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ORIGINAL RESEARCH
PEDIATRICS

Spectrum of Temporal Bone Abnormalities in Patients with
Waardenburg Syndrome and SOX10Mutations

M. Elmaleh-Bergès, C. Baumann, N. Noël-Pétroff, A. Sekkal, V. Couloigner, K. Devriendt, M. Wilson, S. Marlin,
G. Sebag, and V. Pingault

ABSTRACT

BACKGROUND AND PURPOSE: Waardenburg syndrome, characterized by deafness and pigmentation abnormalities, is clinically and
genetically heterogeneous, consisting of 4 distinct subtypes and involving several genes. SOX10mutations have been found both in types
2 and 4 Waardenburg syndrome and neurologic variants. The purpose of this study was to evaluate both the full spectrum and relative
frequencies of inner ear malformations in these patients.

MATERIALS ANDMETHODS: Fifteen patients withWaardenburg syndrome and different SOX10mutations were studied retrospectively.
Imaging was performed between February 2000 andMarch 2010 for cochlear implant work-up, diagnosis of hearing loss, and/or evaluation
of neurologic impairment. Eleven patients had both CT and MR imaging examinations, 3 had MR imaging only, and 1 had CT only.

RESULTS: Temporal bone abnormalities were bilateral. The most frequent pattern associated agenesis or hypoplasia of�1 semicircular
canal, an enlarged vestibule, and a cochlea with a reduced size and occasionally an abnormal shape, but with normal partition in the 13/15
cases that could be analyzed. Three patients lacked a cochlear nerve, bilaterally in 2 patients. In addition, associated abnormalities were
found when adequate MR imaging sequences were available: agenesis of the olfactory bulbs (7/8), hypoplastic or absent lacrimal glands
(11/14), hypoplastic parotid glands (12/14), and white matter signal anomalies (7/13).

CONCLUSIONS: In the appropriate clinical context, bilateral agenesis or hypoplasia of the semicircular canals or both, associated with an
enlarged vestibule and a cochlear deformity, strongly suggests a diagnosis of Waardenburg syndrome linked to a SOX10 mutation.

ABBREVIATIONS: CNC� cochlear nerve canal; PCWH� peripheral demyelinating neuropathy, central dysmyelinating leukodystrophy, Waardenburg syndrome,
Hirschsprung disease; SCC� semicircular canals; SNHL� sensorineural hearing loss; WS�Waardenburg syndrome; WS1 toWS4�Waardenburg syndrome types 1–4

In 1951, a Dutch ophthalmologist and geneticist described a syn-

drome with dystopia canthorum (lateral displacement of the

inner eye corners), a high broad nasal root, confluent eyebrows,

iris heterochromia, white forelock or early graying, and congeni-

tal sensorineural hearing loss, a clinical association now known as

Waardenburg syndrome type 1.1 Four distinct subtypes have been

described since then, all characterized by deafness and pigmentary

disturbance (for review, see Pingault et al2). WS has an incidence

of approximately 1/40,000 births and is responsible for 1%–3% of

cases of congenital deafness. SNHL in WS is thought to be due to

the absence of the melanocyte-derived intermediate cells of the

stria vascularis. This absence induces endolymphatic collapse and

secondary agenesis of the organ of Corti, a process that is called

cochleosaccular degeneration. Results from the few histopatho-

logic studies performed on human temporal bones are consistent

with this hypothesis.3-5 Characteristic radiologic abnormalities of

the temporal bone have been reported in a subset of patients,6-9

enabling imaging to contribute to the differential diagnosis of

syndromic SNHL.10 Because none of these studies included mo-

Received June 19, 2012; accepted after revision August 19.

From the Departments of Pediatric Imaging (M.E.-B., A.S., G.S.), Clinical Genetics
(C.B.), and Otorhinolaryngology (N.N.-P.), Hôpital Robert Debré, Paris, France; Cen-
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lecular analyses, however, these inner ear malformations have not

been linked to a particular molecular defect.

WS is clinically and genetically heterogeneous (for a review see

Pingault et al2). Several genes are involved (PAX3, MITF, EDN3,

EDNRB, SOX10), with SOX10 mutations causing approximately

15% of type 2 WS, which is distinguished from type 1 WS by the

absence of dystopia canthorum, and �50% of type 4 WS, which is

also known as WS2 � Hirschsprung disease or chronic intestinal

pseudoobstruction.11,12 Patients with SOX10 mutations also fre-

quently show severe neurologic abnormalities resulting from im-

paired myelination of the central and peripheral nervous systems

in addition to WS. This condition is referred as PCWH.13

In 2002, agenesis of the semicircular canals was reported for

the first time in 2 patients with WS and SOX10 mutations.14 Ves-

tibular and cochlear malformations were subsequently described

in other studies of patients with WS carrying SOX10 muta-

tions,11,13,15 but only 2 detailed case reports have been published.

