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Abstract
Solitary median maxillary central incisor syndrome (SMMCI) is a complex disorder consisting of
multiple, mainly midline defects of development resulting from unknown factor(s) operating in utero
about the 35th–38th day(s) from conception. It is estimated to occur in 1:50,000 live births.
Aetiology is uncertain. Missense mutation in the SHH gene (I111F) at 7q36 may be associated with
SMMCI. The SMMCI tooth differs from the normal central incisor, in that the crown form is
symmetric; it develops and erupts precisely in the midline of the maxillary dental arch in both
primary and permanent dentitions. Congenital nasal malformation (choanal atresia, midnasal
stenosis or congenital pyriform aperture stenosis) is positively associated with SMMCI. The
presence of an SMMCI tooth can predict associated anomalies and in particular the serious anomaly
holoprosencephaly. Common congenital anomalies associated with SMMCI are: severe to mild
intellectual disability, congenital heart disease, cleft lip and/or palate and less frequently,
microcephaly, hypopituitarism, hypotelorism, convergent strabismus, oesophageal and duodenal
atresia, cervical hemivertebrae, cervical dermoid, hypothyroidism, scoliosis, absent kidney,
micropenis and ambiguous genitalia. Short stature is present in half the children. Diagnosis should
be made by eight months of age, but can be made at birth and even prenatally at 18–22 weeks from
the routine mid-trimester ultrasound scan. Management depends upon the individual anomalies
present. Choanal stenosis requires emergency surgical treatment. Short stature may require
growth hormone therapy. SMMCI tooth itself is mainly an aesthetic problem, which is ideally
managed by combined orthodontic, prosthodontic and oral surgical treatment; alternatively, it can
be left untreated.

Disease name and synonyms
The name originally given to this syndrome by Hall et al.
[1], "Solitary median maxillary central incisor, short stature, choanal atresia/midnasal stenosis syndrome", is now
customarily shortened to the first part of this name: "Solitary median maxillary central incisor syndrome" or
SMMCI syndrome, as the other features are not necessarily
present in all cases. The use of the full description of the
single incisor tooth in the name is important, as it emphasises the unique form and position of this tooth, which is

the characteristic and most readily observed feature or
trait of the condition.
The early observations of this condition [2-8] merely
referred to the congenital and hereditary absence of one
central incisor. When the association with short stature
was recognised in 1976, the name Monosuperoincisivodontic dwarfism was given by Rappaport et al. [9], but it
was soon recognised that short stature was not always
present in the disorder [10]. The names "single central
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incisor syndrome" or "single maxillary central incisor" or
"single incisor" suggested by other authors [11-15], do
not adequately describe the peculiarly formed incisor
tooth.
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aperture stenosis), and sometimes the brain (holoprosencephaly), together with other midline structures of the
body.

Diagnostic criteria
To accurately describe the characteristic tooth present in
this syndrome, it is necessary to specify:
• Solitary: the tooth present exists as the only central incisor tooth in the maxilla.
• Median: this tooth is present precisely in the midline of
the maxillary alveolus (a single central incisor tooth
present to one or other side of the midline indicates that
the contralateral tooth has been lost from trauma or disease, or did not continue to develop beyond the cellular
stage, the tooth germ being resorbed).
• Maxillary: this characteristic tooth occurs only in the
maxilla and not in the mandible.
• Central Incisor: the tooth is a central incisor tooth,
although of unusual crown form and is not a supernumerary tooth (mesiodens).
Hence, the acronym SMMCI syndrome.

Excluded diseases
The following circumstances where only one central incisor tooth is present are not SMMCI:
• Any condition where two maxillary central incisor teeth
commenced development normally, but where one failed
to proceed beyond the cellular developmental stage. In
this case, the remaining normal tooth develops to one
side of the midline, but may erupt in or near the midline.
• Traumatic loss of one central incisor tooth.
• Fusion of a primary and/or permanent central incisor
tooth with a supernumerary tooth.
• Mesiodens, which is a supernumerary tooth of conical
form, erupting in the midline, but developing to one or
other side of the midline in the permanent dentition only.

Definition
SMMCI syndrome (phenotype) is a unique developmental abnormality, probably a developmental field defect,
arising from an unknown event or events occurring
between the 35th and 38th days in utero, and involving
midline structures of the head including the cranial
bones, the maxilla and its contained dentition (specifically the central incisor tooth germs), the nasal airways
(choanal atresia, midnasal stenosis or congenital pyriform

