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A new type of dental anomaly: molar-incisor malformation (MIM)

Hyo-Seol Lee, DDS, MSD,"* Soo-Hyun Kim, DDS,** Seong-Oh Kim, DDS, PhD,"" Jae-Ho Lee, DDS, PhD,*"
Hyung-Jun Choi, DDS, PhD,*® Han-Sung Jung, PhD," and Je Seon Song, DDS, PhD®"

Yonsei University, Seoul, South Korea

A molar-incisor malformation (MIM) is a newly discovered type of dental anomaly of the permanent first molars,
deciduous second molars, and permanent maxillary central incisors. MIM anomalies of the permanent first molars and
deciduous second molars may include normal crowns with a constricted cervical region and thin, narrow, and short roots,
whereas the affected maxillary central incisors may exhibit a hypoplastic enamel notch near the cervical third of the clinical
crown. Although the etiology of MIM remains to be determined, it is thought to be attributable to an epigenetic factor linked to
brain- and central nervous system—related systemic diseases at around age 1 to 2 years. MIM teeth are associated with clinical
problems such as impaction, early exfoliation, space loss, spontaneous pain, periapical abscess, and poor incisor esthetics.
Children with MIM teeth should be observed closely with respect to their medical history, and dentists should formulate a
wider-ranging treatment plan. (Oral Surg Oral Med Oral Pathol Oral Radiol 2014;118:101-109)

Dental development involves a sequential and recip-
rocal series of inductive signals that are transmitted
between the epithelium and neural-crest-derived
mesenchyme.' Dental anomalies are caused by complex
interactions between genetic, epigenetic, and environ-
mental factors during the long process of dental
development.” Epigenetic factors are a relatively new
concept and are defined as the causal interactions be-
tween genes and their products, which manifest the
phenotype.” The phenotype of a tooth can be disturbed
with respect to number, region, type, size, shape, and
structure, depending on the prevailing epigenetic fac-
tors and the stage of dental development.” The causal
factors underlying dental anomalies can be determined
by investigating the normal dental development.
Anomalies of tooth structure, enamel, and dentin
occur during the differentiation and biomineralization
of tooth development. Developmental defects of enamel
are complex and multifactorial. Amelogenesis imper-
fecta (Al) is a genetic enamel defect that presents in
hypoplastic, hypocalcified, and hypomature forms.” Six
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genes have been associated with Al: AMELX (amelo-
genin, X-linked), ENAM (enamelin), MMP20 (matrix
metallopeptidase 20), KLK4 (kallikrein-related pepti-
dase 4), FAMS83H (family with sequence similarity 83,
member H), and WDR72 (WD repeat domain 72).5
Recently, SLC24A4 (solute carrier family 24 (sodium/
potassium/calcium exchanger), member 4),° ITGB6
(integrin, beta 6),7 and LAMB3 (laminin, beta 3)8 also
have been found to be correlated with Al. The local and
systemic environmental factors affecting enamel mal-
formation are trauma, periradicular infection, irradiation,
chemicals (e.g., fluorides, tetracyclines, dioxins, and
thalidomide), prematurity/low birth weight, thyroid and
parathyroid disturbances, maternal diabetes, neonatal
asphyxia, severe infections, severe malnutrition, neonatal
hypocalcemia, vitamin D deficiency, bilirubinemia, and
metabolic disorders.”'’ Molar-incisor hypomineraliza-
tion (MIH), which is the term given to enamel opacities
of one or more permanent first molars and some of
the permanent incisors, reportedly occurs with a fre-
quency of between 4% and 17%."' It presents as a
qualitative change in enamel that is initially of normal
thickness, ranging from localized opacity through to
opacity with discoloration and obvious poor quality, to
posteruptive enamel breakdown; its etiology remains
uncertain.'?

