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Molar root-incisor malformation (MRIM) or molar-incisor malformation (MIM) is a new type of dental 
anomaly characterized by dysplastic roots of permanent first molars, occasionally second primary molars, 
and the crowns of maxillary central incisors. MRIM involving permanent first molars and second primary 
molars is characterized by normal crowns with short, thin, and narrow roots, whereas MRIM involving 
permanent maxillary central incisors exhibits constrictions of the crown in the cervical area. In the first 
case, we extracted the affected first permanent molars at the optimal timing to minimize space deficiencies 
and induce space closure. In addition, composite resin restorations were performed on the anterior central 
incisors. In the second case, a mandibular lingual arch was used to stabilize the affected teeth in order to 
mitigate discomfort by reducing rotational biting forces.
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INTRODUCTION

Molar root-incisor malformation (MRIM) is a new type 
of non-inheritable root malformation of first permanent 
molars characterized by normal crown morphology 

with a significantly constricted pulp chamber1-3 and short, tapered 
roots.1,3,4 An abnormally mineralized plate, termed a cervical miner-
alized diaphragm (CMD), is observed at the cemento-enamel junc-
tion of the affected teeth, which may be associated with thin, narrow, 
and short root malformations of first molars.1,2,4 It was reported 
that this type of root malformation could also be found in second 
primary molars or present as a wedge-shaped defect at the cervical 
area of the crown in affected maxillary incisors.3,4 While molar-in-
cisor malformation (MIM) is one of the suggested terms for these 
malformations, 3,4 Wright et al. 5 termed this new unique phenotype 
Molar Root-Incisor Malformation (MRIM) instead of MIM in order 
to prevent confusion with other molar-incisor malformations such 
as Molar-Incisor Hypomineralization (MIH).

MRIM can be differentially diagnosed from other diseases 
exhibiting root malformations. Dentin dysplasia type I is a hered-
itary disease that can affect the entire dentition, while MRIM is 
a non-hereditary disease localized to certain teeth.3,4,6,7 Regional 
odontodysplasia and MRIM are related in that both are non-hered-
itary and localized to a certain area. However, regional odontodys-
plasia exhibits thin enamel, large pulp chambers, and affects several 
adjacent teeth, while MRIM exhibits none of these phenotypes.4,8,9 
MIH is also similar to MRIM in that both are localized to the first 
permanent molar and maxillary incisors. However, teeth affected 
by MIH have compromised enamel with normal roots, while those 
affected by MRIM exhibit normal enamel with abnormal roots.10
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The etiological factors of MRIM have yet to be clearly iden-
tified, but there is a consensus that MRIM is related to systemic 
diseases such as neurological compromises or other factors 
including exposure to medications during the neonatal period, 1-2 
years of age,3,4 or during the first year of postnatal life.1 Infections 
of the central nervous system generally increase body temperature 
and require the administration of various drugs including antibiotics 
for management, which may cause enamel hypoplasia.11 However, 
MRIM-affected molars exhibit normal crown morphology with 
abnormal roots regardless of the time of onset. Therefore, it is likely 
that there are secondary contributing factors for MRIM. 5

First permanent molars are critical for the proper development 
of dentition and provide sufficient occlusal support and mastica-
tion in the permanent dentition. However, due to the difficulties in 
understanding the etiology of MRIM, there have only been a few 
studies suggesting possible management options for patients with 
MRIM. The aim of this study was to identify the clinical character-
istics and prognoses of two patients with MRIM and to provide clin-
ical considerations for treatment options including the extraction or 
preservation of the affected teeth.

Case 1
A seven-year-old boy was referred to the Seoul National Univer-

sity Dental Hospital for root resorption of the mandibular second 
primary molar and root malformation of the first permanent molar. 
The patient had a medical history of one-week hospitalization due 
to a neonatal brain hemorrhage and a history of MRI scans one 
month and one year after birth. At the first dental visit, root malfor-
mations of every second primary molar and first permanent molar 
were identified on panoramic radiograph (Fig. 1A). The patient’s 