The frequency figures given below are taken from the published, Royal Children's Hospital (RCH), Melbourne
Index Series of cases 1966–1997 [[1], Table 1].
The SMMCI tooth, as with the other features of this syndrome, may possibly occur as an isolated trait [16] (but it
is possible that some cases reported as having a solitary
incisor as an isolated phenomenon, may not have
received a detailed paediatric, ear-nose-throat or genetic
examination). It has been found (on review of neonatal
paediatric histories in all the RCH series of cases) that one
of the three forms of congenital nasal obstruction was
present in over 90% of babies. In one other reported case
[17], absence of the corpus callosum, congenital pyriform
aperture stenosis and the maxillary alveolar and palatal
shape in a neonate, lead to the presumptive diagnosis of
SMMCI syndrome before the primary SMMCI had
erupted.
Diagnosis is possible with ultrasound at 18–22 weeks or,
possibly, on genetic testing in familial cases, but is rarely
made prenatally. It can certainly be made at birth. In the
RCH series, diagnosis varied from 1–9 yrs of age. With the
present awareness of the condition, diagnosis should be
made no later than 8 months of age on eruption of the primary maxillary incisor tooth.
There is a wide variability in the phenotypic spectrum,
even intrafamilial, but the following features are typical of
the phenotype:
• Preterm birth and low birth-weight in 37% (diabetic
pregnancies in 14% of mothers).
• At birth, a pseudo-notched or arch-shaped appearance
of the upper lip with an indistinct philtrum, due to the
elevated midline caused by the extremely prominent maxillary alveolus over the developing primary SMMCI tooth
and the absence of a labial frenulum together with a narrow nose. The palate is "V"-shaped with an unusual narrow ridge along the midpalatal suture, extending from the
incisive papilla to the posterior border of the hard palate
(cleft lip and/or cleft palate present in 25% cases) [18,19].
• At birth, potentially life-threatening congenital nasal airway obstruction: either choanal atresia, midnasal stenosis
or congenital nasal pyriform aperture stenosis (CNPAS) in
over 90% cases. The midnasal stenosis may include septal
deviation. The type and degree of severity of the obstruction varies. A recent study of 20 cases of CNPAS found
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SMMCI in 60% of the patients [20]. CNPAS can be a localised dysostosis without midfacial hypoplasia and with or
without SMMCI [21]. Neonates with choanal atresia and
CNPAS require surgical intervention. The nose may
appear hypoplastic and the nostrils anteverted [see also
[22-29]].
• At approximately 8 months age, the eruption of a symmetric solitary maxillary central incisor tooth, situated
precisely in the midline of the maxillary alveolus and
present in both primary and permanent dentitions
(shown on dental radiograph). The symmetry can be confirmed using computer flip imaging. The contour of the
two distal surfaces of the SMMCI have the characteristic
anatomical shape of the distal surface of a normal central
incisor tooth. It can be seen on dental radiographs that the
intermaxillary suture is absent. Rarely, asymmetric variations in crown form occur and also rarely, there may be
two fused primary central incisors but followed by one
typical SMMCI.

http://www.OJRD.com/content/1/1/12

• Pituitary gland morphological abnormalities (in 15% of
a CNPAS series), found on magnetic resonance imaging
(MRI) [20].
In addition, other traits and conditions have been
recorded in children with SMMCI. Nanni et al. [30] have
published a detailed list (with references) of all systemic
abnormalities reported in children with SMMCI.
Association with known syndromes and associations
• CHARGE association (1/21 cases RCH series) [see also
[30,40]].

• VACTERL association (2/21 cases RCH series).
• VCF (Velocardiofacial) {del(22)q11.2 syndrome} (1/21
cases RCH series) [see also [30,41]].
• Autosomal dominant HPE.
• Ectodermal Dysplasia [see also [42,43]].

• Family history of SMMCI or of holoprosencephaly,
microcephaly (or small head circumference), congenital
nasal obstruction, very short stature, slow learning or
intellectual disability, epilepsy or other midline defects
are found in 25% of the cases [30].

• Duane retraction syndrome [44].
Association with chromosome abnormalities
• del(18p) [45-47]

• Short stature in 50% cases; potential growth hormonedeficient short stature in only 33% (less than -2 S.D.
{standard deviation} from the mean) [see also [30]].

• r(18) [48]

• Small head circumference(in 33%).

• 47XXX [52]

• Hypotelorism (in 45%), usually mild, but variable (less
than -2 S.D. from the mean interpupillary distance, or less
than 3rd centile).

• del(22q11.2)

• Holoprosencephaly (HPE) spectrum is the most
described association with SMMCI [30]. However, in the
RCH series of 25 consecutive cases there have been no
cases with HPE. When HPE is present, clinical expression
is extremely variable ranging from alobar HPE and
cyclopia [31], to microforms of HPE [32-36]. In cyclopia,
malformation of the midline structures has been found
(suture and cartilage) anterior to the sella turcica [37,38].
• Intellectual disability varying in degree (in 50%): from
slow learning (in 25%) to intellectual retardation (in
25%), possibly associated with epilepsy; attention deficit
hyperactivity disorder (ADHD) has been found in a high
percentage of HPE cases [39].
• Deviant sella turcica and pituitary gland morphology (in
10–50%) [19,37].

• del(7q 36q ter) [49-51]

Association with mutations in the gene SHH
The relevance of the association of SMMCI with these syndromes and chromosome anomalies is still unknown.
Other abnormalities recorded
• Congenital cardiac abnormalities (in 25%); Tetralogy of
Fallot (in 15%).

• Cervical and thoracic spine abnormalities: hemi- and
anomalous cervical vertebrae and scoliosis (in 14%); lumbosacral agenesis and anteroposterior split cord malformation [53]; clavicular hypoplasia and peripheral
neuropathy [54].
• Other midline abnormalities (in 25%): panhypopituitarism, hypothyroidism, oesophageal and duodenal
atresia (in 10%), ambiguous genitalia, micropenis, cervical dermoid and aberrant left subclavian artery [see also
[35,46,55-60]].
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• Anosmia/hyposmia is rare and difficult to test in young
children.
• Various other minor anomalies were recorded in all
cases.
General abnormalities (in 50%) included allergies and
asthma (20%), multiple haemangiomas, alopecia, absent
kidney, alopecia with parchment skin, anal fissures, ptosis, ocular coloboma [61], congenital talipes equinovarus
(CTEV), oligodontia, absent thumb and duplication of
thumb [44].
Classification of SMMCI is difficult due to the extreme
variability in the phenotype and its component features.
Kjaer et al. [19] suggest classifying SMMCI syndrome cases
according to clinical symptoms and craniofacial morphology.