Statement of Clinical Relevance

A molar-incisor malformation (MIM) is a newly
discovered type of dental anomaly with molar root
malformation and incisor crown defect. These
abnormalities cause clinical problems such as
impaction, space loss, early exfoliation, spontaneous
pain, and poor incisor esthetics.
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Structural anomalies of dentin mostly have a heredi-
tary background. They are classified clinically into 3
types of dentinogenesis imperfecta (DGI) and 2 types
of dentin dysplasia (DD)."> DGI type 1 is the dental
phenotype associated with osteogenesis imperfecta,
which is caused by defects in the 2 genes encoding type I
collagen (COLIAI and COLIA2)."* In contrast, it has
been found that DD type 2, DGI type 2, and DGI type 3,
each of which has its own pattern of inherited defects
limited to the dentition, are caused by various defects in
the gene encoding the major noncollagenous proteins of
dentin (dentin sialophosphoprotein [DSPP]).">'" DD
type 1 is characterized by primary and permanent teeth
that are clinically normal in size, shape, and consistency
but have various root and pulp chamber malformations
that are visible radiographically.'™'® It is a rare anomaly
of unclear etiology that affects approximately 1 in
100 000 patients.'” Some developmental defects, such as
odontodysplas.ia,'g’20 vitamin D—resistant rickets,m"22
segmental odontomaxillary dysplasia,”® hypoparathy-
roidism, and pseudohypoparathyroidism,”* affect both
the enamel and the dentin. In addition, an autosomal
recessive multisystem disorder, Schimke immuno-
osseous dysplasia (SIOD), presents with dental anoma-
lies including microdontia, hypodontia, and molar root
hypoplasia.”” More recently, there have been reports of
structural anomalies that lie outside the aforementioned
categories. For example, cases of unique dentin
dysplasia have been reported that exhibited the same
patterns as conventional dentin dysplasia but were
localized to only 1 or 2 teeth and were not heritable.”**’
In the present report, we describe 12 patients with a new
type of dental anomaly associated with molar-incisor
malformation (MIM) that is entirely different from
conventional types. The patients’ characteristic tooth
form, medical history, clinical and radiologic examina-
tion, treatment procedure, and supposed etiology are
described herein.

CASE REPORTS

Patients

Twelve Korean patients of the Yonsei University Dental
Hospital (YUDH) presented with a tooth with a thin and short
root but with a normal crown. The protocol of this study was
approved by the institutional review board of YUDH
(approval No. 2-2013-0020). The gender and age of the pa-
tients, the affected tooth, history of systemic diseases, and
clinical characteristics were investigated relative to their
clinical and radiologic test findings (Table I).

The age of the patients ranged from 4 to 13 years, and the
male-to-female ratio was 1:1. Examination of their systemic
medical history found that 10 of the 12 patients had experi-
enced a brain abnormality at age 1 to 2 years. The represen-
tative medical history included meningitis (patients 1, 4,
and 8), spina bifida (patient 10), cerebral cyst (patient 8),
cephalohematoma (patient 5), seizure (patients 3 and 11),
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hydrocephalus (patient 12), and brain injury by dystocia
(patient 2), together with preterm birth in some cases. Even
patients with no specific diagnosis had medical history of
magnetic resonance imaging (MRI) scans owing to brainwave
abnormality immediately after birth. There was no specific
familial history except systemic medical conditions.

Radiography found that the root of the permanent first
molar was characteristically thin, divergent, or short, exhib-
iting a form of hypoplasia or aplasia. The deciduous second
molar was affected in some cases. In addition, the pulp cavity
in the crown portion was constricted into a straight form. Of
the 12 patients, 7 exhibited a wedge-shaped defect at the one-
third to one-half cervical portion of the upper incisors, which
was clearly observed on periapical radiographs (Figure 1, E).

Clinically, the crowns erupted in the oral cavity had a
normal contour and surface strength. However, there were
problems such as impaction of the permanent first molars,
space loss due to early exfoliation of the deciduous second
molar, impaction, hypo-occlusion, dental caries, poor oral
hygiene, adjacent tooth eruption disorder, spontaneous pain,
and periodontitis.

The intraoral and panoramic photographs and relevant re-
cords of 4 of the patients are described in detail in subsequent
sections. These patients were chosen because they exhibited
representative characteristics of the dental anomaly under
discussion. Their data are used herein to provide the first
description of the characteristics of a MIM tooth. Supple-
mental Figures 1 to 8, containing radiographic films and
clinical photographs (patients 5 to 12 in Table I), are available
at http://dx.doi.org/10.1016/j.0000.2014.03.014.

Case 1 (patient 1 in Table I)

On the first visit, a 6-year-old girl attended the Department of
Pediatric Dentistry at YUDH with the chief complaint of
dental caries without a history of pain. The patient first visited
a local dental clinic for an oral examination and then our
dental hospital for further evaluation after the clinic reported
the presence of dental caries on her upper bilateral first in-
cisors. The patient had a medical history of 15 to 20 days of
hospitalization in the intensive care unit of Severance Hospital
(Yonsei University Health System) associated with her con-
tracting bacterial meningitis 15 to 20 days after birth. A
clinical examination found molar crowns with a normal
contour that were erupted, whereas the upper central incisors
on both sides exhibited a wedge-shaped defect at the labio-
cervical area (see Figure 1, A-C). Panoramic radiography
found that the distal roots of the lower permanent first molars
on both sides were vestigial and thought to be undeveloped,
and the pulp cavities in the crown were constricted into a
straight form (see Figure 1, D). In addition, a periapical
radiograph of both upper central incisors found wedge-shape
defects at the one-third to one-half cervical region of the
crown (see Figure 1, E).

