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Objective.

 

The objective of this study was to assess
the strength of evidence for the aetiology of molar–
incisor hypomineralization (MIH), often as appro-
ximated by demarcated defects.

 

Method.

 

A systematic search of online medical
databases was conducted with assessment of titles,
abstracts, and finally full articles for selection
purposes. The level and quality of evidence were
then assessed for each article according to Australian
national guidelines.

 

Results.

 

Of 1123 articles identified by the database
search, 53 were selected for review. These covered
a variety of potential aetiological factors, some of

which were grouped together for convenience.
The level of evidence provided by the majority of
papers was low and most did not specifically
investigate MIH. There was moderate evidence
that polychlorinated biphenyl/dioxin exposure is
involved in the aetiology of MIH; weak evidence
for the role of nutrition, birth and neonatal factors,
and acute or chronic childhood illness/treatment;
and very weak evidence to implicate fluoride or
breastfeeding.

 

Conclusion.

 

There is currently insufficient evidence
in the literature to establish aetiological factor/s
relevant for MIH. Improvements in study design,
as well as standardization of diagnostic and exam-
ination protocols, would improve the level and
strength of evidence.

 

Introduction

 

Dental enamel is a unique, highly mineralized
tissue of ectodermal origin. It is characterized
by a lack of metabolic activity once formed,
meaning disturbances during development can
manifest as permanent defects in the erupted
tooth. Disturbances in the initial matrix secretion
phase of amelogenesis will most likely present as
quantitative or morphologic defects (hypoplasia),
whereas disruptions to the calcification or matu-
ration processes may produce morphologically
normal but structurally or qualitatively defective
enamel (hypomineralization/hypomaturation).
Recently, a particular pattern of enamel defects
has been defined in the literature, although
several papers have previously described almost
identical defects

 

1–4

 

; termed ‘molar–incisor hypo-
mineralization’ (MIH), it refers to demarcated,
qualitative defects of enamel of systemic origin,

affecting one or more permanent molars [usually
the first permanent molars (FPMs)] with or
without involvement of the incisor teeth

 

5

 

.
Although MIH can affect multiple teeth, it is
neither chronological in expression such as
tetracycline staining or linear enamel hypo-
plasia, nor does it affect the entire dentition as
seen in congenital conditions such as amelogenesis
imperfecta, and therefore, appears to be a sep-
arate entity. Significant challenges to clinicians
are posed by MIH, with contemporary approaches
to its restorative management remaining
relatively ineffective

 

6,7

 

.
Although the literature implicates a wide

variety of factors in the aetiology of enamel
defects, the strength of the scientific evidence
is mixed. Further confusion occurs due to a
lack of consensus regarding the classification
and definition of these defects with the term
‘hypoplasia’ often used to describe both quali-
tative and quantitative defects. Alternative terms
for enamel defects that appear in the literature
are numerous and include: ‘mottling’; ‘internal
enamel hypoplasia’; ‘developmental opacities’;
‘demarcated, diffuse, or confluent opacities’;

 

Correspondence to:

 

David Manton, Paediatric Dentistry, Melbourne Dental 
School, University of Melbourne, Vic. 3010 Australia. 
E-mail: djmanton@unimelb.edu.au



 

74

 

F. Crombie

 

 et al.

 

© 2009 The Authors 
Journal compilation © 2009 BSPD, IAPD and Blackwell Publishing Ltd

 

‘aplasia’; ‘internal and external hypoplasia’; ‘pits’;
‘grooves’; ‘cheese molars’; ‘non-fluoride enamel
opacities’; ‘idiopathic enamel opacities’; and
‘opaque spots’, making comparisons between
studies difficult

 

8

 

. In an attempt to standardize
the classification of these defects, the descriptive
Developmental Defects of Enamel Index (DDE
Index) was developed in 1982 by the World
Dental Federation (FDI) with subsequent
modifications in 1989 and 1992 to improve
ease of use (see Appendix S1, Supporting infor-
mation). The DDE Index, however, is still not
used universally nor implemented or reported
in a standard fashion.

Similarly, there is no consensus surrounding
the definition of the specific condition MIH, or
how to record it. For example, it is unclear
whether the term MIH is appropriate for cases
in which the FPMs are affected but the incisors
are not. Using the demarcated opacity category
of the DDE Index as a proxy for MIH does allow
some inter-study comparisons to be made; how-
ever, limitations include: not all demarcated
opacities are associated with MIH. Trauma and
pulpal infection subsequent to caries in a primary
tooth may produce such lesions in the succe-
daneous tooth. However, as the FPMs do not have
a primary predecessor, the presence of such a
lesion on an FPM is likely to arise from a different,
systemic pathological process; molar teeth affected
by MIH have been reported to be susceptible
to both post-eruptive breakdown (PEB) and/or
rapid caries progression shortly after emerging
into the oral cavity. Many studies exclude restored
or carious teeth from their assessment which
is likely to lead to an under-reporting of MIH,
whereas others may classify incorrectly PEB as
hypoplasia; severely affected molars sometimes
require extraction, often before 10 years of age.
Many studies include population samples of
children over 10 years old, and few make any
attempt to determine the reason for extraction
if these teeth are missing – this may also lead
to under-reporting of MIH.

The aims of this review were to assess the
strength of evidence regarding the aetiology of
MIH and to make recommendations for future
research. Although acknowledging the limit-
ations identified earlier, the term ‘demarcated
defects’ has been chosen as the outcome of interest
where MIH-specific criteria were not used.