Differential diagnosis
This is solely one of degree of variability of the different
phenotypic features. The SMMCI tooth must be present in
all cases and can be detected radiologically prior to its
eruption. Eliminating the conditions where only one incisor is present for the reasons given in the exclusion section, there are no other known conditions where this
characteristic form of incisor tooth occurs. One of the
three forms of nasal obstruction and short stature will be
present in most cases. The SMMCI tooth should be considered a predictor of HPE (especially if in addition there
is a small head circumference and hypotelorism) when
MRI is indicated. In the majority of cases, HPE does occur
in the absence of SMMCI.

Epidemiology
Hall [1] has estimated an incidence of 1:50,000 live
births, on the basis of the published Royal Children's
Hospital Melbourne Index series, and known cases in
other Australian centres (allowing for under-reporting of
cases by general dental practitioners and parents). The
incidence is higher in stillbirths and aborted foetuses. All
cases of cyclopia reported and examined have had a
SMMCI tooth [37-39,62]. This incidence for SMMCI is in
contrast to one of the three other major traits present in
almost all cases of SMMCI syndrome – choanal atresia,
which has an incidence of 1:5,000 live births. Holoprosencephaly occurs 1:16,000 live births, but is found in
1:250 spontaneously aborted foetuses [62].
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neonatal nasal obstruction, frequently choanal atresia
requiring surgical intervention or midnasal stenosis, and
less commonly congenital pyriform aperture stenosis.
There may be a family history of some or all of the features
of SMMCI, especially short stature, neonatal nasal
obstruction, breathing difficulty or slow learning.
At 7–8 months age, a solitary median primary central incisor tooth will erupt precisely in the midline of the maxillary alveolus forming a midline prominence. Intraoral
examination will reveal absence of the normal midline
labial frenulum and a low or normal vaulted palate with
a fine bony ridge running the length of the hard palate
over the midpalatal suture. Developmentally, the child
may be a slow learner or be more severely intellectually
delayed. Short stature may be noted early, in some cases
requiring growth hormone therapy. Congenital heart disease may be present and usually there will be multiple
other minor anomalies, often midline related. Diagnosis
may have been made or predicted prenatally or at birth
from the characteristic shape of the maxilla, even before
the SMMCI tooth erupted.
The simplest case, therefore, will have the facial and oral
features described, with perhaps mild midnasal stenosis,
slight short stature and slow learning. The average case
will have more marked features, with some intellectual
disability. The most severely affected cases will have most
of the features mentioned above, plus holoprosencephaly
or perhaps another syndrome or a chromosome anomaly.

Management
Management is interdisciplinary. It can be considered in
the different specialty areas and chronologically from
birth.
Should this anomaly or HPE be suspected from routine
prenatal ultrasound, a neonatal paediatrician will normally be present at the birth. In the unsuspected case, at
birth, the obstetrician or neonatal paediatrician will diagnose any respiratory difficulty due to congenital nasal
obstruction and immediately call a paediatric otolaryngologist to investigate the nasal airways (by nasendoscopy
if necessary); if choanal atresia or severe midnasal stenosis
is present, a surgical "sound" will be passed through the
bony obstruction and a nasopharyngeal tube (or tubes)
will be inserted. If CNPAS is present, a plastic surgeon
may be required to enlarge the anterior nares and place a
"stent".

Clinical description
An infant with SMMCI syndrome will appear normal
apart from a small head, hypotelorism and a small narrow
nose with an elevated or arched midline of the upper lip
giving at times a pseudo-cleft appearance [18]. The infant
may have been born preterm with low birth weight and

If (due to the shape of the maxilla combined with narrowing of the nasal airway) the neonatal paediatrician suspects SMMCI syndrome, early referral to a paediatric
dentist and to a geneticist will enable the diagnosis to be
confirmed and the family pedigree to be researched. No

Page 4 of 9
(page number not for citation purposes)

Orphanet Journal of Rare Diseases 2006, 1:12

http://www.OJRD.com/content/1/1/12

active dental treatment other than preventive care is
required for the primary dentition.

as important or as a priority for some parents, who may
elect to leave the SMMCI tooth untreated in the midline.

The geneticist will assess head circumference and whether
hypotelorism is present. If HPE is then considered as a
possibility, the geneticist will consult with a paediatric
neurologist and an MRI examination of the brain will be
undertaken. A developmental paediatrician should monitor the growing child. Should true short stature be suspected, referral to a paediatric endocrinologist is indicated
and the need for the administration of growth hormone
determined.