previous dentist reported that a pulpectomy procedure for the upper 
right primary central incisor was performed due to its deep caries at 
four years and nine months of age. The upper left primary central 
incisor also had dental caries that did not show pulpal involvement, 
which had been exfoliated spontaneously several months before the 
first visit to our clinic. There was no known history of dental trauma 
or oral habits, which was not based on evidence because there were 
no previous radiographs available for comparison. However, the 
unerupted permanent central incisors exhibited a cervical notch of 
the crown on the radiograph (Fig. 1B). The first permanent molars 
had yet to erupt into the mouth, and there was early loss of the lower 
right second primary molar. The lower left second primary molar 
exhibited a high degree of root resorption and increased mobility, 
and the affected primary molar was extracted at that time. After 
nine months, the patient re-visited the clinic and was using only 
the first primary molars and the newly emerged first permanent 
molars in the lower dentition for mastication. After the full eruption 
of the lower first permanent molars, a lingual arch space maintainer 
was placed to stabilize the first permanent molars and to prevent 
discomfort resulting from their mobility when chewing, rather than 
to prevent further space loss. After three years, we confirmed that 
the lower permanent third molar tooth germ was at Demirijian stage 
A and the lower permanent second molars were ready to emerge. 
After taking a panoramic radiograph (Fig. 1C), extractions of the 
bilateral permanent first molars were performed to allow for the 
eruption of the lower second premolars into the extraction spaces. 
The extraction spaces were closed with the eruption of the second 
premolars and the second permanent molars after one year and three 
months (Fig. 1D). We performed a micro CT analysis (SkyScan 
1172, Bruker-microCT, Kontich, Belgium) of the extracted affected 

Figure 1. Case 1. (A) Panoramic radiograph and (B) periapical radiograph of a seven-year-old boy with MRIM at the first visit. The bilateral 
permanent maxillary central incisors had a notch-shaped defect on the crown (white arrow). (C) Three years and nine months later, a panoramic 
radiograph was taken before the extraction of the symptomatic mandibular first molar. (D) One year and three months after the extraction, space 
closure was accomplished.
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teeth. A constricted cervical region with short, thin, and narrow 
roots and a mineralized plate were observed at the cemento-enamel 
junction (Fig. 2A).

In addition, a cone beam computed tomography examination 
was performed and showed that there were pulp stones in the pulp 
cavity of the maxillary central incisor (Fig. 2B). Both maxillary 
central incisors exhibited short clinical crown length, curvature in 
the labial direction, and wedge-shaped defects in the cervical area 
(Figs. 2B and 2C and 3A). Approximately half of the labial crowns 
of both incisors were still covered by gingiva at ten years and eight 
months (Fig. 3A). At eleven years and ten months, 3/4ths of the 
crown was erupted and the marginal gingiva was located below the 
defect of the crown. Since marginal gingivitis and esthetic problems 
were observed at the defect area, a gingivectomy using an electro-
surgical unit (Sensimatic 600SE, Parkell, NY, USA) was performed. 
After a two-month healing period, the marginal gingiva exhibited 
no inflammation. After taking clinical photos (Fig. 3B), composite 
resin restorations for the incisors were performed. Caries detected 
at the cervical notch were removed with a high speed 1/4-round bur 
and water without exposure of the pulp. The cavity preparation was 
lined and light-cured with a resin-modified calcium silicate material 
(Theracal, Bisco, Chicago, IL, USA) for pulp protection prior to the 
placement of the composite resin. In order to preserve the remaining 

sound tooth structure, we carefully prepared the crown and mini-
mally removed the incisal edge and proximal surface. Metafil CX 
(Sun Medical, Shiga, Japan) A2 shade composite resin was used 
to restore the malformed crown and light-cured for 40 seconds on 
each composite layer less than 2 mm thick and polished using the 
Sof-Lex disc system (3M ESPE, St. Paul, MN, USA) under rubber 
dam isolation. After six months, the resin restoration was well-main-
tained without any clinical symptoms (Fig. 3C).

Case 2
A six-year-old girl complained of discomfort when biting. She 

had a history of premature birth at 32 weeks (1.94 kg, 44 cm) and 
had been nursed in the neonatal intensive care unit for 15 days. A 
cranial ultrasound, echocardiography, pulmonary examinations, and 
blood tests were performed right after birth and two weeks after 
birth. No specific systemic diseases were discovered during the 
examinations. Radiographic images showed that the affected second 
primary molars were almost rootless, and the first permanent molars 
had dysplastic roots without any discomfort or mobility (Fig. 4A). 
Buccal tilting and severe mobility of the lower left second primary 
molar were observed. Premature loss of the second primary molar 
was anticipated, and a lingual arch was installed to stabilize the 
first permanent molars. The MRIM-affected second primary molars 

Figure 2. Case 1. (A) Sagittal section of the Micro CT image. Extracted lower right first permanent molar exhibiting cervical mineralized diaphragms 
(white arrow). (B) Sagittal section from the CBCT showing pulp stones of the maxillary central incisor (black arrow), labial curvature, and 
wedge-shaped defects (white arrow). (C) Periapical radiograph showing the MRIM affected maxillary central incisors. The white arrow indicates 
a wedge-shaped defect on the one-third portion of the crown.

