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Introduction and research questions

INTRAUCTION

Diseases of the dentition, such as dental caries and enamel malformations, are among the mos
common chronic illnesses worldwide (1, 2). Caries generally cause oral discomfort and pain anc
in uence a child’s ability to eat, do schoolwork and sleep (2). e prevalence of caries in children
in the Netherlands, as in other developed countries, has declined since 1975 (4). Although it
had stabilised, the prevalence of caries is now slightly increasing (5). Paediatric dentists warne
about the increasing number of children who need extensive dental treatment, which received
renewed attention, even in the national newspapers, in 2011. Because the incidence of carie
has been declining, the emphasis of research has been more on predicting caries (6) and othe
dental problems, such as developmental enamel defects. Developmental enamel defects
are not uncommon, both in the primary and permanent dentitions, and can be divided into
hypomineralisation and hypoplasia (7, 8). Enamel hypoplasia is a quantitative defect of the
enamel, and enamel hypomineralisation is a qualitative defect of the enamel identi ed visually as
an alteration in the translucency of the enamel, with a clear border, variable in degree, and a white
yellow or brown colour. It has also been termed a demarcated opacity (7, 9). e rst permanent
molars with hypomineralisations are often associated with a ected permanent upper incisors
and, more rarely, lower incisors (10). erefore, the name Molar Incisor Hypomineralisation
(MIH) is currently used (10-12). In the primary dentition, hypomineralisations are also found in
the second primary molars, a process known as Deciduous Molar Hypomineralisation (DMH).

History

Among the earliest authors publishing on hypomineralisations in the permanent dentition were
Koch et al. (13) who reported its prevalence in Swedish children in various birth cohorts. is
observation led to work by many researchers, who between them collectively de ned the name,
de nition and scoring criteria of hypomineralisations (9, 10).

Many dierent names have been used for Molar Incisor Hypomineralisation (MIH):
hypomineralised rst permanent molars, non- uoride hypomineralisation, idiopathic enamel
hypomineralisation, non-endemic mottling of enamel and cheese molars (10).

Experts of the European Academy of Paediatric Dentistry (EAPD) developed diagnostic criteria
for MIH in 2003, and these criteria were updated in 2009 (9, 14). ese criteria (see Table 1.1)
should be interpreted in the same way in all future research on MIH and DMH to improve the
comparability of results. In this thesis, we used the MIH criteria and recommendations for DMH
but made some modi cations: the de nition of DMH only involves the second primary molar,
and atypical caries were added because many cavities are not restored in the primary dentition.
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Table 1.1Criteria for the diagnosis of MIH and DMH
Mild:

t  Opacity: A defect that changes the translucency of the enamel, variable in degree. e [defective
enamel is of normal thickness with a smooth surface and can be white, yellow or brown in colour.
e demarcated opacity is not caused by caries, ingestion of excess uoride during tgoth
development or amelogenesis imperfecta, etc.

Severe:

t  Posteruptive enamel loss: A defect that indicates surface enamel loss after the eruption of the
tooth, e.g., hypomineralisation-related attrition. Enamel loss due to erosion was excluged, and/or

t  Atypical caries: e size and form of the caries lesion do not match the present caries
distribution in the child’s mouth, and/or

t  Atypical restoration: e size and form of the restoration do not match the present caries
distribution in the child’s mouth, and/or

t  Atypical extraction: e absence of a molar that does not t with the dental development and
caries pattern of the child.

e association between DMH and MIH is only speculated on in the literature (9). We performed
a large prospective cohort study to evaluate this association.

Prevalence

In many countries, researchers have established the prevalence of MIH in healthy children. e
reported prevalence varies between 2.4% and 40.2% (14). A comparison of the various studie
proved di cult due to di erences in patient selection (at random or not, age of the children),

di erent scoring criteria ((modi ed) Developmental Defects of Enamel ((m)DDE) index, EAPD
criteria or other criteria) and di erences in the examination circumstances (clinically or by
photographs, in a dental chair or in a classroom, etc.) (3, 15, 16).

In the Netherlands, the most recently reported prevalence of MIH is 14.3% (17). e prevalence
di ers from country to country and changes per birth-year. In the study of Koch et al. (13), the
prevalence varied between the di erent birth-years from 6.3% to 15.4%, with a high prevalence
peak in children born in 1970. e prevalence of MIH in the Netherlands also di ered between the
various cohorts in the TJZ (Tandheelkundige verzorging Jeugdige Ziekenfondsverzekerden) stud
9.7% in the study from 1999 and 14.3% in the study from 2003 (17, 18). Data on the prevalenc
of DMH were lacking. In the recent TJZ studies, second primary molars were also investigated fc
DMH, and we established the prevalence of DMH in the Netherlands.

Enamel hypomineralisation

Enamel is the hardest tissue in the human body, but its formation can be disturbed rather easily
(1). Disturbances in enamel formation leave a permanent mark in the tooth. ese disturbances
can be inherited (e.g., amelogenesis imperfecta), acquired (e.g., induced by chemicals such as
uorosis) or idiopathic (e.g., DMH and MIH). DMH and MIH are probably caused by a disturbance
in the initial calci cation and/or during the maturation phase of the enamel, causing demarcated
opacities (10, 19, 20). In MIH molars, these opacities contain more carbon and less calcium an
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phosphate (21, 22). Although the mineral composition of the enamel has not yet been investigated
in DMH, the same results can be expected as for MIH. e vulnerability of teeth with DMH or
MIH can be explained by the lower mineral content or other mineral composition of the enamel.
e colour of the demarcated opacity in MIH molars (white, yellow or brown) was reported to be
associated with the mineral density of the enamel (23). Opacities in MIH molars contained 3- to
21-fold more protein than normal enamel (20, 23), and brown opacities in particular contained
more protein (20). e mineral content of the enamel is re ected in the mechanical properties

of the enamel (20, 24). In MIH molars, the enamel density in the hypomineralised areas is lowe
than in sound areas (19). Little is known about the mineral content and density in DMH molars.
Studies used the micro-computer tomography (microCT) technique to determine mineral
content in MIH molars. MicroCT, a miniaturised version of the whole body CT scan, is a non-
destructive x-ray absorption microscopic technique for the 3D visualisation of teeth. It can also
perform quantitative measurements of the mineral content (19). In the permanent dentition,
MIH molars showed a 19-20% reduction of mineral concentration in the a ected enamel, the
hypomineralised enamel had a mineral concentration gradient opposite that of normal enamel
and the hypomineralised areas were distributed randomly throughout the MIH molars, with only
the cervical region being less a ected.

No studies on the mineral concentration in hypomineralised areas of DMH molars have been
performed yet. erefore, we performed a microCT study to compare DMH molars with sound
second primary molars.

Relationship with caries

Caries can a ect each tooth and surface, with a preference for pits, ssures and proximal surface:
(6, 25). Caries at other, less vulnerable, sites could be a sign of severe caries (6). Caries patterns
also be associated with aetiology (26). In early childhood caries (ECC), when the causative factor
a sweet(ened) liquid diet, especially at night, the primary teeth are a ected following the eruption
sequence, and the mandibular incisors are a ected last (27). Not all caries lesions, however, folloy
the eruption sequence. Many investigators have tried to nd a pattern for predicting caries (6,
28), which becomes more important when caries prevalence in the population is declining (6).

e second primary molars were reported to be more often a ected by caries than the rst
primary molars (6, 29-31). e second primary molars erupt 10-12 months after the rst primary
molars at the age of 24-30 months (32, 33), leading to the assumption that the rst primary
molars have a greater prevalence of caries due to a longer presence in the oral cavity.

Both MIH and hypoplasia in the primary dentition in uence caries prevalence in children (10, 34,
35). DMH could be an explanation for the di erences in caries prevalence between the rst and
second primary molars (34, 35). Important in interpreting this hypothesis is that DMH had not
been investigated as a putative caries-in uencing factor previously, like we did now.

11
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Determinants and associated factors

Tooth development, although genetically controlled, is reported to be sensitive to disturbances
from the environment (3). Because enamel is not remodelled like bone, disturbances acquired
during its development leave a permanent record in the tooth (36).

Dental development starts with the formation of the dental lamina from the ectodermal
epithelium. Tooth development follows the bud, cap and bell stages, generating the shape of
the tooth. e cells from the dental lamina di erentiate into, among others, ameloblasts and
dentinoblasts (37). Dentin and enamel formation occur simultaneously along a line that will
develop into the dentino-enamel junction (1) (see Figure 1.1 and 1.2). Amelogenesis is a slov
developmental process that can be divided into the following steps: secretory stage, transitional
stage and maturation stage (3).

At the secretory stage, the enamel matrix is formed in large amounts. e ameloblasts secrete
enamel proteins, and enamel crystals grow in length, resulting in a thickening of the enamel laye
(1, 3).