Aetiology

Should major or minor anomalies be present in association with SMMCI syndrome, the appropriate paediatric
consultants will need to be involved in addition to those
mentioned above (a paediatric cardiologist, cardiac surgeon, general surgeon, ophthalmologist, speech pathologist, thoracic physician and allergist, for example).
Not all of the key specialists will need to be involved in
every case.
In the simplest case with SMMCI only and mild nasal airway narrowing, all that is required for ideal management
(following diagnosis and genetic counselling) is a good
paediatric dental care. Facial growth analysis (including
transverse facial growth) and photographic series should
be included in the regular dental reviews [63]. No treatment is carried out in the primary dentition.
At the appropriate age, in the permanent dentition, the
orthodontist will use an appliance to widen the palate,
providing sufficient room for the SMMCI tooth to be
moved electively to one side of the midline. This provides
space for a contralateral artificial central incisor to be
placed in the arch by a prosthodontist, either with a single
tooth implant (at 17–18 yrs age), or by a bridge (or less
desirably a denture). The SMMCI tooth is then recontoured using a labial veneer to create the anatomical form
of the appropriate side.
In the more complex case with HPE and/or intellectual
disability, or associated with a syndrome such as CHARGE
or other anomalies, a large number of specialists will be
involved in interdisciplinary care. The aim of dental management will be the same, but difficulties of patient cooperation or compliance may necessitate compromise
treatment, since conventional orthodontic management
may not be possible and other treatment may have to be
carried out under general anaesthesia.
While aesthetically it is considered desirable to restore the
dental arch to its normal form with two normally shaped
and positioned central incisor teeth, this may not be seen

The aetiology remains uncertain. The basic structures of
the maxilla, including the alveolus with the dental lamina
and tooth buds, the labial sulcus and palate have formed
normally and appear to have developed normally up to
the 35th–38th days in utero. The maxillary dental lamina
is said to fuse in the midline between days 38–40 in utero.
For reasons unknown at this time, the normal lateral
growth (movement) of the maxillae and orbits, together
with the other midline structures in the region (which follows their earlier medial movement) appears to have
slowed or ceased, causing the left and right dental laminae
to fuse prematurely in the midline, thereby preventing the
normal formation of the two tooth germs for the left and
right central incisors and their intervening bone (the intermaxillary suture is absent anterior to the incisive fossa –
presumably prematurely fused), and soft tissue (including
the labial frenulum). A similar process results in fusion of
the globes in cyclopia. For a SMMCI tooth to form, composed as it appears to be of the two distal halves of the left
and right central incisor teeth, the dental lamina must
have fused prematurely in the midline, resulting in apposition and fusion of the forming tooth buds [1,30,64].
HPE is a complex developmental field defect of the forebrain in which the cerebral hemispheres fail to separate
into distinct halves [65,68]. The basic defect, the failure of
forebrain cleavage, is estimated to occur at or before
Streeter Horizon XV (days 35–37 in utero) [66], and is postulated to be faulty embryonic interaction between the
notochordal plate, the neuroectoderm, the brain-plate
and the oral-plate [62]. It is suggested that a short notochordal plate may inhibit lateral movement of the neuroectoderm of the optic anlagen which results in the
varying degrees of hypotelorism seen. Hypotelorism
occurs when normal lateral growth in the ethmoid region
(which is the result of rapid growth of the cerebral hemispheres and occurs from the 35th to the 63rd days in
utero), fails to follow the earlier medial migration of the
eyes. The cause of this defect in embryonic tissue interaction is unknown.
It would seem that this could also provide an adequate
explanation for the failure of other midline orofacial and
nasal structures to achieve their normal degree of lateral
movement at this critical time in utero, the timing of the
defect resulting in nasal airway stenosis anteriorly CNPAS,
centrally (midnasal stenosis including septal pathology)
or posteriorly as choanal atresia. Thus, nasal airway stenosis anomalies and SMMCI may represent parts of a developmental field defect in which midface dysostosis is
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associated with central nervous system (HPE) abnormalities [69].
SMMCI is considered one of the most minimal expressions (microforms) of the HPE spectrum. Deletions on
chromosomes 7 and 18 (at 7q36.1 and 18p-) which are in
chromosomal regions that harbour HPE genes, have been
reported [45-52,67]. At least 12 genetic loci are likely to
contain genes implicated in HPE [68]. The relationship of
SMMCI to the genes currently implicated in the pathogenesis of HPE (SHH; ZIC2; SIX3; TGIF and DKK1) is still
unclear. Recently, a new SHH missense mutation (I111F)
was discovered by Nanni et al. [30] that may be associated
with SMMCI. Marini et al. [70] have reported a previously
undescribed nonsense mutation in SHH at codon 128
(W128X), which caused autosomal dominant HPE
(ADHPE). Garavelli et al. [71] described a novel SHH
mutation, Val332Ala, in a child with SMMCI. Hehr et al.
[72] emphasise the wide phenotypic variability in families
with HPE and SHH mutation.
Kjellin, in 1999 [73] reported one case with congenital
pananterior hypopituitarism, carotid aplasia, CNPAS and
SMMCI, postulating that the vascular anomaly may have
induced hypopituitarism and the SMMCI anomaly. Hall
et al. [1] postulated that either an anatomic defect of the
adenohypophysis or its vascular supply could have influenced the synthesis and/or release of growth hormone in
cases of SMMCI with short stature. Kjaer [19] reported significant deviant morphology in the sella turcica in 50% of
10 children, and demonstrated partial absence of cartilage
anterior to the sella turcica in an 18 week foetus with
cyclopia and an SMMCI tooth [39].
It is likely that a number of mechanisms can give rise to
SMMCI syndrome, some of which may also cause HPE.
Cohen [74] states that SMMCI should not be considered a
microform of HPE, but as either: (1) an integral component of severe HPE; (2) an anomaly that may occur in conditions unrelated to HPE; (3) a solitary manifestation in
some members of a dominantly affected family whose
members have variable expressivity to HPE with incomplete penetrance; or (4) (more rarely) as an isolated dominant trait with an SHH mutation.
Experimentally, Cole et al. [75] report an animal (mouse)
model with an absent Ig superfamily member Cdon.
Cdon is highly expressed in frontonasal process (FNP),
and maxillary processes (MXP) of developing mouse
embryos which contain signalling centres for face patterning. Mice homozygous for targeted mutations of Cdon
show facial defects usually associated with microforms of
HPE.