Figure 3. Case 1, Intraoral photograph. (A) At ten years and eight months of age, approximately half of the labial aspect of the crowns of the maxillary 
central incisors were still covered by gingival tissue. (B) A gingivectomy was performed when 3/4th of the crowns were erupted. Both incisors 
exhibit good gingival margins two months after the gingivectomy. (C) Composite resin restorations were performed for the incisors. The incisor 
crowns were in good condition six months after the restorations were performed.
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were lost during follow-up. After treatment with a lingual arch for 
over two years, there was no tooth mobility or tenderness to bite on 
the affected permanent molar. It was observed that the succedaneous 
second premolars erupted spontaneously and replaced the second 
primary molars without any loss of space (Fig. 4B). It was planned 
that the lingual arch be retained if the patient did not experience 
discomfort on the affected teeth due to their root resorption caused 
by the eruption of the second permanent molars.

DISCUSSION
MRIM or MIM is generally characterized by a normal-shaped 

molar crown with root malformation.1-4 Pain and mobility of the 
affected tooth with alveolar bone loss around the affected molar root 
may be observed in MRIM without any signs of caries or crown 
deformities. Previous studies have also reported that MRIM-af-
fected molars may have weak root support and an increased possi-
bility of furcation exposure due to the prolonged mesial angulation 
of the first molar, thus increasing the risk of periodontal problems, 
subgingival caries, and abscess formation.3,12

In Case 1, the first permanent molars presented a marked mesial 
eruption pathway before they erupted at the first visit (Fig. 1A). 
The mesial encroachment of the lower right and left first permanent 
molar crowns into the distal root of the second primary molars and 
the insufficient root development of the second primary molars could 
have possibly contributed to the loss of the lower left and right second 
primary molars. In terms of extraction or maintenance, Case 1 involved 
the extractions of the affected mandibular first permanent molars with 
poor prognosis during the eruption stage of the second premolars, 
resulting in the successful guidance of space closure. The ideal timing 
for extractions of affected first permanent molars has been reported to 
be at the chronological ages of 8-10 years,13 while subsequent studies 
have argued that the developmental stage of the second permanent 
molar, the mesial angulation of the second molar, and the presence of 
the third molar are also critical factors that must be considered.14,15 In 
Case 1, there was insufficient space for second premolar eruption, and 
the extraction of the first molar was performed at age 11 when the third 
molar tooth germ was at Demirjian stage A and the second permanent 
molar exhibited mesial angulation and calcification in the bifurcation 
area. Although it was thought to be late considering the chronological 
age, the spaces were successfully closed through the eruption of the 
second permanent premolar and molar.

Enamel defects on succedaneous teeth can be related either to 
mechanical injuries to primary predecessors16 or to the presence of 

Figure 4. Case 2. (A) Panoramic radiograph of a six-year-old girl with MRIM at the first visit. (B) Two years after installation of the lingual arch, the 
second premolars replaced the second primary molars.

periradicular infection in the predecessor primary tooth before the 
pulpectomy procedure.17 It should be remembered that the crown 
dysplasia of the upper permanent central incisors may also be caused 
by the trauma or the infection of the previous primary incisors in 
Case 1 if it is not based on evidence including previous radiographs. 
In previous studies, maxillary incisors affected by MRIM can be 
easily identified because of their short clinical crown lengths, buccal 
curvatures, and v-shaped notches at 1/3-1/2 of the labial cervical area 
of the crown.3,5,18,19 and we also have observed the same findings in 
Case 1 (Figs. 2B and 2C and 3A). Most of the incisors have esthetic 
problems, gingivitis, and even caries due to the difficulty in keeping 
the notch area clean.3,5 Therefore, crown restorations with good 
gingival margins are necessary for the affected incisors. Previous 
studies have reported that some of the maxillary incisors affected by 
MRIM exhibited dens invaginatus and pulpal obstructions without 
caries.5 Interestingly, pulp stones in the pulp cavity of the affected 
incisors were observed through sagittal CT radiographs (Fig. 2B), 
the first of its kind reported on MRIM affected teeth to our knowl-
edge. We performed a gingivectomy to contour the crown and clearly 
visualize the gingival margin for the placement of a composite resin 
restoration when more than 3/4ths of the crown including the area 
of the notch was exposed. A gingivectomy with electrosurgery was 
helpful to quickly stop the bleeding and easily contour the crown in 
the cervical area through the elimination of gingival marginal inflam-
mation that could lead to inaccurate identification of the cervical 
line of the affected gingiva. Minimal preparation of the crown and 
indirect pulp treatment with a cavity liner could be recommended in 
order to minimize the risk of endodontic treatment and to preserve 
the tooth structure and its vitality.