In the first one, the authors described both the absence of all 3

SCCs and the formation of a common cavity corresponding to the

saccular dilation of the vestibule.16 The second case revealed the

absence of cochlear nerves, mild cochlear hypoplasia, modiolar

deficiency, and the absence of olfactory bulbs.17

The purpose of this study was to report temporal bone abnor-

malities associated with Waardenburg syndrome due to impaired

SOX10 function in 15 patients with MR imaging and/or CT scans

of the inner ears. We also report associated findings seen on these

imaging studies.

MATERIALS AND METHODS
Patients
This retrospective multicenter study included 15 patients (14 un-

related cases and the brother of a propositus) from 8 days to 31

years of age. The patients recruited had both a SOX10 mutation

that confirmed a clinical suspicion of Waardenburg syndrome

and inner ear abnormalities on CT and/or MR imaging. This

study was conducted in accordance with the guidelines of our

institutional ethics committee for a retrospective observational

review study. Imaging was performed between February 2000 and

March 2010, either for SNHL (12 patients, including 10 patients

in a cochlear implant work-up) or for neurologic impairment.

Auditory brain stem response audiometry was performed for all

the patients, and behavioral audiometry was performed if coop-

eration of the patient could be obtained. Six patients had an avail-

able complete vestibular evaluation.18 The age of walking was also

recorded.

Molecular Analysis
Written consent for genetic testing was obtained. Genomic

DNA was extracted from peripheral blood leukocytes by using

standard protocols. The 3 coding exons of SOX10 were ana-

lyzed by direct sequencing as previously described,11 except for

patients B and J, who were analyzed by denaturing high-per-

formance liquid chromatography.19 Mutations were described

according to the international nomenclature that is based on

complementary DNA (cDNA) numbering, with �1 corre-

sponding to the A of the ATG translation initiation codon in

Table 1: Inner ear imaging findings in patients included in this studya

Patient
Age at
MRI/CT Cochlea

Cochlear
Nerve Vestibule Posterior SCC Superior SCC Lateral SCC

A ?/? Flattened Present Enlarged Agenesis N Large arch, thin
B 32 mo/32 mo Small Present Enlarged Small arch, thick Large arch, thin Large arch, thin
C 32 mo/32 mo Small Present Enlarged Small arch, thick N Small arch, thick
D1b 5 wk/– Small, flattened Present Enlarged Small arch, thick Small arch, thick Small arch, thick
D2b 2 mo/2 mo Small, flattened Present Enlarged N R: small arch, thick

L: N
Small arch, thick

E 3 yr/3 yr Flattened Present Enlarged Agenesis Agenesis R: agenesis;
L: small arch, thick

F 2 mo/– Small, flattened Absent Enlarged Agenesis Agenesis R: agenesis;
L: small, thin

G 5 yr/5 yr Flattened Present Enlarged Agenesis Agenesis Agenesis
H 18 yr/– Small, flattened R: present;

L: present, thin
Enlarged Agenesis Agenesis Small, thin

I 20 mo/20 mo Small, flattened Present Enlarged Agenesis Small arch, thick R: small, thin,
incomplete;
L: small, thin

J 4 yr/4 yr Small, flattened R: present;
L: absent

Enlarged Agenesis Agenesis Agenesis

K 18 mo/18 mo N Present Enlarged Agenesis Agenesis Small, thin
L –/16 yr Small N/A R: enlarged;

L: N
Small arch, thick Agenesis Small arch, thick

M 8 days/ 8 days Small, flattened Absent Enlarged Agenesis Agenesis Agenesis
N 31 yr/31 yr Flattened Present Enlarged Agenesis Small arch, thick Small arch, thick
Agenesis or
absence (%)

21 67 53 33

Defect (%) 93 29 100 93 87 100

Note:—N indicates normal; N/A, could not be analyzed; R, right; and L, left; –, not performed; ?, age unknown.
aWhen right or left is not specified, the same findings were observed in both sides. In the case of an asymmetric defect, the percentage of absence and/or defects was
calculated on the basis of the more severe side.
b Brothers.
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the cDNA reference sequence (GenBank NM_006941.3; www.

ncbi.nlm.nih.gov/genbank).

