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Abstract: The term molar incisor hypomineralization (MIH) describes the clinical manifestation of enamel hypomineralization of
systemic origin affecting one or more permanent first molars and incisors. The purpose of this case report is to discuss the management
of two mandibular molars with hypomineralization and to emphasize endodontic treatment for pediatric patients. An 8-year-old girl
was referred to the pediatric dental clinic for restorations of multiple carious teeth. Upon clinical examination, based on the pattern of
enamel hypomineralization and posteruptive breakdown presented, the diagnosis of MIH was established. As a part of the compre-
hensive treatment, one molar was restored with resin-based composite restorations. The other was endodontically involved and was
treated with apexification and then covered with a stainless-steel crown. A two-year recall appointment revealed both molars to be free
from signs and symptoms of inflammation. Management of MIH-affected molars should follow a conservative approach and
endodontic treatment should be considered.
Keywords: case report, molar incisor hypomineralization, MIH, apexification, mineral trioxide aggregate, pediatric dentistry

Introduction
The term molar incisor hypomineralization (MIH) was first introduced in 2001 referring to the clinical form of enamel
hypomineralization of systemic cause affecting one or more permanent first molars (PFMs) and permanent maxillary
incisors.1 It can affect from one to all four PFMs.1 The risk of MIH affecting the permanent maxillary incisors increases
with the increased number of PFMs affected.2 Reports have also indicated that the second primary molars, second
permanent molars, and the tips of the permanent canines can be involved.3

MIH is a prevalent dental condition that effect up to 25% of children worldwide.3 Its exact etiology remains uncertain.1,3 In
general, enamel hypomineralization is caused by a disturbance in the function of ameloblast cells during any of the
amelogenesis stages. However, it is believed that MIH is due to multifactorial systemic factors that contribute to enamel
hypomineralization.4 Studies show that children born premature or who had poor general health in their early life are at greater
risk of developing MIH.3,4 Antibiotic use during early life has also been linked to MIH. However, due to the concurrence of
disease and antibiotic therapy, it is difficult to determine whether the MIH was caused by the disease or the antibiotic.5

Clinical criteria for the diagnosis of MIH were established in 2001, which include: demarcated opacities, posteruption
breakdown (PEB), atypical restorations, extraction of molars due to MIH, and failure of eruption of a molar or incisor.6

Demarcated opacities are enamel defects with altered translucency; the affected enamel is yellow to brown in color and
has a clear boundary from normal enamel.7 The color change reflects differences in enamel hardness, porosity, and
mineral content; the darker the color, the lower the hardness and greater the porosity.8 These opacities are usually limited
to the incisal or cuspal third of the crown, rarely involving the cervical third.7
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Surprisingly, the clinically sound enamel in hypomineralized molars is found to have an overall reduction in mineral
concentration (of about 5%) and lower calcium/phosphorus ratios, meaning that the entire crown is affected to some
extent.7

In normal teeth, the surface of intact enamel is typically hard and smooth. Also, the outer surface layer becomes
hypermineralized with posteruptive maturation. Instead, MIH-affected enamel is soft and porous and susceptible to
posteruptive breakdown (PEB).4 If not treated, PEB will be complicated by the formation of dental caries, which may
lead to pulpal involvement.2 The purpose of the current case report is to discuss the treatment of MIH-affected teeth in
a pediatric patient, with emphasis on the management of two mandibular first molars with hypomineralization defects and
posteruptive breakdown. It also highlights the endodontic treatment approach for MIH-affected molars, especially for the
immature apexes of pediatric patients.

Case Description
An 8-year-old girl referred from primary care to the Pediatric Dental Clinic at King Abdulaziz Medical City in Riyadh,
Saudi Arabia, presented with her mother with the complaint of multiple carious teeth that sometimes led to pain. The
mother denied any medical conditions or allergies for the child. The dental history revealed no dental trauma but the
patient was seen three months prior in a primary-care hospital and fissure sealant of upper right first permanent molar was
placed. Informed consent was obtained from the parent for all examinations, photographs, radiographs, and procedures.
In addition, another informed consent was also obtained for publishing the case in a scientific journal including the
photographs. This case was part of the pediatric dentistry and endodontics Saudi board training. No institutional approval
was required to publish this case details.