At a certain point, the secretory ameloblasts undergo a transition (transitional stage), and the
maturation of the enamel will start. During the maturation stage, the enamel layer hardens. e
crystals stop their growth in length and start to grow in width and thickness, which results in a
mineralised tissue with more than 95% mineral content (1, 3). After the maturation stage, the
ameloblasts degenerate with the other layers of the enamel-epithelium during tooth eruption
(37).

e development of the second primary molars occurs somewhat earlier than the development
of the rst permanent molars and permanent incisors, but the periods of their development
overlap (32, 33) and the maturation of the permanent molar is slower (38). If a risk factor occurs
during this overlapping period, a hypomineralisation might occur in the primary and permanent
dentition (39). Because the second primary molars erupt 4 years earlier in life than the rst
permanent molars, DMH might be a clinically useful predictor for MIH.

A number of recent studies on MIH focused on the possible determinants (3, 15, 16). Numerous
determinants have been identi ed in the literaltuitethe conclusions of these di erent studies

have been contradictory (3, 15, 16, 40).

Commonly mentioned determinants for MIH are summarised in Table 1.2.

12
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Fgure 1.1Schematic picture of a developing molar.

e cells of the cervical loop (cl) proliferate and develop into presecretory ameloblasts (pa) and further
into secretory ameloblasts (sa). After odontoblasts (od) have deposited a small predentine layer, secretion
of the enamel matrix can start. Secretory ameloblasts have deposited the protein rich enamel matrix, which
contains only small quantities of minerals, in the cusp tips.

e: enamel; d: dentine (and predentine) (3).

Fgure 1.2Schematic picture of a developing molar.

In the occlusal half of the tooth, the ameloblasts are at the maturation stage. e enamel matrix is resorbed
by the ameloblasts (ma) and the massive mineralisation of the enamel is carried out. More cervically,
ameloblasts are at a short, so-called transitional stage before entering the maturation stage (transitional-
stage ameloblasts). In the most cervical part of the crown, the secretion of the enamel matrix is still on going
by secretory ameloblasts. Apoptotic cell death of the ameloblasts begins at the transitional stage and peaks
at the maturation stage. Most ameloblasts die before the tooth erupts into the oral cavity.

pa: presecretory ameloblasts; cl: cervical loop; od: odontoblasts (3).

(Courtesy: S. Alaluusua, Helsinki, Finland).
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Table 1.2Determinants for Molar Incisor Hypomineralisation (MIH), overview from the literature.

Determinants of Molar Incisor
Hypomineralisation (MIH)

Medical problems

Nutrition

Medical problems
Premature birth

Oxygen shortage

Breastfeeding

Nutritrion

Childhood diseases

Medication

Environmental pollution

(dioxins)

Reference

Aine et al., 2000 (39)

prenatal

=]
o
0
—
5
Q
—
=

Alaluusua et al., 1996a (41)

Alaluusua et al., 1996b (42)

Alaluusua et al., 2004 (43)

4)

Beentjes et al., 2002 (8)

Fagrell et al., 2011 (15)

Holtta et al., 2001 (45)

Jalevik&oren, 2000 (7)

Jalevik et al., 2001 (46)

Jontell&inde, 1986 (47)

Kuscu et al., 2008 (48)

Kuscu et al., 2009 (49)

Laisi et al., 2008 (50)

Laisi et al., 2009 (51)

Lygidakis et al., 2008 (52)

Salmela et al., 2011 (53)

Whatling&earne, 2008 (54)

Wogelius et al., 2010 (55)

Crombie et al., 2009 (1@)eview)

I+
I+

Alaluusua, 2010 (3review)

- no in uence
+ possible in uence
+in uence
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Identifying the cause of MIH is still di cult. Several possible reasons for this di culty have been
reported:

- e cause of MIH is multifactorial and/or a threshold level needs to have been reached before
enamel defects are caused or become apparent (3, 8, 12, 16).

- Most studies on the determinants are retrospective, giving biased data. Parents are unable tc
remember health and nutritional details after approximately 8 years (3, 15, 16).

- e study populations were small and selected (3, 15, 16).

Compared with hypomineralisation defects in the permanent dentition, very little has been
written on hypomineralisation defects in the primary dentition. e few articles on this topic
have stated that in the primary dentition, the second primary molar is the tooth most often

a ected by hypomineralisation (56-59). Possible determinants have only been hypothesised
about. e same determinants are expected as for MIH molars, although occurring somewhat
earlier in life (perinatal instead of postnatal) (39, 57, 60, 61). e developmental period of the
rst permanent molars and second primary molars have some overlap, but the second primary
molars start to develop earlier and quicker. Pre- and perinatal factors do not seem to have much
in uence on MIH, but they may be determinants for DMH. To study these factors, information
during pregnancy and early life needs to be collected prospectively in a large cohort of children.
In the Generation R study, a population-based prospective cohort study following pregnant
women and their children from foetal life until young adulthood in Rotterdam, the Netherlands,
determinants for DMH were studied.

Aims

e overall aim of this thesis was to describe and provide more insight into Deciduous Molar
Hypomineralisation (DMH), including its prevalence, enamel mineral content, pre-, peri- and
postnatal determinants and associations with Molar Incisor Hypomineralisation (MIH) and caries.

Prevalence
e aim of this study was to report on the prevalence of Deciduous Molar Hypomineralisation
(DMH) in 5-year-old Dutch children.

Validity and reliability of intra-oral photographs

e aims of this study were (i) to assess whether intra-oral photographs could be used to
score caries and hypomineralisation on primary molars (using the adapted Molar Incisor
Hypomineralisation (MIH) criteria) and (ii) to assess the reliability and validity of these scores in
3- to 7-year-old Dutch children by comparing them with direct clinical scorings.

15



Chapter 1

Relationship between Deciduous Molar Hypomineralisation (DMH) and caries

e aims of this study were (i) to look for a di erence in caries prevalence between the surfaces
of the rst and second primary molars and (ii) to investigate determinants both directly and
indirectly associated with caries in second primary molars.

Mineral density in Deciduous Molar Hypomineralisation (DMH)
e aim of this study was to determine the mineral (hydroxyapatite) density of sound and opaque
areas in DMH molars and healthy teeth.

Determinants and associated factors of Deciduous Molar Hypomineralisation (DMH)

e aim of this study was to examine the possible determinants of DMH in a prospective cohort
study in the prenatal period and the rst year of life of the children. e association between
antibiotics and asthma medication used during pregnancy with DMH was also studied.

Relationship between Deciduous Molar Hypomineralisation (DMH) and Molar Incisor
Hypomineralisation (MIH)

e aim of this study was to determine the association between DMH in the second primary
molars and MIH in the rst permanent molars.

Some overlap between chapters can be seen because the chapters are based on separa
publications on the same topic. e chapters are not arranged chronologically for editorial
reasons.

Sudy populations

Dental practices

For the study on the validity of the intra-oral camera, a convenience sample of 62 children (aged
2.92-7.17 years, mean 4.96 years [SD+1.27]; 38.7% girls) visiting the dental practice of one of 1
investigators between November 2007 and February 2008 was asked to participate. All invited
children participated in the study. e accompanying parent gave consent for taking the intra-
oral photographs.

Children from the same dental practices were asked to donate their extracted second primary
molars for the study on the mineral content of DMH molars.

TJZ study

As part of a Dutch standardised epidemiological survey (Tandheelkundige verzorging Jeugdige
Ziekenfondsverzekerden (TJZ); dental care for children insured by Health Insurance Funds)
the dentition of 5-year-old children were examined every six years. e children were living in
Gouda, Alphen aan de Rijn, “s Hertogenbosch or Breda, and their parents received a letter abou

16



Introduction and research questions

the investigation and were asked to give permission for the participation of their child in the
investigation. e parents of these children were insured by Health Insurance Funds, under which
approximately 60% of the Dutch population was insured. Professional oral care for children was
included in this insurance plan (4). e dental examination was performed by calibrated dentists

in a dental van. Ethical approval was given for this study. All teeth were examined using the dmfs
score.

e second primary molars of 5-year-olds were evaluated for DMH by visual examination, using
criteria adapted from the EAPD criteria for diagnosing MIH in the permanent dentition (9).
During the calibration sessions, the examiners were trained in diagnosing DMH molars.

Table 1.3Participants in the TJZ study.

Year 1999 2005
Children invited 692 974
Permission 540 (78%) 495 (51%)
Clinically examined 435 (63%) 386 (38%)
20 primary molars examined - 1517
DMH children - 19 (4,9%)
DMH molars - 55 (3,6%)

Generation R study

e Generation R study is a population-based prospective cohort study from foetal life until
young adulthood. It has previously been described in detail (62, 63).

e cohort included 9778 mothers and their children living in Rotterdam, the Netherlands.
Enrolment of mothers was aimed at early pregnancy (gestational age <18 weeks) but was
possible until the birth of the child. All children were born between April 2002 and January 2006
and formed a prenatally enrolled birth-cohort. Sixty-one percent of all the eligible children in
the study area, participated in this study (63). e study was approved by the Medical Ethics
Committee of the Erasmus Medical Centre, Rotterdam. Written informed consent was obtained
from all participants.

For the postnatal phase of the study, 7893 children were available (63). Most mothers (51.0%) an
children were of Dutch origin (54.8%).

Measurements during pregnancy included questionnaires, foetal ultrasounds and physical
examinations. From pharmacy reports, data on medication use of the mother during pregnancy
is got.

Birth parameters, like birth weight and length, were measured at time of birth. Many other data
on both mother and child were collected by means of regular questionnaires.

