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Abstract

Objective: Osteopathia Striata with Cranial Sclerosis (0S-CS) is a
rare form of X-linked dominant sclerosing bone dysplasia. The esti-
mated prevalence of OS-CS is less than 1 in 1,000,000 in the general
population with a little over 100 reported cases so far. Up to half of
the patients suffer from hearing loss. Hearing loss is usually con-
ductive rather than mixed or sensorineural in patients with OS-CS
sclerosis. Herein, we report our experience with a patient who al-
though initially had a conductive hearing loss, later developed sen-
sorineural hearing loss on both sides and was treated with bilateral
cochlear implantation.

Patient: Thirteen-year-old female patient suffering from Osteo-
pathia striata with cranial sclerosis and functional deafness in the
left ear and a high-grade sensorineural hearing loss in the right ear.

Intervention: Bilateral cochlear implantation

Main outcome measures: Postoperative hearing gain, clinical
outcome, audiological examination.

Results: The patient showed good hearing gain of 30 dB on the
left side and between 30 dB and 40 dB on the right side.

Conclusions: Despite the cranial sclerosis, cochlear implantation
is a viable option in improving life quality of patients with Osteo-
pathia striata. Nevertheless, it should be noted that in such cases,
there is a possibility of progressive sclerosis leading to further nar-
rowing of the internal auditory canal or even complete closure
thereby damaging the auditory nerve irreversibly.
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Introduction

Osteopathia striata or Voorhoeve Disease is a rare type of
sclerosing bone dysplasia, first described by Voorhoeve in 1924
[1]. It is an autosomal dominant or sporadic inherited disorder
that usually affects all bones except the skull and the clavicle,
and has a particular predilection for long bones [2]. It can pres-
ent either in isolation in pure form or as part of a variety of
syndromes [3].

The pure form of the disorder does not exhibit any associat-
ed physical abnormalities or characteristic laboratory findings,
and diagnosis is based exclusively on radiographic findings. The
hallmark of the disorder is the delicate or sometimes coarse,
dense linear striations as a result of a failure of remodeling of
the persistent mature lamellar bone. This condition appears to
reflect old bone remodeling and the lesions are not associated
with increased scintigraphy [3].

Hurt reported a rare combination of Osteopathia Striata with
Cranial Sclerosis (OS-CS) [4]. He recognized the association be-
tween dense striations in the long bones and pelvis typical of
osteopathia striata, and thickening and sclerosis of the skull,
particularly at the base but also minimally affecting the vault, as
an X-linked dominant entity [5]. Cranial sclerosis is particularly
disabling leading to hearing loss and paralysis of cranial nerves.
Affected female patients usually present features related to cra-
nial sclerosis such as macrocephaly, wide nasal bridge, ocular
hypertelorism, abnormalities of the palate and mild learning
disabilities. Occasional surviving males have cardiac, intestinal,
and genitourinary malformations, in addition to hyperostosis.
Osteopathia striata is also a frequent feature of focal dermal
hypoplasia [6].

0OS-CS has recently been identified to be associated with mu-
tations in the Wilms tumor gene on the X chromosome (WTX), a
repressor of WNT signaling (beta-catenin pathway implicated in
control of target genes in the nucleus) [6]. The estimated preva-
lence of OS-CS is less than 1 in 1,000,000 in the general popula-
tion with a little over 100 reported cases so far. Hearing loss has
been reported in up to half of the patients [7].

This report discusses a patient who displayed phenotypic
characteristics associated with OS-CS and received cochlear im-
plantation on both sides because of sensorineural hearing loss.

Case description

The patient, a 13-year-old female adolescent, was the prod-
uct of a gravida 1, para 1, unrelated parents. The pregnancy was
uncomplicated, and there was no exposure to alcohol, tobacco,
or illicit drugs during the pregnancy. The mother, however, suf-
fers from osteopathia striata and sensorineural hearing loss al-
though with comparatively milder symptoms. At birth, the pa-
tient was noted to have microcephaly. She later progressively
developed mental retardation, hyperopia, astigmatisms and
strabismus. She presented in our hospital in the department of
phoniatrics and pediatric audiology at the age of 2 years with
known hearing loss and no other clear history. A low-grade con-
ductive hearing loss was diagnosed using Click-BERA. A second
BERA after the cleaning of middle ear through myringotomy,

showed no relevant hearing loss. After 3 years, the patient pre-
sented again with conductive hearing loss because of middle
ear effusions, which was treated with myringotomy and middle
ear ventilation tubes. At the age of 12, she presented to us again
with progressive hearing loss and her audiological tests showed
a functional deafness in the left ear and a high-grade sensori-
neural hearing loss in the right ear (Figure 1). Due to her mental
retardation, the girl’s vocabulary was already limited. But in the
last months, both her perceptive and expressive language skills
had notably deteriorated. Her pronunciation had grown sloppy
and her vocabulary was found to be more restricted than usual.
Cochlear implantation was considered initially for the left side
and respective preoperative diagnostics were performed.

Computed Tomography (CT) and Magnetic Resonance Imag-
ing (MRI) scans of the temporal bones showed sclerosis of the
temporal and petrous bone on both sides with narrowing of the
inner ear canal. Despite this, the labyrinth showed normal con-
figuration with normal fluid signal on both sides. The auditory
nerve was intact and showed no signs of degeneration (Figure
3).

