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ABSTRACT

The characteristic imaging finding common to Joubert
syndrome and related disorders is the ‘molar tooth’ sign.
The prenatal diagnosis of Joubert syndrome using both
ultrasound and fetal magnetic resonance imaging (MRI)
in families with an affected child has been reported
previously. We report two cases in which the molar
tooth sign was identified by sonography at 26 + 4 weeks
and at 20 + 6 weeks, respectively, prior to fetal MRI or
genetic testing. In both cases the finding was subsequently
confirmed on fetal MRI. As definitive prenatal genetic
testing may not be conclusive in Joubert syndrome, the
ability to identify the molar tooth sign sonographically
before 24 weeks provides a valuable adjunct to prenatal
diagnosis. Copyright © 2011 ISUOG. Published by John
Wiley & Sons, Ltd.

CASE REPORT
Case 1

A 24-year-old nulliparous woman was referred for evalu-
ation after a fetal cisterna magna measurement of 11 mm
had been made on routine sonography at 22 + 2 weeks.
Sonography at 17 4+ 3 weeks had noted a prominent
cisterna magna. The couple was consanguineous (first
cousins). Amniocentesis revealed a normal male karyo-
type. Sonographic evaluation at 26 + 4 weeks showed
marked vermian hypoplasia (Figure 1), a deep cleft
between prominent cerebellar peduncles and deficiency
of the dorsal midbrain in the midline (Figure 2), consis-
tent with the ‘molar tooth’ sign described on computed

tomography (CT) and MRI in Joubert syndrome!. Postax-
ial polydactyly of both hands and one foot was also
identified. Fetal MRI performed at 27 weeks confirmed
the findings of vermian hypoplasia, absence of the pri-
mary fissure, midline cleft in the tegmentum and presence
of the molar tooth sign (Figure 2).

A male infant, delivered at 41 + 4 weeks, was limp at
birth and was intubated because of a lack of respiratory
drive. Apgar scores were 3, 6 and 7 at 1, 5 and 10 min.
Continuing episodes of apnea, desaturations and CO-,
retention required intubation for 25 days. Polydactyly
was confirmed.

Cranial MRI showed a small vermis with abnormal
vermian folia, dysplastic cerebellar hemispheres opposed
in the midline and enlarged superior cerebellar pedun-
cles with absence of decussation, consistent with the
molar tooth sign (Figure 2). Clinical and radiological
findings were consistent with Joubert syndrome; how-
ever, sequencing of the Joubert syndrome-associated
genes (AHI1, TMEM67/MKS3, CEP290, CC2D2A,
RPGRIP1L, INPPSE, ARL13B and TMEM16) showed
no causative sequence changes, and there was no evidence
of a homozygous deletion in the NPHP1 gene.

Case 2

A 30-year-old woman presented in her second pregnancy
at 20 + 6 weeks for fetal sonographic assessment. Her first
child had been diagnosed with Joubert syndrome based on
clinical features and MRI findings of the molar tooth sign.
In this child, sequencing of the CC2D2A gene had revealed
one copy of the ¢.351 T > G nucleotide change in exon
7 and one copy of the ¢.1519 A > G nucleotide change
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Figure 1 Images of the fetal brain in Case 1: ultrasound images at 26 + 4 weeks in axial (a) and coronal (b) planes, and fetal T2-weighted
magnetic resonance images at 27 + 0 weeks in axial (c), coronal (d) and sagittal (f) planes, and in the axial plane at the level of the fourth
ventricle (e). Axial ultrasound (a) and magnetic resonance (c) images show prominence of the interpeduncular fossa and a deep cleft in the
midbrain between thickened cerebellar peduncles comprising the molar tooth sign (arrows). Ancillary findings include severe hypoplasia of
the vermis (d,e,f) and steeply vertically oriented cerebellar folia as a result of the apposed hemispheres (b,d). Note the abnormally shaped
fourth ventricle (*, e,f) and narrowing of the isthmus in the sagittal plane (arrowhead, f).

in exon 15. These have not been previously reported in
patients with Joubert syndrome. The ¢.351 T > G change
was predicted to result in the amino acid substitution
p.Ser117Arg, thus predicted to have a damaging effect
on CC2D2A protein function, while predictions for the
¢.1519 A > G nucleotide change effect were inconclusive.
Both were interpreted as variants of unknown significance.
Sequencing of the parental CC2D2A gene showed a
maternal heterozygous ¢.351 T > G nucleotide change
and a paternal heterozygous c.1519 A > G nucleotide
change.

In the current pregnancy, as the two CC2D2A variants
were not known to be causative, amniocentesis was timed
to follow imaging studies. Ultrasound examination at
20 + 6 weeks showed enlargement of the cisterna magna,
vermian hypoplasia and a midline cleft of the midbrain
with prominence of the superior cerebellar peduncles,
consistent with the molar tooth sign (Figure 3).