Case 2 (patient 2 in Table I)

On the first visit, a 5-year-old boy attended the Department of
Pediatric Dentistry at YUDH with the chief complaint that it
was difficult to undergo root canal treatment of the upper
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Patient Age
No. Sex (y)  Affected tooth* Medical history Clinical features
1 F 6 1 1 Bacterial encephalomeningitis 15-20 days Upper bilateral first incisors: crown cervical notch
6 6 after birth
2 M 5 6E 1 1 E6 Brain injury during birth (difficult delivery)  Upper bilateral first incisors: crown cervical notch
6E E6 Lower right permanent first molar: mesial tilting
(disrupting eruption path of lower right second premolar)
Lower left permanent first molar: distal tilting
Upper left second premolar: space loss
3 F 7 E 1 1 E Electrocorticogram or MRI at 1 day after Upper bilateral permanent first molars: mesially ectopic
6E E6 birth (owing to epilepsy) impaction (treatment by upper removable appliance
distal screw)
Lower bilateral permanent first molars: rotation
4 M 11 Bacterial encephalomeningitis 2 weeks after ~ Lower left permanent first molar: fistula formation
birth (hospitalization) (extraction)
5 M 4 ©6E E6  Cephalohematoma, birth injury (20 days ICU  Upper and lower bilateral permanent first molars:
6E E6 hospitalization), ventriculomegaly impacted (aged 7 years 1 month)
6 M 7 Renal disease (diabetes insipidus) Lower bilateral permanent first molars: hypo-occlusion
6 6 Lower left permanent first molar: mesially ectopic
impaction
7 F 7 6E E6  Early birth (32 weeks), 1.98 kg (incubator) ~ Nothing specific
6E E6
8 F 8 O6E 1 1 E6 MRI after birth (suspected cyst in brain), Upper bilateral first incisors: crown cervical notch
6E E6 ingested meconium
9 F 8 1 1 Bacterial encephalomeningitis 2 months after Upper bilateral first incisors: crown cervical notch
birth Skeletal class 3 tendency: orthodontic treatment
Extraction of upper and lower bilateral permanent first
molars
10 F 9 Spina bifida, meningomyelocele, cerebral Upper and lower left permanent first molars:
palsy mesially ectopic impaction
Upper right deciduous second molar: early loss
Upper right permanent first molar: mesial shift
(space loss on upper right second premolar)
Skeletal class 3 tendency
Upper bilateral first incisors: crown cervical notch
11 M 9 1 1 Hospitalized 1 day after birth (epilepsy) Upper bilateral first incisors: crown cervical notch
Eating low-phosphate powdered milk owing Lower right permanent first molar: fistula formation
to low calcium levels, development (extraction)
retardation (1 year)
12 M 13 6 1 1 Medical induction of labor (hydrocephalus)  Lower right permanent first molar: swelling on gingiva,

visit dental hospital owing to pain
Extraction of upper left and lower right permanent first
molars (failure of endodontic treatment)

ICU, intensive care unit; MRI, magnetic resonance imaging; F, female; M, male.
*Tooth numbering according to the Fédération Dentaire Internationale system. /, central incisor; 6, permanent first molar; E, deciduous second molar.

deciduous second molar, which had been already attempted at
a local clinic, because bleeding was not controlled and the
canals were calcified. The patient had no symptoms on
visiting the local clinic, but dental caries was found on his
upper deciduous second molar. The local dentist performed
pulp treatment owing to pulp exposure during caries removal.

The boy had a medical history of computed tomography and
MRI performed immediately after birth because his head was
pressed down owing to dystocia. A clinical test found that the
erupted tooth had a normal texture, but the lower bilateral
permanent first molars, which were difficult to maintain in a
good oral hygiene state, had moderate dental caries, and both
the upper central incisors exhibited the cervical wedge-shape