Imaging
Examinations were performed at different institutions between

February 2000 and March 2010. Eleven patients underwent both

CT and MR imaging, 3 patients had only MR imaging (D1, F, and

H) and 1 had only CT (L). For 13 patients,

data were obtained by using compact disc

or PACS, allowing multiplanar recon-

structions for both CT and MR imaging

and maximum intensity projection for

MR imaging. Data from 2 patients, 1 with

CT only and 1 with both CT and MR im-

aging, were only available on film in the

axial and coronal planes.

All temporal bone CT scans were ob-

tained on multisection CT scanners, with

high-resolution helical acquisitions of

�1-mm-thick sections. Multiplanar re-

construction in the plane of each SCC was

obtained. All MR imaging scans included

at least an axial 3D high-resolution T2

TSE submillimeter sequence of inner ear

structures and a whole-brain study with

T2-weighted sequences (FLAIR and/or

T2 TSE) in �1 plane (coronal and/or

axial).

Two radiologists (M.E.-B. and A.S.,

with 24 and 15 years of experience, re-

spectively, in pediatric neuroradiology in

a tertiary care university hospital) re-

viewed jointly the CT and MR imaging

examinations. For each patient, they per-

formed visual analysis of the following in-

ner ear structures: cochlea (shape, num-

ber of turns, modiolus), vestibule (shape,

size), SCCs (each was noted as absent or

present, and when present, any anomaly

in the shape and/or size was also de-

scribed), and vestibular aqueduct/en-

dolymphatic sac (size). All these data were

provided by either CT or MR imaging.

Measurements of inner ear structures were

performed on CT. We measured the diam-

eter of the bony canal of the cochlear nerve

and the cochlear width at the level of the

midturn and compared them with data

from Fatterpekar et al20 and Teissier et al.21

In addition, we noted, from MR imag-

ing, the presence or absence of the co-

chlear and vestibular nerves and recorded

any associated abnormalities. For the 12

patients with CT, we also looked for mid-

dle ear abnormalities: hypopneumatiza-

tion, ossicular deformities, round and/or

oval window agenesis, and facial canal

malposition.

RESULTS
The molecular findings for the 14 independent patients included

in the study are summarized in the On-line Table. They include 2

cases of WS2, 6 of WS4, and 6 of PCWH. Clinical descriptions

have been previously published for patients A, F, K, and N11,14

FIG 1. Patient H. High-resolution 3D T2 MR imaging. Axial views through the cochlea and lateral
SCC show a cochlea reduced in sizewith a flattened aspect of themidturn and apex; an enlarged
vestibule; and a lateral SCC with a small diameter, a thin arch, and a small bone island. The basal
turn was normal in this patient (not shown). The left cochlea is thinner than the right; this finding
was confirmed by oblique sagittal views perpendicular to the nerves (not shown).

FIG 2. Patient J. CT. Axial views (A and B) through the cochlea and the vestibule show the
flattened apex andmidturn of the cochlea. The vestibular cavity is large and shows evaginations
that could represent SCC anlages. The vestibular aqueduct is visible and is not dilated. Coronal
view (C) favors the hypothesis of a lateral SCC anlagen. The superior SCCs are absent, but the
superior margin of the vestibule is convex and a small anlagen cannot be excluded.
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and are provided as supplementary data (On-line Appendix) for

the others, along with vestibular evaluation when available. All

patients except 1 (L) had profound bilateral SNHL.

Inner ear imaging anomalies were bilateral in all cases and

symmetric in 9 of the 15 cases (summarized in Table 1). The

cochlea had a normal number of turns in 13/13 patients (this

could not be ascertained in 2 patients, F and M, due to very hyp-

oplastic cochleas). No incomplete partition was demonstrated,

and the modiolus was present in 13/13 patients. The cochlea

showed a “flattened” aspect of the midturn and apex (Figs 1 and 2)

in 11/15 patients, compared with the normal mildly convex mor-

phology of the middle and apical turns. Measurement of the CNC

was possible for 10 patients, 9 of whom had CT and MR imaging.