http://www.OJRD.com/content/1/1/12

Diagnostic methods
Recommendations regarding the diagnosis of SMMCI
with its associated developmental anomalies have been
made by Hall et al. [1].
Routine prenatal obstetric sonographic examination
(from 16–22 weeks) of the head, face, nose, eyes and anterior palate can predict SMMCI. Should HPE be suspected,
prenatal genetic testing from a chorionic villus sample
(CVS) for a specific HPE associated genetic mutation may
enable a diagnosis to be made.
Neonatal examination will reveal CNPAS or choanal
atresia and possibly more severe degrees of midnasal stenosis. Such causes of nasal obstruction are evaluated using
nasendoscopy and possibly computed tomography (CT)
scan. Examination of the face and oral cavity will reveal
the typical maxillary midline alveolar prominence, absent
labial frenulum and palatal features. Increasingly, presumptive diagnoses are being made at birth with confidence when the above features are present. Diagnosis can
be confirmed by a paediatric dentist clinically and radiologically at 7–8 months of age, once the primary SMMCI
tooth has erupted. Early diagnosis, particularly if head circumference is small and hypotelorism present, leads to
neurological and MRI examination for possible HPE. The
standards for head circumference and interorbital distance are available [76]. Measurements less than 2 or 3
standard deviations from the mean are considered significant for microcephaly and hypotelorism.
Serial measurements of height (and weight), will detect
true short stature (< 3 SD from the mean). Endocrinological examination and investigation will then detect
whether growth hormone secretion is deficient. Lateral
cephalometric orthodontic radiographs often detect an
abnormal sella turcica, but the relevance of this finding
(or of pituitary gland abnormality found on MRI) to pituitary function is still uncertain.
Finally, referral to, and detailed examination by a geneticist or syndromologist will detect any other minor anomalies present. A pedigree and subsequent examination of
available family members will elicit any inherited traits or
SMMCI. Chromosome and molecular studies are valuable
when appropriate to contribute further to understanding
the genesis of this condition.

Antenatal diagnosis
Routine midtrimester prenatal obstetric ultrasound scan
at 18 weeks (with measurements as used for gestational
dating) will detect a small head and the position of the
orbs and nose. An anterior open-mouth view (when baby
swallows or yawns) can show the maxillary alveolar, palatal and nasal anatomy, detecting midline abnormalities
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especially the prominent alveolus anteriorly and elevated
midline of the upper lip. Although examination of the
face is not mandatory in most routine sonographic obstetric guidelines, it is increasingly being included in major
imaging units [77]. Expert medical and genetic post-ultrasound counselling must be available when an abnormality is discovered or suspected. 3D sonographic scans,
when further developed, will greatly simplify the detection of abnormalities of the head, face and mouth.
In one reported case of a mother with a SMMCI tooth and
mild hypotelorism, genetic testing with identification of a
specific mutation at Codon 128 in SHH allowed prenatal
diagnosis of HPE in the family [67].

Genetic counselling
This is important in helping patients and their families to
understand what is known about the disorder to date, and
to clarify information they may have discovered via Internet. The compilation of an extended family pedigree may
have brought to light associated previously unrecognised
associated anomalies in family members and ancestors.
Implications for future pregnancies of parents (and later
of the child) can be explained. SMMCI has long been recognised as a risk factor for HPE in the next generation and
is considered one of the least severe malformations (or
microforms) in the spectrum of malformations seen in
ADHPE [25,30]. The actual risk of HPE in the offspring of
an individual with SMMCI is unclear at present, but
SMMCI must be considered a possible predictor of HPE.

http://www.OJRD.com/content/1/1/12

with or without HPE? Is this related to the question
above?
• What is the relationship with HPE? Why are there not
more cases of HPE with SMMCI and more cases of SMMCI
with HPE?
• Is there any relationship other than coincidental, of
SMMCI with CHARGE association and other syndromes
with midline anomalies?
• Why are some cases of SMMCI associated with different
levels of congenital nasal obstruction (anteriorly CNPAS,
posteriorly choanal atresia or centrally, midnasal stenosis)? Is there a temporal factor here between, say days 35–
38 of gestation?

References
1.

2.
3.
4.
5.
6.
7.
8.

Unresolved Questions
Further series of cases from other centres are necessary to
further define and clarify this syndrome.

9.
10.

The following questions need to be answered:
11.

• What is the genetic basis of the SMMCI phenotype?

12.

• What is the actual defect, which "triggers" the defective
process at days 35–38 in utero?

