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Abstract

Molar-incisor hypomineralization (MIH) describes a qualitative defect in the enamel of both primary and permanent teeth. Due to inade-
quate mineralization, teeth dffected with MIH are vulnerable to breakdown of tooth structure, caries, sensitivity, tooth loss. and subsequent
occlusion problems. This best practice document discusses the clinical presentation, sequelae, prevalence, etiology, classification, diagno-
sis, and management of MIH. Care pathways for children and adolescents who present with MIH require an understanding of the condition,
its severity, and interventions to prevent or manage symptoms, caries, and posteruptive breakdown of tooth structure where possible.
Preventive measures, including sealants and fluoride use, are presented along with suggestions for treating hypersensitivity. A discussion of
short-term, intermediate, and definitive treatment options is provided. When restorative treatment is not feasible, options for the timing
of planned extraction and molar substitution are discussed. Pediatric dentists should familiarize themselves with the diagnosis as well as
preventive and restorative options available for children and adolescents who present with MIH in order to optimize their oral health and
reduce their care burden over their lifetime.

This document was developed through a collaborative effort of the American Academy of Pediatric Dentistry Councils on Clinical Affairs
and Scientific Affairs to offer updated information and recommendations for dental professionals regarding the management of molar-incisor
hypomineralization.
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Purpose

The American Academy of Pediatric Dentistry (AAPD)
recognizes the complexity and importance of managing teeth
affected with molar-incisor hypomineralization/molar hypo-
mineralization (MIH) and the effect of MIH on an individual’s
well-being. A comprehensive approach for managing teeth
affected with hypomineralization is an essential component
in the delivery of oral health care for infants, children, and
adolescents, including those with special health care needs.
This document is intended to aid in the diagnosis of hypomin-
eralization, which includes MIH, hypomineralized second
primary molars (HSPM) and hypomineralization of other
teeth, and to provide recommendations to help practitioners
make decisions regarding prevention and comprehensive
management of primary and permanent teeth affected by
hypomineralization.

Methods

These recommendations were developed utilizing the
resources and expertise of AAPD members and an expert
consultant operating through the Council on Clinical Affairs.
A search was conducted using the database of PubMed®/
MEDLINE with the parameters: terms: molar hypominerali-
zation OR molar-incisor hypomineralization OR incisor OR
quality of life OR prevalence OR dental enamel hypoplasia
AND evidence-based dentistry OR dental care for children
OR pediatric dentistry; publication date from January 1,
2013; humans; child: birth-18 years. Four hundred articles
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met these criteria. Papers for review were chosen from this
list and from references within the selected articles. When
data did not appear sufficient or were inconclusive, recom-
mendations were based upon expert and/or consensus opinion
by experienced researchers and clinicians.

Background

Molar-incisor hypomineralization is a term describing
demarcated hypomineralization affecting at least one to four
first permanent molars and often associated with affected
permanent incisors." It can also be known as molar hypomin-
eralization which is a term describing hypomineralization in
both primary and permanent dentitions.? The presence of
opacities on a permanent incisor is not mandatory for the
diagnosis of MIH.>?#% Historically, developmental defects of
enamel (DDE) have been classified into quantitative enamel
defects (e.g., enamel hypoplasia) and qualitative enamel
defects (e.g., diffuse opacities as enamel fluorosis, demarcated
opacities)? which are characteristic of the defects seen in
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MIH. Similar defects have been described in affected second
primary molars.” The terms HSPM® and deciduous molar
hypomineralization (DMH)’ have been used concurrently
to describe these demarcated hypomineralization defects of
one to four primary second molars. Children with HSPM
have 10 times greater probability of having MIH than
children without HSPM.”"!? Similarly, hypomineralization
of other permanent teeth (HOPT) has been proposed to
describe affected permanent teeth other than the index teeth
such as canines, premolars, and second molars with an
increased probablilty in children with MIH compared to
children without MIH.'"'?