defect (Figure 2, C-E). Panoramic radiography revealed that the
roots of the upper bilateral permanent first molars and upper and
lower bilateral primary second molars were thin and divergent,
and the pulp cavities in the crowns were constricted. The roots
of the lower bilateral permanent first molars were not developed
at all, and the distal root of the lower right primary second molar
had undergone root resorption and impaction due to mesial
tilting of the lower right permanent first molar (see Figure 2, A),
which had progressed severely, thereby promoting early exfo-
liation of the lower right primary second molar and obstructing
the eruption path of the lower right second premolar (see
Figure 2, B). The distal tilting of the lower left permanent first
molar obstructed the eruption of the lower left permanent
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Fig. 1. Case 1 (patient 1). Clinical photographs and radiographic films. A, Clinical intraoral photograph (maxilla) of a girl aged 7
years and 8 months obtained 9 months after the first visit, showing a normal crown contour and alignment. B, Clinical intraoral
photograph (mandible) obtained at the same time as A, showing normal crown form and alignment. C, Clinical intraoral photo-
graph (lateral) obtained at the same time as A, showing wedge-shaped defects on the labial surface of the upper incisors (yellow
arrow). D, In the panoramic film obtained on the first visit, both lower first permanent molars exhibit a normal crown contour, but
the distal roots are vestigial or undeveloped (yellow arrows). In addition, the pulp cavities in the crowns seem to be constricted into
a straight form. E, In the periapical film obtained at the same time as D, the cervical one-third to one-half of the crowns exhibits a

wedge-shaped defect (yellow arrows).

second molar, and insufficient eruption space for the upper right
second premolar was observed that was due to the early exfo-
liation of the upper right primary second molar due to impaction
of the upper right permanent first molar (see Figure 2, B).

Case 3 (patient 3 in Table I)

On the first visit, a 7-year-old girl without a history of pain
attended the Department of Pediatric Dentistry at YUDH with
the chief complaint of unusual root development, which had
been first noted at a local clinic. She had a medical history of
an electroencephalogram and an MRI performed 1 day after
birth because of seizure. However, she did not have any
specific diagnosis and had a medical history of 2 to 3 months
of incubation. A clinical examination found that the distal
roots of the deciduous second teeth (i.e., both of the upper
permanent first molars) had resorbed. Furthermore, there was
a marked rotation of both of the lower permanent first molars
(Figure 3, A). Panoramic radiography revealed that the roots
of the lower bilateral permanent first molars were thin and
divergent, and the pulp chamber within the tooth crown had
been obliterated. The roots of the upper and lower bilateral
primary second molars were barely developed, and the upper
bilateral permanent first molars exhibited impaction toward
the distal roots of the adjacent deciduous second teeth (see
Figure 3, C). Normal eruption guidance was provided for the
mesially ectopic impacted upper bilateral permanent first
molars by attaching a button to the crown and using an
appliance with a distal screw. Normal eruption was obtained
after 9 months of treatment (see Figure 3, B).

Case 4 (patient 4 in Table I)

An 11-year-old boy attended the Department of Pediatric
Dentistry at YUDH because of intermittent pain in the lower
left permanent first molar at night. The patient had a medical
history of hospitalization associated with bacterial meningitis,
which he contracted 2 weeks after his birth. A clinical ex-
amination found that his lower left permanent first molar had a
positive reaction to percussion. Ten months later he revisited
our clinic with the same symptom. A clinical examination
found that his lower left permanent first molar had a positive
reaction to percussion, mobility (+), and fistula formation on
the buccal gingiva (Figure 4, C). Panoramic radiography
revealed alveolar bone loss of the lower left permanent first
molar, in which an area of furcation was observed apically,
and the roots of the upper and lower bilateral permanent first
molars were thin and divergent. Furthermore, the pulp cavities
in the crown were constricted into a straight form (see
Figure 4, A). A periapical radiograph obtained 10 months
after the first visit revealed that the alveolar bone loss had
reached the apex (see Figure 4, B). A clinical intraoral
photograph of the lower left permanent molar revealed a sinus
tract on the buccal gingiva, and so it had to be extracted (see
Figure 4, C). Histologic findings of the extracted tooth were
obtained by staining it with hematoxylin-eosin (Figure 5, A).
The extracted tooth had a normal crown but abnormal root
morphology (see Figure 5, A). Normal dentin and pulp were
observed in the upper portion of the crown (see Figure 5, B,
C), but its middle portion exhibited a disconnected pulp
chamber and amorphous dentin, like an osteoid (see Figure 5,
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Fig. 2. Case 2 (patient 2). Clinical photographs and radiographic films. A, Panoramic film obtained at the first visit. The roots of
the upper bilateral first permanent molars and upper and lower bilateral second primary molars appear to be thin and divergent, and
constriction of the pulp cavities is evident. The roots of the lower bilateral first permanent molars are not formed (yellow arrows),
and the distal root of the lower right second primary molar is resorbed owing to mesial tilting of the lower right first permanent
molar. B, Panoramic film obtained at 3 years, 7 month after the first visit. The lower right second primary molar underwent early
exfoliation owing to mesial tilting of the lower right first permanent molar, which also obstructed the eruption path of the lower
right second premolar (lower left yellow arrow). The eruption space for the upper right second premolar is insufficient owing to
early exfoliation of the upper right second primary molar (upper yellow arrow), and distal tilting of the lower left first permanent
molar is obstructing the eruption path of the lower left second permanent molar (lower right arrow). C, At 4 years and 1 month after
the first visit, the clinical intraoral photograph (maxilla) of this boy (at 9 years and 11 months old) reveals space loss due to early
exfoliation of the upper right second primary molar and mesial rotation of the upper right first permanent molar (yellow arrow). D,
Clinical intraoral photograph (mandible) obtained at the same time as C. The lower right first permanent molar exhibits moderate
dental caries, and its mesial tilting is obstructing the eruption path of the lower right second premolar (yellow arrows). In addition,
the lower left first permanent molar exhibits moderate dental caries, and its distal tilting is obstructing the eruption path of the lower
left second permanent molar. E, Clinical intraoral photograph (right) obtained at the same time as C. A wedge-shaped defect is
evident on the labiocervical surface of the upper incisors (yellow arrows).