13.

• What is the actual mechanism of the formation of the
SMMCI tooth?

15.

14.

16.

• What is the aetiology of the short stature and growthhormone deficient short stature in this condition and the
occasional case with hypopituitarism? Could a local
intracranial peripituitary vascular anomaly induce the
defects in SMMCI phenotype?

17.
18.
19.

• What is the significance, if any, of the anatomical abnormality of the sella turcica and pituitary gland seen on
imaging in a small proportion of children with SMMCI

20.
21.

Hall RK, Bankier A, Aldred MJ, Kan K, Lucas JO, Perks AG: Solitary
median maxillary central incisor, short stature, choanal
atresia/midnasal stenosis (SMMCI) syndrome. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 1997, 84:651-662.
Scott DC: Absence of upper central incisor. Br Dent J 1958,
104:247-248.
Kopp W: A hereditary congenitally missing maxillary central
incisor. Oral Surg Oral Med Oral Pathol 1967, 24:367.
Holm AK, Lundberg L: Hypodontia of both primary and permanent central upper incisors: description of a case. Odontol Revy
1972, 23:429-436.
Mofson E: Congenital single incisor. Oral Surg Oral Med Oral Pathol
1974, 38:490.
Small BW: Congenitally missing maxillary central incisor. Oral
Surg Oral Med Oral Pathol 1979, 48:97.
Fulstow ED: The congenital absence of an upper central incisor. Br Dent J 1968, 124:186-188.
Hunter ML, Chadwick BL, Hunter B: Single deciduous and permanent central incisor: congenital absence or median fusion.
Pediatr Dent 1991, 1:181-184.
Rappaport EB, Ulstrom R, Gorlin RJ: Monosuperocentroincisivodontic dwarfism. Birth Defects Orig Artic Ser 1976, 12:243-245.
Wesley RK, Hoffman WH, Perrin J, Delaney JR Jr: Solitary maxillary central incisor and normal stature. Oral Surg Oral Med Oral
Pathol 1978, 46:837-842.
Bamba S: Clinical evaluation of six patients with a single maxillary central incisor. Jap J Paediatr Dent 1989, 10:52-56.
Maréchaux SC: The single maxillary central primary incisor:
report of case. ASDC J Dent Child 1986, 53:124-126.
Mass E, Sarnat H: Single maxillary central incisors in the midline. ASDC J Dent Child 1991, 58:413-416.
Parker PR, Vann WF Jr: Solitary maxillary central incisor: clinical report. Pediatr Dent 1985, 7:134-136.
Santoro FP, Wesley RK: Clinical evaluation of two patients with
a single maxillary central incisor. ASDC J Dent Child 1983,
50:379-381.
Youko K, Satoshi F, Kubota K, Goto G: Clinical evaluation of a
patient with single maxillary central incisor. J Clin Pediatr Dent
2002, 26:181-186.
Walker PJ, Colley A, Crock PA, Rack MP: Congenital nasal pyriform aperture stenosis with a single central maxillary incisor. Aust J Otolaryngol 1996, 2:283-286.
Hall RK: Paediatric Orofacial Medicine and Pathology 1st edition. London: Chapman and Hall Medical; 1994:121-125.
Kjaer I, Becktor KB, Lisson J, Gormsen C, Russell BG: Face, palate
and craniofacial morphology in patients with a solitary
median maxillary central incisor. Eur J Orthod 2001, 23:63-73.
Van Den Abbeele T, Triglia JM, Francois M, Narcy P: Congenital
nasal pyriform aperture stenosis: diagnosis and management of 20 cases. Ann Otol Rhinol Laryngol 2001, 110:70-75.
Captier G, Tourbach S, Bigorre M, Saguintaah M, El Ahmar J, Montoya
P: Anatomical consideration of the congenital nasal pyriform

Page 7 of 9
(page number not for citation purposes)

Orphanet Journal of Rare Diseases 2006, 1:12

22.
23.
24.

25.
26.

27.
28.
29.
30.

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

44.

45.
46.