 

Method

 

A systematic search of Medline, Embase, and the
Cochrane Library online databases was performed
for articles related to the aetiology of defective
enamel. Non-English language, animal studies,
and articles published prior to 1989 were
excluded. The following search string (given
in Medline Ovid format) was utilized with
alterations made as appropriate for the different
database requirements: (i) tooth abnormalities/;
(ii) dental enamel hypoplasia/; (iii) tooth dis-
coloration/; (iv) dental enamel/; (v) molar/;
(vi) tooth calcification/; (vii) (enamel adj2
defect$).mp. [mp = title, original title, abstract,
name of substance word, subject heading word];
(viii) (enamel adj2 hypo$).mp. [mp = title,
original title, abstract, name of substance word,
subject heading word]; (ix) (MIH or ‘molar
incisor hypominerali#ation’ or ‘molar incisor
hypo-minerali#ation’).mp. [mp = title, original
title, abstract, name of substance word, subject
heading word]; (x) idiopathic enamel.mp.
[mp = title, original title, abstract, name of
substance word, subject heading word]; (xi)
‘cheese molar$’.mp. [mp = title, original title,
abstract, name of substance word, subject heading
word]; (xii) enamel opacit$.mp. [mp = title,
original title, abstract, name of substance word,
subject heading word]; (xiii) or/1–12; (xiv) limit
13 to (English language and ‘aetiology (opti-
mized)’ and ‘all child (0 to 18 years)’); (xv)
tooth abnormalities/et, ab; (xvi) dental enamel
hypoplasia/et, ab; (xvii) tooth discoloration/
et, ab; (xviii) molar/ab; (xix) dental enamel/
ab; (xx) tooth calcification/ab; (xxi) *tooth
abnormalities/et, ab or *dental enamel hypoplasia/
et, ab or *tooth discoloration/et, ab or *molar/
ab or *dental enamel/ab or *tooth calcification/
ab; (xxii) limit 21 to (English language and ‘all
child (0 to 18 years)’); (xxiii) 14 or 22; (xxiv)
*tooth abnormalities/or *dental enamel hypo-
plasia/or *tooth discoloration/or *dental enamel/
or *molar/or *tooth calcification/or 7 or 8 or
9 or 10 or 11 or 12; (xxv) limit 24 to (English
language and ‘aetiology (optimized)’ and ‘all
child (0 to 18 years)’); and (xxvi) 22 or 25 27.
23 not 26.

Results were downloaded into EndNote X
(The Thomson Corporation, New York, NY,
USA), and two reviewers (F.C. and D.M.)
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reviewed the titles and abstracts independently
excluding case studies/reports, studies on skeletal
remains, studies 

 

exclusively

 

 concerning fluorosis,
true hypoplasia, inherited conditions or pre-
valence, articles which did not report original
data, and duplicates not automatically picked
up by EndNote. If there was any uncertainty,
the article progressed to the next review round.
Subsequently, the reviewer lists were combined
and further studies excluded by mutual agree-
ment between the two reviewers after which the
complete articles were assessed. If assessment of
the FPMs did not form part of the examination,
studies were excluded; however, those examin-
ing the primary dentition only were not excluded
as lesions typical of MIH have been described,
particularly affecting the second molars, in the
primary dentition

 

9

 

. Any disagreements were
settled by consulting a third reviewer (N.K.).
Rankings of I to IV and A to C, respectively, for
level and quality of evidence were assigned to
each article based on National Health and
Medical Research Council of Australia criteria
(see Appendix S2, Supporting information)

 

10–12

 

.
A random 10% sample of papers was reassessed
by the reviewers to determine variability; any
differences were discussed and a consensus
was reached for the ranking of that paper.

 

Results

 

A total of 1123 articles were identified by the
database search from which 53 were selected
according to the criteria. The methodology and
results of these articles were analysed. Studies

were generally cross-sectional, cohort, or case-
control designs, and none were randomized
controlled trials. Details of the studies and the
critical appraisals are presented in Appendix
S3, Supporting information. Intra- and inter-
reviewer agreement was complete (kappa = 1)
for assessment of the level of evidence, but only
moderate (kappa = 0.56) for quality of evidence.
Preliminary review of the 53 selected studies
identified a variety of factors implicated in the
aetiology of developmental defects of enamel.
These factors can be subdivided into five cate-
gories: infant exposure to dioxins and biphenols,
perinatal events, exposure to fluoride, childhood
illness, and specific chronic diseases. Consequently,
the results of this review will be presented in
the form of five hypotheses and their supporting
evidence.

 

That exposure to environmental contaminants 
such as polychlorinated biphenyls (PCBs) and 
polychlorinated dibenzo-

 

p

 

-dioxins/dibenzofurans 
(dioxins) is a risk factor for MIH (Table 1)

 

Exposure to PCBs and dioxins has been reported
as a potential cause of enamel defects with
breast milk postulated as a source. Overall,
there was moderate evidence that PCB/dioxin
exposure is associated with enamel defects,
but very weak evidence that breastfeeding in
and of itself is an aetiological factor. Of the
four studies investigating PCB/dioxin exposure,
three reported a significant association with
enamel defects

 

13–15

 

, whereas the fourth was
methodologically compromised, in that the

Table 1. Summary of papers concerning the aetiological role of environmental contaminants and breastfeeding.

Studycitation number Design Level of evidence Quality of evidence

Jan et al. 200713 Cohort III-2 B1
Jan and Vrbic 200014 Cohort III-2 B1
Alaluusua et al. 199615 Cohort II B1
Wang et al. 200316 Cohort II C
Alaluusua et al. 1996 
(two studies presented in one paper)3

Cohort and case-control III-2 & III-3 B1

Jalevik et al. 200117 Cross-sectional IV B1
Dietrich et al. 200318 Case control III-3 B2
Li et al. 199520 Cohort III-2 B2
Beentjes et al. 200219 Case control III-3 B2
Lunardelli and Peres 200621 Case control III-3 B2
Agarwal et al. 200322 Cohort II C
Rugg-Gunn et al. 199823 Cohort III-2 B1
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authors’ definition of ‘hypoplasia’ was absent,
and statistical analysis combined these lesions
with other ‘developmental defects’ including
fusion and impaction, and therefore, was of
little value to the current review

 

16

 

.
Only one study reported a significant increase

in the prevalence of defects in association with
longer breastfeeding; however, dioxin levels
were not determined

 

3

 

. These authors also con-
ducted a prospective cohort study in the same
country in which both breastfeeding duration
and dioxin exposure were assessed, and reported
that dioxin levels but not duration of breast-
feeding were significantly related to enamel
defects

 

15

 

. Therefore, it seems reasonable to suggest
the results of the former paper may reflect the
relationship between dioxin dose and breast-
feeding duration rather than the influence of
breastfeeding duration on defects. The relation-
ship between contaminant levels in children and
duration of breastfeeding is supported by the
results of Wang 

 

et

 

 

 

al

 

.

