
INTRODUCTION

melogenesis, is regulated by ameloblasts and
a multifaceted process that requires secretion
of certain matrix proteins like amelogenins,

amelins, enamelins and tuftelins and of the prior
formation of dentine 1,3.  Dental enamel formation occurs
in various phases in the primary as well as in the
permanent dentition.according to few studiesthere are
two steps 1,2 i.e. the secretory phase [or matrix formation]
and the maturation phase while other authers add an
intermediate or transitional phase 4. According to Lacruz
amelogenesis can be classified as pre-secretory,
secretory, and maturation stages 3. Genetic and

environmental factors have marked influence on these
processes; consequently, may result in developmental
enamel defects (DED) from any event disturbing these
phases. Metabolic or systemic alterations during the
formation of dental crown, reflects a permanent
impression of systemic disturbances, such as prolonged
periods of high fever, nutritional deficiencies, congenital
factors, infections, and certain medications can affect
enamel-forming cells. A number of known conditions
such as  diseases ,  metabol ic  anomalies ,  and
environmental factors can modify normal enamel
development 5,8 alteration resulting from varied turmoil
during the process of amelogenesis considered as
Developmental enamel defects. DED can be further
classified according to their manifestation such
as demarcated opacities, diffuse opacities, and
hypoplasia 6 primary and permanent dentitions both
may be affected, and be associated even to single long-
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Dental enamel is an unusual tissue in that once formed it is not remodeled, unlike other hard tissues such as bone.
Because of its non remodeling nature, alterations of enamel during its formation are permanently recorded on the
tooth surface.
As enamel formation can be affected by many factors, the changes induced in the enamel formation, can provide
clues as to the timing and nature of these events. Enamel defects may thus be studied as a marker of many adverse
biological events occurring during the time of its development. One such developmental defect of the enamel
occurring due to changes in the environmental factors causing permanent damage of the enamel is Molar Incisor
Hypomineralization (MIH).
MIH presents the clinical picture of hypomineralization of systemic origin affecting one or more first permanent
molars (FPMs) that are associated frequently with affected incisors. Systemic conditions or environmental insults
during the child's first 3 years have etiological associations. In treatment modalities complex care may involve,
including the management of behavior and anxiety of affected children and aiming to provide a durable restoration
under pain-free conditions. The challenges include a number of other requisites such as adequate anesthesia, suitable
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-lasting disturbances or isolated events 9. While
according to some authors there are linking events in
the deciduous teeth consequences observed in the
permanent set of dentition 10,13.

Dental enamel is dissimilar to other hard tissues
such as bone in the fact that once formed it is not
amend14. Knowing its non amending nature, variations
of enamel formation is permanently recorded on the
tooth surface, the alterations induced in the enamel
formation, can give evidences as to the timing and
nature of these events14. Thus many adverse biological
events may be reflected as Enamel defects and thus
may be cosidered as a marker of unfavorable measures
occurring during the time of its development14.

EPIDEMIOLOGY

The literature of the last fifteen year and
epidemiologic data is very limited and turned mostly
to studies of prevalence. studies available on the
frequency of hypoplasia of the dental enamel in the
present-day populations demonstrate the link between
the socio-economical conditions and the prevalence of
this defect15. Data from the developed countries reflects
the incidence of this condition for an average of 10%,
while in the developing countries the same incidence
is markedly higher than the 50% 15. Data from tha
studies undertaken between the year 1987 and the 2001
are of difficult interpretation because they recorded as
secondary result only and do not have objective as the
study of prevalence. According to that data they claim
that it varies within an ample period of time, included
between the 2.8 and 2.5%, up to assumption of a more
reliable and constant value that is around the 15%,
instantly after such time term 16,28 on the contrary the
reflection of more recent epidemiological studies seem
to present that the MIH prevalence is increasing day
by day 19. According to the data presented in the study
 on 3518 Greek children, aged between 5.5 and 12
years, results that: the 10.2% of them (58.6 female and
41.4 male) present Molar Incisor Hypominerelization
(MIH), while the total number of teeth affected almost
equal to 1286, of which 776 molars and 510 incisors
In the 28.4% of the children influenced by MIH are
interested only molars while in the 71.6% incisors and
molars both. While the different type of association of
the affected teeth noticed that resulted as: 4 molars 2
incisors (23.5%), 4 molars 4 incisors (16.8%), only 4

molars (15.1%), only 2 molars (9.7%) with a main
involvement of the maxillary elements in contrast
to the lower jaw. Such study also demonstrates that
some pathologic condition in progressive in relation
to the age because the under observed dental tissue
are affected by a post eruptive repartition of the
enamel, and determine that the gravity of the MIH
increases in a way proportional to the chronologic
age 19,30With respect to the gender diffrences the
major part of the studies undertaken between the
2001 and the 2007 demonstrate that it does not exist
any difference of distribution among the two sexes
18,21-25. On the contrary, recently some Authors report
a major evidence charged to female sex, but with
no demonstration of causal relationship 27. There are
a number of studies undertaken to establish the
average value, per child, of tooth affected by MIH
presents that it varies from 5 to 5.7 elements per
individual; further more they highlighted that the
damages involving the first permanent maxillary
molars are the more serious as well as the more
frequent 18,20,21,23-27,29.