Clinical examination revealed mixed dentition stages, extensive caries of all primary molars, and that the lower left
first primary molar (#74) had been restored with defective amalgam restoration (Figure 1) (Canon EOS4000 digital
camera was used for all photographic figures). The upper right permanent central incisor (#11) had a large demarcated
yellow-to-brown opacity. The upper right and left first permanent molars (#16 and #26) had large demarcated opacities,
yellowish-brown in color; lower right permanent first molar (#46) had posteruptive enamel breakdown and active caries;

Figure 1 Pre-operative clinical photographs.
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lower left permanent first molar (#36) showed posteruptive breakdown and deep mesial active caries (Figure 1), not
tender to percussion and with a normal cold-test response (Endo-frost, coltene/whaledent, langenau Germany). Pulpal
diagnosis for (#46) was normal pulp with normal apical tissue, and for (#36) was asymptomatic irreversible pulpitis with
normal apical tissue.

Occlusion assessment showed class I molar relationship, and soft tissue examination was within normal limits
(Figure 1). Radiographic examination showed multiple interproximal caries of primary molars with remaining roots;
lower left permanent first molar (#36) with deep mesial caries and immature open apex (Figure 2).

Based on the pattern of hypomineralization presented, clinical evaluation, and the related history and symptoms, the
diagnosis of MIH was confirmed. Starting with the preventive phase, oral hygiene instructions were given including
using fluoridated toothpaste, and topical fluoride varnish (Duraphat, Colgate Oral Care, Sydney, Australia) was applied
on all hypomineralization spots.

For the restorative and surgical phase, multiple extractions and stainless-steel crowns were done for the primary
molars to restore their function and eliminate any source of infection.

Regarding tooth (#46), caries and defective enamel were removed, pretreatment with 5.25% sodium hypochlorite was
applied then the cavity was etched using 35% phosphoric acid (Ultra-Etch, Ultradent Products Inc., South Jordan, UT).
Prime and adhesive (Adper ScotchbondTM Multi- purpose, 3M ESPE, St. Paul, MN) were applied and cured according to
manufacturer instructions, and the cavity was restored with shade A2 of Z100TM composite material (3M ESPE,
St. Paul, MN).

Regarding tooth (#36), consultation was sought from the orthodontic and endodontic departments, and treatment
options were discussed with parents. It was planned to perform caries excavation then vital pulp therapy by MTA partial
or full pulpotomy, but after removing the pulp chamber tissue, bleeding could not be controlled after 10 minutes of
application of cotton pellets immersed in 5.25% of NaOCl, and blood was oozing from the distal canal and the tooth was
found to require apexification. Thus, pulp extirpation was done during this visit. During the second visit, obturation of
mesial root canals with gutta-percha and apexification with ProRoot white MTA (Dentsply Tulsa Dental, Oklahoma,
USA) plug for the distal root canal were performed. Then the tooth was covered with a prefabricated stainless-steel

Figure 2 Pre-operative intra-oral radiographs.
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crown SSC (3M ESPE, SSC, Germany) and cemented with glass ionomer cement (3M-ESPE, Ketac-Cem, Seefeld,
Germany).

For the orthodontic phase, a lower lingual holding arch and upper band and loop were fabricated and cemented using
(3M-ESPE, Ketac-Cem, Seefeld, Germany). The patient was seen at the six-month follow-up visit and was asympto-
matic. Clinical examination showed a normal response of (#46) to percussion and cold test. The restoration was intact
with no discoloration or signs of marginal leakage. Tooth (#36) showed a normal response to percussion. At the two-year
follow-up, the patient had the same clinical findings as in the six-month follow-up (Figure 3). Radiographic imaging
revealed that teeth (#36 and #46) had normal apical tissue, intact lamina dura, and periodontal ligament space, with total
apical closure of both mesial and distal root canals of the tooth (#36) which confirmed a short-term success of the
treatment (Figure 4C).

Discussion
Pediatric patients with MIH-affected teeth usually experience dental pain, hypersensitivity and aesthetic concern when
their incisors are affected too.1,2 With MIH-affected molars, early detection and management are very important to
prevent further enamel breakdown and pulpal involvement.2

Remineralization therapy should be initiated as soon as the defective surface is accessible, aiming to produce
a mineralized surface layer.4 Topical fluoride, applied as varnishes or gels, can remineralize enamel, reduce sensitivity,
and enhance resistance to demineralization.4 Fluoride has been the first remineralizing agent used in dentistry.8 In 1942,
Cheyne hypothesized that dental hard tissues such enamel and dentin might respond to fluoride ion as bone hard tissue.8

He experimented his theory with aqueous solution of 0.05% potassium topical fluoride on preschool children; the
application was for four minutes and was repeated at three to four months intervals.8,9 Then, after one year of
investigations, he found that treated subjects had less the incidence of dental caries by 50% compared to untreated
children.8 Fluoride varnish (Duraphat, Colgate Oral Care, Sydney, Australia) containing 50 mg NaF/mL (2.26% F,
22,600 ppm F) binds to enamel and plaque, acting as a reservoir for slow-release fluoride.9 There is a proven clinical
value of topical fluoride application on hypomineralized molars, resulting in surface enamel hardening before dental