Subsequently, sequencing of the CC2D2A gene in
fetal cells confirmed nucleotide changes identical to

Copyright © 2011 ISUOG. Published by John Wiley & Sons, Ltd.

those of the sibling with Joubert syndrome. Fetal MRI
performed at 21 + 4 weeks confirmed vermian hypoplasia
and abnormal lobation, sagittal clefting of the tegmentum,
thickened cerebellar peduncles and molar tooth sign
(Figure 3). The pregnancy was terminated and autopsy
was declined.

DISCUSSION

Joubert syndrome is characterized by hypotonia, abnor-
mal ocular movement, hyperpnea, developmental delay,
hypoplasia of the cerebellar vermis and brainstem mal-
formation. Variable features, including cystic kidneys,
nephronophthisis, retinal dystrophy, ocular colobomata,
occipital encephalocele, polydactyly, ataxia and hepatic
fibrosis' =¢, have led to broader classifications, such as
Joubert syndrome and related disorders’. The character-
istic finding common to all forms of Joubert syndrome
is the molar tooth sign, first described in 19974, consist-
ing of a triad of malformations including (i) a deepened

Ultrasound Obstet Gynecol 2011; 38: 598-602.



Pugash et al.

Figure 2 Case 1: prenatal axial ultrasound images at 36 + 5 weeks (a,b) and postnatal T2-weighted (c,d,e) and T1-weighted (f) magnetic
resonance images in axial (c), coronal (d) and sagittal (e,f) planes on day 21. The molar tooth sign is indicated by arrows. Note the
abnormally shaped fourth ventricle (*, e,f) in the sagittal plane.

interpeduncular fossa with narrow isthmus, (ii) thickened,
elongated and horizontally oriented superior cerebellar
peduncles as a result of the absence of normal decussa-
tion and (iii) a variable degree of vermian hypoplasia,
creating an appearance which mimics a molar tooth on
axial MR images*’. A deep midline cleft in the supe-
rior vermis and rostrally displaced fourth ventricular
fastigium® may give a bat-wing or umbrella shape to
the fourth ventricle’. Other imaging features include an
abnormal vermian foliar pattern and increased craniocau-
dal length of the pontomesencephalic junction!*3-%-10,
Autopsy studies have shown reduction or absence of
decussation of the superior cerebellar peduncles, severe
hypoplasia of the cerebellar vermis and absence of
decussation of the medullary pyramids (corticospinal
tracts)’10-12,

Although there are reports of prenatal imaging findings
using both ultrasound and fetal MRI in families with
Joubert syndrome-affected children, to our knowledge
there has been no previous report of the molar tooth
sign being identified on 2D ultrasound imaging prior
to fetal MRI. However, a recent Abstract describes the
use of three-dimensional (3D) ultrasound to identify
the molar tooth sign in two fetuses with enlarged
cisterna magna prior to fetal MR diagnosis'3. Sonographic
abnormalities after 32 weeks, but not the molar tooth

Copyright © 2011 ISUOG. Published by John Wiley & Sons, Ltd.

sign, have been described in a family that did not have
a previously affected child'®. The second of our cases
demonstrates that identification of the molar tooth sign
on ultrasound imaging, and thus the diagnosis of Joubert
syndrome and related disorders, can be made as early as
20 + 6 weeks.

Mutations in nine genes have been implicated in Joubert
syndrome to date: TMEM67/MKS3, AHI1, CC2D2A,
CEP290, RPGRIP1L, ARL13B, NPHP1, INPPSE and
TMEM216'. However, as in our first case, genetic
testing may not find a mutation in a gene linked
to Joubert syndrome, or, as in our second case, the
presence of a mutation may not have been conclusively
associated with Joubert syndrome. Therefore, clinical
genetic testing may not be effective in all suspected
cases. As in many locations termination of pregnancy
is not a readily available option after 24 weeks’ gestation,
the ability to identify the molar tooth sign on prenatal
sonography before 24 weeks presents a valuable adjunct
to prenatal diagnosis for families known to have a 25%
recurrence risk, as well as in couples who are not known
to be mutation carriers. The sonographic detection of
the molar tooth sign therefore expands the potential
for early diagnosis of Joubert syndrome and related
disorders.
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Figure 3 Images of the fetal brain in Case 2: axial ultrasound images at 20 + 6 weeks (a,b) and T2-weighted magnetic resonance images at
21 + 4 weeks in axial (c—e) and sagittal (f) planes. Arrows indicate the molar tooth sign and arrowheads indicate thickened cerebellar
peduncles separated by a deep midline cleft in the midbrain. Thin arrows (e,f) show the abnormally shaped fourth ventricle and severely
hypoplastic vermis.