aperture stenosis: localized dysostosis without interorbital
hypoplasia. J Craniofac Surg 2004, 15:490-496.
Arlis H, Ward RF: Congenital nasal pyriform aperture stenosis.
Isolated abnormality vs developmental field defect. Arch
Otolaryngol Head Neck Sur 1992, 118:989-991.
Righini ChA, Wroblewski I, Soriano E, Raphael B: Congenital nasal
pyriform aperture stenosis: a case report. Rev Laryngol Otol Rhinol (Bord) 2002, 123:111-114.
Vanzieleghem BD, Lemmerling MM, Vermeersch HF, Govaert P,
Dhooge I, Meire F, Mortier GR, Leroy J, Kunnen MF: Imaging studies in the diagnostic workup of neonatal nasal obstruction. J
Comput Assist Tomogr 2001, 25:540-549.
Huang JK, Cheng SJ, Lin JC, Sheu CY: Congenital nasal pyriform
aperture stenosis and single central maxillary incisor: CT
and MRI findings. Clin Imaging 1998, 22:393-397.
Huang JK, Cheng SJ, Yang CC, Yun CH, Shih SL: Congenital nasal
pyriform aperture stenosis and single central maxillary incisor: preoperative evaluation with three-dimensional computed tomography. J Formos Med Assoc 2004, 103:37-40.
Lo FS, Lee YJ, Lin SP, Shen EY, Huang JK, Lee KS: Solitary maxillary
central incisor and congenital nasal pyriform aperture stenosis. Eur J Pediatr 1998, 157:39-44.
Royal SA, Hedlund GL, Wiatrak BJ: Single central maxillary incisor with nasal pyriform aperture stenosis-CT diagnosis prior
to tooth eruption. Pediatr Radiol 1999, 29:357-359.
Chan EY, Ng DK, Chong AS, Hui Y, Fu YM: Congenital nasal pyriform aperture stenosis with semilobar holoprosencephaly.
Int J Pediatr Otorhinolaryngol 2005, 69:93-96.
Nanni L, Ming JE, Du Y, Hall RK, Aldred M, Bankier A, Muenke M:
SHH Mutation is associated with solitary median maxillary
central incisor: a study of 13 patients and review of the literature. Am J Med Genet 2001, 102:1-10.
Berry SA, Pierpont ME, Gorlin RJ: Single central incisor in familial
holoprosencephaly. J Pediatr 1984, 104:877-880.
Fryns JP, Van den Berghe H: Single central maxillary incisor and
holoprosencephaly. Am J Med Genet 1988, 30:943-944.
Hattori H, Okuno T, Momoi T, Kataoka K, Mikawa H, Shiota K: Single central maxillary incisor and holoprosencephaly. Am J
Med Genet 1987, 28:483-487.
Kocsis SG: Single central maxillary incisor in the midline as
the mild form of the holoprosencephaly. Fogorv Sz 1994,
87:63-70.
Simon AR, Roberts MW: Solitary incisor syndrome and holoprosencephaly. J Clin Paediatr Dent 1993, 17:175-177.
Suss J, Pfeiffer RA, Zschiesche S, Konig R: A solitary central maxillary incisor and holoprosencephaly in siblings. Dtsch Zahnarztl
Z 1990, 45:785-788.
Kjaer I, Keeling JW, Fischer Hansen B, Becktor KB: Midline skeletodental morphology in holoprosencephaly. Cleft Palate Craniofac J 2002, 39:357-363.
Bacon W, Mathis R: Craniofacial characteristics of cyclops in
man and swine. Angle Orthod 1983, 53:290-310.
Heussler HS, Suri M, Young ID, Muenke M: Extreme variability of
expression of a Sonic Hedgehog mutation: attention difficulties and holoprosencephaly. Arch Dis Child 2002, 86:293-296.
Harrison M, Calvert ML, Longhurst P: Solitary maxillary central
incisor as a new finding in CHARGE association: a report of
two cases. Int J Paediatr Dent 1997, 7:185-189.
Oberoi S, Vargervik K: Velocardiofacial syndrome with single
central incisor. Am J Med Genet A 2005, 132:194-197.
Buntinx I, Baraitser M: A single maxillary incisor as a manifestation of an ectodermal dysplasia. J Med Genet 1989, 26:648-651.
Winter RM, MacDermot KD, Hill FJ: Sparse hair, short stature,
hypoplastic thumbs, single upper central incisor and abnormal skin pigmentation: a possible new form of ectodermal
dysplasia. Am J Med Genet 1988, 29:209-216.
Parentin F, Perissutti P: Solitary median maxillary incisor,
Duane retraction syndrome, growth hormone deficiency
and duplicated thumb phalanx: a case report. Clin Dysmorphol
2003, 12:141-142.
Aughton DJ, AlSaadi AA, Transue DJ: Single maxillary central
incisor in a girl with del(18p) syndrome. J Med Genet 1991,
28:530-532.
Boudailliez B, Morichon-Delvallez N, Goldfarb A, Pautard JC, Lenaerts C, Piussan C: Solitary upper incisor, hypopituitarism and

http://www.OJRD.com/content/1/1/12

47.
48.
49.

50.
51.

52.
53.

54.
55.
56.
57.
58.
59.
60.
61.

62.
63.
64.

65.
66.
67.
68.
69.
70.