 

16

 

, and the relationship
between contaminant levels in children and
defects in a recent retrospective cohort study

 

13

 

.
Three other studies undertaken in western
European populations reported no significant
relationship between breastfeeding and enamel
defects

 

17–19

 

.
In contrast, studies of developing nation popu-

lations reported breastfeeding had a protective
effect against enamel defects

 

20–22

 

. This suggests
that nutrition may be a more relevant factor
and is supported by Rugg-Gunn 

 

et

 

 

 

al

 

. who
reported a significant positive association between
defects and malnutrition and, in turn, between

malnutrition and early cessation of breast/
bottle feeding

 

23

 

.

 

That pre-, peri-, and neonatal problems increase the 
prevalence of MIH (Table 2)

 

It appears malnutrition and health problems
during pregnancy, birth, and the neonatal period
contribute to a higher incidence of enamel defects
in the primary dentition; however, the specific
aetiological factor/s responsible have not been
identified and may prove difficult to isolate
due to the coexisting or closely related nature
of many of these putative aetiological factors.
Given that lesions typical of MIH have been
reported in the second primary molars, sepa-
rate data for these teeth would have been
useful in the current review. Because this
was not the case, we must acknowledge the
influence of non-systemic factors (e.g. trauma
to anterior teeth from intubation) on the
significance of results reported. The role of these
factors in the aetiology of defects in the perma-
nent dentition remains unclear at this stage.

The lack of consistency in outcome measure,
examiner calibration, and blinding of assessment
limits the strength of the evidence, and data
analysis is complicated by the strong associations
between many of the variables; for example,
premature infants are likely to have low birth
weight; premature and low-birth-weight infants
are more likely to require intubation and have
health problems than full-term babies. Most
studies failed to address these confounding factors
in their data analysis.

Table 2. Summary of papers concerning the aetiological role of birth complications, maternal factors, and nutrition.

Studycitation number Design Level of evidence Quality of evidence

Dietrich et al. 200318 Case control III-3 B2
Rugg-Gunn et al. 199724 Cohort III-2 B1
Aine et al. 200025 Cohort III-2 B2
Drummond et al. 199226 Cohort III-2 B2
Fadavi et al. 199227 Cohort III-2 C
Lai et al. 199728 Cohort III-2 B2
Seow 199629 Cohort III-2 B1
Naidoo et al. 200530 Cohort III-2 C
Agarwal et al. 200322 Cohort II C
Fearne et al. 199031 Cohort II B2
Chaves et al. 200732 Cohort II B1
Lunardelli and Peres 200621 Case control III-3 B2
Beentjes et al. 200219 Case control III-3 B2
Martinez et al. 200233 Cross-sectional IV C
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Most papers were retrospective cohort studies
(7/14, 50%)

 

24–30

 

, and although there were three
prospective cohort studies, one was of little
value methodologically and all examined
primary teeth only

 

22,31,32

 

. This was the case for
the majority of studies

 

21,22,26–28,31,32

 

; therefore,
caution must be taken when extrapolating the
findings to the permanent dentition. Although
reporting significantly more defects in the
permanent dentition of a cohort of premature
babies, Aine 

 

et

 

 

 

al

 

. could not establish a signifi-
cant relationship with any individual potential
aetiological factor. This was in contrast to the
authors’ analysis of the primary dentition in
which prematurity, duration of intubation, and
parenteral nutrition were reported as statistically
significantly associated with the presence of
defects

 

25

 

. Neither the study by Aine 

 

et

 

 

 

al. nor that
of Seow used the DDE Index; using an ‘opacity’
category instead, which included diffuse as well
as demarcated lesions, limiting their value to the
current review29. A case-control study of MIH
reported no significant differences between MIH
and unaffected populations in terms of birth
weight, problems during pregnancy, birth or
the neonatal period; however, the sample size was
small and relied on retrospective data19. Two
studies were of low quality with poor methodo-
logical design and no statistical analyses30,33.

Two large population-based studies are reviewed
in this section as they included, as a component
of the larger study, analysis of the influence
of malnutrition and neonatal, perinatal, and
early childhood health problems on enamel
defects in permanent teeth18,24. Malnutrition
was reported as being associated with the

prevalence of defects with statistical signifi-
cance in the former study; however, no details
were reported regarding the sample size of
this analysis subgroup. In the latter study, the
sample consisted of only 31 affected and 31
control subjects out of the 2408 participating
in the study, and there were no significant
relationships reported between any of the
neonatal or perinatal problems and enamel
defects.

That fluoride is a risk factor for MIH (Table 3)

Noting that studies reporting solely on fluorosis
were excluded from this review, the studies
that were analysed provided strong evidence that
fluoride exposure is related to diffuse defects of
enamel. The evidence, however, is weak for its
involvement in the aetiology of demarcated
defects distinct from these fluorotic lesions and
more typical of MIH. Again, there were wide
variations in the methodological quality of the
studies with common areas of concern being:
lack of control for or non-quantified alternative
sources of fluoride, examination conditions, teeth
examined, and blinding of examiners. The vast
majority of the studies (11/12, 92%) report no
association between the prevalence of demarcated
defects and fluoride exposure24,34–43, but the
strength of evidence for each study is weak.
In some instances, statistical analysis is either
not conducted or not reported39,42,43. The only
study that presented data suggesting a significant
difference in the prevalence of demarcated
defects with respect to water fluoridation
levels reported that diffuse defects were the

Table 3. Summary of papers concerning the aetiological role of fluoride.