The hypomineralization defects vary from small well-
demarcated areas of color change to involvement of the entire
crown with a normal thickness of enamel.’?®s!3) They are
distributed in an asymmetrical fashion and have well-defined
and discrete borders that distinguish them from the diffuse
symmetrical opacities of enamel fluorosis."!® Severity ranges
widely from distinct isolated white, yellow, or brown opacities
to severe posteruptive breakdown (PEB) of tooth structure."?
(pg34-39.10.14 PEB g characteristic feature related to severe enamel
hypomineralization, can occur immediately after eruption as
a result of masticatory forces and can be mistaken for enamel
hypoplasia.'” Hypoplastic enamel, a primary quantitative devel-
opmental defect, is differentiated from PEB by having smooth
enamel borders with thin, pitted, and deficient enamel across
the tooth surface.’®#3351 The margins of the defects seen in
MIH with PEB are sharp and irregular due to post-eruptive
shearing of weakened enamel.” The extent of coloration of the
defects reflects their degree of subsurface porosity and min-
eral density values, which are correlated with their liability to
surface disintegration after eruption.'® The yellow-brown
defects typically extend through the entire enamel thickness,
and are more porous and more prone to PEB than the white-
cream-colored opacities.'®

These developmental, qualitative enamel defects are caused
by reduced mineralization, increased protein and water con-
tent, and inorganic enamel components which can lead to
discoloration, increased sensitivity, and fractures of the affected
teeth.!?®e13017 The affected teeth also are prone to dental caries,
atypical caries, fracture, wear, and breakdown.'® The risk of
developing caries in affected teeth is up to 4.6 times higher
than in teeth without MIH." Exposure to masticatory forces
increases the risk for enamel breakdown, which is more com-
mon in molars compared to incisors.”” Another frequent
finding in teeth with MIH is increased sensitivity to a current
of air and thermal (i.e., cold, warm) and mechanical (e.g.
toothbrushing) stimuli."'® Permeation of bacteria through the
porous, hypomineralized enamel and subsequent subclinical
pulpal inflammation?' and the anomalous pulpal innervation
density of affected teeth have been implicated.? Severity of
hypersensitivity is significantly higher in teeth with structural
disintegration immediately after tooth eruption.”

The prevalence of MIH varies widely between three percent
to 44 percent and 0.5 percent to 40 percent depending on the
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study and country.'*?*?¢ Epidemiological cohorts from the
United States (U.S.) remain limited, yet the reported U.S.
MIH prevalence estimates (10 to 13 percent)”
different from the reported global MIH prevalence of 13.1

percent (11.8 to 14.5 percent)”. Meta-analysis of the pooled

were not

MIH prevalence showed a global prevalence of 13.5 percent.”

The prevalence between genders is similar.?>*

Etiology and risk factors

MIH is recognized globally as a condition with a complex
etiology that may be the result of gene-environmental in-
teractions.'" While the exact etiology of MIH is unknown,
systemic, genetic, and/or epigenetic components are associated
with MIH."2430 These MIH-associated environmental factors
occur during the times of early tooth development including
prenatal and childhood exposures.’'** Suggested predispos-
ing factors include: maternal illness during prenancy!(es!3232,
premature birth'3®"3232 Jow birth weight!'3#s1323234 " prenatal
exposure to lead*, infant illness'>®'3232 high fever®?, use of

antibiotics!3(pe!32-30.32.

infantile eczema®, high and low levels
of vitamin D at birth*, in vitro fertilization®, maternal smok-
ing?, and acute and chronic childhood illness (e.g., otitis media,
infection)®®¥. Individuals with cleft lip/palate have a markedly
greater prevalence than the general population.®® Findings in
family history and twin studies suggest a genetic associa-

24,39,40

tion in combination with environmental risk factors*';

however, further studies are still required.

