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Abstract

Hearing loss in osteogenesis imperfecta (OI) typically begins in the third decade of life. OI rarely occurs in childhood. Case reports of hear-
ing loss in pediatric patients with OI are considered as merely incidental, and until now pediatric OI cases have not been presented in the lit-
erature. Typically, hearing loss is conductive, but over time a sensorineural component also occurs. There are some reports of profound sen-
sorineural hearing loss, but this type of loss is believed to be due to additional genetic factors. The two case reports described in this paper
show how the hearing loss due to OI can be treated by means of stapedotomy and restapedotomy.
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PERDIDA AUDITIVA DEBIDO A OSTEOGENESIS IMPERFECTA EN LA POBLACION
PEDIATRICA

Resumen

La pérdida de audicion en la osteogénesis imperfecta (OI) ocurre tipicamente en la tercera década de la vida. La OI raramente vez tiene un
comienzo en la infancia.

Los casos declarados de pérdida auditiva en pacientes pediatricos con OI se consideran meramente incidentales y hasta ahora no se han pre-
sentado casos pediatricos de OI en la literatura. Tipicamente, al inicio la pérdida auditiva es conductiva pero, a lo largo de los anos, apare-
ce también un componente neurosensorial. Se encuentran disponibles informes de pérdida auditiva profunda en ninos; sin embargo, se cree
que este tipo de pérdida de audicion es el resultado de una predisposicion genética adicional. Las descripciones de los casos clinicos conteni-
das en este articulo presentan el tratamiento de la pérdida auditiva mediante estapedotomia y restapedotomia. Ademas, presentan los resul-
tados auditivos de estas operaciones, que no han sido reportados en la literatura hasta el momento.

Palabras clave: osteogénesis imperfecta o estapedotomia o pérdida auditiva conductiva « pérdida auditiva mixta « nifio

TYTOYXOCTbD ITPM HECOBEPIIEHHOM OCTEOTEHE3E B IIEJIVIATPUYECKOM
MOIYJIALUN

AHHOTaIMA

TyroyxocTb npy HeCOBEpPIIEHHOM OCTeoreHe3e OObIYHO HOAB/AETCA B Bo3pacTe okono 30 met. OHa pefiKo pa3sBMBAETCA B IETCKOM BO3pac-
te. OnucaHus JIe9eHNs TYTOYXOCTH Y A€Tell C HECOBEPIIEHHBIM OCTEOTeHe30M SBIIAIOTCS KpaiiHe snmusoandecknmu. Kak mpasuo, nmeppoit
MOABIIAETCA KOHYKTUBHAA TYTOYXOCTb, a C TOfaMu 100aBIIAETCA CEHCOHEBPa/IbHbII KOMIOHEeHT. CyIeCTBYIOT OIMCaHNUA ITy6OKOI Heltpo-
CEHCOPHOIT TyroyxocTu y feteit. OfHAKO, CYMTAETCS, YTO HAHHBII TUII TYTOYXOCTH SIB/ISETCS Pe3yIbTaTOM JOIOTHUTEbHBIX TeHETUIECKIX
MmyTanuit. ONMCcaHNA KIMHUYECKMX CIy4YaeB, COflepyKalljiiecss B 3TOI CTaTbe, MPEJCTAB/IAIOT JIeYeHNe TYTOYXOCTH C MTOMOIIBIO CTale/oIIa-
CTUKY U IOBTOPHOII CTaIeAomIacTuku. Kpome Toro, oHy ONMCHIBAIOT pe3y/nbraThl 00C/Ie[OBAHMIT CITyXa [OC/Ie OFOOHBIX OIepaLyil, O KO-
TOPBIX IO CUX HOP He COOOIIANOCh B IUTEPAType.

KiroueBsble CIOBa: HECOBEPIIEHHBIT OCTEOTEHES o CTANEAOIIACTUKA » KOHAYKTUBHAsI TYTOYXOCTh » TYTOYXOCTh CMEIIAHHOTO TUIIA
pebeHok
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NIEDOSLUCH W OSTEOGENESIS IMPERFECTA W POPULAC]I PEDIATRYCZNE]

Streszczenie

Niedostuch w Osteogenesis imperfecta typowo pojawia si¢ w 3 dekadzie zycia. Bardzo rzadko ma poczatek w dziecinstwie. Opisy przypad-
kow leczenia niedostuchu u dzieci z Osteogenesis imperfecta sa kazuistyczne. Typowo, jako pierwszy pojawia sie niedostuch przewodzenio-
wy, a z biegiem lat pojawia si¢ komponenta odbiorcza. Dostepne sa opisy glebokiego niedostuchu odbiorczego u dzieci. Aczkolwiek uwaza
sie, ze ten typ niedostuchu jest skutkiem dodatkowych mutacji genetycznych. Opisy przypadkéw kliniczych zawarte w tej pracy przedsta-
wiajg leczenie niedostuchu za pomoca stapedotomii i restapedotomii. Dodatkowo przedstawiajag wyniki stuchowe tych operacji co dotych-

czas nie bylo raportowane w literaturze.

