understood. In a number of studies, different values for the CA/P 
ratio have been found (143, 221, 225, 282), indicating normal 
hydroxyapatite. In enamel, the Ca/P ratio has been found to be constant 
throughout the development (143), even though the mineral content by 
weight% and volume% was lower before full maturation was 
accomplished. Further Ca/P ratio did not differ in hypomineralized 
enamel compared with normal enamel (172). 

In primary teeth with increased enamel porosity, deeper caries lesions 
were found (283). This was not confirmed in this study where less 
caries was found in preterm children. However, caries is multifactorial 
and in adverse circumstances, this association may not be out-ruled. 

5.7.3 Chemical aspects of dentin 
The effect of prematurity on dentin is unclear. The differences in the 
chemical analyses found in this study do not necessarily reflect 
disturbances caused by preterm birth. Most differences between the 
dentin in teeth from preterm children and the controls were found at 
the dentin-pulp border. The value of C was slightly higher close to the 
EDJ, which may reflect a more porous mantel dentin, but also close to 
the dentin-pulp border. This is in concordance with an earlier study 
where the mantel dentin during formation differs from circum-pulpal 
dentin in mineral content (284). The relative values of Ca and P fell 
toward the pulp and the value of P was significantly higher close to the 
dentin pulp border in the teeth from the preterm children. The Ca/P 
ratio was significantly lower. However, close to the pulp, the dentin in 
exfoliating teeth is subject to a number of influences as resorption and 
reparative dentin, wherefore conclusions concerning these differences 
may not be drawn (146). 
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5.7.4 Aspects on enamel defects and postnatal morbidity  
The effects of mineralization disturbances in relation to medical 
disorders and treatments depend on the developmental stage. The 
secretion stage of the enamel formation has been shown to be 
completed around 3-4 month after normal birth in mandibular incisors 
and the maturation stage continues beyond 6 months (131, 134, 285). 
The mean formation time for cusps in primary molars are 230-400 
days depending on the cusps (133). It is also shown that the enamel at 
the cusp remains for a longer period in the secretion phase (116). 

According to earlier studies, the degree of mineralization varies during 
formation in different stages, from the enamel-dental junction at the 
cusps and outward. The last part reaching complete mineralization is 
the cervical part and the surface (155, 157). In fully mineralized 
enamel, the highest degree of mineralization is found in the outermost 
part and decreases gradually toward the EDJ (156, 286). Disturbances 
of short duration during matrix formation cause enamel hypoplasia, 
while prolonged disturbances in the early or late maturation are the 
cause of hypomineralization (144). Late disturbances will cause 
hypomineralization in the outermost layer (144, 162, 163). According 
to the developmental scheme (131, 133), the medical disturbances 
neonatally, such as asphyxia, neonatal distress and hypocalcemia, 
would subsequently affect the primary teeth in children born with <29 
weeks GA, when the ameloblasts are in the secretion or transition 
stage, seen as hypoplasia. 

Trauma in association with intubation and laryngoscope is an insult of 
short duration affecting the incisors during the same developing phase, 
thus also resulting in hypoplasia. In the present study, enamel 
hypoplasia was found in only one tooth. The explanation for this might 
be that only four infants had artificial ventilation. The effects of 
extended medical conditions (growth restriction, infections, respiratory 
deficiency and gastrointestinal problems) are more likely to affect the 
transition or maturation phase and the ameloblasts ability to remove 
organic matrix or prevent crystal growth. The effect of hypocalcemia 
on enamel development is discussed without uniform agreement (16, 
178, 190, 276, 287), as well as the importance of pH in the immediate 
environment of the developing tooth (139, 140) and the inhibiting 
effect of albumin (176, 288). In the present study, the porosities and 
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incremental lines, as well as the main differences in chemical elements 
between the preterm and control teeth were found in the outer part of 
the enamel, indicating an insult in the maturation phase of the enamel 
development. Only one specimen was found with hypoplasia. Most of 
the teeth with extensive hypomineralization were primary molars. The 
enamel in the first primary molars is completed at 5-6 months after 
birth at term, and in the second primary molars at 10-11 months 
postnatally (134). Thus, the insult in primary dentition occurs during 
an extended period of time after the hospital discharge.  

Although the teeth from the preterm children were found with clinical, 
morphological and chemical aberrations, no condition postnatally in 
the present study were reflected in any major morphological 
aberrations in enamel in primary teeth. The fact that the number of 
teeth in this study was low and from few patients makes it difficult to 
generalize the results. This calls for future prospective studies in a 
larger group. 
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6. CONCLUSIONS 
The main conclusions from this thesis in a group of preterm infants 
born with a GA<29 weeks and a matched control group are, as follows: 

 Adolescents born preterm had poor oral hygiene and more 
gingivitis and risk indicators. No significant differences in the 
prevalence of manifest caries or filled teeth were found. 
However, more initial caries, lingually and buccaly was noted. 

 Severe mineralization disturbances were more often found in the 
permanent teeth in the adolescents born preterm, compared with 
the controls, however, not reflected by a single medical condition 
or treatment postnatally. The total frequency of enamel defects 
did not differ between the groups. 

 The risk indicators constitute an increased risk for a poor adult 
oral outcome in extremely preterm children. 

 The oral health of the adolescents was not related to specific 
morbidity. 

 The adolescents born preterm have, compared with the controls, 
a higher frequency of Angle Class II malocclusion associated 
with medical and neuro-psychiatric disturbances. Preterm birth, 
as such, may not be the cause, but rather the association with the 
mentioned morbidity. 

 The preterm girls during adolescence have a decreased dento-
alveolar length and width compared with the controls and both 
the preterm boys and girls have reduced tooth size in incisors, 
canines and first molars. 

 

The main findings in microscopic and chemical analyses in primary 
teeth from preterm children with a GA of <29 weeks were: 

 A high frequency of enamel disturbances in the primary teeth, 
seen as increased porosity and incremental lines in the postnatal 
enamel. 
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 A higher relative value of C, a lower relative value of Ca and a 
lower ratio of Ca/C in the outer part of the enamel, compared 
with primary teeth from healthy children. The lower Ca/C ratio 
indicates more porous enamel which was confirmed in the 
morphological study. 

 In both groups, normal hydroxyapatite was found within the 
crystals in both the enamel and dentin, indicated by the Ca/P 
ratio. 

 The mineralization disturbances found in this study did not 
coincide in time with the medical trauma and conditions 
immediately after birth, but rather with morbidity during a 
prolonged period, postnatally. 
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7. CLINICAL IMPLICATIONS 
 Adolescents born extremely preterm with low birth 

weight are an increasing group in Sweden with latent 
special needs. 

 This study has shown indicators for poor oral outcome in 
preterm infants during adolescence. 

 For the dentists meeting these adolescents, it is of 
importance to identify these early signals of dental health 
deterioration in patients without previous dental health 
problems. 

 The dentist should also be aware of an increased risk for 
malocclusion in extremely preterm children, especially 
when associated with morbidity. 

 An awareness of an increased risk for mineralization 
disturbances in the primary and permanent dentition of 
children born extremely preterm and in adverse 
circumstances may increase the caries activity.  

 In accordance to the above mentioned clinical 
implications, preterm birth should be noted when 
medical history is registered. 
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