CLINICAL FEATURES

By definition MIH is a hypomineralized defect
of the first permanent molars, frequently correlated
with affected incisors 30. It is observed that the
number of affected first permanent molars is variable
per patient from one to four and expression of the
defects may vary from molar to molar 30. Intact opacities

can be found on one molar within one patient, while
the other molar may have large parts of the enamel
break down soon after eruption 30. When a severe defect
is found within a subject, it is likely that the contralateral
tooth is also affected 30. In connection to molars opacities
may be found in the upper and sometimes the lower
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Conditions Findings

Amelogenesis Imperfecta Involves all the teeth, family history is present, teeth
may appear taurodont on radiograph

Fluorosis Diffuse opacities which are caries resistant. Number
of teeth involved depends on the time of exposure.

Molar Incisor
Hypomineralization

Involves PFM and incisors, well demarcated opacities
will be present which will be caries prone. Only severe
case may resemble AI. No appearance of taurodont
on radiograph.

Table 3: Clinically differentiation between MIH, Amelogenesis
Imperfecta and Fluorosis.



and upper incisors, (Figure 1). The possibility of defects
to the maxillary incisors appears to increase when more
first permanent molars have been affected 30. The defects
of incisors are usually without loss of enamel substance.

Clinically, the hypomineralized enamel appears to
be soft, porous and look like discoloured chalk or Old
Dutch cheese. With respect to colour the enamel defects
can diverge from white to yellow or brownish and it
always demonstrate a sharp demarcation between the
affected and sound enamel 3 1 (Figure 2). The
hypominerelized weak and  porous, brittle enamel can
easily chip off under the masticatory forces. Sometimes,
posteruptive enamel breakdown can occur so rapidly
after eruption that it seems as if the enamel was not
formed initially 31. It appears as hypoplastic enamel
after occurrence of the post-eruptive enamel breakdown.
Clinically hypoplasia presents with the smooth borders
to the normal enamel, whilst in posteruptive perid
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Table 1: Review of the studies from the year 1992-2010, related to MIH.
References Aim of the study Type of study Outcome

Commission
on Oral health
Research and
Epidemiology-
 Report of FDI
working group,
Clarkson J,
1992

Van
Amerongen W
E et al, 1995

Kim Seow W
1996

Simmer PJ et
al 2001

Weerheihm k
L et al, 2001

Weerheihm k
L et al, 2001

Weerheihm k
L, 2004

1) Consider childhood
disease as a precursor
of MIH and plan
frequent monitoring of
erupting first permanent
molars
2) Management of
MIH includes Pain
management followed
by functional
management with long
term favorable
prognosis

Review the
acceptability of
Developmental
Defects of Dental
Enamel Index (DDE
Index)

Review and
technical report

1) Recommendations
on classification of
developmental enamel
defects.
2) Guidelines for
clinical examination,
recording, analysis and
presentation of data
corresponding to
developmental dental
defects.

Pilot study to identify
the possible etiology
of cheese molars

Retrospective
study

Positive correlation of
birth related condition
and childhood systemic
conditions like
bronchitis, pneumonia,
infections of upper
respiratory organs, high
fever, Gastrointestinal
disorders with
occurrence of
hypocalcified molars

Study of
development of
permanent dentition
in very low birth
weight children

Longitudinal
cohort

1) Very low birth
weight (VLBW)
prematurely born
children have delayed
dental development.
2) Higher prevalence
of enamel defects in first
permanent molars and
incisors in VLBW
children.

Impact of dental
enamel formation on
clinical dentistry

Literature
review

1) Discussion on
genetic control of
enamel formation,
dentino enamel junction
formation, enamel
crystal elongation and
crystal thickening as
related to enamel
properties.
2) Quantitative effect of
different enamel
proteins on enamel
properties.

Prevalence of cheese
Molars in eleven-
year old Dutch
Children

Longitudinal
Standardized
Epidemiologic
al survey

10% of the Dutch
eleven-year old children
showed the presence of
cheese Molars.

Describe briefly the
phenomenon of
specific type of
Enamel
Hypominerelization
and a common name
for the condition

Short
communication

A common consensus
was adopted and the
type of enamel
Hypominerelization
with typical feature of
affecting the first
permanent molars and
permanent Incisors was
named as "Molar Incisor
Hypominerelization"

Relate the
knowledge of MIH
to Etiology, clinical
presentation and
Management

Literature
review

Fig 1: Affected incisors with well demarcated yellow
brown areas.