Cochlear implantation was performed as planned on the left
side. The surgery was done with the help of facial nerve moni-
toring. No specific intraoperative complications were noted.
The patient did not develop any post-operative complications
(Figure 3).

Post operatively the patient showed good improvement of
her hearing. The audiological test after switching on the implant
showed a hearing gain of around 30 dB across all frequencies
(Figure 2). In the meantime, she showed progressive hearing
loss on the right side despite having a hearing aid. Eight months
after the left side, cochlear implantation was also done on the
right side. Audiometry performed 7 weeks after switch-on on
the right side showed a hearing gain between 30 and 40 dB
across all frequencies (Figure 2). The Goettingen child hearing
test showed that the patient was able to recognize and repeat
50% of the words correctly at 80 dB on the right side with co-
chlear implantation only on the right side. On the left side, the
patient recognized and repeated 70% of the words at 80 dB with
cochlear implantation on both sides. Since then, the patient has
showed good acceptance of and compliance with cochlear im-
plantation and achieved progressively better hearing.
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Figure 1: Pre-operative audiogram showing hearing gain on the
right side, using a hearing aid.
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Figure 2: Post-operative audiogram showing hearing gain on both
sides 7 weeks after activation of the cochlear implant (switch-on).
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Figure 3: Preoperative Computer Tomography and Magnetic Reso-
nance Imaging showing temporal bone in A, B, C and D. Axial CT
scan with bone window (A) shows hypersclerosis of the temporal
and petrous bone with narrowing of the internal auditory canal on
both sides (black arrow). T2 SPACE (B) shows absent liquor signal
in the narrow internal auditory canal on both sides as well as an
intact auditory nerve without signs of degeneration (white arrow).
Coronary CT (C) and MRI scan (D) show normal configuration of
the labyrinth with intact fluid signal (white arrow) on both sides.
E shows the postoperative computer Tomography imaging. The
para-coronary maximum intensity projection (MIP) of the tempo-
ral bone CT shows the result after bilateral cochlea implantation
on the right (E1) and left side (E2) with both electrodes in the in-
\\\tended position. Y

Discussion

Bilateral sensorineural hearing loss of 40 dB or more has
been found in about 1 to 2 in every 1000 newborns in devel-
oped countries [8]. Hearing loss is found to be usually conduc-
tive rather than mixed or sensorineural in patients with OS-CS
sclerosis [9-14]. Mixed or sensorineural hearing loss [15]. and
deafness [16,17] have been described in very few cases in the
literature.

The otologic manifestations causing conductive hearing loss
in OS-CS are recurrent serous otitis media, sclerotic mastoids,
narrowing of the middle ear cavity and Eustachian tubes and
rarely ossicular fixation. Temporal bone CT is usually used to
evaluate the various etiologies of conductive hearing loss [6].
On the other hand, etiology of sensorineural hearing loss has
been difficult to pinpoint given the limited number of available
case studies. In our case, although the patient showed a con-
ductive hearing loss in her initial years, she later developed a
sensorineural hearing loss. The sensorineural hearing loss in
our patient may be attributed to the massive sclerosis of the
cochlear capsule or due to the compression of the artery sup-
plying blood to the narrow inner auditory canal.

Although conductive hearing loss has been variously treated
with middle ear surgery or with ventilation tubes depending on
its etiology, hearing aid seems to be the standard treatment of
choice in case of sensorineural hearing loss in the few reported
cases so far [16,18,19].

Cochlear implantation has become a very viable treatment
option in patients with bilateral deafness and profound sen-
sorineural hearing loss. Over the years, it has gradually begun
to be used in patients with severe sensorineural hearing loss
who have not benefited from hearing aids. At present, an in-
creasing proportion of implanted patients are adults with post-
lingual deafness, where the only limitations are their general
condition and biological age [20]. To our knowledge, ours is the
first case describing bilateral cochlear implantation in a case of
osteopathia striata Voorhoeve with cranial sclerosis, and other
sclerosing bone dysplasias in the cranium. Although cochlear
implantation was indicated and considered in one other case of
a child with Saethre-Chotzen syndrome and sensorineural hear-
ing loss, it was not done before the report was published [21].
Despite mental retardation in our patient, post-operative ben-
efit from the cochlear implantation was considerable. Although
difficult anatomical conditions might constitute a challenge for
surgeons in cases of cranial sclerosis, better imaging possibili-
ties can help surgeons to evaluate tricky anatomical variations.
Despite the cranial sclerosis, cochlear implantation is a viable
option in improving life quality of such patients. Nevertheless, it
should be noted that in such cases, there is a possibility of pro-
gressive sclerosis leading to further narrowing of the internal
canal or even complete closure thereby damaging the auditory
nerve irreversibly.

The incidence of bone dysplasias in general is low and Voor-
hoeve is a rare form of bone dysplasia. Voorhoeve disease pre-
senting with cranial sclerosis is even rarer. A limited patient
group makes it difficult to study the benefits of cochlear im-
plantation in these cases. Therefore, in spite of this being a case
report about a single patient, we believe that it is still a valuable
addition to the sparse literature on the topic.
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