ACKNOWLEDGMENTS

The authors would like to thank the families who gave S.

their consent to publication of this report. Gene sequenc-

ing and deletion mutation testing was performed by
Prevention Genetics; CLIA ID #: 52D1027685 (contact: 6
Marwan K. Tayeh, PhD, PhD, FACMG).

REFERENCES

1. Maria BL, Boltshauser E, Palmer SC, Tran TX. Clinical features
and revised diagnostic criteria in Joubert syndrome. | Child

Neurol 1999; 14: 583-590; discussion 90-91. 8.

2. Joubert M, Eisenring JJ, Robb JP, Andermann F. Familial
agenesis of the cerebellar vermis. A syndrome of episodic
hyperpnea, abnormal eye movements, ataxia, and retardation.

Neurology 1969; 19: 813-825. 9.

3. Boltshauser E, Isler W. Joubert syndrome: episodic hyperpnea,
abnormal eye movements, retardation and ataxia, associated
with dysplasia of the cerebellar vermis. Neuropadiatrie 1977; 8:

57-66. 10.

4. Maria BL, Hoang KB, Tusa RJ, Mancuso AA, Hamed LM,
Quisling RG, Hove MT, Fennell EB, Booth-Jones M, Ringdahl
DM, Yachnis AT, Creel G, Frerking B. “Joubert syndrome”

Copyright © 2011 ISUOG. Published by John Wiley & Sons, Ltd.

revisited: key ocular motor signs with magnetic resonance
imaging correlation. ] Child Neurol 1997; 12: 423-430.
Maria BL, Quisling RG, Rosainz LC, Yachnis AT, Gitten J,
Dede D, Fennell E. Molar tooth sign in Joubert syndrome:
clinical, radiologic, and pathologic significance. ] Child Neurol
1999; 14: 368-376.

. Parisi MA. Clinical and molecular features of Joubert syndrome

and related disorders. Am | Med Genet C Semin Med Genet
2009; 151C: 326-340.

. Gleeson JG, Keeler LC, Parisi MA, Marsh SE, Chance PF,

Glass IA, Graham JM Jr, Maria BL, Barkovich AJ, Dobyns WB.
Molar tooth sign of the midbrain—hindbrain junction: occur-
rence in multiple distinct syndromes. Am | Med Genet A 2004;
125A: 125-134; discussion 17.

Maria BL, Bozorgmanesh A, Kimmel KN, Theriaque D, Quis-
ling RG. Quantitative assessment of brainstem development in
Joubert syndrome and Dandy-Walker syndrome. | Child Neurol
2001; 16: 751-758.

Spampinato MV, Kraas J, Maria BL, Walton Z]J, Rumboldt Z.
Absence of decussation of the superior cerebellar peduncles in
patients with Joubert syndrome. Am | Med Genet A 2008;
146A: 1389-1394.

Quisling RG, Barkovich AJ, Maria BL. Magnetic resonance
imaging features and classification of central nervous system
malformations in Joubert syndrome. | Child Neurol 1999; 14:
628-635; discussion 69-72.

Ultrasound Obstet Gynecol 2011; 38: 598-602.



602

11. Yachnis AT, Rorke LB. Neuropathology of Joubert syndrome.
J Child Neurol 1999; 14: 655-659; discussion 69-72.

12. Alorainy IA, Sabir S, Seidahmed MZ, Farooqu HA, Salih MA.
Brain stem and cerebellar findings in Joubert syndrome.
J Comput Assist Tomogr 20065 30: 116-121.

13. Quarello E, Garel C, Couture A, Molho M, Guibaud L.
OP05.05: The prenatal visualisation of the “molar tooth
sign” in case of Joubert syndrome and related disorders using

14.

15.

Pugash et al.

3D ultrasound and/or MRI. Ultrasound Obstet Gynecol 2009;
34:77.

Aslan H, Ulker V, Gulcan EM, Numanoglu C, Gul A, Agar M,
Ark HC. Prenatal diagnosis of Joubert syndrome: a case report.
Prenat Diagn 2002; 22: 13-16.

Valente EM, Brancati F, Dallapiccola B. Genotypes and pheno-

types of Joubert syndrome and related disorders. Eur | Med
Genet 2008; 51: 1-23.

comprising the molar tooth sign.

with the molar tooth sign.

SUPPORTING INFORMATION ON THE INTERNET
The following supporting information may be found in the online version of this article:

(» Videoclip S1 Axial ultrasound views of the fetal brain in Case 1 at 29 + 4 weeks showing a deep cleft
in the midbrain between thickened cerebellar peduncles and prominence of the interpeduncular fossa,

Videoclip S2 Axial ultrasound views of the fetal brain in Case 1 at 36 + 5 weeks showing a deep cleft
in the midbrain between thickened cerebellar peduncles and a prominent interpeduncular fossa, consistent
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