Only 1 patient (M) had bilateral CNC atresia and bilateral co-

chlear nerve agenesis. The mean value of the CNC diameter for

our patients was 1.66 � 0.35 mm, far below the normal value

(2.13 � 0.44 mm) found by Fatterpekar et al.20 Cochlear width

was also smaller, with a mean value of 4.62 � 0.43 mm, while the

normal value reported by Teissier et al21 was 5.75 � 0.43 mm. The

vestibule was enlarged in all patients (29/30 ears), but only uni-

laterally in 1 case. Exact measurement was not possible due to the

shape of the vestibule, which could not be isolated in many cases

from the lateral SCC.

Because true agenesis of SCCs may be

difficult to differentiate from a dysmor-

phic vestibule, an SCC was considered ab-

sent when no arch was visible, even if a

small deformity of the vestibule, such as a

small bud that could be an anlage, was

present (Fig 3). The posterior SCCs were

absent in 10 patients, had a thick arch of

small diameter in 4, and were normal in 1

patient. The superior SCCs were absent in

8 patients, had a thick arch of small diam-

eter in 4 (unilateral in 1 patient), had a

thin arch of large diameter in 1, and were

normal in 2. The lateral SCCs showed bi-

lateral agenesis in 3 patients, a thick arch

of small diameter in 5, a thin arch of small

diameter in 3, and a thin arch of large di-

ameter in 2. Two patients also had asym-

metric findings with unilateral agenesis

and a small arch on the other side. The

vestibular aqueduct/endolymphatic sac

was normal in all patients.

The cochlear nerves were bilaterally

absent in 2 of the 14 patients who under-

went MR imaging and were unilaterally

absent in 1 patient. Inferior and superior

vestibular nerves were present in 12 pa-

tients; the inferior vestibular nerve was

absent unilaterally in 1 case, and superior

vestibular nerves were hardly visible in 2

neonates (F and M), who also displayed

bilateral cochlear nerve agenesis.

Overall, the most easily identifiable

findings in patients were agenesis of or

anomalies in the shape and/or size of �1 SCC (lateral, 100%;

posterior, 93%; superior, 87%). Three patients of the 15 had agen-

esis of all 3 SCCs (Fig 4). None of the patients with CT had middle

ear malformations.

Additional imaging findings are summarized in Table 2. The

facial nerve was unilaterally absent in 1 of the patients with bilat-

eral agenesis of the cochlear nerve. White matter signal anomalies

were found in 7 patients (5 with PCWH, 1 with WS4, and 1 with

WS2), involving the supratentorial and/or infratentorial white

matter (Fig 5). Agenesis of the olfactory bulbs was found in 7 of

the 8 patients whose olfactory apparatus could be analyzed on the

supplied MR images. Incidentally, there was also parotid (12/14)

and lacrimal (11/14) gland absence or hypoplasia.

DISCUSSION
Abnormalities of the labyrinth have previously been reported in

WS. In a review of the literature combined with their own data,

Oysu et al9 found abnormalities in 6 of 36 cases in radiologic

studies (polytomography and CT examinations). SCC abnormal-

ities were the most frequent finding, with hypoplastic cochleae

also observed. None of these studies were conducted in conjunc-

tion with molecular analysis, however, and most did not account

for WS types. We and others recently reported isolated cases of

FIG 3. Different patterns of semicircular canal abnormalities shown on high-resolution axial CT
(right ear), confirmed by multiplanar reconstructions for the posterior and superior SCCs: pos-
terior SCCwith a thick arch of small diameter (A andD); posterior SCC agenesis or potential SCC
anlage (B, C, E, and F); superior SCC agenesis or potential SCC anlage (E and F); lateral SCC
agenesis or potential SCC anlage (E and F); lateral SCC with a thick arch of small diameter (A and
D); lateral SCC with a thin arch of small diameter (B); and lateral SCC with a thin arch of large
diameter (C).
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inner ear abnormalities in patients with SOX10 mutations. In this

article, we report a series of imaging results associated with mo-

lecular analysis (SOX10 mutations) in WS. In addition to con-

firming SCC defects and cochlear abnormalities, this series allows

further conclusions to be drawn regarding this genetic subtype of

WS.

Even though there is an inclusion bias in that only patients

with reported abnormalities of the temporal bone were included,

this study allowed analysis of the different patterns and their rel-

ative prevalence. Cochlear and vestibular morphologic abnormal-

ities were similar in frequency to each other (Table 1: cochlear

abnormalities 93%, vestibular abnormalities 100%). Although all

SCCs showed a comparable frequency of abnormalities, the agen-

esis pattern had a more specific distribution. Posterior SCC agen-

esis was seen with the highest frequency and was followed by

agenesis of the superior SCC and lateral SCC, respectively.