environmental dental anomalies. Its form is most
similar to that of DD type I, but with the difference that
DD type I is hereditary and affects the entire denti-
tion.'®*® The dental anomaly associated with vitamin
D—resistant rickets differs from a MIM tooth in that it

D, E). There was no root fracture, but abnormal dentin and
cementum (respectively labeled “ad” and “c” in the figure)
were observed. Figure 5, F, shows a cell incorporated within
abnormal dentin. Pulp tissue and inflammatory cells can
be seen in the fissure of the abnormal root dentin (see

Figure 5, G). often exhibits a large pulp cavity and spontaneous ab-
scess.”' Odontodysplasia differs from a MIM tooth
DISCUSSION because the affected tooth has thin enamel and a large

A MIM tooth has a unique shape in the molar and
incisor areas. Above all, the affected permanent first
molar has a normal crown and thin and short roots on a
radiograph. The affected area is symmetrical and most
frequently involves the lower permanent first molar,
upper permanent first molar, and upper and lower de-
ciduous second molars. In addition, in two-thirds of the
patients in the present study, the incisor enamel
exhibited an abnormal form, like a notch, at the cervical
level.

The etiology of a MIM tooth is thought to differ from
those of other previously described hereditary and

pulp cavity.”® Cases of hypoparathyroidism and pseu-
dohypoparathyroidism have a similar short root form,
but both are associated with a large pulp cavity and
enamel hypoplasia.”* In addition, 72% of patients with
SIOD present with molar root hypoplasia that is very
similar to that seen with MIM in both the deciduous and
permanent dentition.” However, SIOD is accompanied
by spondyloepiphyseal dysplasia, renal dysfunction,
T-cell immunodeficiency, and facial dysmorphism,
none of which were present in our patients.”’

Local enamel hypoplasia of the permanent first molar
and upper central incisor is termed MIH, which exhibits



ORAL AND MAXILLOFACIAL PATHOLOGY
106 Lee et al.

0000
July 2014

Fig. 3. Case 3 (patient 3). Clinical photographs and radiographic film. A, Clinical intraoral photograph (mandible) of a girl (at 7
years and 6 months old) obtained on the first visit. Rotation of the lower bilateral first permanent molars is evident (yellow arrows).
B, Clinical intraoral photograph (maxilla) obtained 9 months after the first visit, showing a removable appliance with a distal screw
for the relief of impaction of the upper bilateral first permanent molars. C, Panoramic film obtained at the same time as A. The roots
of the lower bilateral first permanent molars are thin and divergent, and constriction of the pulp cavities is evident. The roots of the
upper and lower bilateral second primary molars are not developed, and the upper bilateral first permanent molars show impaction
(yellow arrow).