Diagnosis and classification of severity

Diagnosis of MIH depends on clinical assessment of the qual-
itative defects and can be classified as mild, moderate, or severe.
To date, there is no unifying global index for MIH; however,
several types of indices are reported in the literature. The
earliest severity index was used to designate the condition of
hypomineralized first permanent molars, which scored the
hypomineralized molar defects as mild (limited to altered trans-
lucency of enamel), moderate (loss of enamel is apparent),
or severe (loss of enamel is associated with affected dentin or
atypical restorations are present), although at that time, the
term MIH was not yet propsed in the literature.” The modified
Developmental Defect of Enamel (mDDE) index proposed by
the Fédération Dentaire Internationale in 1992 incorporated
all types of enamel defects® including qualitative (e.g., demar-
cated opacities, diffuse opacities) as well as quantitative (e.g.,
hypoplasia) defects, but it did not account for the PEB'S.
Another severity index of MIH looked at the subjective pre-
sentation of hypersensitivity, using two objective criteria (i.e.,
extent of hypomineralization and number of restorations
placed and replaced in each molar) and one subjective crite-
rion (i.e., tooth sensitivity as reported by the child patient).*?
The Wiirzburg concept® developed a classification index, the
MIH Treatment Need Index (MIH-TNI), which looked at the
defect, sensitivity, and treatment needs of affected teeth.%
Lastly, the European Academy of Pediatric Dentistry (EAPD)
created an index which delineated the severity of the defects
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as mild (demarcated enamel opacities, no enamel breakdown,
provoked sensitivity to external stimuli [air/water but not
brushing], mild discoloration of the incisors) versus severe
(demarcated enamel opacities associated with breakdown and
caries, spontaneous and persistent hypersensitivity affecting
function [e.g., brushing, mastication], and strong esthetic con-
cerns that may have psychosocial impact).'*!®% A charting
method subsequently was created to integrate elements of
both the EAPD criteria and the mDDE index for grading the
clinical status of MIH and its extent on the involved tooth
surface.” The mDDE index and the EAPD diagnostic criteria
are diagnostic indices commonly used in MIH studies.

Management
Early diagnosis allows provision of preventive or early restorative
intervention in order to avoid dental caries, PEB of affected

3746 and to

areas, pulpal inflammation, and hypersensitivity
address cosmetic and psychosocial concerns®. Identifying risk
factors, optimizing oral hygiene, providing dietary counseling,
controlling sensitivity, promoting remineralization, and dis-
cussing treatment options and outcomes as soon as the affected
teeth erupt help reduce risk of caries, PEB, and early extraction
of unrestorable affected teeth.>?747®&1%9) Affected teeth with
marked hypersensitivity present a challenge for the establish-
ment of proper oral hygiene, leading to increased caries risk."*
They also are reported as being difficult to anesthetize,**%
which can make restorative treatment challenging®® and have
a significant impact on a child’s oral health-related quality of
life.*” This can lead to children developing dental fear, anxiety,
and dental fatigue due to the burden of care of multiple treat-
ment visits.>®

The management and treatment approaches for affected
teeth are predicated on the severity of the defect and clinical
phenotype. Mild cases typically are managed with minor modi-
fication of traditional therapeutic modalities such as the use of
remineralizing agents, silver diamine fluoride (SDF), and seal-

ants.”’“'“

Moderately and severely affected molars often require
management for dental hypersensitivity coupled with restorative
approaches or extraction.'*®s!3% Restorations in affected teeth
are associated with poorer long-term outcomes and higher cost
of treatment compared to the healthy cohort.“>>> Treatment
can be complex, involving short-, medium- and long-term

treatment strategies.'#36-40:47(

pel0053 Treatment under general
anesthesia often is indicated due to hypersensitivity, difficulty
with anesthetizing multiple teeth, dental anxiety, and the
complexity of restorative and/or surgical care.!**>>*

The goals are to prevent hypersensitivity, PEB, and devel-
opment of dental caries and to improve esthetics in the
affected teeth.!’®¢!3937 The use of fluorides (e.g. toothpaste,
mouthwash, varnish, SDF) and agents that promote remineral-
ization and the use of resin infiltration to promote structural
integrity have been shown to be effective in prevention of
PEB in mild cases.”>® The use of SDF for prevention and
pretreatment also has been effective in reducing sensitivity. !