Studycitation number Design Level of evidence Quality of evidence

Rugg-Gunn et al. 199724 Cohort III-2 B1
Angellilo et al. 199044 Cohort III-2 B2
Clarkson and O’Mullane 199234 Cohort III-2 B2
de Liefde and Herbison 198935 Cohort III-2 B1
Downer et al. 199436 Cross-sectional IV B1
Ekanayake and van der Hoek 200337 Cohort III-2 B2
Hiller et al. 199838 Cohort III-2 B1
Mackay and Thomson 200540 Cross-sectional IV B1
Milsom and Mitropoulos 199041 Cohort III-2 B1
Nunn et al. 199443 Cohort III-2 C
Koch 200342 Cohort III-2 B2
Balmer et al. 200539 Cohort III-2 B2
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‘discriminating factor’ between fluoride expo-
sure level groups44.

That common childhood illnesses increase 
the prevalence of MIH (Table 4)

This group of studies concerns common or general
childhood health problems; chronic diseases
and medical conditions will be discussed sub-
sequently. According to the published literature,
there is no clear evidence for the role of child-
hood illness and treatment in the aetiology of
enamel defects. Respiratory problems1,17,19,23,45

and otitis media17,19 are the most consistently
implicated, although other conditions and medi-
cations have been reported to be significantly
related to dental defects in isolated studies17,19,45.
The majority of authors acknowledge the
possible confusion between, and confounding
influence of, the effect of the disease itself as
opposed to the effect of any treatment on dental
development, a problem which may prove insur-
mountable as ethical considerations are likely
to prevent a definitive prospective study from
being established.

An example of the complexity of this issue
can be seen in a recent case-control study in
which a lower prevalence of enamel defects
was found in FPMs in children who reported
a higher intake of mucolytics45. This suggests
putatively that it is untreated respiratory
problems that may pose a risk to the developing
tooth. In the same study, however, medical
treatment involving macrolides was reportedly
associated with a higher prevalence of defects.
Interestingly, intake of amoxicillin, often
considered an aetiological factor46, was not found
to have an association with enamel defects. It
should be noted that the data in this study were
analysed on a per-year basis, and the numbers
for each factor assessed were not described,

so it is possible that very small sample sizes
affected the results of the statistical analysis.
Recurrent or multiple illnesses may contribute
to enamel defect formation. One study showed
that frequency of paediatric care and greater
number of episodes of urinary tract infection
were both associated with MIH45, whereas
another reported that children with MIH were
ill more frequently19. The latter was an MIH-
specific case-control study and also reported a
tendency for MIH-affected children to suffer
from a greater variety of illnesses, although
otitis media, pneumonia, and high fever were
implicated particularly.

A significant limitation of many studies is
the reliance on retrospective parental recall for
medical information. Even accessing medical
records can be unreliable as they vary in quality,
possibly omit information regarding minor
complaints, and almost certainly lack a record
of any treatments which were either not advised
by the doctor (e.g. giving antibiotics left over
from another family members’ treatment) or
for which the doctor was not consulted (i.e.
over-the-counter medications).

Additionally, the level of evidence is low for
childhood illness as two papers were cross-
sectional studies, one did not include any
statistical analysis1,17, another case-control
study did not match the control population to
the case population45, and although yet another
study used a cohort design; the cohorts were
selected on the basis of socioeconomic status as
medical issues were not the primary focus23.

That the prevalence of MIH is significantly higher 
in medically compromised populations (Table 5)

A variety of medical conditions such as coeliac
disease, cystic fibrosis, and renal disease have
been studied in relation to enamel defects,

Table 4. Summary of papers concerning the aetiological role of childhood illness.

Studycitation number Design Level of evidence Quality of evidence

Jalevik et al. 200117 Cross-sectional IV B1
Rugg-Gunn et al. 199823 Cohort III-2 B1
van Amerongen and Kreulen 19951 Cross-sectional IV C
Tapias-Ledesma et al. 200345 Case control III-3 B2
Beentjes et al. 200219 Case control III-3 B2
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but many investigated hypoplasia exclusively
and were excluded from this review. Overall,
it appears that children with chronic medical
conditions, and/or undergoing their treatment,
have a higher prevalence of enamel defects,
but the quality of studies is such that the
evidence is weak, particularly with regard to
MIH. The quality of evidence would improve
if studies used standard methodologies and
indices. Furthermore, finding an appropriate
comparison control group is challenging and
rarely reported. Including groups to serve as
positive controls, that is, those with similar
symptoms but not the disease itself, or those
who have been exposed to similar treatment
(e.g. antibiotics) for other reasons, as well as
unaffected individuals might also be valuable
for comparative analysis.

The most commonly reported condition
associated with enamel defects is coeliac
disease (nine studies)47–55. These studies often
used a different, coeliac-specific index – the
Aine Index56 (see Appendix S1, Supporting
information). Although this index does have
a non-specific category into which MIH lesions
would likely fall, there is no breakdown into
diffuse/demarcated lesion types. Regardless of
the index used, all of these studies reported
that developmental defects of enamel were more

common in individuals with coeliac disease,
with specific defects consistently found in those
studies using the Aine Index. No significant
differences in non-specific defect prevalence
were reported47,54, but many studies either did
not present these data51 or did not conduct
any analysis48,49,53.

The remaining studies are more difficult to
compare because they: deal with a range of
conditions including renal disease57,58, cystic
fibrosis59,60, lymphoma61, congenital cardiac
defects62, cleft lip/palate63, Marfan syndrome64,
and Silver Russell syndrome65; generally have
poorer methodologies; often do not use a
standard index; and fail to give adequate details on
how defects were classified. All authors reported
more defects in the test population, although
for permanent teeth only in one study59 and
primary teeth only in another62; however, the
strength of this evidence is very weak.

Discussion

Until MIH is a universally recognized condition
with an accepted definition and standard
diagnostic criteria, any investigation into its
aetiology will be compromised to some extent.
Although some components of the DDE Index
can be used as a proxy, there are limitations.
A modified DDE Index has been developed in
an attempt to ameliorate this situation (see
Appendix S1, Supporting information)66. Under
this index, demarcated lesions are further
subdivided into mild, moderate, and severe
categories with the latter including teeth dis-
playing PEB or an existing restoration. In the
course of this review, it was noted that several
studies specifically excluded carious or restored
teeth which is likely to lead to the underesti-
mation of the prevalence of MIH, and therefore,
compromise subsequent statistical analysis.
Similarly, it would seem prudent to account
for any missing FPMs because affected teeth
can be so severely compromised as to require
extraction at an early age67,68. An MIH-specific
index was used in a paper by Jasulaityte et al.
in 2007 which attempted to account for PEB and
extracted teeth (see Appendix S1, Supporting
information)69. The lack of consistency in the use
of the term hypoplasia hindered this review. The
term ‘hypoplasia’ literally refers to a quantitative

Table 5. Summary of papers concerning the aetiological role 
of medical conditions.