Fig 2: Affected Permanent First Molars.
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enamel breakdown occurs and the borders of the normal
enamel appear irregular 31. MIH can sometimes be
confusing with fluorosis or amelogenesis imperfect 31.
In fluorosis as its opacities are diffuse opacities that
can be well differentiated from are demarcated opacities
of MIH (fluorosis is caries resistant and MIH is caries
prone). Choosing between Amelogenesis Imperfecta
(AI) and MIH as a diagnosis seems a matter of definition:
it should be stressed that, only in very severe MIH
cases, the molars are equally affected and mimic the
appearance of AI 32. Mostly in MIH, the appearance of

the defects will be more asymmetrical in the molars as
well as in the incisors. In AI, the molars may also appear
taurodont on radiograph and there is often a history of
family onset 31.

ETIOLOGY

The uneven appearance of MIH molars within
individuals depictes that a systemic disorder at a very
specific stage affects the  dvelopment of ameloblasts.
According to the current data the researchers hypothesize
that, in the case of MIH, the ameloblasts are affected
in the early maturation stage, or maybe even earlier at
the late secretory phase.
In the recent studies, various causes for MIH molars,
such as environmental conditions, respiratory tract
problems, perinatal complications and dioxins have
been suggested 17,30,32,33. Other factors responsible for
MIH availble in the litrature are oxygen starvation of
the child combined with a low birth weight, calcium
and phosphate metabolic disorders and frequent
childhood diseases 34-36. Vaccines given during early
childhood have also been suggested as a possible cause
but no data are available to validate this. The use of
antibiotics has also been implicated, but antibiotic use
is in most cases  related to occurrence of diseases, so
it is difficult to distinguish whether the association with
MIH is caused by the antibiotic or by the illness itself.
There are contradictions in the results of the different
studies abou it. A  number of studies relate the problems
during pregnancy and birth with the MIH, while in
other studies show no differences concerning the health
of mother and child during pregnancy and birth of the
children 33,36 . The latter study indicates a more child-
related cause originating after birth. The influence of
prolonged breast-feeding could not be demonstrated in
all studies 17,36-38. It is likely that several unknown
contributing factors are involved resulting in a number
of possible causes37, 38.

A study conducted in Greece of 151 MIH children
resulted that 78% had experienced medical problems:
(1) prenatally (19%); (2) perinatally (44%); and (3)
neonatally (22%) 41. Only 15% of the children did not
appear to have a putative etiological factor in their
history 39.

Studies available do not suggest any causal
relationships because it cannot be assigned definitively
from studies relying on parental recall of medical and
dental events in their child’s first 3 years 40, 41. It becomes
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References Aim of the study Type of study Outcome

Vanessa
William et al
2006

Review and
recommendations for
clinical management
of MIH

Literature
review

1) 4-25% prevalence
of MIH
2) No. of affecting
permanent first molars
can vary from 1-4
depending upon the
severity.
3. Risk of involvement
of maxillary incisors
appears to increase
when more permanent
first molars are affected.

Helen D
Rodd et al
2007

Pulpal status of
hypominerelized
permanent molars.

Indirect
immunofluores
ecence of
extracted
hypominerelize
d permanent
molars

1) Overall increase in
neural density with
highly varicose
morphology of the
nerve fibers.
2) Leucocyte common
antigen-immunoreactive
(LCA-ir) cells
significantly increased.
3. No vascular
changes.

sMangum J
E et al 2010

Protein
composition of
hypominerelized
enamel.

Proteomic
analysis and
mineral binding
assay

1) Increased
amelogenins is
pathognomonic of MIH.
2) 3-15 fold higher
content of protein in
hypominerelized
enamel than normal.
3. Greater amount of
accumulated proteins
from saliva in
hypominerelized
enamel

Chan Y L et
al 2010

Evaluation of
microstructure of
enamel from
specific region of
MIH teeth

Focused ion
beam and
indentation
technique

Notable alteration in the
prism sheath of enamel
in MIH teeth at its
transitional region as a
possible contributing
factor to lowered
mechanical properties
of affected teeth.

Farah R A et
al 2010

Comparison of
related amounts
and nature of
proteinous content
and MIH enamel.

Electrophoretic
profiling and
Mass
spectrometric
study

1) 8-12 fold higher
protein content in MIH
enamel.
2) Increase in serum
albumin and Anti-
Trypsin and presence of
serum anti thrombin in
MIH enamel.
3. Albumin mediated
inhibition of crystal
growth during enamel
formation as a probable
cause for enamel
hypominerelization.

Developmental enamel defects: A reviewTariq A / Ansari MA / Memon Z



more difficult to determine the aetiological factor when
it is associated with a number of medical problems in
this period. Although a number of causative factors
may contribute to MIH but the threshold level needed
to cause enamel defects and at which sensitive stages
of amelogenesis is unknown42. It is assumed that
systemic illnesses may not produce a developmental
defect of enamel when experienced singly, and two or
more concurrent conditions may act synergistically to
produce a defect42. It is also in accordance to the study
of 53 Swedish children with 22q11 microdeletion
syndrome 43. Phenotypically, this multiple anomaly has
a characteristic facies, and may include congenital heart
defects, velopharyngeal insufficiency which may include
cleft palate, immune defficiencies, and difficulty in
feeding, hypocalcemia, learning disabilities, behavioural
problems, and skeletal, neurologic, and gastrointestinal
abnormalities 43. Of 47 affected children, 3 (6%) had
EH in the permanent dentition and 16 (34%) had
hypomineralized permanent teeth. Computerized
inductive analyses showed that the EH of permanent
and primary teeth correlated with prematurity and heart
defects (30%) and enamel hypomineralization correlated
with frequent preschool age infections and heart defects
(43%) 43.