While desensitizing toothpastes and agents such as casein
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phosphopeptide-amorphous calcium phosphate (CPP-ACP)
have been suggested to manage sensitivity”, studies have shown
limited effectiveness.*® Early treatment to manage hypersen-
sitivity in newly-erupted molars with or without enamel loss
can be accomplished using SDF, glass ionomer sealants, fissure
sealants, and restorations that do not require excessive etching,
rinsing, and drying which may cause hypersensitivity and sub-
sequent patient discomfort.’! Conventional fissure sealants may
fail due to the decreased bond strength in affected enamel.””
When fissure sealants are indicated, pretreatment with five
percent sodium hypochlorite to remove the protein and or-
ganic layer’®, in addition to the use of a bonding agent prior to
placement the sealant®, may improve bond strength.

Restorative treatment

Clinical management of affected incisors often is influenced
by the patient (or parent) due to concerns with esthetics rather
than function.’* Minimally invasive techniques may help im-
prove appearance while preserving tooth structure. Management
options can include microabrasion, bleaching, resin infiltration,
direct/indirect composite restorations, or veneers.*® The use
of resin infiltration has been shown to decrease risk of enamel
breakdown and maintain structural integrity of both affected
incisors and molars.”

The severity, extent of PEB, caries involvement, hypersen-
sitivity, and patient compliance influence the choice of restoration
of hypomineralized molars.*® Bonding to dentin in composite
restorations is not compromised in affected teeth; however,
there is no microretentive etch pattern with affected enamel.®
In order to improve microadhesion to the weakened enamel,
removing 1.5 millimeters of enamel, placing margins in non-
affected areas, and using adhesive stabilization with a dentin
bonding agent have been recommended.” Beveling margins
to sound enamel also has been suggested.”® Glass ionomer
cement (GIC) can be used as dentin replacement® or as interim
restorations.** Recently, glass hybrid and reinforced compo-
site restorations used to treat severe MIH showed a survival of
77 percent and 93 percent respectively at 24 months; however,
this decreased over time.®

In many cases, the use of preformed metal crowns or stain-
less steel crowns (SSC) to restore affected primary and permanent
molars may be indicated to prevent tooth loss, control sensitivity,
and establish correct interproximal and proper occlusal con-
tacts.””** GIC can be used to reinforce the SSC.> Prefabricated
zirconia crowns can be used when esthetics are a consideration.®!
Hall crowns can be used for HSPM®, however, there is no re-
search regarding its use in affected permanent first molars.'®
In some cases, the use of orthodontic separators can create
space and diminish the need for excessive interproximal tooth
reduction.” An orthodontic band and GIC may be used as an
interim alternative to help reduce preparation of tooth structure
and support the weakened enamel.”® Long term restorations in
adulthood can include an onlay, overlay, indirect (computer-
aided design/computer-aided manufacturing [CAD-CAM])

ceramic restorations or lab-fabricated crown.%



Extraction/molar substitution

Interceptive extraction of affected first permanent molars with
a poor long-term prognosis is an option to decrease the burden
of care, and timing of the extraction is critical to treatment
success. 2(pe138)47(p106.107.6567 Molar substitution is ideal when
the bifurcation of the second permanent molar is mineralizing
and if there are third molars developing.?”#7®!19¢” When ex-
traction of the mandibular first permanent molar is carried
out at the ideal time of development of the second permanent
molar (between the age of eight and 10 years), there is a good
probability (50-59 percent) of spontaneous eruption of the
second permanent molar into the first molar position.®® Max-
illary second permanent molars erupt in the proper position
following the extraction of the first molar more consistently.**’