Studycitation number Design
Level of 
evidence

Quality of 
evidence

Aguirre et al. 199747 Cohort III-2 B1
Aine et al. 199048 Cohort III-2 B2
Aine et al. 199249 Cohort III-2 B1
Farmakis et al. 200550 Cohort III-2 B2
Maki et al. 199151 Cohort III-2 B2
Priovolou et al. 200452 Cohort III-2 B2
Wierink et al. 200753 Cohort III-2 B1
Rasmusson and 
Eriksson 200154

Cohort III-2 B2

Mariani et al. 199455 Cohort III-2 B1
Erturul et al. 200357 Cohort III-2 C
Nunn et al. 200058 Case series IV B2
Azevedo et al. 200659 Cohort III-2 B2
Narang et al. 200360 Cohort III-2 C
Alpaslan et al. 199961 Cohort III-2 C
Hallett et al. 199262 Cohort III-2 B2
Dahllof et al. 198963 Cohort III-2 B2
De Coster et al. 200264 Cohort III-2 B2
Kotilainen et al. 199565 Cohort III-2 C
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developmental defect, and any studies that
both defined it as such and did not include any
opacity data were excluded. However, hypoplasia
is also commonly and incorrectly used to
describe qualitative defects. As a result, several
studies, despite the poor quality of evidence they
offered, could not be excluded from the review,
as the true nature of the defect/s was not known.

In addition to differences in diagnostic indices,
the teeth and surfaces to which the index is
applied vary between studies making any inter-
study comparisons almost impossible. Many
studies of enamel defects, both aetiological and
epidemiological, do not include all of the teeth
involved in MIH, particularly the upper FPMs.
Permanent, primary, and mixed dentitions
are all represented in the reviewed articles;
furthermore, some studies recorded data from
as few as one surface of four teeth through to all
visible surfaces of all teeth present. Anecdotally,
it is the molars that are the most problematic
for patients and clinicians alike, and the fact
that incisors are often apparently unaffected is
one point of contention regarding the definition,
and indeed name, of MIH. Confounding factors
may be introduced by the inclusion of incisor
teeth as the consequences of trauma and infection
are common causes of demarcated enamel defects.
However, for accurate information regarding
MIH, all FPMs and permanent incisors should
be included in the outcome assessment. Similarly,
it is important to establish a standard protocol that
addresses the issue of lesion size and multiple
lesions on a single tooth or surface. This review
has identified studies that have recorded all
defects present, some that only recorded the most
severe defect, and, most commonly, studies that
fail to give any such details.

Protocols for the clinical examination varied
across these studies, with some assessing lesions
on dry teeth, some wet, and others both. Sig-
nificantly, more lesions were identified on dry
than wet teeth70,71. The detection of carious
lesions is associated with similar issues particularly
for non-cavitated lesions for which examinations
should be in a dental chair under good light on
clean, dry teeth72. Other examination variables
included pre-examination cleaning procedures
and differences in lighting conditions. Many
studies failed to specify details of these variables
or provide information on examiner blinding

and calibration. Reporting of data was similarly
variable with many studies not breaking down
results across the three main categories of defects
in the DDE Index. In particular, diffuse and
demarcated lesions were often combined to
form an ‘opacity’ group. Such results are difficult
to interpret in relation to MIH.

One of the most challenging aspects of the
search for a better understanding of MIH is
the likely complexity of its pathogenesis. Basic
scientific research is increasingly demonstrating
that ameloblasts are highly susceptible to relatively
minor changes in their environment; for example,
increases in temperature73, hypocalcaemia74, and
pH levels75 can all disrupt the normal process
of amelogenesis, and that the susceptibility to
environmental conditions can be influenced
by genetics76–78. Therefore, any maternal or
childhood illness, or exposure to medications,
environmental contaminants, etc. that may
cause a change to the environment in which
the ameloblasts are functioning can putatively
contribute to the development of defective
enamel. It is likely that many factors acting
simultaneously (as in the preterm, low birth
weight, respiratorily compromised neonate) or
sequentially (as in the child with otitis media
with associated fever subsequently treated with
antibiotics) contribute to the development of
MIH. The putative multifactorial nature of the
aetiology may go some way to explain the
variation in distribution of the lesions seen
clinically as the exact timing, nature, and/or
specific combination of the insult/s may deter-
mine the clinical presentation.

Conclusion

According to the available evidence in relation
to MIH or similar enamel defects, exposure to
PCBs/dioxins does appear to be a risk factor for
developing MIH-like defects and is worthy of
further investigation. Increased duration of breast-
feeding, however, does not itself increase the
prevalence of MIH, and indeed, may in fact reduce
enamel defects. Pre-, peri-, and neonatal problems
increase the prevalence of developmental dental
defects in general, particularly in the primary
dentition; however, a substantial amount of
further evidence is required to establish their
role in the aetiology of MIH. There is some
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evidence to link early childhood malnutrition
to an increased prevalence of enamel defects,
but further research is required to confirm any
direct relationship. Fluoride exposure is unlikely
to be a risk factor for MIH. Common childhood
illnesses and/or their treatment do appear to
increase the prevalence of MIH, but again further
work will be required to clarify the specific
cause/s of this observed effect. The prevalence of
dental defects is significantly higher in medically
compromised populations; however, improve-
ments in study design are needed to strengthen
the evidence, particularly with regard to MIH.
It is also likely that, in addition to the environ-
mental exposures so far identified, genetic
susceptibility may play a role in the aetiology of
this challenging disorder. Long-term prospective
epidemiological studies that use clearly defined
clinical protocols and indices, and include the
collection of comprehensive environmental and
genetic information are required.