Fig. 4. Case 4 (patient 4). Clinical photographs and radiographic films. A, Panoramic film of a boy (at 12 years and 6 months old)
obtained 10 months after his first visit. Alveolar bone loss is visible at the furcation and apical areas of the lower left permanent
molar. The roots of the upper and lower bilateral first permanent molars are thin and divergent, and the pulp cavity in the crown is
constricted into a straight form (yellow arrow). B, Periapical film of the lower left permanent molar obtained 10 months after the
first visit. Alveolar bone loss has reached the apex. C, Clinical intraoral photograph obtained 10 months after the first visit showing
fistula formation on the buccal gingiva of the lower left permanent molar. The tooth had to be extracted because of tooth mobility, a
positive reaction to percussion (+), and apical involvement.

variable severity. The enamel hypoplasia in MIH occurs The etiology of MIM is thought to involve epigenetic

in an area similar to that seen in a MIM tooth. MIH is
thought to be caused by systemic diseases and antibiotic
medication, but the etiology has yet to be ascertained
unequivocally."' MIH occurs in the enamel, so the
affected tissue differs from a MIM tooth. However, the
affected area is the same, so it can be inferred that the 2
types of dental anomaly originate in the same period
from different cells, proteins, or tissues.

factors that are related to brain-related systemic diseases
and root development. Of the 12 patients in the present
case series, 10 had a medical history of meningitis,
spina bifida, seizure, hydrocephalus, and idiopathic
brain diseases occurring 1 to 2 years after birth. Men-
ingitis, which related to 3 of the patients, generally
refers to various diseases with inflammation of the
subarachnoid space. The most common cause of
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Fig. 5. Case 4 (patient 4). Histologic findings (hematoxylin-eosin staining). A, Histologic findings of the extracted lower left
permanent molar, showing that the normal dentin discontinues at the middle portion of the pulp chamber, and amorphous hard
tissues can be observed. In the furcation area, transmission of the pulp tissue to the outer space appears as a dens invaginatus
(yellow arrow). The scale bar is 1.15 mm. B, Higher magnification view of A, focusing on the normal dentin and pulp and on
amorphous dentin. The scale bar is 100 um. C, Higher magnification view of B, focusing on the normal dentin (nd) and pulp (p)
and on the abnormal dentin (ad). The scale bar is 50 pm. D, Higher magnification view of A, focusing on the amorphous hard
tissue, like an osteoid, in the pulp chamber. The scale bar is 100 um. E, Higher magnification view of D, focusing on the
amorphous hard tissue (yellow arrow), like an osteoid, in the pulp chamber. The scale bar is 50 pm. F, Higher magnification of
view A. There is no root fracture, but continuous abnormal dentin (ad) and cementum (c) can be observed. A cell incorporated into
the abnormal dentin can be seen (yellow arrow). The scale bar is 100 pim. G, Higher magnification of view A. The pulp tissue and

inflammation cells can be seen in the fissure of the abnormal root dentin (yellow arrow). The scale bar is 50 pm.

inflammation is meningitis caused by viral or bacterial
infection in the subarachnoid space. Symptomatic
treatment is sufficient for viral meningitis, which re-
solves naturally without special treatment. However,
antibiotics should be immediately injected if bacterial
meningitis is suspected.”’ Spina bifida is a develop-
mental disorder caused by the inappropriate fusion of
both ends of the neural plate during neural tube
development. These neural tube defects including spina
bifida are complex traits with multifactorial etiology
encompassing both genetic and environmental compo-
nents.”’ The symptoms manifest according to the
location of the lesion, in a related dermatome.”> The
causal factor of MIM is also suspected to be medication
or hormonal changes associated with a systemic dis-
ease; however, further evaluation is needed to establish
the causal factor unequivocally.

A normal root develops as a result of the interaction
between the Hertwig epithelial root sheath (HERS) and
the dental papilla after the completion of crown for-
mation.”” The mechanism underlying the formation of a

MIM is thought to involve the interaction between
HERS and the dental papilla. The completion of crown
formation occurs at age 2.5 to 3 years for the permanent
first molar, and at 10 to 11 months for the deciduous
second molar.”* Given that the period in which the
patients were ill and the periods of root development for
the permanent first molar and deciduous second molar
differ, the mechanism underlying this root malforma-
tion is unclear.

Several candidate genes for tooth root defects have
been suggested in previous studies. In particular, nu-
clear factor Ic (Nfic) is thought to be a key regulator for
root dentin formation.*” Root dentin fails to form if Nfic
is knocked out in the dental mesenchyme, with instead
bone-like mineral material being detectable, with
odontoblasts that are not polarized or embedded in the
cellular dentin, in line with the histologic features of the
present study. Furthermore, odontoblasts in the crown
pulp differentiate and dentin develops in Nfic mutant
mice.”"® Several genes are known to be related to root
development in animal models, including Msx2 (msh
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homeobox 2), Shh (sonic hedgehog), Sp6 (Sp6 tran-
scription factor), Nog (noggin), Smad4 (SMAD family
member 4), Ntl, and Rankl (receptor activator of nuclear
factor—kB ligand).'* In addition, SIOD is caused by
biallelic mutations of SMARCALI (SWI/SNF related,
matrix associated, actin dependent regulator of chro-
matin, subfamily a-like 1), which is expressed in all
developing teeth and is associated with molar root hy-
poplasia.”” However, the signaling pathways and genes
involved in root development remain poorly understood
compared with crown development.™