Infectious conditions common in the first 3 years,
such as upper respiratory diseases, asthma, otitis media,
tonsillitis, chicken pox, measles, and rubella, appears
to be associated with MIH. 44, 45. It is also reflected in
the retrospective study of 21 Dutch MIH children, 67%
had suffered from bronchitis, asthmatic bronchitis,
pneumonia, and upper respiratory tract infections8. The
usage of antibiotic has also been implicated. Due to the
harmony of disease and antibiotic therapy, though it is
difficult to ascertain whether the MIH was associated
with the disease or the antibiotic 45. Litrature shows that
children with poor general health and systemic
conditions are more likely to have developmental defects
of enamel 46, 47.

As the minerelization of Permanent First Molars
(PFM) commences soon after birth, a persistent systemic
derangement  postnatal ly  may affect  enamel
mineralization 50. Preterm birth can be associated with
a number of systemic conditions such as respiratory
difficulties, hyperbilirubinaemia, metabolic disturbances
inc luding  hypocalcemia  and  hypoglycemia ,
haematological disorders, patent ductus arteriosus, and
intracranial hemorrhage 48. A study of 32 Finnish children

9 to 11 years old found enamel defects in 36% of
children born fullterm and 84% of children born
preterm 49. It is suggested that the severity of enamel
defects increased with decreasing gestational age and
lower birth weight 50.

A number of clinical and laboratory studies reflects
the associations between the presence of polychlorinated
dibenzo-p-dioxins (PCDDs) in breast milk and enamel
hypomineralization 51,52. it belongs to a class of
environmental pollutants known as polyhalogenated
aromatic hydrocarbons 51 that results in long term
persistent exposure in humans and accumulation of
PCDDs in tissue lipids and in the food chain 53.
Other clinical studies have not found any associations
between dioxin compounds in breast milk and were
born preterm or who were exposed to certain
environmental contaminants may be at risk for MIH.

Tooth discoloration related to drug:
There are a number of known drugs responsible for
producing extrinsic or intrinsic tooth discoloration.
(a) Extrinsic Tooth Discoloration related to Drug:
This type of discoloration appear after the tooth
has erupted in the oral cavity, in this case drug is
responsible for subsequent cause of superficial
discoloration, toothbrushing or professional cleaning
are the methods for its elimination. According to number
of authors there are a number of drugs that are well-
known to be causing extrinsic discoloration include
chlorhexidine 54-56, oral iron salts in liquid form
essential oils 57 and Coamoxiclav58. Netherlands
Pharmacovigilance Foundation (LAREB) published
abundant data from January, 1991, until June, 1995, of
oral use of liquid medication causing yellow to brown
tooth discoloration out of which 84% involved
antibiotics, particularly amoxicillin 59. Another source
of data depicts the tooth discoloration problem accredited
to the use of drugs, frequently to the use of amoxicillin
and doxycycline or minocycline. Antimicrobial agents
mostly cause the Pseudo-discolorations; mechanism
may involve the chromogenic precipitates accumulation
in the pellicle, or by chromogenic micro-organisms
overgrowth59. With the increasing frequency of
methicillin-resistant Staphylococcus aureus  in
immunocompromised hosts, clinicians are increasingly
prescribing the oral antimicrobial linezolid, an
oxazolidinone. A case of an immunocompromised
11-year-old girl was reported with cellulitis and the
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development of superficial discoloration of her lower
anterior teeth after receiving linezolid for 28 days 60.
(b) Intrinsic Tooth Discoloration related to Drug:
It is Permanent type of tooth discoloration occurs when
the drug interferes with odontogenesis. A number of
causative agents are known but we will discuss only
Fluorides and Tetracyclines.
(i) Fluorides
Inorganic fluorides plays a pivotal role in reducing the
extent and severity of dental caries in children and
adults59. It also has some unfavorable effects in humans,
That depends upon the level and source of exposure59.
there are many sources of getting fluoride in routine
like water, toothpaste, prescribed drops, and tablets,
upon which the discoloration depends specially at the
time of tooth development stages like formation and
maturation phase. Over exposure to fluoride ion causes
Dental fluorosis, which is the most common adverse
e ffec t  and  may  end  up  to  the  pe rmanen t
hypominera l iza t ion  of  enamel .This  type  of
hypomineralization can be recognized clinically in its
mildest form as small, barely visible, white flecks found
mostly on cusp tips and on facial surfaces of the
permanent teeth61. While the severity ranges from white
opaque areas to darkly stained and pitted enamel, 61 that
is visible on most surfaces of permanent teeth. Exposure
to fluoride in early maturation stage of tooth
development is considered to be critical for fluorosis
to evident61. Dental fluorosis is a dose-dependent
condition, according to Dean in 1942, that shows a
direct relationship. The higher the level of exposure
during tooth development, may lead to the more severe
fluorosis62. The normal range of fluoride to be taken in
tooth development period i.e. from approximately birth
to 8 years of age, is in the range of 0.03 to 0.1 mg/kg
body weight per day 62.
(ii) Tetracyclines
It was hypothesized by Olsen and Riley hypothesized
that tetracycline may cause permanent tooth
discoloration in 1960’s63. Subsequent to this hypothesis
many clinical and laboratory studies exhibited the
association that tetracycline make an irreversible bond
to calcified tooth structures,  if it is exposed during the
calcification stage of hard tissue63. Today it is a proven
fact that Tetracyclines are result in the discoloration of
hard tissue of the body when prescribed during its
development. Discoloration of deciduous teeth may
occur in result to exposure to tetracycline during the