Considering the long-term ramifications of early molar loss
is beneficial when planning for extractions. In cases of exces-
sive arch space, orthodontic treatment may be required to close
spaces.7®p108109 A midline shift, over-eruption of the oppos-
ing molar, and occlusal interference may occur if molars are
extracted in only one quadrant.?7®19819) If mandibular first
permanent molars are extracted too early, the potential for
distal drifting and rotation of the second premolars exists.*s!*”
Because of the thin lingual plate, the second permanent molar
can tilt mesiolingually resulting in nonworking interferences
or a reverse crossbite in the nonworking side.*’ #1951 This can
lead to excessive wear of teeth due to malocclusion and food
impaction at the site of the mesially-inclined molar.?(r108.10%)
Also, the early extraction of the first permanent molars can
result in increased overbite and retroinclination of lower
78110 Orthodontic consultation may help some par-
ents make an informed decision about extractions, especially in
children with decreased facial height, crowded lower incisors,
or deep overbite. 7110 If the first permanent molar is extracted
following the eruption of the second molar, the second molar
will not spontaneously migrate mesially®, and orthodontics
will be required to close spaces.

Compensating extraction of sound maxillary first permanent
molars has been suggested for patients requiring interceptive
extraction of mandibular first molars to prevent supraeruption
of the unopposed molar.®® Supraeruption interferes with the
proper eruption of the second permanent molar and space
closure and contributes to other occlusal interferences.®
Evidence suggests a small risk of these complications from
supraeruption of the maxillary first permanent molar and the
decision to perform compensating extractions be made on a
case by case basis.®*” Current evidence also recommends against
routine balancing extractions of sound molars in the arch to
maintain arch symmetry and to prevent a midline shift.®¢

Orthodontic treatment may be needed to refine the align-
ment and occlusion; a multidisciplinary approach may be
beneficial when deciding to extract affected first permanent
molars.®>” An orthodontic assessment prior to planning for
extractions is beneficial in cases of Class II malocclusion with
maxillary protrusion, lower lip trap, and increased overjet, bi-
maxillary protrusion, severe crowding, Class III malocclusion,

incisors.
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maxillary constriction, and a skeletal anterior open bite. 7106109

Factors that would support the decision to extract include:
1. severely compromised affected molars (e.g., deep-
caries, pulpal or periapical pathology, progressing PEB).*
2. a full complement of permanent teeth including third
molars.”
3. dental crowding, which would require extraction of
healthy teeth for orthodontics.®”
4. hypersensitive or painful teeth.”
5. history of irregular or symptomatic appointments.®”’
6. dental anxiety or poor patient cooperation for multiple
restorative procedures.®’
7. financial burden of care.®
Factors that would support maintenance of the first perma-
nent molar include?:
1. hypodontia.
2. aspaced dentition.
3. need for anchorage in severe malocclusion cases.

Periodic reevalutation

Patients at increased risk for MIH benefit from frequent
periodic evaluations (every three to six months) to receive
anticipatory guidance, to identify affected teeth as early as
possible, and to implement preventive measures as soon as
affected teeth erupt. Because of the high rate of failure of
restorations in hypomineralized teeth, patients also require
frequent periodic evaluations to avoid secondary caries, more
extensive breakdown, and repeat treatment.!446:53

Recommendations
Hypomineralization in the primary and permanent dentition
can have a substantial impact on children, adolescents, and
individuals with special health care needs. Hypomineralization
can affect tooth sensitivity and structural stability, caries risk,
occlusion, esthetics, and psychosocial concerns. Patients with
hypomineralization require a comprehensive treatment ap-
proach including preventive and therapeutic interventions to
avoid increase in burden of care, caries, extensive breakdown,
tooth loss, and psychosocial concerns as well as a decrease in
oral health-related quality of life. In order to protect and pre-
serve tooth structure, prevent or control hypersensitivity, and
promote a stable and functional occlusion and esthetically-
pleasing dentition, practitioners should:
* identify affected teeth and determine the severity of the
defects early;
* identify risk factors and provide patient education,
dietary counseling, and guidance;
* develop short-, intermediate-, and long-term treatment
plans to include:
— individualized in-office and at-home preventive
regimens;
— remineralization/desensitization strategies to decrease
sensitivity;
— control of pain and anxiety due to tooth hypersensi-
tivity and burden of care;
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Table.  MANAGEMENT STRATEGIES OF MIH