The relationship between brain disease and MIM can be
explained by neuro-osteology, which is the study of the
relevance of neural and hard-tissue development. Ac-
cording to this field, certain central nervous system (CNS)
malformations and peripheral neural tissue disorders are
linked with hard-tissue anomalies.””*® For example,
myelomeningocele/spina bifida, a neural-tube develop-
ment disorder, affects the sella turcica, where the pituitary
gland is located. Thus, this disease may cause idiopathic
endocrine disorders in children.*® Moreover, owing to
peripheral nerve defects, hypoplasia and tooth malfor-
mation can occur in the innervated dental arch field.” It
can thus be inferred that the brain diseases of these patients
in infancy affected either their CNS or peripheral neural
tissue, thereby influencing root development. However,
this hypothesis alone cannot clarify the mechanism by
which only the root development is affected.

All of the 12 patients included in this report exhibited
clinical problems such as impaction, early exfoliation,
space loss, spontaneous pain, and periapical abscess of
the permanent first molar and deciduous second molar
and poor incisor esthetics. In case 2, impaction of the
permanent first molar occurred when the deciduous
second molar was classed as a MIM tooth. Thus, early
extraction of the deciduous molar and space loss
ensued. In addition, mesial tilting of the permanent first
molar obstructed eruption of the second premolar. This
kind of impaction could be relieved by the appliance
used for case 3. However, extraction should be fol-
lowed by prosthodontic or orthodontic treatment if
spontaneous pain and mobility are severe, as for case 4.
The permanent first molar is crucial for occlusion and
mastication, and problems involving this tooth are
thought to negatively influence the growth of a patient.
The characteristic histologic features of MIM teeth
were abnormal dentin and amorphous calcified tissue in
the dental pulp and furcation area.

The spontaneous pain and mobility experienced by
patient 4 (case 4) arose from the presence of an apical
abscess, which may have developed in several possible
ways. First, the dental pulp in the abnormal pulp
chamber could be stimulated by the external tissue or
affected directly by the transmission of bacteria,
causing a pulpal inflammation. Second, the periodontal
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attachment could be incomplete owing to the abnormal
hard tissue of the dentin, allowing the periodontal ab-
scess to spread to the apex. However, the actual reason
remains unknown, and further research is needed to
avoid the spontaneous pain, abscess, and extraction
associated with a MIM.

CONCLUSIONS

A MIM tooth is a newly discovered type of dental
anomaly of the permanent first molars, deciduous sec-
ond molars, and permanent maxillary central incisors.
The MIM anomalies of the permanent first molars and
deciduous second molars may include normal crowns
with thin, narrow, and short roots, whereas affected
maxillary central incisors may exhibit a hypoplastic
enamel notch near the cervical third of the clinical
crown. Although the etiology of MIM teeth remains to
be determined, it is thought to involve an epigenetic
factor related to a systemic disease occurring at around
1 to 2 years of age and influencing root development.
MIM teeth are associated with clinical problems such as
impaction, early exfoliation, space loss, spontaneous
pain, and periapical abscess of the permanent first molar
and deciduous second molar and poor incisor esthetics.
Therefore, children with a MIM should be closely
observed with respect to their medical history, and
dentists should implement a wider-ranging treatment
plan that takes into consideration management of the
signs and symptoms, dental treatment requirements,
progression, and projected prognosis.
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APPENDIX

Supplemental Figure 1. Radiographic films of patient 5 (a 6-year-old boy; see Table I). A, Panoramic film obtained 2 years after
the first visit. The upper and lower bilateral deciduous second molars exhibit a normal crown contour, but the roots are vestigial or
undeveloped. In addition, the pulp cavities in the crowns appear to be constricted into a straight form. The upper and lower bilateral
permanent first molars exhibit a normal contour and no root formation. B-E, Periapical films obtained at the first visit. The upper
and lower bilateral deciduous second molars are affected (arrows).

Supplemental Figure 2. Radiographic film of patient 6 (a 7-year-old boy; see Table I). Panoramic film obtained at the first visit.
The lower bilateral permanent first molars exhibit a normal crown contour, but the mesial roots are vestigial or undeveloped

(arrows).