second or third trimester of pregnancy. During
development, the teeth may become bright yellow while
the stains will later turn to grey or brown over a period
of time62. Use of Tetracycline is prohibited to the children
under the age of eight year as the majority of
mineralization of the permanent dentition is incomplete
until a child is eight years of age (excluding third
molars).  It  is reported that (www.Continuing
Education.com, 2004). Data suggests that if the total
dosage administration of tetracycline is over 3 g, or
treatment exceeds 10 days at the age of tooth
development, it will lead to tooth discolcoration
(www.Continuing Education.com, 2004). The type and
severity of discoloration may vary depending upon the
specific tetracycline used 62. According to Driscoll et
al.,  1993 yellow discoloration was caused by
Te t racyc l ine  and  oxy te t r acyc l ine ,  whereas
chlortetracycline produces a grey-brown discoloration.
Tetracyclines for endodontic therapy in the form
o f  L e d e r m i x - t r i a m c i n o l o n e  a c e t o n i d e  a n d
demethylchlortetracycline may also cause dark grey-
brown discoloration within the tooth64. On the other
hand, minocycline and ciprofloxacin, have also been
reported to cause tooth discoloration.

Preventive management
Children with MIH repeatedly experience pain,
sensitivity and aesthetic concerns when their incisors
are affected. A management approach based on 6-steps
is proposed (Table 2). It is suggested that MIH risk
children should be diagnosed prior to eruption of PFM,
this diagnosis should based upon a relevant history of
assumed etiological factors in the first 3 years and from
careful study under magnification of the unerupted
molar crowns on any available radiographs.
Knowing the fact that during PFM eruption, the
hypomineralized surface is very susceptible to caries
and erosion. The child’s diet should be assessed
and appropriate recommendations made for reduction
of cariogenicity and erosivity of the diet. Meticulous
oral hygiene should be maintain. Desensitizing
toothpaste  can be recommended along with
Remineralization therapy should commence as
soon as the defective surface is accessible, in order to
produce a hypermineralized surface layer and to
desensitize the tooth 41,65.  Process of remineralization
and desensitization may be accomplished with casein
phosphopeptide-amorphous calcium phosphate

JPDA Vol. 22 No. 04 Oct-Dec 2013250

Developmental enamel defects: A reviewTariq A / Ansari MA / Memon Z



(CPP-ACP) oral care products. The CPP-ACP can
interact with fluoride ions, producing an amorphous
calcium phosphate stabilized by CPP at the tooth surface
and providing soluble calcium, fluoride, and phosphate
ions to promote remineralization with fluorapatite that
is more acid resistant 66.

Topical fluoride available as varnishes/ gels,
delivered as concentrated, can remineralize enamel,
enhance resistance and reduce sensit ivity to
demineralization by providing a reservoir of fluoride
ions for  redeposi t ion as  f luorapat i te  during
remineralization 67.

Regular oral hygiene strategies can be instituted as
remineralization and desensitization of the affected
molars occurs.

Glass ionomer cement sealants can provide caries
protection and reduce surface permeability for partially
erupted PFMs where moisture control is suboptimal.
However,  such sealants may need rebuilding
later because of poor retention , reconstruction with a
resin-based sealant when optimal moisture control is
possible is recommended 68, 69. If preventive care is not
provided , hypomineralized PFMs are at risk of PEB
in the acidic and masticatory challenges of the oral

cavity. PEB will lead to increase the porosity of
subsurface enamel or dentin and will result in teeth to
become sensitive to cold air, warm water, and tooth-
brushing 37. Moreover, deprived oral hygiene will lead
to plaque retention and promotes rapid caries
development 70.