Generally, posterior and superior SCC abnormalities are rare,

and lateral SCC abnormalities are frequent, possibly due to the

later formation of the lateral SCC during embryogenesis.22 The

frequency of posterior and superior SCC agenesis found in pa-

tients with SOX10 mutations does not follow the hypothesis of

Jackler et al,23 which stipulates that radiographically detectable

malformations correlate with arrested inner ear organogenesis at

different stages. Agenesis of posterior and superior SCCs being

rare findings, they may be more evocative of a SOX10 mutation

than agenesis of the lateral SCC.

Total absence of the SCCs is found in coloboma, heart malfor-

mation, choanal atresia, growth retardation, genital hypoplasia,

and ear abnormalities (CHARGE) syndrome, often with a hyp-

oplastic vestibule and variable cochlear deformities, including ab-

normal partitioning; moreover, cochlear

nerve canal atresia with cochlear nerve

aplasia is common.10,24 While absence of

all the SCCs is more common, absence of

only 1 or 2 has also been described in

CHARGE.25 Nevertheless, abnormalities

of the middle ear structures, such as ossic-

ular malformations, facial canal malposi-

tion, and oval window aplasia, are usually

associated,24 and the clinical spectrum in

CHARGE is different from that in WS.

Total or partial absence of SCCs has also

been described in Noonan and Alagille

syndromes. Noonan syndrome shows a

dysmorphic external ear and may also

present with middle ear abnormalities.26

Histopathologic27 and CT28 studies of

Alagille syndrome have shown partial

agenesis of the posterior SCC, a hypoplas-

tic superior SSC, and a normal lateral

SCC.

We found inner ear abnormalities in

patients with both WS2 and WS4, which,

in some cases, also presented neurologic

symptoms (eg, PCWH). This finding cor-

relates with the hypothesis of Oysu et al9

that inner ear malformations are often

present in WS2 but not in WS1, because 15% of WS2 cases (and

no WS1 cases) are caused by SOX10 mutations.2 The malforma-

tions we describe in this article have not been associated with

other WS genes and may represent pathognomonic features of

SOX10 molecular defects. However, within SOX10-linked WS, we

did not find a correlation between the type of WS (WS2, WS4, or

PCWH) and the type or severity of the inner ear malformations

observed.

SOX10 is a regulator of neural crest development.29 It is par-

ticular among WS genes for its early expression in inner ear de-

velopment: in the otic placode and the otic vesicle, then in the

developing epitheliums of the cochlea and vestibule before being

restricted to supporting cells of the neurosensory epithelium.

SOX10 has been shown to promote the survival of cochlear pro-

genitors during otocyst formation and the establishment of the

organ of Corti.30 It is also expressed persistently in the cochleo-

vestibular ganglia and plays a role in glial development.30-34

In Sox10 homozygous mutant mice, the differentiation and

cellular organization of the organ of Corti and the vestibule ap-

pear normal. However, the cochlear duct is shortened.30 In hu-

mans, where SOX10 mutations are heterozygous, vestibular ab-

normalities are much more apparent than those in mice. Other

differences have been observed across species: In Sox10 mutant

zebrafish, the otic vesicle is smaller or distended, semicircular

canals have a delayed development and are thinner than normal,

and the sensory epithelia are incorrectly patterned.35 These ex-

pression and functional studies, in combination with our find-

ings, suggest that cochleosaccular degeneration is not the only

mechanism leading to SNHL in patients carrying SOX10

mutations.

FIG 4. Patient M. CT. Axial views (A and B) through the cochlea and the vestibule show a small
cochlea, flattenedwith a partition hardly visible and atresia of cochlear nerve canals, an enlarged
vestibular cavity, and agenesis of all of the semicircular canals. Coronal view (C) confirms the
absence of the superior and lateral SCC. Posterior deformity of the vestibule cannot exclude an
anlage.
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It is tempting to correlate the high frequency of vestibular

malformations to vestibular dysfunction. The prevalence of

vestibular dysfunction in WS is not well-established but may

be high.36 Results of vestibular function tests were only avail-

able for 6 of our patients. The most severe imaging pattern

(agenesis of all canals) was associated with complete loss of

vestibular function. However, in the case of �1 hypoplastic canal,

the vestibular function was not constantly impaired; this finding

could signify that some hypoplastic canals

contain functional sensory epithelium.