At age 5 to 6, the children were invited for a check-up visit at the Sophia’s Children's Hospital,
Erasmus Medical Centre. From March 2008 until January 2012, 6690 children visited the Erasmi
Medical Centre. As a part of this visit, intra-oral photographs of their teeth were taken.

In Figure 1.3 a ow diagram of the participants of the Generation R study is shown.

17
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Fgure 1.3Flow diagram participants Generation R study
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Chapter 2

ABSTRACT

Aim: e aim of this cross-sectional observational study was to report on the prevalence of
hypomineralisations in second primary molars in 5-year-old Dutch children.

Materials and methods:the study 386 (45% girls) 5-year-old Dutch children, all insured by a
Health Insurance Fund, participated. Scoring criteria for Molar Incisor Hypomineralisation (MIH)
were adapted to score the second primary molars on Deciduous Molar Hypomineralisation
(DMH).

Resultdn 19 (4.9%) children a second primary molar was seen with a demarcated opacity, an
atypical restoration or posteruptive enamel loss, with a mean of 2.5 DMH molars per child. At
tooth level, 55 of the 1517 scored primary second molars were diagnosed as DMH (3.6%) of whic
most had more than one of the required characteristics. No di erences were seen in the presence
of MIH characteristics between lower and upper jaws, or between left and right sides. Opacities
(87%) were most frequently scored in the DMH molars followed by posteruptive enamel loss
(40%). In the population studied, atypical restorations were hardly found (15%).

Conclusione prevalence of Deciduous Molar Hypomineralisation (DMH) was 4.9% at child

level and 3.6% at tooth level. Most DMH molars (87%) showed demarcated opacities, followed by
posteruptive enamel loss (40%).
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INTRAUCTION

Developmental defects of tooth enamel are not uncommon, both in the primary and permanent
dentitions, and can be divided into hypomineralisation and hypoplasia (1, 2). Enamel hypoplasia
is a quantitative defect of the enamel, while enamel hypomineralisation is a qualitative defect
of the enamel identi ed visually as an alteration in the translucency of the enamel with a clear
border, variable in degree and can be white, yellow or brown in colour. It is also denominated ac
a demarcated opacity (1, 3).

First permanent molars with hypomineralisations are often associated with a ected permanent
upper incisors and, more rarely, lower incisors (4). erefore the name Molar Incisor
Hypomineralisation (MIH) is used nowadays (3, 5, 6). e de nition of MIH is: hypomineralisation

of systemic origin of 1-4 permanent rst molars, frequently associated with a ected incisors (5).
In the literature a number of possible causes for MIH are mentioned. Many factors, such as
diseases early in life and environmental pollution with dioxin, may be responsible for MIH (1, 2,
7). e cause of MIH is possibly a combination of factors (2, 6). Probably a threshold level has to
be reached before enamel defects are caused (6).

In the primary dentition enamel hypomineralisations similar to those observed in MIH in the
permanent dentition are present as well. Weerheijm et al. (3) stated that MIH can also be noticed
on second primary molars. For these developmental defects, the same possible causes at
mentioned as for MIH molars, though somewhat earlier in life (perinatal instead of postnatal)
(8-10).

Investigations on second primary molars with hypomineralisations comparable to those observed
in MIH are scarce. e quality of the investigations is often poor, because important variables are
not given. e prevalence of hypomineralisations varies. In only a few articles it is stated that
in the primary dentition second molars are most often a ected by hypomineralisation (10-12).
Hypomineralisations can be an important explanation for the di erences in caries prevalence
between rst and second primary molars (13). e aim of this study is to report on the prevalence

of Deciduous Molar Hypomineralisation (DMH) in 5-year-old Dutch children. In this investigation,
we refer to DMH, de ned as idiopathic hypomineralisation of 1-4 second primary molars.

MATERALSAND METHODS

Participant#\s part of a Dutch standardized epidemiological survey in 2005, the second primary
molars of 386 children were examined for hypomineralisations. e parents of 974 5-year-
old children living in Gouda, Alphen aan de Rijn, 's Hertogenbosch or Breda received a letter
about the investigation and were asked to give permission for participation of their child in the
investigation. e parents of 495 children (51%) gave permission and in the clinical part of the
study 386 children (37.8%) participated. e parents of these children were insured by Health
Insurance Funds, under which approximately 60% of the Dutch population is insured. Professiona
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oral care for children is included in this insurance (14). e dental examination was performed
by 5 calibrated dentists in a dental van. Ethical approval was given for this study. All teeth were
examined registering the dmfs score.

Measures§econd primary molars of 5-year-olds were evaluated by visual examination for MIH-
characteristic hypomineralisation such as demarcated opacities, posteruptive enamel loss and
atypical restorations, using criteria adapted from the EAPD criteria for diagnosing MIH in the
permanent dentition (3), so teeth with uorosis were excluded.

CalibratiorDuring calibration sessions the examiners were trained in diagnosing hypomineralised
molars, using the photographs shown in Figure 2.1. In 12% of the children a repeat investigatior
was done to determine interexaminer agreement.

ere is no water uoridation in the Netherlands. e most common source of uoride is
toothpaste. Toothbrushing is done with uoridated toothpaste with an age-related concentration
between 250 and 1500 ppm.

Fgure 2.1Photographs used for calibrating examari@esiduous Molar Hypomineralisation (DMH) with

white to yellow-brown demarcated opacity on the occlusal and buccab&ivfeiceith a yellow-brown
demarcated opacity on the occlusal surface. Also some enamel loss is seen on theciidtavatisps.
white-yellow demarcated opacity on the buccal and occlusal surface, next to a compomere restoration.
d DMH with an atypical restoration: a stainless steel crown in a caries-free dentition.
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RESULTS

In this study 386 (45% girls) of the 974 selected children participated (37.8%). Causes for non
participation were: not interested (41%), lack of time (5%), fearful child (15%), language problems
(16%), not present (16%), other reasons (18%). In 19 (4.9%) children a second primary molar ws
seen with a demarcated opacity, an atypical restoration or posteruptive enamel loss, with a mean
of 2.5 DMH molars per child. Among the 19 a ected children, 4 had 1 molar a ected with DMH,

4 had 2 DMH molars, 1 had 3 DMH molars and 10 had 4 DMH molars. More boys than girls hac
DMH (13 vs. 6), however, without a statistically signi cant di eretest; (p=0.222). At tooth

level, 55 of the 1517 scored primary second molars were diagnosed as DMH (3.6%) of which mo
had more than one of the required characteristics. No di erences were seen in the presence of
DMH characteristics between lower and upper jaws, or between left and right sides. Opacities
(87%) were most frequently scored in the DMH molars followed by posteruptive enamel loss
(40%). In the population studied atypical restorations were hardly found (15%) (Table 2.1).
Inter-examiner agreement, expressed as the test-retest correlation, was r=0.96.

At the time of publication only the total numbers of restorations and carious lesions were
available, resulting in a restorative care index of 17%.

Table 2.1Distribution of demarcated opacities, posteruptive enamel loss, atypical restorations
and number of teeth diagnosed with DMH in the total population
Demarcated opacity Posteruptive enamel loss  Atypical restoration DMH

Tooth

% n % n % n %
55 13 3.4 6 1.6 1 0.3 15 3.9
65 12 3.1 3 0.8 2 0.5 14 3.7
75 11 2.9 7 1.9 2 0.5 13 35
85 12 3.2 6 1.6 3 0.8 13 3.5
DISCUSSION

e study population consisted of children insured by the Health Insurance Funds, so in this
sample the lower social classes were overrepresented. Nation et al. (15) did not nd di erences
in developmental enamel defects in the primary dentition between di erent social classes. It
is assumed that non-participation is associated with less favourable dental health, especially ir
terms of caries experience. is means that caries experience could be underestimated in the
group participants (14). However, it is uncertain whether there is an association between non-
participation and the prevalence of DMH. In this study we only scored second primary molars on
MIH criteria. Other investigations in which all primary teeth are scored also found that second
primary molars are most a ected by demarcated opacities (10-12). e second primary molars
develop just before the permanent rst molars and incisors start to develop (16). For DMH, the
same possible causes are mentioned as for MIH molars, though somewhat earlier in life (perinate
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instead of postnatal) (8-10). If a molar was diagnosed with DMH in this investigation, most of the
time it had a demarcated opacity. Atypical restorations were only seen a few times. Of the caries
lesions in the primary dentition, 17% were restored. is fact could possibly also explain the low
prevalence of atypical restorations. e prevalence of DMH in the primary dentition was 4.9% at
child level and 3.6% at tooth level. us, in a child with DMH, not all second primary molars were

a ected. isis in line with studies on permanent MIH molars (2, 6).