CONCLUSION

In conclusion it can be said that the prevalence of
MIH appears to be increasing, and managing affected
children is a general problem for pediatric dentists. The
etiology is unclear and may be multifactorial, in fact
the children born preterm and in their first 3 years with
poor general health or systemic conditions may develop
MIH. The early identification of such children may
permit monitoring of their PFMs so that remineralization
and preventive measures can be considered as soon as
affected surfaces are visible in oral cavity. In order to
provide the complex care, it must address the child's
behavior and anxiety, seeking to provide durable and
pain-free restorations. It is recommended that it is
necessary to consider further research to clarify
etiological factors and improve the durability of
restorations in affected teeth.

REFERENCE

1. Chun YH YY, Yamakoshi F, Fukae M, Hu JC,
Bartlett JD, Simmer JP. Cleavage site specificity of
MMP-20 for secretory-stage ameloblastin. J Dent Res.
2010;89:785-790.
2. Chan HC ML, Oikonomopoulou A, et al. Altered
enamelin phosphorylation site causes amelogenesis
imper fec ta .  J  Den t  Res .  2010 ;89 :695-699 .
3. Lacruz RS NA, Kurtz I, Wright JT, Paine ML.
Regulation of pH during amelogenesis. Calcif Tissue
Int. 2010;86:91-103.
4. Hoffmann RH dSML, Cypriano S. Prevalence of
enamel defects and the relationship to dental caries in
deciduous and permanent dentition in Indaiatuba, São
Paulo, Brazil. Cad Saude Publica. 2007;23:435-444.
5. Needleman HL AE, Bellinger D, Leviton A,
Rabinowitz M, Iverson K. Antecedents and correlates
of hypoplastic enamel defects of primary incisors.
Pediatr Dent. 1992;14:158-166.
6. Franco KM LS, Moura-Ribeiro MV. Prenatal and
neonatal variables associated with enamel hypoplasia

JPDA Vol. 22 No. 04 Oct-Dec 2013 251

Table 2. A Clinical Management Approach for Permanent
First Molars Affected by Molar Incisor Hypomineraliazation

Steps

Risk identification

Early diagnosis

Remineralization
and desensitization

Prevention of
dental caries and
post-eruption
breakdown (PEB)

Restoration or
extractions

Maintenance

Recommended procedures

Assess medical history for putative
etiological factors

Examine at-risk molars on radiographs
if available

Monitor these teeth during eruption

Apply localized topical fluroride

Institute thorough oral hygenie home
care program

Reduce cariogenicity and
erosivity of diet

Place pit and fissure sealants

Place intracoronal (resin composite)
bonded with aself-etching primer

adhesive or extracoronal restorations
(stainless steel crowns)

Consider orthodontic outcomes
post-extraction

Monitor margins of restorations for PEB

Consider full coronal coverage
restorations in the long term

Developmental enamel defects: A reviewTariq A / Ansari MA / Memon Z



in deciduous teeth in low birth weight preterm infants.
J Appl Oral Sci. 2007;15:518-523.
7. Aminabadi NA FR, Gajan EB. Apgar index as a
correlate of enamel defects of primary dentition. Oral
Health Prev Dent. 2008;6:331-335.
8. Majorana A BE, Ravelli A, Plebani A, Polimeni A,
Campus G. Implications of gluten exposure period, CD
clinical forms, and HLA typing in the association
between celiac disease and dental enamel defects in
children. A case-control study. Int J Paediatr Dent.
2010;20:119-124.
9. Chaves AM RA, Oliveira OF. 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.
10. T vA. Developmental disturbances of permanent
teeth following trauma to the primary dentition. Aust
Dent J. 1993;38:1-10.
11. Diab M eH. Intrusion injuries of primary incisors.
Part III: Effects on the permanent successors.
Quintessence Int. 2000;31:377-384.
12. do Espírito Santo Jácomo DR CV. Prevalence of
sequelae in the permanent anterior teeth after trauma
in their predecessors: a longitudinal study of 8 years.
Dent Traumatol. 2009;25:300-304.
13. Scerri E GG, Camilleri S, Mupparapu M.
Morphologic and developmental disturbances of
permanent teeth following trauma to primary dentition
in a selected group of Maltese children. Quintessence
Int. 2010;41:717-724.
14. Prashanth Sadashivamurthy SD. Missing links of
Molar Incisor Hypomineralization : A review. J Int Oral
Health. 2012;4:1-11
15. Wi l lmot t  NS  BR,  Dugga l  MS.  Mola r-
incisorhypomineralisation: a literature review. Eur Arch
Paediatr Dent. 2008;9(4):172-179.
16. Weerheijm KL MI. MIH A questionnaire inventory
of its occurrence in member countries of the European
Academy of Paediatric Dentistry (EAPD). Int J Paediatr
Dent. 2003;13:411-416.
17. Alaluusua S LP-L,  Koskimies  M et  a l .
Developmental dental defects associated with long
breast feeding. Eur J Oral Sci. 1996;104:493-497.
18. Leppaniemi A LP-L, Alaluusua S. Nonfluoride
Hypomineralisation in the permanent first molars
and their impact on treatment need. Caries Res. 2001;
35:36-40.
19. Weerheijm KL DM, Mejàre I et al. Judgement

