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Abstract
Otosclerosis is most often diagnosed in adults, especially women. It is much less common in children and even rarer in boys. The aim of this
paper is to present the case history and results of surgical treatment of a 5-year-old boy with bilateral conductive hearing loss and tinnitus.
Results of surgical treatment show mean air-bone closure of 25 dB and cessation of tinnitus. Surgical treatment for otosclerosis is recommended regardless of the patient’s age. Additional motivations for surgical intervention in children are: severe progressive hearing loss, tinnitus, and rising bone-conduction threshold.
Key words: juvenile otosclerosis; children; stapedotomy

TRATAMIENTO QUIRÚRGICO DE LA OTOESCLEROSIS EN UN NIÑO DE 5 AÑOS –
ESTUDIO DE CASO
Resumen
La otoesclerosis se diagnostica con más frecuencia en adultos, sobre todo en las mujeres. Es mucho menos común en niños, entre ellos menos aún en niños varones. El objetivo del presente trabajo fue presentar la historia clínica y los resultados del tratamiento quirúrgico de un
niño varón de 5 años de edad con hipoacusia conductiva bilateral y tinnitus. El resultado del tratamiento quirúrgico indica la disminución
del tamaño de la reserva coclear en 25dB HL por término medio y la desaparición del tinnitus. El tratamiento quirúrgico de la otoesclerosis
está indicado independientemente de la edad del paciente. Una justificación adicional para realizar la cirugía en niños es el diagnóstico de hipoacusia significativa y progresiva, tinnitus y aumento del umbral de conducción ósea.
Palabras clave: otoesclerosis infantil; niños; estapedotomía

ХИРУРГИЧЕСКОЕ ЛЕЧЕНИЕ ОТОСКЛЕРОЗА У ПЯТИЛЕТНЕГО МАЛЬЧИКА –
АНАЛИЗ СЛУЧАЯ
Абстракт
Отосклероз чаще всего диагностируется у взрослых людей, особенно у женщин. Намного реже он встречается у детей, а среди них ещё реже у мальчиков. Целью работы было представить историю болезни, а также результаты операционного лечения пятилетнего мальчика с двусторонней кондуктивной тугоухостью и шумом в ушах. Результат операционного лечения
поазывает уменьшение размера резерва улитки в среднем на 25 дБ HL, а также исчезновение шума в ушах. Операционное лечение отосклероза рекомендуется вне зависимости от возраста пациента. Дополнительным показанием для проведения операции у детей является обнаружение значительной, прогрессирующей тугоухости, наличие шума в ушах и повышение порога костной проводимости.
Ключевые слова: детский отосклероз; дети; стапедотомия
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CHIRURGICZNE LECZENIE OTOSKLEROZY U 5-LETNIEGO CHŁOPCA
– STADIUM PRZYPADKU
Abstrakt
Otoskleroza jest rozpoznawana najczęściej u osób dorosłych, zwłaszcza kobiet. Znacznie rzadziej spotykamy ją u dzieci, a wśród nich jeszcze
rzadziej u chłopców. Celem pracy było przedstawienie historii choroby oraz wyników operacyjnego leczenia 5 letniego chłopca z obustronnym przewodzeniowym niedosłuchem oraz szumami usznymi. Wynik leczenia operacyjnego wskazuje na zmniejszenie wielkości rezerwy
ślimakowej średnio o 25dB HL oraz ustąpienie szumu usznego. Leczenie operacyjne otosklerozy jest wskazane bez względu na wiek pacjenta. Dodatkowym uzasadnieniem dla wykonania operacji u dzieci jest stwierdzenie znacznego, postępującego niedosłuchu, występowanie szumów usznych oraz podwyższanie się progu przewodnictwa kostnego.
Słowa kluczowe: otoskleroza dziecięca; dzieci; stapedotomia

Introduction
Otosclerosis in children (called also juvenile otosclerosis)
is diagnosed infrequently, and even more rarely in boys.
Due to the rarity and lack of documentation for a progressive disease in a child, an incorrect diagnosis of congenital stapes ankylosis or other congenital middle ear defect can be made (1). Guild (2) in his study of temporal
bones describes one case of histologic otosclerosis in 161
temporal bones of children below 5 years of age, a figure
which amounts to about 0.6% of the population. In the
population between 5 and 18 years of age the incidence
rises to 4% (2).
Computed tomography (CT) imaging is considered the
‘gold standard’ in the assessment of the oval window, cochlea, internal auditory canal, vestibule, ossicles, and facial
nerve (3,4). CT is also useful in preoperative diagnosis of
otosclerosis in adults, allowing otosclerosis to be predicted in 85% of cases (5). There are no publications directly proving the usefulness of CT in diagnosing otosclerosis
on a large pediatric material, although published series of