Our prevalence falls within the lower range compared to other studies looking at
hypomineralisations. For example, Slayton et al. (10) reported a prevalence of 27% in the primar
dentition, Seow et al. (17) found 20%, and Nation et al. (15) reported 12.3%. Lower prevalenc:
rates have also been reported: Lunardelli and Peres (12) found a prevalence of 6.1% at child le\
and 4.6% at surface level, while Li et al. (8) even found 1.6% at child level.

e rst reason for the di erences found between the investigations might be that the criteria
used to score enamel hypomineralisation were di erent. Unfortunately there is no unambiguous
de nition for hypomineralisations in the primary dentition. In this study for the rst time the
strict MIH criteria were adapted for use in second primary molars. No (modi ed) Developmental
Defects of Enamel ((m)DDE) index was used because this index does not di erentiate well
between hypomineralisation and other enamel defects such as opacities due to uorosis (3).
In many other studies uorosis was not excluded and drinking water uoridation or the use of
uoride toothpaste were not described. Second, we only looked at the second primary molars
in our investigation, whereas the others included all teeth, sometimes without distinguishing
between di erent teeth, so their prevalence at child level would have been higher. ird, the
conditions in which the teeth were scored were very di erent. Sometimes the teeth were dried
or cleaned (15). Also the illumination of the teeth varied. In some investigations an external light
source was used (15), while in others no dental lamp or other light source was used (8, 12). It
thus very di cult to compare the scarce studies on hypomineralisations in the primary dentition.

In the primary dentition, molars are the teeth most often a ected by caries (13, 18, 19) and second
molars are more often a ected than rst molars (13, 18, 19). A positive correlation between
enamel hypoplasia and caries in the primary dentition was found in some investigations (10). In
teeth with hypomineralisations we can also expect more caries, so DMH can be an explanation
for the di erences in caries seen between rst and second primary molars. Further investigations,
including especially the other teeth, have to be done to con rm this.

CONCLUSION
From this study we can conclude that in the Netherlands, the prevalence of DMH molars in the

primary dentition is 4.9% at child level and 3.6% at tooth level and most DMH molars (around
87%) show demarcated opacities.
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ABSTRACT

Aim: e aims of this study were to assess whether intra-oral photographs could be used
to score caries and hypomineralisation on primary molars (Using adapted Molar Incisor
Hypomineralisation (MIH) criteria), and also to assess the reliability and validity in 3-7 year-old
Dutch children of these scores by comparing them to direct clinical scorings.

Materials and methoda: this cross-sectional study 62 children (38.7% girls) with a mean age
of 4.96 years (SD+1.27) participated. e children were rated clinically by their own dentist (JV
or ME) for caries reaching the dentine in their primary molars and also for Deciduous Molar
Hypomineralisation using the adapted MIH-criteria.

For the intra-oral photographs, a digital intra-oral camera was used. e two paediatric dentists
rated all the intra-oral photographs on caries and hypomineralisations on the second primary
molars, using the same criteria for the clinical scoring as for the scoring of the photographs. ey
scored independently, at least 2 weeks after the initial clinical scoring to avoid observational bias
with the clinical scoring.

is clinical observation was used as the gold standard from which sensitivity, speci city, Positive
Predictive Value (PPV), Negative Predictive Value (NPV) and the Positive and Negative Likelihoo
Ratio (LR+, LR-) were computed. To test the intra-observer agreement 25% of the photographs
was scored again, at least 2 weeks after the initial scoring of the images. Inter- and intra-observ
agreement were tested using Cohen’s Kappa.

Resultse mean prevalence of clinically detected caries at tooth level was 46.7% and the mean
prevalence of clinically detected hypomineralisations in second primary molars at tooth level was
21.8%. e sensitivity of assessing caries using intra-oral photographs was 85.5%, the speci city
83.6%, the positive likelihood ratio 5.2 and the negative likelihood ratio was 0.17. For Deciduou:
Molar Hypomineralisation (DMH) the sensitivity was 72.3%, the speci city 92.8%, the positive
likelihood ratio 10.1 and the negative likelihood ratio was 0.30. e inter-observer agreement
yielded the following Cohen’s Kappa scores: for caries 0.76 and for DMH 0.62. e intra-observer
agreement was for caries 0.80 (ME) and 0.72 (JV) and for DMH 0.95 (both ME and JV).

Conclusiorfrom this investigation it was concluded that the sensitivity, speci city and the
likelihood ratio of scoring caries and DMH on photographs made with an intra-oral camera
were good. e inter- and intra-observer reliability for caries and DMH were good to excellent.
ese ndings suggest that intra-oral photographs may be used in clinical practice and large
epidemiological studies.
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INTRAUCTION

Enamel hypomineralisation is de ned as a qualitative defect of the enamel visually identi ed
as an abnormality in the translucency of the enamel and also denominated as a demarcated
opacity of enamel (1). Developmental defects of dental enamel are common, both in primary
and permanent dentition (1-4). Assessment of this defect is usually done in a clinical setting
under direct observation. An alternative way is o ered by the use of intra-oral photographs,
either conventional (non-digital) or digital and with an intra-oral camera or an extra-oral camera
in combination with a mouth mirror. Digital photography has been available since 1981 and in
1999 the rst mega-pixel cameras became available (5). e image quality of digital photographs
can be related to the pixels (photograph elements) the photograph is made up of three colours
of light used (green, red and blue) and each colour can be set at a level between 0 and 255. If
colours are set at 0, black is the result, and if all colours are set at 255, white is the result. By varyi
the level of each of the colours, 16.7 million di erent colours are possible. e numerical values
for the colours are stored on a charged couple device (CCD), which is made up of pixels. e
number of pixels and the degree of compression determine the quality of the photograph (5). In
general, the extra-oral cameras make photographs with more pixels than the intra-oral cameras.
Nowadays, digital photographs are seen as an important part of the clinical documentation
of paediatric dentists and orthodontists and they may serve as a tool in scoring dental defects
(5). Advantages of intra-oral photographs compared with a clinical examination are that they
are more objective, less invasive for the patient (6), more convenient for the investigator (6,
7). Records may be used for other investigations in the future (6) and photographs may be
magni ed (7). In addition, Tsuzuki et al. (8) concluded that intra-oral cameras may be useful if
mouth opening is restricted. However, problems have also been reported in using the intra-oral
camera. For example, there may be di culties in focussing when the camera is positioned close
to the teeth (8, 9), di culty in capturing an image of the teeth in the molar regions due to the
magni cation factor (8). Problems may also occur involving colour tone due to excessive light
(8, 9), the photographs are more di cult to reproduce (9) and show a poorer image quality (9).

In some studies the reliability of scoring intra-oral photographs has been assessed. Wong et al. (
took 5 standardized photographs with a conventional Single Lens Re ex (SLR) camera, with built-
in ring ash, of the incisors of a child and investigated the agreement between clinical diagnoses
and the photographic examinations of developmental defects by using the Developmental
Defects of Enamel (DDE) index. ey found that the agreement between the methods was good
to excellent (Cohen’s Kappa = 0.73-0.86). For erosion, Al-Malik et al. (7) found good agreemen
(Cohen’s Kappa = 0.64) between clinical and photographic evaluation.

ey also used a conventional SLR camera with ring ash. eir conclusion was that photographs
can be used as an alternative for measuring erosion, but the method may bene t from re nement.
In addition, Tavener et al. (10) reported a moderate to good inter-examiner agreement for scoring
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dental uorosis from photographs made with a digital SLR camera using the ylstrup-Fejerskov
uorosis index (TFI) (weighted Cohen’s Kappa varied from 0.40 and 0.71). ey concluded that
di erent investigators might interpret the criteria of the TFI di erently. is may explain some of

the variation found between earlier studies on the prevalence and severity of uorosis (10). Smith
et al. (9) compared a digital SLR camera and an intra-oral camera for scoring disclosed dente
plague. e photographs taken with the intra-oral camera had less quality (659x494 pixels), but
scoring disclosed dental plaque was adequate in these photographs. ey concluded that the
digital SLR camera (1051x1524 pixels) was superior, because of the high reproducibility of the
photographs, resulting in higher reliability (9). ey used the Fleiss coe cient of reliability for the
inter- and intra-observer agreement, which showed an excellent agreement (inter-observer: R=
0.830, intra-observer 1: R=0.899, intra-observer 2: R=0.924).

To conclude, two types of digital cameras (SLR or intra-oral) are available and were used to mak
intra-oral photographs of a variety of dental variables, both with their own advantages and
disadvantages. e aims of this study were (i) to assess whether intra-oral photographs could
be used to score caries and hypomineralisation on primary molars (Using adapted Molar Incisor
Hypomineralisation (MIH) criteria), and (ii) to assess the reliability and validity in 3- to 7-year-old
Dutch children of these scores by comparing them to direct clinical scorings.

MATERALSAND METHODS

Participantd=or this study a convenience sample of 62 children (mean age 4.96 years (SD+1.27)
range 2.92-7.17 years; 38.7% girls) visiting two dental practices (JV and ME) between Novemk
2007 and February 2008 were asked to participate. All invited children participated in the study.
Consent for an intra-oral photograph was given by the accompanying parent. e Medical Ethics
committee of the VU University Medical Centre (VUMC) gave permission for the study.
Measurese clinical observations were carried out by two dentists (JV and ME). e teeth
were examined wet; only debris and saliva were removed with a cotton pellet just before clinical
scoring and taking of the photographs. e dentist who did the clinical observation also took the
photographs. It took 1-2 minutes to take photographs of all primary molars of the child. For this
purpose, an intra-oral camera was used [Poscam USB intra-oral camera (Digital Leader PointNix
640 x 480 pixels]. An example of a photograph made with this camera can be seen in Figure 3.
e minimal scene illumination is f 1.4 and 30 Ix. e camera used had autofocus.
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Fgure 3.1intra-oral photograph made with an intra-oral camera [Poscam USB intra-oral camera (Digital
Leader PointNix)], showing a lower right second primary molar with Deciduous Molar Hypomineralisation
(DMH).