criteria for Molar-Incisor-Hypomineralisation (MIH)
in epidemiologic studies: a summary of the European
meeting on Mih held in Athens, 2003. Eur Arch Paediatr
Dent 2003;3:110-113.
20. Dietrich G SS, Hetzer G. MIH in a group of children
and adolescents living in Dresden (Germany). Eur J
Paediatr Dent. 2003;3:133-137.
21. Calderara PC GP, Mocarelli P et al. The prevalence
of MIH in a group of Italian school children. Eur J
Paediatr Dent. 2005;2:79-83.
22. Fteita D AA, Alaluusua S. MIH in a group of
schoolaged children in Benghazi, Lybia. Eur Arch
Paediatr Dent. 2006;7:92-95.
23. Muratbegovic A MN, Selinovic MG. MIH in Bosnia
and Herzegovina: Prevalence, aetiology and clinical
consequences in medium caries activity population. Eur
Arch Paediatr Dent. 2007;8:189-194.
24. Preusser SE FV, Wleklinski C, Wetzel E-E.
Prevalence and severity of MIH in a region of Germany
- A brief communication. J Public Healt Dent.
2007;67:148-150.
25. Jasulaityte I VJ, Weerheijm KL. MIH review and
prevalence data from a study of primary school children
in Kaunas (Lithuania). Eur Arch Paediatr Dent.
2007;8:87-94.
26. P A. Prevalence of developmental enamel defects
of the first permanent molars among school children in
Western Australia. Aust Dent J. 2008;53:250-259.
27. Cho S-Y KY, Chu V. MIH in Hong Kong Chinese
children. Int J Paediatr Dent. 2008;18:348-352.
28.Crombie FA MD, Weerheijm KL, Kilpatrick NM.
MIH: a survey of members of the Australian and New
Zeland Society of Paediatric Dentistry. Aust Dent J.
2008;53:160-166.
29. Lygidak is  NA DG,  Mar inou  D.  Molar-
incisorhypomineralisation (MIH). A retrospective
clinical study in Greek children. II. Possible medical
aetiological factors. Eur Arch Paediatr Dent. 2008;
9:207-217.
30.Alaluusua S LP-L, Vartiainen T, Partanen M, Torppa
J, Tuomisto J. Polychlorinated dibenzo-pdioxins and
dibenzofurans via  mother 's  milk may cause
developmental defects in the child's teeth. Environ
Toxicol Pharmacol. 1996;1:193-197.
31. Weerheijm KL GH, Beentjes VEVM, Poorterman
JHG. Prevalence of cheese molars in 11-year-old Dutch.
J Dent Child. 2001;68:259-262.
32. Koch G HA-L, Ludvigsson N, Hansson BO, Holst

JPDA Vol. 22 No. 04 Oct-Dec 2013252

Developmental enamel defects: A reviewTariq A / Ansari MA / Memon Z



A, Ullbro C. Epidemiologic study of idiopathic enamel
hypomineralization in permanent teeth of Swedish
children. Community Dent Oral Epidemiol 1987;15:
279-285.
33. Amerongen van WE KC. Cheese molars: a pilot
study of the aetiology of hypocalcifications in first
permanent molars. J Dent Child. 1995;62:266-269.
34. Johnson D KC, Hack M, Fanaroff A. Distribution
of enamel defects and the association with respiratory
distress in very low birth weight infants. J Dent Res.
1984;63:59-64.
35. Jontel M LA. Nutritional aspects on tooth formation.
Wld Rev Nutr Diet. 1986;48:114-136.
36. Beentjes VEMV WK, Groen HJ. Factors involved
in the aetiology of Molar-Incisor Hypomineralisation
(MIH) .  Eur  J  Paedia t r  Dent .  2002;1 :9-13 .
37. Jälevik B NJ. Enamel hypomineralisation of
permanent first molars. A morphological study and
survey of possible etiologic factors. Int J Paediatr Dent.
2000;10:278-289.
38. Leppäniemi A LP-L, Alaluusua S. Nonfluoride
hypomineralizations in the permanent first molars and
their impact on the treatment need. Caries Res.
2001;35:36-40.
39. Lygidakis NA DG, Marinou D, Gouva G. Aetiology
of Molar-incisor Hypomineralization. A retrospective
study of 151 children with the defect [abstract].
Barcelona, Spain. 7th Congress of the European
Academy of Paediatric Dentistry. 2004.
40. Weerheijm KL JB, Alaluusua S. Molar-incisor
hypomineralization. Caries Res. 2001;35:390-391.
41. Fearne J AP, Davis GR. 3D X-ray microscopic
study of the extent of variations in enamel density in
first permanent molars with idiopathic enamel
hypomineralization. Br Dent J. 2004;196:634-638.
42. WK S. Clinical diagnosis of enamel defects: Pitfalls
and practical guidelines. Int Dent J. 1997;47:173-182.
43. Klingberg G OS, Johannesson EL, Noren JG. Oral
manifestations in 22q11 deletion syndrome. Int J Paediatr
Dent. 2002;12:14-23.
44. Van Amerongen WE KC. Cheese molars: A pilot
study of the etiology of hypocalcifications in first
permanent molars. J Dent Child. 1995;62:266-269.
45. Jalevik B NJ, Barregard L. Etiologic factors
inflencing the prevalence of demarcated opacities in
permanent first molars in a group of Swedish children.
Eur J Oral Sci. 2001;109:230-234.
46. R H. The prevalence of developmental defects of