The large majority of our patients were

implant candidates, so assessment of the

cochlear nerve was mandatory. Two pa-

tients, both with a PCWH phenotype, had

bilateral cochlear nerve agenesis and CNC

atresia. In addition, 1 patient with WS4

had a unilateral cochlear nerve agenesis

with a patent CNC on CT, and 1 patient

with PCWH had a unilaterally thin co-

chlear nerve compared with the contralat-

eral nerve on the oblique sagittal plane per-

pendicular to the internal auditory canal.

Previous articles have described in de-

tail white matter abnormalities associated

with SOX10 mutations in patients with

neurologic impairments (for examples

see Pingault et al,2 Inoue et al,13 Barnett

et al,17 and Inoue et al37). The presence of

such defects in this cohort was correlated

to the PCWH phenotype, with the nota-

ble exceptions of patients D1 and I. A

more surprising finding was the very high

percentage of agenesis or hypoplasia of ol-

factory bulbs and lacrimal and parotid

glands, which existed in 79%– 88% of

these patients with temporal bone abnormalities (Table 2). Olfac-

tory bulb agenesis is also commonly found in CHARGE syn-

drome. The high percentages found here are likely to contribute

to anosmia and possibly, in parallel to the previously suspected

dysautonomia,38 to alacrima and asialia, which have been re-

ported in a limited number of patients with PCWH.11,33,39 Of

note, these imaging findings were not limited to patients with

neurologic impairments in the cohort presented here.

FIG 5. Patient B. 3D T2 TSE MR image driven equilibrium (Philips). Reformatted axial view in the
lateral SCC plane (A) andmaximum intensity projection of the superior and posterior SCC (B and
C). Same patient as in Fig 2C. Axial view shows a short linear structure along the posterior aspect
of the lateral SCC, but multiplanar reformations and maximum intensity projection demon-
strate a deformity of the posterior aspect of the vestibule and no posterior SCC. The superior
SCC has a thin arch with a large diameter. Hypersignal of the inferior cerebellar peduncles is
noticeable due to hypomyelination.

Table 2: Summary of other imaging findings in patients included in this study

Patient
Age at
MRI/CT Facial Nerve

Posterior
Fossa

White
Matter

Olfactory
Bulbs

Lacrimal
Glands

Parotid
Glands

A ?/? Present N N N/A Hypoplastic N/A
B 32 mo/32 mo Present ICP Abnormal Agenesis�2 Hypoplastic Hypoplastic
C 32 mo/32 mo Present N N Agenesis�2 N N
D1a 5 wk/– Present N Abnormal N/A Hypoplastic Hypoplastic
D2a 2 mo/2 mo Present N N N/A Hypoplastic Hypoplastic
E 3 yr/3 yr Present N N Agenesis�2 Hypoplastic Hypoplastic
F 2 mo/– Right agenesis Hypoplastic

brain stem
Abnormal Agenesis�2 Absent Hypoplastic

G 5 yr/5 yr Present N N N/A N Hypoplastic
H 18 yr/– Present N Large VRS Agenesis�2 Absent Hypoplastic
I 20 mo/20 mo Present N Abnormal Agenesis�2 N N
J 4 yr/4 yr Present N N N/A Hypoplastic Hypoplastic
K 18 mo/18 mo Present N Abnormal N/A Hypoplastic Hypoplastic
L –/16 yr N/A N/A N/A N/A N/A Hypoplastic
M 8 days/ 8 days Present N Abnormal Presents Hypoplastic Hypoplastic
N 31 yr/31 yr Present N N/A Agenesis�2 Hypoplastic Hypoplastic
Agenesis or
absence (%)

7 88 14

Defect (%) 14 50 79 85

Note:—N indicates normal; N/A, could not be analyzed; R, right; and L, left; –, not performed; ?, age unknown; ICP, inferior cerebellar peduncles; VRS, Virchow Robin spaces;
�2, similar findings on both sides.
a Brothers.
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CONCLUSIONS
The inner ear abnormalities we characterized in our patients

(SCC agenesis or maldevelopment, enlarged vestibule, and co-

chlear deformity [hypoplastic, flattened]) are suggestive and

should lead radiologists to consider the possibility of WS linked to

a SOX10 mutation in the proper clinical context. Other anomalies

such as aplasia or hypoplasia of the cochlear nerve, myelination

defects, and frequent agenesis of olfactory bulbs and lacrimal and

parotid glands were also present in this patient population.
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