Calibration.e two dentists, JV and ME, were calibrated using intra-oral photographs taken
earlier while trying to get used to handling the camera. e photographs were shown on a
computer in full-screen mode and scored by both paediatric dentists independently at least two
weeks after the photographs were taken to reduce recall bias. Dental caries and Deciduous Mola
Hypomineralisation (DMH) were scored clinically and on the intra-oral photographs using the
same criteria. With respect to caries (World Health Organisation (WHO) criteria), only the lesions
on both rst and second primary molars most probably reaching into the dentine were scored as
carious. With respect to hypomineralisations, the second primary molars were scored by using
the adapted MIH criteria (Table 3.1). A second primary molar was diagnosed as having DMH
when one of the aspects in Table 3.1 or a combination of these characteristics was found.
StatisticsUsing clinical investigation as the gold standard, the sensitivity, speci city, Positive
Predictive Value (PPV), Negative Predictive Value (NPV) and the Positive and Negative Likelihoo
Ratio (LR+ and LR-) were computed (Table 3.2). Some 25 percent of the photographs were score
again, at least two weeks after the rst scoring of the photographs. To test the inter- and intra-
observer agreement, Cohen’s Kappa was calculated.
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Table 3.1:Scoring criteria for Deciduous Molar Hypomineralisation (DMH), adapted from the
EAPD criteria on MIH (15).

Atypical caries e size and form of the caries lesion do not tin the caries distributior] in the
child’s mouth.

Atypical restoration e size and form of the restoration do not t in the present caries distriblition.

Opacity e defect involves an alteration in the translucency of the enamel, variable in

degree. e defective enamel is of normal thickness with a smooth surfgce and
can be white, yellow or brown in colour. e demarcated opacity is not caused
by caries, uorosis or amelogenesis imperfecta etc.

Posteruptive enamel losa defect indicating a de ciency of the surface after eruption of the tooth, e.g.
hypomineralisation-related attrition. Enamel loss due to erosion was excluded.

Table 3.2De nitions of statistical terms (16)

Satistical term De nition

Sensitivity e ability of a diagnostic test to correctly identify the presence of
disease. Calculation: True Positives / (True Positives + False Negatives)

Speci city e ability of a diagnostic test to correctly identify the absence of

disease. Calculation: True Negatives / (True Negatives + False Positives)

Positive Predictive Value (PPV) Indication of the proportion of patients correctly identi ed by the test
as having disease. Calculation: True Positives / (True Positives + False
Positives)

Negative Predictive Value (NPV) Indication of the proportion of patients correctly identi ed by the test
as not having disease. Calculation: True Negatives / (True Negatives +
False Negatives)

Positive Likelihood Ratio (LR+) e likelihood that a given positive test result would be expected in
a patient with the target disorder compared to the likelihood that
the same result would be expected in a patient without that disorder.
Calculation: sensitivity / (1-speci city)

Negative Likelihood Ratio (LR-) e likelihood that a given negative test result would be expected in
a patient with the target disorder compared to the likelihood that
the same result would be expected in a patient without that disorder.
Calculation: (1-sensitivity) / speci city

RESULTS

In this investigation, 62 children participated (mean age 4.96 years (SD+1.27), range 2.92-7.1
years; 38.7 % girls). At a tooth level, the prevalence of clinically scored caries was 46.7% and
clinically scored DMH 21.8%. In Table 3.3 the sensitivity, speci city, PPV, NPV, LR+ and LR- for t
di erent scorings of caries and DMH are presented. For caries, the sensitivity and speci city were
85.5% and 83.6%, respectively; the PPV was 82.0% and NPV 86.8%. e Positive Likelihood Ra
was 5.2 and the Negative Likelihood Ratio was 0.17. For DMH the sensitivity and speci city wer
72.3% and 92.8%, the PPV was 73.7% and the NPV was 92.3%, the LR+ 10.1 and LR- 0.30. e ir
and intra-observer agreements yielded the following Cohen’s Kappa scores: for caries 0.76 (inter
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0.72 (intra JV) and 0.80 (intra ME), and for DMH 0.62 (inter), 0.95 (intra JV) and 0.95 (intra ME).
Scoring atypical caries and atypical restorations gave rather high validity scores; on tooth level the
sensitivity, speci city, LR+ and LR- for atypical caries were 53.7%, 92.5%, 7.1 and 0.5, respectiv
For atypical restorations the corresponding parameters were 81.3%, 98.8%, 69.5 and 0.19 (s
Table 3.3). e inter-observer agreement showed good agreement (Cohen's Kappa=0.68 for
atypical caries and Cohen’s Kappa= 0.77 for atypical restorations).

Scoring of post eruptive enamel loss and opacities gave low validity scores, especially fo
sensitivity and PPV, 26.1% and 38.7% at surface level and 38.5% and 58.8% at tooth level (Ta
3.3). e Cohen’s Kappa scores of the inter-observer agreement for post eruptive enamel loss also
showed a poor agreement (Cohen’s Kappa=0.11 at the surface level and Cohen’s Kappa=0.2
at the tooth level). e Negative Predictive Values were high for all scorings. e intra-observer
agreement showed a good to excellent agreement for most sites. All the above mentioned data
are summarized in Table 3.4.

Table 3.3Validity of scoring caries and DMH on primary molars

Sensitivity Speci city  Positive Negative  Positive Negative
Predictive Predictive Likelihood Likelihood
Value (PPV)Value \NPV) Ratio (LR+) Ratio (LR)

[95%@] [95%@] [95% @] [95% Q] [95% @] [95% @]

Caries per surface 79.9% 94.8% 72.1% 96.6% 15.3 0.21
[69.9-89.9%]89.3-100%][61.0-83.2%]92.1-100%][15.2-15.4] [0.20-0.22]

Caries per tooth 85.5%  83.6% 82.0% 86.8% 5.2 0.17
[76.7-94.3%]74.4-92.8%]72.4-91.6%]78.4-95.2%]5.1-5.3] [0.05-0.29]

Atypical caries per 56.4% 97.1% 46.9% 98.0% 19.7 0.45

surface [44.1-68.7%]92.9-100%][34.5-59.3%]94.5-100%][19.6-19.9] [0.33-0.57]

Atypical caries per 53.7% 92.5% 41.5% 95.3% 7.1 0.50

tooth [41.3-66.1%]85.9-99.1%]29.2-53.8%]90.0-100%][6.9-7.4] [0.33-0.67]

Atypical restoration 67.3% 99.5% 78.7% 99.1% 131.5 0.33

per surface [55.6-79.0%]97.7-100%][68.5-88.99%]96.7-100%][131.2-131.8]0.14-0.52]

Atypical restoration 81.3% 98.8% 72.2% 99.3% 69.5 0.19

per tooth [71.6-91.0%]96.1-100%][61.0-83.4%]97.2-100%][69.1-70.0] [0-0.71]

Posteruptive enamePl6.1% 99.1% 38.7% 98.5% 30.5 0.75

loss per surface  [15.2-37.0%]96.8-100%][26.6-50.8%]95.5-100%)][30.2-30.9] [0.66-0.83]

Posteruptive enameB8.5% 98.4% 58.8% 96.3% 235 0.63

loss per tooth [26.4-40.6%0]95.2-100%][46.5-71.1%]91.6-100%][23.1-24.0] [0.48-0.78]

Opacity per surface  36.2% 97.8% 33.8% 98.0% 16.3 0.65
[24.2-48.2%]94.1-100%][22.0-45.6%0]94.5-100%][16.0-16.5] [0.56-0.74]

Opacity per tooth 48.2% 92.7% 48.2% 92.7% 6.6 0.56
[35.8-60.6%]86.2-99.2%]25.8-60.6%]86.2-99.2%]6.4-6.8] [0.43-0.69]

DMH 72.3% 92.8% 73.7% 92.3% 10.1 0.30

[61.2-83.4%]86.4-99.296]62.7-84.7%]85.7-98.9%]9.9-10.3]  [0.13-0.46]
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Table 3.4:e inter- and intra-observer agreement for scoring caries and DMH on primary molars.
Inter-observer Intra-observer Intra-observer

agreement agreement NE  agreement JV

Caries per surface 0.76 0.86 0.75
Caries per tooth 0.76 0.80 0.72
Atypical caries per surface 0.64 0.96 0.58
Atypical caries per tooth 0.68 0.90 0.68
Atypical restoration per surface 0.53 * 0.56
Atypical restoration per tooth 0.77 * 0.65
Posteruptive enamel loss per surface 0.11 0.91 0

Posteruptive enamel loss per tooth 0.21 0.85 0

Opacity per surface 0.34 0.59 0.36
Opacity per tooth 0.33 0.80 0.34
DMH 0.62 0.95 0.95