Severity Diagnosis Prevention Restorative treatment
Home care Control Professional Short-term Medium- Long-term
of recommendations term (definitive treatment)
sensitivi R
v Molars Molars Permanent Incisors
molars™*
Demarcated or | Twice daily brushing | Fluoride Identify risk Pit and fissure Replacement | Pit and fissure No treatment.
isolated opacities | with fluoridated varnish. factors. sealants. of pit and sealants. R
in non-stress toothpaste. ke Dictary fissure infiltration.
bearing areas. Drink optimally- diamine counseling. sealants.
; No caries. fluoridated water fluoride. Paitedhe mevicm
Mild Normal (alternatively, take and professional
sensitivity. fluoride supplements topical treatment
with fluoride- every six months.
deficient water .
supplies) Pit and fissure
ppies). sealants.
Demarcated Twice daily brushing | Fluoride Identify risk Defective enamel Composite | Composite Microabrasion.
opacities. with fluoridated varnish. factors. should be removed | restoration. | restoration. Bleaching
No initial PEB. | toothpaste. Silver Dietary aild restored with R
) . . ) o : ass ionomer : ;
Atypical Drink optimally diamine counseling. & ! .
restorations. fluoridated water fluoride. Periodic review cement fesin Commesie
Moderate al ol . modified glass p
‘mi : (alternatively, and professional ;
Limited caries . B i restoration.
e T . ionomer cements.
or PEB 1 " topical treatment
. supplements wit i
without cuspal PP v every six months.
! fluoride-deficient .
involvement. . Pit and fissure
water supplies). R
Normal to mild SIS,
dental sensitivity.
Rapid PEB. Twice daily brushing | 5000 ppm | Identify risk Defective enamel Glass Orthodontics. Microabrasion.
Widespread with fluoridated fluoride factors. should be removed | ionomer Extraction/molar | Bleaching.
carics: toothpaste. toothpaste. Dietary aild restored with cement. el sien, Resin
. . : . ass ionomer . . q
Dental Drink optimally- Fluoride counseling. & . SSC* Ceramic onlays. infiltration.
sensitivi fluoridated water varnish. Periodic review cement, fesin : ;
Severe . . modified elass CAD/CAM. Composite
. (alternatively, take Sil: A sl Bsiteraed] g .
Esth ilver and professional .
sthetic . Tooth colored restoration.
fluoride supplements i : lonomer cements. ooth colore
CONCErns. : 1pp diamine topical treatment or metal Veneers
with fluoride- Semitile, every three to six Intracoronal | g
deficient water TG restoration CYCLIT
supplies). Pit and i reinforced with Crowns
it and fissure .
orthodontic band (e.g. SSC, PFM,
sealants. L2
zirconia).

Abbreviations in table: CAD/CAM: Computer-aided design/computer-aided manufacturing; MIH: Molar-incisor hypomineralization/molar hypominerali-

zation; PEB: posteruptive breakdown; PEM: Porcelain fused to metal; ppm: Parts per million; SSC: Stainless steel crown.

* In cases of severe MIH, pulp therapy may be indicated.

*> For primary molars, options include preformed crowns or extraction with consideration given to space maintenance.

* consider consultation with or referral to specialists (e.g.,
pediatric dentists, orthodontists) for a multidisciplinary
approach, especially in severe cases and when consider- 3.

management of the developing occlusion;

restorative intervention, when indicated, for PEB

and/or caries developmen; and

periodic reviews every three to six months; and 2.

ing extraction/molar substitution.

Table provides greater detail for recommendations based on

the severity of MIH.
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