Acknowledgement

The authors thank Ms Poh Chua of the Royal
Children’s Hospital of Melbourne Library.

References

1 van Amerongen WE, Kreulen CM. Cheese molars: a
pilot study of the etiology of hypocalcifications in first
permanent molars. J Dent Child 1995; 62: 266–269.

2 Koch G, Hallonsten AL, Ludvigsson N, Hansson BO,
Holst A, Ullbro C. Epidemiologic study of idiopathic
enamel hypomineralization in permanent teeth of
Swedish children. Community Dent Oral Epidemiol
1987; 15: 279–285.

3 Alaluusua S, Lukinmaa PL, Koskimies M, et al. Develop-
mental dental defects associated with long breast
feeding. Eur J Oral Sci 1996; 104: 493–497.

4 Jälevik B, Norén JG. Enamel hypomineralization of
permanent first molars: a morphological study and
survey of possible aetiological factors. Int J Paediatr
Dent 2000; 10: 278–289.

5 Weerheijm KL, Jälevik B, Alaluusua S. Molar–incisor
hypomineralisation. Caries Res 2001; 35: 390–391.

6 Leppäniemi A, Lukinmaa PL, Alaluusua S. Nonfluoride
hypomineralizations in the permanent first molars
and their impact on the treatment need. Caries Res
2001; 35: 36–40.

7 Crombie FA, Manton DJ, Weerheijm KL, Kilpatrick
NM. Molar incisor hypomineralization: a survey of
members of the Australian and New Zealand Society
of Paediatric Dentistry. Aust Dent J 2008; 53: 160–166.

8 Clarkson J. Review of terminology, classifications,
and indices of developmental defects of enamel. Adv
Dent Res 1989; 3: 104–109.

9 Elfrink MEC, Schuller AA, Weerheijm KL, Veerkamp JSJ.
Hypomineralized second primary molars: prevalence
data in Dutch 5-year-olds. Caries Res 2008; 42: 282–
285.

10 Australian Government National Health and Medical
Research Council. How to Use the Evidence: Assessment
and Application of Scientific Evidence. [WWW document].
URL: http://www.nhmrc.gov.au/publications/synop-
ses/_files/cp69.pdf (accessed: 9 April 2008).

11 Australian Government National Health and Medical
Research Council. NHMRC Additional Levels of Evidence and
Grades for Recommendations for Developers of Guidelines.
[WWW document]. URL: http://www.nhmrc.gov.au/
consult/_files/Stage %202%220Consultation%220 L
evels%220and%220Grades.pdf (accessed: 10 April 2008).

12 New South Wales Institute of Trauma and Injury
Management. Quality of Evidence. [WWW document].
URL: http://www.itim.nsw.gov.au/go/knowledge-base/
understandingresearch/quality-of-evidence (accessed:
9 April 2008).

13 Jan J, Sovcikova E, Kocan A, Wsolova L, Trnovec T.
Developmental dental defects in children exposed to
PCBs in eastern Slovakia. Chemosphere 2007; 67:
S350–S354.

14 Jan J, Vrbic V. Polychlorinated biphenyls cause develop-
mental enamel defects in children. Caries Res 2000; 34:
469–473.

15 Alaluusua S, Lukinmaa PL, Vartiainen T, Partanen M,
Torppa J, Tuomisto J. Polychlorinated dibenzo-p-
dioxins and dibenzofurans via mother’s milk may
cause developmental defects in the child’s teeth.
Environ Toxicol Pharmacol 1996; 1: 193–197.

16 Wang S-L, Chen T-T, Hsu J-F, et al. Neonatal and
childhood teeth in relation to perinatal exposure
to polychlorinated biphenyls and dibenzofurans:
observations of the Yucheng children in Taiwan.
Environ Res 2003; 93: 131–137.

17 Jälevik B, Norén JG, Klingberg G, Barregard L. Etiologic
factors influencing the prevalence of demarcated
opacities in permanent first molars in a group of
Swedish children. Eur J Oral Sci 2001; 109: 230–234.

18 Dietrich G, Sperling S, Hetzer G. Molar incisor
hypomineralisation in a group of children and

What this paper adds
• This paper provides an analysis and summary of

aetiological information regarding MIH published in
the last 18 years.

• Current evidence for the aetiology of MIH is weak, and
strategies are suggested to improve the strength of
future research.

Why this paper is important to paediatric dentists
• Paediatric dentists are highly likely to encounter

children with MIH in their clinical practice.
• Knowledge regarding aetiological factors assists

identification of children potentially at risk for MIH.

http://www.nhmrc.gov.au/publications/synop-ses/_files/cp69.pdf
http://www.nhmrc.gov.au/consult/_�les/Stage %202%220Consultation%220 Levels%220and%220Grades.pdf
http://www.itim.nsw.gov.au/go/knowledge-base/understandingresearch/quality-of-evidence


82 F. Crombie et al.

© 2009 The Authors 
Journal compilation © 2009 BSPD, IAPD and Blackwell Publishing Ltd

adolescents living in Dresden (Germany). Eur J Paediatr
Dent 2003; 4: 133–137.

19 Beentjes VEVM, Weerheijm KL, Groen HJ. Factors
involved in the aetiology of molar–incisor-hypomin-
eralisation (MIH). Eur Arch Paediatr Dent 2002; 3: 9–13.

20 Li Y, Navia JM, Bian JY. Prevalence and distribution
of developmental enamel defects in primary dentition
of Chinese children 3–5 years old. Community Dent
Oral Epidemiol 1995; 23: 72–79.

21 Lunardelli SE, Peres MA. Breast-feeding and other
mother–child factors associated with developmental
enamel defects in the primary teeth of Brazilian
children. J Dent Child 2006; 73: 70–78.

22 Agarwal KN, Narula S, Faridi MMA, Kalra N.
Deciduous dentition and enamel defects. Indian Pediatr
2003; 40: 124–129.

23 Rugg-Gunn AJ, Al-Mohammadi SM, Butler TJ.
Malnutrition and developmental defects of enamel in 2-
to 6-year-old Saudi boys. Caries Res 1998; 32: 181–192.