* not seen in duplo-investigation
DISCUSSION

For developmental defects of dental enamel in primary teeth several names (e.g., Hypomineralise
Second Primary Molars (HSPM) (4), enamel hypoplasia (11), enamel defects (12)) are use
in the literature. is article follows the name and de nition used for rst permanent molars

by Weerheijm et al. (13). As no detailed studies on the issue are available yet, the global nam
Deciduous Molar Hypomineralisation (DMH) is proposed. us, DMH is de ned as idiopathic
hypomineralisation of 1-4 second primary molars (4). e results of the present study showed
that the validity of scoring DMH and caries on primary molars using intra-oral photographs
with 640 x 480 pixels was good. It can be concluded that intra-oral photographs can be used
as an alternative to score caries and DMH on primary molars. Furthermore, the reliability was
high, as shown by the Cohen’s Kappa scores for inter- and intra-observer agreement. A few ¢
the disadvantages of the intra-oral camera, as described by Tsuzuki et al. (8) and Smith et al. (9
were encountered occasionally, but could be dealt with. For example, asking the child to open
the mouth as wide as possible can prevent problems with focussing and magni cation so that
several teeth in the molar region could be captured on one photograph. Furthermore, the colour
tone of the photographs was a bit di erent from the natural colour tone. Changes in colour tone
due to excessive light can be in uenced by a larger distance between the teeth and the camera
and by adjusting the light in the room. Although changes in colour tone did not give problems in
diagnosing DMH, it might explain some of the results of the present study. Firstly, the di culty in
seeing the di erence between the criteria of scoring post eruptive enamel loss and opacities on
the photographs might have resulted in the low validity and low Cohen’s Kappa scores. Likewise
opacities due to caries and opacities due to DMH appeared more di cult to di erentiate. And
nally, the lower Cohen’s Kappa scores for scoring atypical restorations could be explained in
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this way, because mostly tooth-coloured restorations were used. e Cohen’s Kappa score for
inter- and intra-observer reliability of caries and DMH showed good to excellent agreement. Our
intra- and inter-observer reliability scores were better than those published by Tavener et al. (10)
and almost the same as published by Al-Malik et al. (7) in their studies on uorosis and erosion,
respectively. Wong et al. (6) found a comparable high intra-examiner reliability for developmental
defects (Cohen's Kappa = 0.88) as we did for DMH (Cohen’s Kappa = 0.95). No other studies o
the scoring of developmental dental defects from photographs have calculated sensitivity and
speci city, so these outcomes could not be compared. We used the clinical examination as a gold
standard. Other investigations on scoring dental defects also used the clinical examination as the
gold standard to which the outcome of the photographs was compared (6, 7). A test is considered
accurate when the sum of the speci city and the sensitivity is 160 or more (14). For caries and
DMH in this investigation this was the case, so the intra-oral photographs seem to be a valid way
to score caries and DMH.

Accurate scoring of enamel defects in primary teeth requires a reproducible and valid index. In
the literature the Developmental Defects of Enamel (DDE) index and the Enamel Defects Index
(EDI) are commonly used. e DDE index, however, is time consuming and post eruptive enamel
breakdown can not be scored with it (15). e EDI does not show di erences between di use and
demarcated opacities. Di use opacities, caused by uorosis, should not be incorporated in the
scoring index for hypomineralised teeth, but demarcated opacities should (15). erefore, Elfrink
et al. (4) used the same criteria for scoring the hypomineralised second primary molars as wa:
used for scoring Molar Incisor Hypomineralisation in the permanent dentition by Weerheijm et
al. (15). e photographs taken with this digital intra-oral camera consisted of 640 x 480 pixels.
is was less than a photograph made with a digital SLR camera (around 2000 x 2600 pixels). e
amount of 640 x 480 pixels seems enough to score the photographs adequately. e advantage
of this smaller size was that a lot of photographs could be stored on the computer and that they
could easily be sent by e-mail to the other investigator.

e prevalence data for caries and DMH were relatively high in this convenience sample of 62
children, higher for example than in a previous study representative for the Netherlands in Dutch
5-year-old children (DMH: 3.6% at tooth level) (4). is was in fact predictable as both paediatric
dentists were working in a secondary dental care setting, so their patients were referred for
behaviour management problems, excessive caries or developmental defects, such as DMH. e
children should therefore not be considered a random selection representative of the population.

CONCLUSION
is investigation has shown that the sensitivity and speci city of scoring caries and Deciduous

Molar Hypomineralisation on intra-oral photographs made with a digital intra-oral camera are
satisfactory. e inter- and intra-observer reliability are good to excellent. Also the likelihood ratios
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give moderate to large probabilities that caries or Deciduous Molar Hypomineralisation are either
present or absent. Intra-oral photographs may be used in clinical practice and epidemiological
studies. e technique clearly creates opportunities for epidemiological research and storing data
in clinical settings.
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Chapter 4.1

ABSTRACT

Aim: e aim of this study was to investigate the di erence in caries prevalence based on quadrant
decayed missing lled surfaces (dmfs) data between rst and second primary molars in 5-year-old
Dutch children.

Materials and methodar this cross-sectional observational study 692 children, all insured by

a Health Insurance Fund, living in one of four selected cities in the Netherlands were asked tc
participate in the study. From the original cohort 435 children (49% girls) participated. Clinical
examinations were performed and only carious lesions with involvement of the dentine were
reported. Lesions on the occlusal, buccal, palatal/lingual, mesial and distal surfaces as well ¢
lesions in buccal and palatal pits and ssures were reported separately. No radiographs were
taken. Systematic di erences in dmfs between rst and second molars in the same quadrant of
each primary dentition were tested with the Wilcoxon signed rank test.

ResultSecond primary molars, even after correction for caries in pits and buccal/palatal ssures,
had a statistically signi cant higher total dmfs than the rst primary molars. e di erences
were mainly found on the occlusal surfaces. On proximal surfaces, the rst primary molars had
signi cant more caries than the second primary molars. e d-component constituted the major
part of the caries index.

ConclusionSecond primary molars, corrected for decay in the pits and buccal/palatal ssures
of this molar, are more a ected by caries than rst primary molars and the di erences in caries
prevalence are the largest on the occlusal surface. e speci c site of the caries found suggests
that developmental disturbances in second primary molars may attribute to their prevalence.
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INTRAUCTION

e caries prevalence in 5-year-old children in the Netherlands, as in other developed countries,
has declined since 1975 (1). Caries can a ect each tooth and surface, with a predilection for pits
ssures and proximal surfaces (2, 3). Caries at other, less vulnerable, sites could be a sign of sev
caries (3). However, caries patterns can also be associated with aetiology (4). Many investigato
have tried to nd a pattern for predicting caries (3, 5) as this becomes more important when
caries prevalence in the population is declining (3). In the primary dentition, molars are the teeth
most often a ected (3, 6-9). e occlusal surface seems to be most vulnerable (3, 6, 8, 10). e
second primary molars are more often a ected by caries than the rst primary molars (3, 6, 8,
10, 11). In European countries investigations have described the caries pattern. In the United
Kingdom, Holt found that at the age of 5 caries mainly a ects the primary molars, especially the
second primary molar (3). In 4-year-olds in Ireland it was also noted by Holland and Crowley (6)
that the second primary molars are most commonly a ected by caries. Not only in Europe has
this been seen but also in the USA 5-year-olds show more caries lesions on the second molar
especially in the mandible (12). Elsewhere in the world, for example in 4-year-olds in Beijing
(China), occurrence of caries is also higher in the second primary molar than the rst primary
molar. e most striking di erences were seen on the occlusal surfaces (11). is is also not a
new phenomenon: Watt et al. (13) investigated the caries prevalence in the primary dentition of
a mediaeval population in Scotland. ey noticed that rst primary molars generally showed a
lower caries prevalence than second primary molars, signi cantly lower for the older age band
(6-12.9 years). Up to now however all the studies mentioned above were based on dmft data anc
the dmfs has rarely been studied. Accordingly, the aim of this study is to look for a comparable
di erence in caries prevalence between the surfaces of rst and second primary molars in 5-year-
old Dutch children.

Materials and methods

Participantdn 1999 an epidemiological study was performed to evaluate the oral health in young
people insured by Health Insurance Funds. In the Netherlands, insurance by such funds wa:
compulsory for individuals earning less than some income criterion and their family members,
covering altogether approximately 60% of the Dutch population. Professional oral care for
children is included in this insurance (1).

e study was located in four Dutch cities; Gouda, Alphen aan de Rijn, 's Hertogenbosch and
Breda. In each city, three districts were chosen. e trends seen in these cities are accepted to
be representative for the trends in the Netherlands (14). e parents of 692 5-year-old children
received a letter about the investigation and were asked to give permission for participation of
their child in the investigation. In the clinical part of the study 435 children (63%) participated.
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Measure#\ non-response investigation was completed in 164 5-year-olds to look for di erences
between participants and non-participants. e parents of non-participating children completed

a questionnaire about feeding, uoride, oral hygiene, dental visits and dental treatments. Also
parents of participating children lled out such a questionnaire.

e dental examination was performed in a dental van equipped with dental chair, lamp etc.
Dental examinations were performed by seven previously calibrated dentists. Tooth surfaces wer:
evaluated by visual examination. If in doubt, a dental probe was used for plaque removal, detectior
of ssure sealants and careful examination of surfaces. Only carious lesions with involvement
of the dentine were reported. Lesions on the occlusal, buccal, palatal/lingual, mesial and dista
surfaces as well as lesions in buccal and palatal pits and ssures were reported separately. Dt
to medical ethical reasons, no radiographs were taken. e inter-examiner agreement was tested
by a duplo-investigation in fty children. e test-retest-correlation was calculated and was very
high for dmfs (r=0.99).