Case 2 showed that even severely affected first permanent 
molars could be preserved through lower lingual arch stabilization 
if no periodontal issues were present. We planned to maintain and 
stabilize the first permanent molars until the second permanent 
molar was able to replace the function of the affected first permanent 
molars because early extraction of the first permanent molar could 
have resulted in several complications including severe tipping 
eruption of the mandibular second permanent molar, over eruption 
of the opposing upper permanent molar, incomplete space closure, 
poor mesial contact area of the second molar, and poor mastication.20 
Therefore, a lingual arch was used to prevent the premature loss of 
the mandibular second primary molar and to maintain the first molar 
in order to distribute the forces concentrated on the molars in the 
distal area of the second primary molar. The patient experienced 
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no pain, mobility, functional limitations, and periodontal problems 
with the affected teeth. The third molar tooth germ was not clearly 
identified during the early follow-up period. The affected molars 
may be extracted strategically if necessary for orthodontic or prost-
hodontic treatment in the future even if they are asymptomatic.

If the second primary molar is also affected as seen in Cases 1 
and 2, its morphological characteristics including diminished root 
formation at the cervical area may cause the mesial encroachment of 
the adjacent first permanent molar. This condition may also cause the 
mesial rotation of the first permanent molar, eruption space deficiency, 
or impaction of the succedaneous second premolars and early loss if 
unable to be diagnosed early.2 As observed in the CT images (Fig. 2A), 
the radiopaque mineralized plate at the cementoenamel junction is a 
typical characteristic found in teeth affected by MRIM.1 According to 
a previous study with histopathological analysis, the radiopaque plates 
consist of moderately mineralized collagen fibers and connective tissue 
which may be evidence that the dental follicle could be considered 
as the possible origin of this plate.1 Damage to the vascular plexus at 
the base of the dental papilla during crown development may enable 
serum and/or fluid to enter the follicular interstitial spaces, creating 
calcified globules or CMD.1 Consequently, CMD may act as a mechan-
ical obstacle inhibiting normal dentinogenesis and root development. 
MRIM-affected molars with short and malformed roots may not erupt 
on time and may not guide the adjacent teeth to the right eruption 
pathway shown as in Cases 1 and 2.

Permanent first molars are important for mastication and occlu-
sion, and problems involving these teeth are considered to negatively 
influence the growth of a patient.3 The purpose of splinting two 
affected permanent molars with lingual arch in Cases 1 and 2 is to 
decrease three-dimensional movement, distribute occlusal forces to 
the immobile tooth, and reduce discomfort.21,22 Cross-arch splints are 
recommended versus unilateral splints, which are vulnerable to move-
ment in the facio-lingual direction.22 The lingual arch is a cross-arch, 
passive stabilization appliance with a long span in the mixed dentition. 
Therefore, it may be less harmful to be linked to the first molar on the 
opposite side. It may also reduce rotational biting forces and mitigate 
discomfort during biting. It may be meaningful if the lingual arch could 
help patients with their masticatory function without discomfort until 
the eruption of premolars to aid in chewing function. However, further 
studies are necessary to determine the clinical benefits of using a lingual 
arch for first permanent molars affected with MRIM.

CONCLUSION
MRIM is associated with clinical problems such as space loss, 

mesial encroachment of the distal tooth, spontaneous pain, gingi-
vitis, and/or poor incisor esthetics. Therefore, clinicians must be 
able to diagnose MRIM early with the help of radiographs including 
a panoramic radiograph to determine whether to extract or preserve 
the affected teeth depending on the clinical features. Symptoms of 
the affected molar, eruption path of the second permanent molar, 
developmental stage of the second and third permanent molars, and 
overall space deficiency should be comprehensively considered 
before performing extractions. A composite resin restoration for 
affected maxillary central incisors with minimal preparation and 
cavity liner placement may also be considered after a gingivectomy 
at the appropriate time.
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