24 Rugg-Gunn AJ, Al-Mohammadi SM, Butler TJ. Effects
of fluoride level in drinking water, nutritional status, and
socio-economic status on the prevalence of develop-
mental defects of dental enamel in permanent teeth in
Saudi 14-year-old boys. Caries Res 1997; 31: 259–267.

25 Aine L, Backström MC, Mäki R, et al. Enamel defects
in primary and permanent teeth of children born
prematurely. J Oral Pathol Med 2000; 29: 403–409.

26 Drummond BK, Ryan S, O’Sullivan EA, Congdon P,
Curzon ME. Enamel defects of the primary dentition
and osteopenia of prematurity. Pediatr Dent 1992; 14:
119–121.

27 Fadavi S, Adeni S, Dziedzic K, Punwani I, Vidyasagar D.
The oral effects of orotracheal intubation in prematurely
born preschoolers. J Dent Child 1992; 59: 420–424.

28 Lai PY, Seow WK, Tudehope DI, Rogers Y. Enamel
hypoplasia and dental caries in very-low birthweight
children: a case-controlled, longitudinal study. Pediatr
Dent 1997; 19: 42–49.

29 Seow WK. A study of the development of the per-
manent dentition in very low birthweight children.
Pediatr Dent 1996; 18: 379–384.

30 Naidoo S, Chikte U, Laubscher R, Lombard C. Fetal
alcohol syndrome: anthropometric and oral health
status. J Contemp Dent Pract 2005; 6: 101–115.

31 Fearne JM, Bryan EM, Elliman AM, Brook AH, Williams
DM. Enamel defects in the primary dentition of children
born weighing less than 2000 g. Br Dent J 1990; 168:
433–437.

32 Chaves AMB, Rosenblatt A, Oliveira OFB. Enamel
defects and its relation to life course events in primary
dentition of Brazilian children: a longitudinal study.
Community Dent Health 2007; 24: 31–36.

33 Martinez A, Cubillos P, Jimenez M, Brethauer U,
Catalan P, Gonzalez U. Prevalence of developmental
enamel defects in mentally retarded children. J Dent
Child 2002; 69: 151–155.

34 Clarkson JJ, O’Mullane DM. Prevalence of enamel
defects/fluorosis in fluoridated and non-fluoridated
areas in Ireland. Community Dent Oral Epidemiol 1992;
20: 196–199.

35 de Liefde B, Herbison GP. The prevalence of development
defects of enamel and dental caries in New Zealand
children receiving differing fluoride supplementation,
in 1982 and 1985. N Z Dent J 1989; 85: 2–8.

36 Downer MC, Blinkhorn AS, Holt RD, Wight C, Attwood
D. Dental caries experience and defects of dental enamel
among 12-year-old children in north London, Edinburgh,
Glasgow and Dublin. Community Dent Oral Epidemiol
1994; 22: 283–285.

37 Ekanayake L, van der Hoek W. Prevalence and distri-
bution of enamel defects and dental caries in a region
with different concentrations of fluoride in drinking
water in Sri Lanka. Int Dent J 2003; 53: 243–248.

38 Hiller KA, Wilfart G, Schmalz G. Developmental enamel
defects in children with different fluoride supplementation
– a follow-up study. Caries Res 1998; 32: 405–411.

39 Balmer RC, Laskey D, Mahoney E, Toumba KJ.
Prevalence of enamel defects and MIH in non-fluoridated
and fluoridated communities. Eur J Paediatr Dent
2005; 6: 209–212.

40 Mackay TD, Thomson WM. Enamel defects and
dental caries among Southland children. N Z Dent J
2005; 101: 35–43.

41 Milsom K, Mitropoulos CM. Enamel defects in 8-year-
old children in fluoridated and non-fluoridated parts of
Cheshire. Caries Res 1990; 24: 286–289.

42 Koch G. Prevalence of enamel mineralisation distur-
bances in an area with 1–1.2 ppm F in drinking water.
Review and summary of a report published in Sweden
in 1981. Eur J Paediatr Dent 2003; 4: 127–128.

43 Nunn JH, Rugg-Gunn AJ, Ekanayake L, Saparamadu KD.
Prevalence of developmental defects of enamel in areas
with differing water fluoride levels and socio-economic
groups in Sri Lanka and England. Int Dent J 1994; 44:
165–173.

44 Angelillo IF, Romano F, Fortunato L, Montanaro D.
Prevalence of dental caries and enamel defects in children
living in areas with different water fluoride concen-
trations. Community Dent Health 1990; 7: 229–236.

45 Tapias-Ledesma MA, Jimenez R, Lamas F, Gonzalez A,
Carrasco P, Gil de Miguel A. Factors associated with
first molar dental enamel defects: a multivariate
epidemiological approach. J Dent Child 2003; 70: 215–
220.

46 Hong L, Levy SM, Warren JJ, Dawson DV, Bergus
GR, Wefel JS. Association of amoxicillin use during
early childhood with developmental tooth enamel
defects. Arch Pediatr Adolesc Med 2005; 159: 943–948.

47 Aguirre JM, Rodriguez R, Oribe D, Vitoria JC. Dental
enamel defects in celiac patients. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 1997; 84: 646–650.

48 Aine L, Mäki M, Collin P, Keyrilainen O. Dental
enamel defects in celiac disease. J Oral Pathol Med
1990; 19: 241–245.

49 Aine L, Mäki M, Reunala T. Coeliac-type dental
enamel defects in patients with dermatitis herpetiformis.
Acta Derm Venereol 1992; 72: 25–27.

50 Farmakis E, Puntis JW, Toumba KJ. Enamel defects
in children with coeliac disease. Eur J Paediatr Dent
2005; 6: 129–132.



Aetiology of MIH: a critical review 83

© 2009 The Authors 
Journal compilation © 2009 BSPD, IAPD and Blackwell Publishing Ltd

51 Maki M, Aine L, Lipsanen V, Koskimies S. Dental
enamel defects in first-degree relatives of coeliac dis-
ease patients. Lancet 1991; 337: 763–764.