Statisticse data were entered in a computer le, decayed missing lled teeth/surfaces (dmft/
dmfs) indices were computed, using SPSS 11.0. To test the statistical di erences between rst an
second primary molars, the Wilcoxon’s signed rank test was used. For the test to compare dmf:
of both primary molars, a p-value <0.05 was used as an indication of signi cance, for di erent
surfaces we use a p-value <0.01 as a correction for multiple testing.

RESULTS

In this study 435 (49% girls) of the 692 selected children participated. Causes for non-participatior
were: not at home when visited (9%), no consent (22%), not at school at time of examination (4%).
fearful child (1%), failing appointment (1%). e non-response study for variables with respect to
gender, social economic status and oral health, resulted in comparable outcomes in both studied
groups. e mean dmft was 2.5 for all primary teeth, 51% of the children had no carious lesions
in their primary dentition. e distribution of the children according to the number of dmft is
shown in Table 4.1.

Table 4.1Distribution of 5-year-old children according to the total number of decayed, missing
and lled teeth (dmft) based on oral examinations without the support of radiographs.

dmft
0 1-5 6-10 11-15 16-20
Percentage of children 51 32 11 5 1

e d-component constituted the major part of the dmft-index, see Figure 4.1. In the 55, for
example, the mean dmft was 0.28 and the mean decayed teeth (dt) 0.22. erefore, almost 80% of
the dmft number was due to untreated decay. Furthermore, the dmft number of second primary

48



Caries pattern in primary molars in 5-year-old Dutch children

molars was higher than that of rst primary molars in the same quadrant. e mean dmft in
second primary molars varied between 0.26 and 0.31, the mean dmft in rst primary molars
varied between 0.14 and 0.21 (Figure 4.1). ere were no ssure sealants found in primary molars
in this investigation. After this, the second primary molars had still signi cantly more dmfs (Figure
4.2). Because rst primary molars have no buccal pit or palatal ssure, we excluded these sites i
the comparison between rst and second primary molars with respect to dmfs.
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Fgure 4.1Mean caries as dmft per tooth in a Dutch population of 5-year-old children.
ft = lled teeth

dt = decayed teeth

mt = missing teeth

In Table 4.2 and Figure 4.2, the mean dmfs per surface is given for each primary molar separate
ere were not only signi cant di erences in total dmfs between rst and second primary molars,

but also at the surface level where signi cant di erences were seen (Table 4.2 and Figure 4.2). e
di erences on the occlusal surface were most prominent; in each quadrant the second primary
molar had signi cantly more caries than the rst primary molar in the same quadrant (p<0.001).

e second primary molars had a mean dmfs score on the occlusal surface between 0.23 and 0.28
e rst primary molars had a mean dmfs score between 0.07 and 0.15. e di erences between

rst and second primary molars on the smooth surfaces (pits and ssures excluded) were only
signi cant for the mandible. e mean dmfs of the 75 and 85 was 0.05 and 0.06, for teeth 74 and
84 the mean dmfs was 0.01 (p<0.001). On the proximal surface it was the other way around: ir
all quadrants the rst primary molars had more caries (mean dmfs of 0.16-0.19) than the second
primary molars (mean dmfs of 0.08-0.12) (p<0.05 and p<0.001).
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Table 4.2Average dmfs score in 5-year-old children based on oral examinations (without x-rays)
of individual primary teeth.

Tooth Dmfs occlusal dmfs approximal  dmfs smooth dmfs excl pit and
surface surface surface ssure

55 0.23%** 0.10** 0.03 0.36***
54 0.07 0.16 0.02 0.24
65 0.23%** 0.08*** 0.03 0.33*
64 0.09 0.16 0.01 0.25
75 0.26** 0.11% 0.05% 0.42*
74 0.14 0.19 0.01 0.25
85 0.28*** 0.12* 0.06*** 0.46***
84 0.15 0.17 0.01 0.33
* signi cant di erence with the same surface of the adjacent rst primary molar (* p<0.05, ** p<0.01,
**p<0.001)

0.50
> 045
o 040
© 035
é‘ 0.30
S 025
& 0.20

0.15

0.10

0.06

56 64 65 64 75 74 85 84
MWRIR WK

Fgure 4.2Mean caries as dmfs per tooth in a Dutch population of 5-year-old children.

DISCUSSION

e study population consisted of children insured by the Heath Insurance Funds, so in this
sample, the lower social classes were over-represented. Children from higher social classes ¢
reported to have on average lower dmfs scores than those from lower classes (1). Also the dmf
score in this report may be higher than the dmfs of Dutch children in general. However as the
participation rate in this investigation was 63%, the opposite may also be true. Moreover, as no
radiographs were taken, caries lesions are under recorded, which can result in a di erence in
caries estimation up to a level of 60% (5).
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As can be seen, the d-component constituted the major part of the caries index. is nding

has been con rmed by earlier studies (8, 11, 12). is is seen as an important nding and there is

still a need for further investigations on this subject (5). Our study con rms that second primary

molars have more caries than rst primary molars (3, 6, 8, 10, 11).

Furthermore we also looked at the di erent surfaces to see if second primary molars have more

caries on all these surfaces. On the proximal surface the opposite was noted: rst primary molars

had signi cantly more caries lesions than second primary molars. is can be explained by the

fact that at the age of 5 the rst permanent molars are not erupted yet, so the second primary

molar has only one proximal surface (mesial) which is in contact with another tooth. On the

contrary, the rst primary molar has contact points with both the canine and the second primary

molar, creating an additional predilection site to develop proximal caries. If radiographs had been

used, the di erence between the number of proximal dmfs of both molars might even have been

larger. e total di erence in dmfs between rst and second primary molars was mainly found to

be related to the caries incidence on the occlusal and buccal surfaces.

Possible causes for the di erence in caries prevalence are:

- plague retention: brushing the second primary molar is more di cult than brushing the rst
primary molar and natural cleaning is probably better on the rst primary molar;

- eruption-time: the rst primary molars erupt earlier than the second primary molars;

- anatomy of the tooth;

- prevalence of developmental disturbances in the primary dentition.

Plague retention could be an explanation, but plague is not the only cause of caries. Feeding

pattern, tooth brushing and uoride intake are also very important and most likely comparable

for rst and second primary molars in the same oral cavity (4).

e second primary molars erupt 10-12 months later than the rst primary molars, at an age of

24-30 months (15). One could assume that the rst primary molar has more caries due to a longer

presence in the oral cavity. But this is not supported by the literature. Only in special cases (e.g

early childhood caries) are the teeth attacked by caries in sequence of eruption (16, 17).

e anatomy of the tooth could also be an explanation. In 1981, Bimstein et al. investigated which

tooth surface is most likely to develop caries. ey found that the di erence in caries prevalence

between the rst and second primary molar could be explained by the buccal pit in the second

molar in the mandible and the palatal ssure in the second molar in the maxilla (2). Since we

excluded these surfaces, the tooth-anatomy was not a major explanation for the di erences seen.

is is supported by other authors (17). Fissure sealants in the primary molars also in uence

the anatomy of the ssures. But in this investigation, the children did not have sealants in their

primary molars. So that was also not an explanation for the di erences found.

Developmental defects can also be an explanation. In the permanent dentition Molar Incisor

Hypomineralisation (MIH), hypomineralisation of systemic origin of 1-4 permanent rst molars,

frequently associated with a ected incisors, occurs. Clinically, MIH molars have an abnormality in
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the translucency of the enamel due to hypomineralisation (18). Although it does not always occur,
the hypomineralised enamel can chip o easily leading to unprotected dentine and unexpected
rapid caries development (18). Due to a higher sensitivity to caries, these molars are sometime
restored extensively (19). e unusual form of the restoration often indicates, however, that a
caries lesion may not have been the only reason for restoration (19). Fissure sealants in Mit
molars seem to protect against breakdown and encourage further post-eruptive maturation
(20). In addition, teeth with hypoplasia in the primary dentition are more vulnerable for caries
(21, 22). Sometimes in second primary molars MIH-like opacities are seen (Figure 4.3). is is
completely di erent from a caries lesion, as seen in Figure 4.4. In this investigation we can only
hypothesize on the size and form of the restorations, so more investigations are needed. Furthe
studies, looking at the amount of dental decay and possible developmental disturbances, are
needed, such as investigations done in the permanent dentition for MIH molars. Furthermore,
other possible causes have to be taken into account. Discussion of the possible causes sugge:
that developmental disturbances are among the best explanation for the di erences in caries
prevalence found. If developmental disturbances in the second primary molars are an important
cause for this di erence, their prevalence has to be rather high, which needs con rmation.