tooth enamel (DDE) in a paediatric hospital department
of dentistry population (part I). Adv Dent Res.
1989;3:114-119.
47. Pascoe L SW. Enamel hypoplasia and dental caries
in Australian Aboriginal children: Prevalence and
correlation between the two diseases. Pediatr Dent.
1994;16:193-199.
48. C N. Problems of prematurity and its effect on
growth and development. Synopses. 1997;16:6-11.
49. Aine L BM, Maki R, Kuusela AL, Koivisto AM,
Ikonen RS, Maki M. Enamel defects in primary and
permanent teeth of children born prematurely. J Oral
Pathol Oral Med. 2000;29:403-409.
50. WK S. Enamel hypoplasia in the primary dentition:
a  rev iew.  J  Dent  Chi ld .  1991;58:441-452 .
51. Alaluusua S LP, Koskimies M, Pirinen S, Holtta P,
Kallio M, Holttinen T, Salmenpera L. Developmental
dental defects associated with long breast-feeding. Eur
J Oral Sci. 1996;104:493-497.
52. Jan J VV. Polychlorinated biphenyls cause
developmental enamel defects in children. Caries Res.
2000;34:469-473.
53. Gao Y SC, Kiukkonen A, Alaluusua S, Pohjanvirta
R, Tuomisto J, Lukinmaa PL. Lactational exposure of
Han/Wistar rats to 2, 3, 7, 8-tetrachlorobenzo-p-dioxin
interferes with enamel maturation and retards dentin
mineralization. J Dent Res 2004;83:139-144.
54. J J. Binding of dyes to hydroxyapatite treated with
cetyl pyridinium chloride or cetrimonium bromide.
Scand J Dent Res. 1978;86:87-91.
55. J J. Binding of dyes to chlorhexidine treated
hydroxyapatite. Scand J Dent Res. 1977;85:334-340.
56. Addy M PS, Taylor L, Cadogan S. An in vitro study
of the role of dietary factors in the aetiology of tooth
staining associated with the use of chlorhexidine. J
Periodontal Res. 1979;14:403-410.
57. Moran J PD, Newcombe R, Addy M. Comparison
of phenolic and 0.2% chlorhexidine mouthwash products
on the development of plaque and gingivitis. Clin Prev
Dent. 1991;13:31-34.
58. Garcia-Lopez M M-BM, Martinez-Mir I, Palop V.
Amoxycillin-clavulanic acid-related tooth discoloration
in children (case report). Pediatrics. 2001;108:819.
59. Hiller KA WG, Schmalz G. Developmental enamel
defec ts  in  chi ldren  wi th  d i fferent  f luor ide
supplementation-a follow-up study. Caries Res.
1998;32:405-411.
60. Matson KL MS. Tooth discoloration after treatment

JPDA Vol. 22 No. 04 Oct-Dec 2013 253

Developmental enamel defects: A reviewTariq A / Ansari MA / Memon Z



JPDA Vol. 22 No. 04 Oct-Dec 2013254

with linezolid. Pharmacotherapy. 2003;23:682-685.
61. PK D. Mechanism and timing of fluoride effects
on developing enamel. J Public Health Dent.
1999;59:247-251.
62. C.J. Tredwin CSaJ-VB-S. Drug-induced Disorders
of Teeth. J DENT RES. 2005;84:596.
63. Olsen CA RHJ. Complications of tetracycline
therapy. J Pediatr. 1966;68:783-791.
64. Kim ST AP, McGinley P. The effects of Ledermix
paste on discolouration of immature teeth. Int Endod
J. 2000;33:233-237.
65. SA F. Molar incisor hypomineralization: Restorative
management. Eur J Paediatr Dent. 2003;4:121-126.
66. EC R. New modalities for a new generation: Casein

phosphopeptide-amorphous calcium phosphate,
a new remineralization technology. Synopses.
2005;30:1-6.
67. LB M. Getting the fluoride balance right: Children
in long-term fluoridated communities. Synopses.
2005;30:7-10.
68. Manton DJ ML. Pit and fissure sealants: Another
major cornerstone in preventive dentistry. Aust Dent J.
1995;40:22-29.
69. RJ S. Pit and fissure sealant: A review of the
l i t e ra tu re .  Ped ia t r  Den t .  2002 ;24 :393-414 .
70. EK M. The treatment of localized hypoplastic
and hypomineralized defects in first permanent molars.
N Z Dent J. 2001;97:101-10 5.

Developmental enamel defects: A reviewTariq A / Ansari MA / Memon Z