cases demonstrate that it is helpful in preoperative assessment (6). Nevertheless CT is considered an obligatory examination (7), because it makes it possible to predict the
potential effects of surgical intervention. CT also makes
it possible to limit unnecessary risks such as perilymphatic gusher, which might lead to sensorineural hearing loss
as a complication (8).
An effective treatment is stapedotomy, surgery which
consists in removal of the stapes superstructure, making a hole in the immobilized and often thickened stapes footplate, and inserting into the vestibule an appropriate prosthesis fixed to the long process of the incus.
While this method of treatment is routine in adults, its
application in children is uncommon. This is confirmed
by the small number of published reports of treatment
in children, especially small children, compared to the
number of papers reporting the results of treatment in
adults (9). A review of the literature on surgical treatment
of otosclerosis in children makes it possible to identify
leaders with extensive experience in surgical treatment
for pediatric otosclerosis:
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Figure 1. Results of pure-tone audiometry performed when the patient was four years old, showing approximate air
conduction thresholds in the right and left ear
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a. M
 illman and al. (1996), who report on 40 stapedotomies, the youngest child in their group was 7 years
old (10);
b. Lippy et al. (1998) report 60 ear surgeries in 47 children, the youngest 7 years (11);
c. de la Cruz et al. (1999) report on a group of 81 children and adolescents younger than 18 years, in which
95 ears were operated for otosclerosis and congenital
stapes fixation (12);
d. Denoyelle et al. (2010) performed 35 stapedotomies in
children, including 25 for congenital stapes fixation, 6
for otosclerosis, 3 for posttraumatic ossicular damage,
and 1 for osteogenesis imperfecta (13);
e. Carlson et al. (2013) performed 44 stapedotomies in
children for congenital stapes fixation or otosclerosis (14);
f. Vincent et al. (2016) report 41 stapedotomies for otosclerosis in children, of whom the youngest was 8 years
old (15);
g. Skarzynski et al. (2018) have described the largest group in the literature: 278 stapedotomies in children and
adolescents younger than 18 years, including 213 for
otosclerosis, 44 for congenital fixation of the stapes or
whole ossicular chain, and 21 for posttraumatic ossicular damage (16).
The aim of this paper is to retrospectively present the
case history and results of surgical treatment of probably
the youngest child described in the literature until now:
a 5-year-old boy who underwent surgery due to bilateral
conductive hearing loss and tinnitus.

Case report
The boy was qualified for surgery – exploratory tympanotomy – at the World Hearing Center in the first half of 2016
when younger than 5 years. He had bilateral progressive

hearing loss and tinnitus. Tinnitus was chronic on the left
side and intermittent on the right side. The medical interview revealed no previous otitis media with effusion.
The family history regarding otosclerosis and congenital defects was negative. On interview it was ascertained
that the child had obtained pass results in the otoacoustic
emissions (OAE) test during newborn hearing screening,
which is performed on all newborns in Poland (17,18).
Subsequently, after an extended infection of upper airways, he had an impedance audiometry test at the age of
1 year and 6 months, with pass results. Due to a suspicion of delayed speech development, an auditory brainstem response (ABR) test was performed, which did not
reveal any abnormalities. When the boy was 2 years and
6 months old, after another infection involving the upper
airways and both ears, the parents reported that they started to suspect a hearing impairment in their child. After
infection receded, tympanometry was performed and it
showed no acoustic reflexes bilaterally from the stapedius muscle and normal type A tympanograms. In the follow-up ABR using a chirp stimulus, thresholds of 20 dB
nHL in the right ear and 30 dB nHL in the left ear were
obtained. When the boy was 3 years and 4 months old, he
underwent another ABR, which showed increased hearing
thresholds in both ears. In the right ear, hearing thresholds were 20 dB nHL for 500 Hz and 30 dB nHL for 2000
and 4000 Hz; in the left ear hearing thresholds were 40 dB
nHL for 500 Hz and 30 dB for 2000 and 4000 Hz. Due to
persistent problems with speech development, the boy was
under the care of a speech and language therapist who observed that the child had increasing difficulties with hearing some sounds. When the boy was 3 years and 9 months
old, an ABR test with a chirp-type stimulus recorded bilateral hearing impairment at a level of 30 dB nHL in the
right ear and 40 dB nHL in the left. For this reason, he
was referred for hearing aid fitting in the worse hearing
ear, but he did not tolerate hearing aids. When he was 4
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Figure 2. Preoperative results of pure-tone audiometry performed when the patient was 5 years old, showing reliable
air and bone conduction thresholds in the right and left ear
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years and 2 months old, he had his first pure tone audiometry test. In the right ear the approximate air conduction threshold was at the level of 10–40 dB HL and in the
left ear 25–60 dB HL (Figure 1). The child still did not
tolerate hearing aids. He was tested with pure-tone audiometry again at 5 years of age, obtaining reliable air- and
bone-conduction thresholds showing a conductive hearing loss in both ears (Figure 2). Impedance audiometry
performed at the end of when the child was two and later when he was 5 did not detect the presence of acoustic
reflexes from the stapedius muscles.

then sealed with a blood clot. No complications were observed in the postoperative period.

Moreover, in the left ear the child reported chronic tinnitus, and in the right ear intermittent tinnitus. For this
reason, when he was 5 years and 1 month old, it was decided to perform exploratory tympanotomy in the left
ear to evaluate the condition of the middle ear (to explore whether reconstruction surgery or stapedotomy
was necessary). Before the surgery, a CT scan was performed in order to exclude middle and inner ear pathologies. CT images showed otosclerotic foci in the
oval window area.