Fgure 4.3:Intra-oral photograph of tooth 65 (upper left second primary molar) showing a compomer
restoration and developmental disturbances of the enamel.
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Fgure 4.4intra-oral photograph of tooth 85 (lower right second primary molar) shows a caries lesion on
occlusal surface, reaching into the dentine.

CONCLUSION

Second primary molars have more caries than rst primary molars and the di erences in caries
prevalence are the largest on the occlusal surface. e causes are yet unknown, but developmental
disturbances may be amongst them.
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ABSTRACT

Aim: Caries is still a prevalent condition in 5-year-old children. At present, knowledge regarding
some aetiological factors, like Deciduous Molar Hypomineralisation (DMH), is limited. e aim
was to investigate aetiological factors both directly and indirectly associated with caries in second
primary molars.

Materials and method3f 974 children invited to participate in the study, 386 children were
examined clinically with visual detection of caries. Only carious lesions determined to have
reached the dentine were recorded. Information about tooth brushing frequency, education level
of the mother, and country of birth of mother and child, was collected by means of a multiple-
choice questionnaire. Parents of 452 children lled in the questionnaire. Complete clinical
and questionnaire data were available for 242 children. Statistical analysis of the e ect of the
independent variables was undertaken using the Pearson’s chi-square test.

Resultddeciduous Molar Hypomineralisation (p=0.02) and the country of birth of the mother
(p<0.001) were positively associated with caries prevalence.

ConclusionBeciduous Molar Hypomineralisation and the country of birth of the mother play

a role in the prevalence of dental caries in the second primary molar. ese aetiological factors
associated with childhood dental caries need to be investigated further in longitudinal clinical
trials.
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INTRAUCTION

Caries prevalence of 5-year-old children in the Netherlands, as in other developed countries, ha
declined since 1975 (1). Since 1993, the decayed missing lled surfaces (dmfs) score of 5-yec
olds has slightly increased again, however, the di erences between the data of 1999 and 200!
are not statistically signi cant (2). To improve the e cacy of preventive measures it has become
more important to identify increased caries risk as caries prevalence in the population is declining
(3). Many investigators have tried to develop a method for predicting caries (3, 4) or tried to
identify aetiological factors (5). In the primary dentition, molar teeth were most often reported
to be aected by dental caries (3, 6-8) and of these, the occlusal surface seemed to be mos
susceptible (3, 7, 9). e second primary molars were reported to be more often a ected by
caries than the rst primary molars (3, 7, 9-11). e second primary molars erupt 10-12 months
after the rst primary molars at the age of 24-30 months (12), leading to the assumption that
the rst primary molars have a greater prevalence of caries due to a longer presence in the ora
cavity. Hypomineralisation of the second molars could be an explanation for the di erences in
caries prevalence between rst and second primary molars (11, 13, 14). Hypomineralisation in the
second primary molars has not been investigated as a putative caries-in uencing factor previously.
Most of the putative aetiological factors for dental caries have been studied extensively. Feeding
pattern, tooth brushing, and uoride intake in uence the prevalence of caries in general and are
most likely comparable for rst and second primary molars in the same oral cavity (5). Other
factors, such as the education level of the mother, country of birth, and gender of the child are
also seen as in uencing factors for caries in general (15), but not in uencing the caries in second
primary molars alone.

e aim of this study was to investigate aetiological factors both directly and indirectly associated
with caries in second primary molars.

MATERALSAND METHODS

ParticipantsAs part of a Dutch standardized epidemiological survey in 2005, the parents of 974
5-year old children received a letter describing the study and were asked to provide consent for
the participation of their child. e parents of 495 children (51%) gave permission. e dentitions

of 386 children were examined for caries and Deciduous Molar Hypomineralisation (DMH). DMH
is de ned as idiopathic hypomineralisation of 1-4 second primary molars (16).

e parents of these children were insured by Health Insurance Funds, under which approximately
60% of the Dutch population was insured. Professional oral care for children was included in this
insurance (1).

e study was located in four Dutch cities; Gouda, Alphen aan de Rijn, 's Hertogenbosch and
Breda. In each city, three districts were chosen. e trends seen in these cities are considered
representative for the trends in the Netherlands (17).
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Ethical approval was given for this study by the Medical Ethics committee from Amsterdam
Medical Centre.

Measureslo obtain information regarding toothbrushing frequency, education level of the
mother, and country of birth of mother and child, a multiple-choice questionnaire was used. e
parents of 452 5-year-old children completed the questionnaire. Toothbrushing frequency was
scored as either less than one time a day, one time a day, and two or more times a day. e other
factors were scored dichotomously: the education level of the mother scored ‘high’ if highschool
was completed and/or a bachelors or masters degree obtained and ‘low’ for all other educational
standards. e country of birth was divided in ‘the Netherlands’ and ‘other countries’.

Parents who did not return the consent form for the clinical component were contacted
personally. Of these parents, 146 were willing to Il out a short questionnaire (the non-response
guestionnaire) to complete investigating di erences between participants and non-participants.

e parents of non-participating children completed the same questionnaire about tooth
brushing frequency, education level of the mother, and country of birth of mother and child.

In the clinical component of the study, 386 of 974 children (39.6%) participated. e dental
examination was performed by ve calibrated dentists in a dental van, equipped with dental
chair, lamp, syringe, etc. Tooth surfaces were evaluated by visual examination. If in doubt,
dental probe was used for plaque removal, detection of ssure sealants, and careful examinatior
of the surfaces. Due to medical ethical reasons, no radiographs were taken. A dmfs score we
recorded in all teeth. Only carious lesions determined to have reached into the dentine were
scored. e second primary molars of 5-year-olds were evaluated by visual examination for DMH
characteristic hypomineralisation, such as demarcated opacities, posteruptive enamel loss anc
atypical restorations, using the criteria shown in Table 4.3. Teeth with uorosis were excluded
from the DMH scorings. During calibration sessions the examiners were trained in detecting the
dentinal caries and hypomineralised molars. Twelve per cent of the children were re-examined.
e inter-examiner agreement was high (r=0.96).

Statistics.e data were entered in a computer spreadsheet; dmft and dmfs indices were
calculated using SPSS version 15.0 (SPSS Inc, Chicago, IL, USA). To determine the in uence
the independent variables DMH, education level of the mother, gender of the child, brushing
frequency, and country of birth of mother and child separately on the prevalence of caries in the
second primary molars, the Pearson’s chi-square test was used. e critical level for alpha was
set at 0.05. Subsequently, the statistically signi cantly related factors with caries as a dependen
variable were also examined using binary logistic regression analysis.
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Table 4.3Scoring criteria for DMH (Deciduous Molar Hypomineralisation).

Adapted from the EAPD criteria for scoring MIH (Molar Incisor Hypomineralisation) in the
permanent dentition (31).

Atypical restoration e size and form of the restoration do not t in the present caries distribution.
Opacity ere is a defect involving an alteration in the translucency of the enamel,
variable in degree. e defective enamel is of normal thickness with a smooth

surface and may be white, yellow or brown in colour. e demarcated opacity is
not caused by caries, uorosis or amelogenesis imperfecta etc.

Posteruptive enamel logsdefect indicating a de ciency of the surface after eruption of the tooth
possibly caused by factors such as trauma and attrition. Enamel loss due to
erosion is excluded. T‘

RESULTS

In this study, 386 (45% of whom were female) of the 974 selected children participated in the
clinical part of the investigation (39.6%). Causes for non-participation were: not imterested (
106), lack of tima € 13), fearful child € 39), language problems=(15), no show & 40),

other reason® € 46).

e questionnaire was completed by 452 parents of the 5-year-olds (response rate 46%). ere
were no statistically signi cant di erences between participating and non-participating children
for tooth brushing frequency, education level of the mother, and country of birth of mother and
child. In 242 children, both the results of the clinical examination and the questionnaire were
available. e majority of participants (85%) brushed with uoridated toothpaste. e parents of

5% of the participants did not know if the toothpaste contained uoride or not.

Of the 386 children examined, 171 (44%) were caries-free. e mean dmft score in the primary
dentition was 2.9 (Fig. 4.5). e d-component constituted the major part of the dmft index.
Sealants were also scored, but only present in a few cases. From these 386 children, the me
dmft per tooth of second primary molars varied between 0.26 and 0.35; the mean dmft per tooth
of rst primary molars was (signi cantly) lower than in second primary molars; 0.19 and 0.27
(Fig. 4.5). ere were statistically signi cant di erences between dmfs scores in rst and second
primary molars on the occlusal surface (paired t-test, p<0.001) (Fig. 4.6). Of the children with
dmft 1, 80% had caries on one or more occlusal surfaces of the second primary molars. For
the occlusal surface of the rst primary molars it was 53.5%. Gender, tooth brushing frequency,
education level of the mother, and country of birth of the child were not related to the presence
of caries in the second primary molar with any statistical signi cance. e data analysis indicated
that DMH and the country of birth of the mother had statistically signi cant in uence on caries
prevalencert=5.31, d.f. = 1, p = 0.02¥(19.42, d.f. = 1, p<0.001) respectively (Table 4.4). e
binary logistic regression indicated that children with DMH have 3.2 times (95% CI: 1.13-9.09) the
risk of having caries in the second primary molars than children without DMH and that children
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