52 Priovolou CH, Vanderas AP, Papagiannoulis L. A com-
parative study on the prevalence of enamel defects and
dental caries in children and adolescents with and without
coeliac disease. Eur J Paediatr Dent 2004; 5: 102–106.

53 Wierink CD, van Diermen DE, Aartman IHA, Heymans
HSA. Dental enamel defects in children with coeliac
disease. Int J Paediatr Dent 2007; 17: 163–168.

54 Rasmusson CG, Eriksson MA. Celiac disease and
mineralisation disturbances of permanent teeth. Int J
Paediatr Dent 2001; 11: 179–183.

55 Mariani P, Mazzilli MC, Margutti G, et al. Coeliac dis-
ease, enamel defects and HLA typing. Acta Paediatr
1994; 83: 1272–1275.

56 Aine L. Dental enamel defects and dental maturity in
children and adolescents with celiac disease. Proc Finn
Dent Soc 1986; 82: 227–229.

57 Erturul F, Elbek-Cubukcu C, Sabah E, Mir S. The oral
health status of children undergoing hemodialysis
treatment. Turk J Pediatr 2003; 45: 108–113.

58 Nunn JH, Sharp J, Lambert HJ, Plant ND, Coulthard
MG. Oral health in children with renal disease. Pediatr
Nephrol 2000; 14: 997–1001.

59 Azevedo TDPL, Feijo GCS, Bezerra ACB. Presence of
developmental defects of enamel in cystic fibrosis
patients. J Dent Child 2006; 73: 159–163.

60 Narang A, Maguire A, Nunn JH, Bush A. Oral health
and related factors in cystic fibrosis and other chronic
respiratory disorders. Arch Dis Child 2003; 88: 702–707.

61 Alpaslan G, Alpaslan C, Gogen H, Ouz A, Cetiner S,
Karadeniz C. Disturbances in oral and dental struc-
tures in patients with pediatric lymphoma after
chemotherapy: a preliminary report. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 1999; 87: 317–321.

62 Hallett KB, Radford DJ, Seow WK. Oral health of
children with congenital cardiac diseases: a controlled
study. Pediatr Dent 1992; 14: 224–230.

63 Dahllöf G, Ussisoo-Joandi R, Ideberg M, Modéer T.
Caries, gingivitis, and dental abnormalities in preschool
children with cleft lip and/or palate. Cleft Palate J 1989;
26: 233–237; discussion 7–8.

64 De Coster PJA, Martens LCM, De Paepe A. Oral
manifestations of patients with Marfan syndrome: a
case-control study. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2002; 93: 564–572.

65 Kotilainen J, Hölttä P, Mikkonen T, Arte S, Sipila I,
Pirinen S. Craniofacial and dental characteristics of Silver-
Russell syndrome. Am J Med Genet 1995; 56: 229–236.

66 Jälevik B, Klingberg G, Barregård L, Noren JG. The
prevalence of demarcated opacities in permanent first
molars in a group of Swedish children. Acta Odontol
Scand 2001; 59: 255–260.

67 Jälevik B, Klingberg GA. Dental treatment, dental fear
and behaviour management problems in children with
severe enamel hypomineralization of their permanent
first molars. Int J Paediatr Dent 2002; 12: 24–32.

68 Mahoney EK. The treatment of localised hypoplastic
and hypomineralised defects in first permanent molars.
N Z Dent J 2001; 97: 101–105.

69 Jasulaityte L, Veerkamp JS, Weerheijm KL. Molar
incisor hypomineralization: review and prevalence data
from the study of primary school children in Kaunas/
Lithuania. Eur Arch Paediatr Dent 2007; 8: 87–94.

70 Arnadottir IB, Sigurjons H, Holbrook WP. Enamel
opacities in 8-year-old Icelandic children in relation
to their medical history as infants. Community Dent
Health 2005; 22: 279–281.

71 Tavener JA, Davies GM, Davies RM, Ellwood RP. The
prevalence and severity of fluorosis and other develop-
mental defects of enamel in children who received free
fluoride toothpaste containing either 440 or 1450 ppm
F from the age of 12 months. Community Dent Health
2004; 21: 217–223.

72 Assaf AV, Meneghim MdC, Zanin L, Mialhe FL,
Pereira AC, Ambrosano GMB. Assessment of different
methods for diagnosing dental caries in epidemiolog-
ical surveys. Community Dent Oral Epidemiol 2004; 32:
418–425.

73 Tung K, Fujita H, Yamashita Y, Takagi Y. Effect of
turpentine-induced fever during the enamel formation
of rat incisor. Arch Oral Biol 2006; 51: 464–470.

74 Yamaguti PM, Arana-Chavez VE, Acevedo AC. Changes
in amelogenesis in the rat incisor following short-term
hypocalcaemia. Arch Oral Biol 2005; 50: 185–188.

75 Sui W, Boyd C, Wright JT. Altered pH regulation during
enamel development in the cystic fibrosis mouse incisor.
J Dent Res 2003; 82: 388–392.

76 Keller JM, Huet-Hudson YM, Leamy LJ. Qualitative
effects of dioxin on molars vary among inbred mouse
strains. Arch Oral Biol 2007; 52: 450–454.

77 Everett ET, McHenry MAK, Reynolds N, et al. Dental
fluorosis: variability among different inbred mouse
strains. J Dent Res 2002; 81: 794–798.

78 Brook AH, Smith JM. The aetiology of developmental
defects of enamel: a prevalence and family study in East
London, U.K. Connect Tissue Res 1998; 39: 151–156;
discussion 87–94.

Supporting information

Additional Supporting Information may be
found in the online version of this article at
interscience.wiley.com/journal/ipd

Appendix S1. Developmental defects of enamel
indices.

Appendix S2. Criteria for assessing level and
quality of evidence.

Appendix S3. Studies included in review (in
alphabetical order).

Please note: Wiley-Blackwell are not responsible
for the content or functionality of any supporting
materials supplied by the authors. Any queries
(other than missing material) should be directed
to the corresponding author for the article.