Figure 3 Two-year recall photographs.
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restorations.9,10 In addition to conventional fluoride-based therapies also biomimetic hydroxyapatite and casein phos-
phopeptide-amorphous calcium phosphate have been recently introduced and showed promising results.10,11

Despite the well-known advantages of glass-ionomer-based restorative materials (GIC) such as fluoride release and
chemical bonding, Resin composite (RC) still the material of choice for one-surface restorations with MIH affected
molars.2 GIC-based restorations can be used as dentin replacement or as an interim restoration until RC can be placed.9

It has been suggested that pretreatment with 5.25% sodium hypochlorite can enhance the bond strength by removing
protein coating the hydroxyapatite.12,13 Also, it has been recommended to remove all hypomineralized enamel before
placing RC restorations.14

When managing first molars with severe MIH, especially with pulpal involvement, the first clinical consideration is
whether to restore or extract the tooth. Restorations with composites, indirect restorations, or preformed metal crowns
(PMC) are good options.14–16 The reported success rate of PMC in MIH-affected molars ranges from 85% to 100%.17

However, when extraction is considered, orthodontic assessment should be performed. Many factors should be
evaluated such as the status of neighboring teeth and restorability, child cooperation, the underlying malocclusion, any
hypodontia, the presence or absence of crowding, the presence of the third permanent molar, and the dental develop-
mental stage of the child.15,16 If extraction is decided, the developmental stage between the ages of 8 to 10 years old has
been recommended.18 However, a risk to developing a malocclusion should be accepted.17

In this case report, since the patient was cooperative and the tooth was restorable, an endodontist was consulted regarding
the appropriate endodontic management. Vital pulp therapy is always recommended in pediatric patients due to the less
invasive procedure and high success rate.19 MTA pulp capping, and partial or full pulpotomy are the treatment choices for
immature permanent teeth with inflamed pulps.19,20 If homeostasis cannot be achieved, root apexification can be considered
which is the process of creating a barrier with hard tissue at the root end. Traditionally, a calcium hydroxide-based
apexification procedure has been advocated for treating an immature permanent tooth with an open apex.21 However,
apexification with calcium hydroxide is associated with certain difficulties such as requiring a long-term application of
calcium hydroxide, the need for multiple visits scheduled over many months, and the possibility of tooth fracture.22,23

An alternative for the multi-appointment apexification procedure is a single-step technique using an apical barrier. In
1999, Torabinejad & Chivian introduced the use of MTA as an apical plug.24 In a human-outcome study that compared
the clinical and radiographic results of apexification with either MTA or calcium hydroxide, all cases obturated with
MTA were successful at the 12-month recall, whereas 2 of the 15 calcium hydroxide cases had persistent disease.25 In a
retrospective study, Jeeruphan et al compared the radiographic and survival outcomes of immature teeth treated

Figure 4 (A) Immediate post-operative radiographs, (B) six-months recall radiograph, (C) two- year recall radiographs.
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with apexification methods. The success and survival rates were 95% and 77% for MTA apexification and calcium
hydroxide apexification procedures, respectively.26

Preformed metal crowns (PMCs) can be used successfully in severely damaged MIH molars as a traditional treatment
with high long-term survival rates until the final crown is served.9,26

Ideally, extraction of mandibular FPM should be avoided in pediatric patients with distal occlusion, deep bite, and
increased overjet.27 It was reported that a 72% and 48% success rate of spontaneous space closure in the maxilla and
mandible post extraction of first permanent molars, respectively.28

If the prognosis is poor and tooth eventually will be extracted, it might be wise to consider postponing extraction and
save the tooth by endodontic treatment until the patient is a candidate for a dental implant. This would provide the patient
with functional occlusion, avoid the need for future orthodontic treatment and preserve the bone for implant
placement.15,16 Limitation of this case report that no long-term follow-up to evaluate the survival rate of endodontic
treated molars in pediatric patients, which is an area of future research.

Conclusion
Management of severe MIH-affected teeth should follow a conservative approach. Endodontic treatment should be
always considered, especially when early extraction will cause complex malocclusion.17

Clinical Significance
When managing permanent first molars with MIH and pulpal involvement, the first clinical consideration is whether to
restore or extract. Most pediatric dentists tend to extract due to a widespread belief that the success rate of root canal
treatment in immature root molars is poor. However, with new advances in endodontics, apexification can be done in
a single visit with new materials such as MTA and success rates of up to 97%.22

Disclosure
The authors report no conflicts of interest in this work.
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