monosomy 18p chromosome aberration. J Genet Hum 1983,
31:239-242.
Dolan LM, Willson K, Wilson WG: 18p- syndrome with a single
central maxillary incisor. J Med Genet 1981, 18:396-398.
Tavin E, Stecker E, Marion R: Nasal pyriform aperture stenosis
and the holoprosencephaly spectrum. Int J Pediatr Otorhinolaryngol 1994, 28:199-204.
Frints SG, Schrander-Stumpel CT, Schoenmakers EF, Engelen JJ, Reekers AB, Van den Neucker AM, Smeets E, Devlieger H, Fryns JP:
Strong variable clinical presentation in 3 patients with 7q
terminal deletion. Genet Couns 1998, 9:5-14.
Masuno M, Fukushima Y, Sugio Y, Ikeda M, Kuroki Y: Two unrelated
cases of single maxillary central incisor with 7q terminal
deletion. Jinrui Idengaku Zasshi 1990, 35:311-317.
Muenke M, Gurrieri F, Bay C, Yi DH, Collins AL, Johnson VP, Hennekam RC, Schaefer GB, Weik L, Lubinsky MS, et al.: Linkage of a
human brain malformation, familial holoprosencephaly, to
chromosome 7 and evidence for genetic heterogeneity. Proc
Natl Acad Sci USA 1994, 91:8102-8106.
Miura M, Kato N, Kojima H, Oguchi H: Triple-X syndrome
accompanied by a single maxillary central incisor: case
report. Pediatr Dent 1993, 15:214-217.
Tubbs RS, Oakes WJ: Lumbrosacral agenesis and anteroposterior split cord malformation in a patient with single central
maxillary incisor: case report and review of the literature. J
Child Neurol 2004, 19:544-547.
Verloes A, Lesenfants S: New syndrome: clavicle hypoplasia,
facial dysmorphism, severe myopia, single central incisor
and peripheral neuropathy. Clin Dysmorphol 2001, 10:29-31.
Fleming P, Nelson J, Gorlin RJ: Single maxillary central incisor in
association with mid-line anomalies.
Br Dent J 1990,
168:476-479.
Hayward JR: Observations on midline deformity and the solitary maxillary central incisor syndrome. J Hosp Dent Pract 1979,
13:113-114.
Yassin OM, El-Tal YM: Solitary maxillary central incisor in the
midline associated with systemic disorders. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 1998, 85:548-551.
Artman HG, Boyden E: Microphthalmia with single central incisor and hypopituitarism. J Med Genet 1990, 27:192-193.
Matthai SM, Smith CS: Pituitary hypoplasia associated with a
single central incisor. J Pediatr Endocrinol Metab 1996, 9:543-544.
Vanelli M, Bernasconi S, Balestrazzi P: Solitary maxillary central
incisor with growth hormone deficiency. Arch Fr Pediatr 1980,
37:321-322.
Liberfarb RM, Abdo OP, Pruett RC: Ocular coloboma associated
with a solitary maxillary central incisor and growth failure:
manifestations of holoprosencephaly. Ann Ophthalmol 1987,
19:226-227.
Cohen MM Jr, Jirasek JE, Guzman RT, Gorlin RJ, Peterson MQ: Holoprosencephaly and facial dysmorphia: nosology, etiology
and pathogenesis. Birth Defects Orig Artic Ser 1971, 7:125-135.
Cohen MM Jr: Selected clinical research involving the central
nervous system. J Craniofac Genet Dev Biol 1990, 10:215-238.
Becktor KB, Sverrild L, Pallisgaard C, Burhoj J, Kjaer I: Eruption of
the central incisor, the intermaxillary suture, and maxillary
growth in patients with a single median maxillary central
incisor. Acta Odontol Scand 2001, 59:361-366.
Golden JA: Holoprosencephaly: a defect in brain patterning. J
Neuropathol Exp Neurol 1998, 57:991-999.
Rubenstein JL, Beachy PA: Patterning of the embryonic forebrain. Curr Opin Neurobiol 1998, 8:18-26.
Roessler E, Muenke M: Holoprosencephaly: a paradigm for the
complex genetics of brain development. J Inherit Metab Dis
1998, 21:481-497.
Moog U, De Die-Smulders CE, Schrander-Stumpel CT, Engelen JJ,
Hamers AJ, Frints S, Fryns JP: Holoprosencephaly: the Maastricht experience. Genet Couns 2001, 12:287-298.
Berry SA, Pierpont ME, Gorlin RJ: Single central incisor in familial
holoprosencephaly. J Pediatr 1984, 104:877-880.
Marini M, Cusano R, De Biasio P, Caroli F, Lerone M, Silengo M,
Ravazzolo R, Seri M, Camera G: Previously undescribed nonsense mutation in SHH caused autosomal dominant holoprosencephaly with wide intrafamilial variability. Am J Med
Genet A 2003, 117:112-115.

Page 8 of 9
(page number not for citation purposes)

Orphanet Journal of Rare Diseases 2006, 1:12

71.

72.

73.
74.
75.
76.
77.

http://www.OJRD.com/content/1/1/12

Garavelli L, Zanacca C, Caselli G, Banchini G, Dubourg C, David V,
Odent S, Gurrieri F, Neri G: Solitary median maxillary central
incisor syndrome: clinical case with a novel mutation of sonic
hedgehog. Am J Med Genet A 2004, 127:93-95.
Hehr U, Gross C, Diebold U, Wahl D, Beudt U, Heidemann P, Hehr
A, Mueller D: Wide phenotypic variability in families with holoprosencephaly and a sonic hedgehog mutation. Eur J Pediatr
2004, 163:347-352.
Kjellin IB, Kaiserman KB, Curran JG, Geffner ME: Aplasia of right
internal carotid artery and hypopituitarism. Pediatr Radiol
1999, 29:586-588.
Cohen MM Jr: Problems in the definition of holoprosencephaly. Am J Med Genet 2001, 103:183-187.
Cole F, Krauss RS: Microform holoprosencephaly in mice that
lack the Ig superfamily member Cdon. Curr Biol 2003,
13:411-415.
Hall JG, Froster-Iskenius UG, Allanson JE, Eds: Handbook of Normal
Physical Measurements Oxford University Press, Oxford, United Kingdom; 1989:132-157.
Rumack CM, Wilson SR, Charboneau JW, Eds: Diagnostic Ultrasound
2nd edition. St. Louis: Mosby-Year Book, Inc, St. Louis, Missouri;
1998:961-973. 1013–1031; 1233–1250, 1251–1282

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9
(page number not for citation purposes)