Supplemental Figure 3. Radiographic films of patient 7 (a 7-year-old girl; see Table I). A, Panoramic film obtained at the first visit.
The upper and lower bilateral deciduous second molars exhibit a normal crown contour, but the roots are vestigial or undeveloped
(arrows). In addition, the pulp cavities in the crowns appear to be constricted into a straight form. The upper and lower bilateral
permanent first molars exhibit a normal contour, but dilaceration of the mesial roots and vestigial distal roots can be seen (arrows).
B-E, Periapical films obtained at the same time as A. The upper and lower bilateral permanent first molars and upper and lower
bilateral deciduous second molars are affected (arrows).
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Supplemental Figure 4. Radiographic film of patient 8 (an 8-year-old girl; see Table I). Panoramic film obtained at the first visit.
The upper and lower bilateral permanent first molars exhibit a normal crown contour, but the mesial roots are elongated and
dilacerated. Although the patient had no symptoms, the furcation of the lower left permanent first molar exhibits a radiolucent
lesion. In addition, the pulp cavities in the crowns of the upper and lower bilateral deciduous second molars appear to be constricted
into a straight form, and the distal roots are undeveloped. The upper bilateral incisors have a cervical notch on the cervical one-third
portion of the crown but have normal root formation.

Supplemental Figure 5. Clinical photographs and radiographic film of patient 9 (an 8-year-old girl; see Table I). A, Panoramic film
obtained at the first visit. The upper and lower bilateral permanent first molars exhibit a normal crown contour, but the roots are
vestigial or undeveloped. The distal root of the upper right and lower bilateral deciduous second molars had been resorbed. In
addition, the pulp cavities in the crowns appear to be constricted into a straight form. B, Clinical photograph (lateral view) obtained
1 year after the first visit. A wedge-shaped defect is evident on the labiocervical surface of the upper incisors (arrows). C, Clinical
photograph (upper view) obtained at the same time as the photograph in B. The upper bilateral permanent first molars have a
normal crown (arrows). Upper bilateral second premolar space loss has occurred owing to early loss of the upper bilateral de-
ciduous second molars.

Supplemental Figure 6. Radiographic film of patient 10 (a 9-year-old girl; see Table I). Panoramic film obtained at the first visit.
The upper and lower bilateral permanent first molars exhibit a normal crown contour, but the roots are elongated or dilacerated. The
upper right permanent first molar has replaced the upper right deciduous second molar. It was supposed that the distal root of the
upper right deciduous second molar had been absorbed by the upper right permanent first molar. The upper bilateral incisors have a
cervical notch on the cervical one-third portion of the crown but have normal root formation.
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Supplemental Figure 7. Clinical photographs and radiographic film of patient 11 (a 9-year-old boy; see Table I). A, Panoramic film
obtained at the first visit. The upper and lower bilateral permanent first molars exhibit a normal crown contour, but the roots are
vestigial or undeveloped. The patient experienced intermittent pain at nighttime. Although the lower bilateral permanent first
molars had no clinical symptoms, a radiolucent lesion can be seen on the furcation area of those teeth. In addition, the pulp cavities
in the crowns appear to be constricted into a straight form. The upper bilateral incisors have a cervical notch on the cervical one-
third portion of the crown but have normal root formation. B, Clinical photograph (lower-left view) obtained at 3 years and 8
months after the first visit. Fistula formation can be observed on the buccal gingiva of the lower left permanent molar (arrow). The
tooth had to be extracted because of tooth mobility (+), a positive reaction to percussion (+), and apical involvement. C, Clinical
photograph (lateral view) obtained at the same time as the photograph in B. The upper bilateral incisors have a cervical notch on the
cervical one-third portion of the crown (arrows) but have normal root formation.

Supplemental Figure 8. Clinical photographs and radiographic film of patient 12 (a 13-year-old boy; see Table I). A, Panoramic
film obtained at his first visit. The upper and lower bilateral permanent first molars exhibit a normal crown contour, but the roots are
vestigial or undeveloped. Although this patient had no symptoms, the lower right and upper left permanent first molars exhibit
radiolucent lesions on the mesial root apex. In addition, the pulp cavities in the crowns appear to be constricted into a straight form.
The upper bilateral incisors have a cervical notch on the cervical one-third portion of the crown but have normal root formation. B,
Clinical photograph (upper view) obtained 2 years after the first visit. A band and loop can be seen at the upper left permanent
molar space (arrow). This was placed after extraction of the tooth owing to failure of pulp treatment. C, Clinical photograph (lateral
view) obtained at the same time as the photograph in B. The upper bilateral incisors have a cervical notch on the cervical one-third
portion of the crown (arrows) but have normal root formation.
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