Discussion

The tympanic cavity was reached using the typical approach to the middle ear through the external auditory
canal. The view into the lumen of the tympanic cavity was
slightly widened. After good visualization of the oval window area it was seen that the stapes was clearly immobilized and that there were concretions on the stapes footplate, as evidenced by a shallow oval window niche. The
stapes superstrucure was removed in the typical way. Then
an opening of 0.6 mm diameter was made in the thickened footplate using a diamond burr. Next, on the long
process of the incus, a Kurz Skarzynski prosthesis of diameter 0.5 mm and length 4.5 mm was placed and clipped
(the Kurz Skarzynski prosthesis varies from other available prostheses in terms of piston length). The piston was

In follow-up examinations performed 1, 6, and 12 months
after surgery, a significant improvement in hearing in the
operated (left) ear was confirmed. The boy reported that
he was not bothered by tinnitus in the operated ear, but
he still complained about periodic tinnitus in the other.
The latest pure-tone audiometry confirmed the long-term
(after 1 year) subjective hearing benefits reported by both
the child and his parents (Figure 3).

Cases of otosclerosis diagnosed in children are very rare,
which may be the reason for a certain reluctance to perform stapedotomy in children. It is still a controversial
intervention in children (9), although it should be noted that this is an appropriate procedure giving good and
stable results (10,12,19–24). Albert et al. (25) noted in
their study, similarly to other authors (9,12,13,19–21),
that stapedotomy performed in cases of juvenile otosclerosis gives better postoperative results than in cases
of congenital stapes fixation or other causes of ossicular
chain immobilization.
The appropriate age at which stapedotomy should be performed in children has not yet been established. To the
authors’ best knowledge, currently there are no reports of
children younger than 5 years undergoing the procedure.
Although the hearing results of stapes surgery in children
may deteriorate over time, Yun and Kwan-Sun found that
children who underwent stapes surgeries did not show an
increased ABG over time (26). However, because childhood otosclerosis is rare and children commonly choose
to use hearing aids in lieu of undergoing surgery, only a
handful of results are currently available (27).
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Figure 3. Results of pure-tone audiometry performed 12 months after operation, showing air and bone conduction
thresholds for the right (not operated) and left (operated) ear
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The main concern about performing pediatric stapedectomy has been the risk of a stapes gusher and ensuing SNHL.
Therefore, the option of a hearing aid to improve hearing
should be discussed with the family – it is a costly, longterm, but risk-free alternative. Some authors recommend
waiting for the child to reach an age where he or she can
make an informed decision before a stapedectomy is performed, especially in unilateral cases (1).
The Baha Softband bone-conduction aid offers a third
costly, long-term and complication-free treatment option for otosclerosis in patients who cannot or will not
undergo stapedectomy and who have difficulty with conventional hearing aids (34). Young children or non-surgical candidates can still benefit from Baha by using the
Softband (28).
Nevertheless, it should be remembered that only stapedotomy provides the opportunity to slow down, or even
stop, the progression of the disease, and the above solutions do not do that. The results in our own studies, with
measurements performed 1 month postoperatively and
confirmed at follow-up 6 and 12 months later, shows very
good results, with decreased thresholds for air conduction
and bone conduction at two frequencies in the operated
ear. It should also be noted that some thresholds deviate
by only about 5 dB, which in small children is absolutely
normal and acceptable.
The child’s subjective hearing levels might be affected by
the changing level of perceived tinnitus in the operated ear
and by the process of hearing in that ear. The stable results
of hearing levels measured is comparable to the results obtained for older children and adolescents described in the
literature (11–13,16). Of note, deterioration of hearing in
the other, not operated, ear was observed. An increase of
air conduction threshold over a relatively short time attests to a very dynamic pathological process and this is
an indication for surgical treatment in the right ear also,
which should ensure that the child maintains normal levels of communication.

The results obtained by the described child, and operated
on due to increasing bilateral hearing loss, confirm that
age is not a contraindication for surgical treatment (16).
This is important in the context that the child, who had
significantly increased hearing thresholds at low frequencies and relatively lower ones at high frequencies, did not
tolerate amplification with a classic hearing aid.
Based on our own experience and a literature review, we
can state that indications for surgical intervention in children include:
•
•
•
•

significantly decreased hearing sensitivity;
presence of an air-bone gap;
presence and increase of tinnitus;
increased bone conduction thresholds.

It is recommended that, before any surgical intervention, a CT scan of the temporal bones should be performed in order to rule out congenital malformations
of the middle and inner ear and posttraumatic ossicular
damage. To provide the best outcomes, surgery should
be performed by highly experienced otosurgeons in specialized hospitals.

Conclusions
Treatment of otosclerosis is indicated irrespective of a patient’s age. Justification for deciding upon surgery for this
5-year-old boy, probably the youngest described in the literature, was the diagnosis of significant progressive hearing loss
and tinnitus, as well as growing bone conduction thresholds.
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