Stowa kluczowe: Osteogenesis imperfecta  stapedotomia « niedostuch przewodzeniowy « niedostuch mieszany « dziecko

Introduction

Osteogenesis imperfecta (OI) is a genetically determined
connective tissue disorder which manifests within systems
and organs with a high collagen content. It is character-
ised by recurrent bone fractures (leading to skeletal de-
formities), blue sclerae, and dentinogenesis, as well as ex-
cessive skin and joint laxity, short stature, and hearing loss
[1]. The onset of hearing loss is typically seen in the third
decade of life [2,3]; however, paediatric cases have also
been reported [4,5]. A study by Kuurila et al. [5] showed
that in a group of paediatric patients with OI, conductive
hearing loss affected 4.4% of the subjects and sensorineu-
ral hearing loss 2.2%. In the available reports of hearing
loss in children, the youngest patient was 11 years old and
had moderate conductive hearing loss with air conduc-
tion thresholds of 40 dB [5]. Typically, hearing loss is in-
itially conductive, with the sensorineural component oc-
curring over time [2,3]. The symptoms within the middle
ear are caused by ossicular chain defects, most frequently
of the stapes (i.e. thickened stapes footplate, obliteration
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of the stapes, fracture of the stapes crura), as well as their
excessive laxity or discontinuity [6-8] - at this point the
conductive component appears. Consequently, it is possi-
ble that middle ear surgery may be effective for children
with OI. However, the available literature on middle ear
surgery for OI in children is limited; the purpose of this
study is to present two case studies of middle ear surgery
with children experiencing OI

Material and method

This publication is based on approval by the Bioethics
Committee of the Institute of Physiology and Pathology
of Hearing (IFPS: KB/14/2016). This approval is consist-
ent with the Code of Ethics of the World Medical Associ-
ation. Informed consent was not necessary due to the ret-
rospective nature of the study.

The first case study refers to a 17-year-old female patient
who had suffered hearing disturbances since the age of 13.
The patient was diagnosed with OI in view of her history

LEFTEAR

750 1500 3000 6000 Hz

dB
-10

- -J\.\-
10 A

20 H
30
P 4 4
50
60
70
80
90
100
110
120

N

125 250 500 1000 2000 4000 8000 Hz

X Left ear, air conduction thresholds, no masking
D Left ear, air conduction thresholds, masking

> Left ear, bone conduction thresholds, no masking
7 Left ear, bone conduction thresholds, masking

Figure 1. Pure tone audiometry prior to surgical treatment in patient |
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of recurrent bone fractures — 10 episodes of fractures of
the upper and lower limbs in childhood. Other features
included blue sclerae as well as a positive family history of
OI, with similar manifestations reported in the patient’s fa-
ther, grandmother, and great-grandfather. Other signs in-
cluded short stature (160 cm), as well as excessive laxity
of the skin and joints. Basing on these phenotypic traits
she was classified to type I of OI according to Sillence [9].
A physical examination revealed maintained and transpar-
ent tympanic membranes. Between the age of 14 and 17,
the patient had significant progression of hearing loss. The
current auditory test showed bilateral conductive hearing
loss (Figure 1), type A tympanograms, and the absence of
acoustic reflexes bilaterally.

The patient was qualified for exploratory tympanotomy
with possible stapedotomy or ossiculoplasty of the right ear.

Surgery performed under a microscope revealed a mas-
sive bone overhang in the vicinity of the stapes footplate,
with a thickened footplate of the stapes of approximate-
ly 2 mm. A standard stapedotomy was performed with
a diamond burr, followed by typical placement of a Kurz
Skarzynski piston prosthesis of 0.5 x 4.75 mm, which was
subsequently sealed with a blood clot.

The patient reported significant improvement in hearing
immediately following surgery. After 5 months, i.e. at the
age of 18, the patient underwent a surgical procedure in-
volving the left ear. As in the case of the right ear, the proce-
dure showed a thickened and immobilised stapes footplate
which was mobilised during the removal of the superstruc-
ture. An opening was subsequently made at the border of
the left middle ear footplate and the promontory, followed
by placement of another Kurz Skarzynski piston prosthe-
sis, again sealed with a blood clot. During the entire proce-
dure severe bleeding from the lining of the tympanic cavity
and the bone of the external auditory canal was observed.

Skarzynski H. et al. — Hearing loss due to osteogenesis...

The second case study involved the retrospective anal-
ysis of the results of treating a 26-year-old male who
had suffered hearing loss since the age of approximate-
ly 9-10 years. The patient was diagnosed with OI during
adolescence on the basis of the following manifestations:
blue sclerae, 13 episodes of upper and lower limbs frac-
tures in early childhood, rickets, dentinogenesis, and fam-
ily history of OI - in the mother and grandmother on his
mother’s side. He was also classified as OI type I accord-
ing to Sillence based on phenotypic traits [9]. Otoscop-
ic examination revealed maintained and opaque tympan-
ic membranes. Auditory testing showed bilateral mixed
hearing loss (Figure 2), type A tympanograms, and ab-
sence of acoustic reflexes bilaterally.

The patient was qualified for exploratory tympanotomy
with possible stapedotomy or ossiculoplasty of the left
ear. The first surgical procedure had been carried out at
the age of 14 and revealed disarticulation between the
stapes superstructure, the stapes footplate, and the long
process of the incus. Due to severe bleeding from the
thickened lining of the tympanic cavity and walls of the
auditory canal, a decision was made to carry out the pro-
cedure in two stages. Standard stapedotomy of the left
ear was conducted after 1 month, with implantation of
a Mikoléw III BO Teflon piston prosthesis. The patient
reported significant hearing improvement immediately
following the procedure. After 10 months, the patient un-
derwent exploratory tympanotomy with stapedotomy of
the right ear which revealed immobilisation of the sta-
pes and severe bleeding from the lining of the tympan-
ic cavity. Another Mikotéw III BO Teflon piston pros-
thesis was inserted. Hearing improvement was observed.
After approximately 3 years, the patient reported a grad-
ual progression of hearing loss in the right ear. Due to
decreased auditory thresholds, he underwent restapedot-
omy in this ear. The procedure revealed displacement of
the prosthesis from the opening in the vestibule, and the
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Figure 2. Pure tone audiometry prior to surgical treatment in patient Il (key as per Figure 1)
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opening was covered with osseous tissue. A restapedoto-
my became necessary 2 years after the initial surgery and
then again at 5 years in the right ear. The improvement
in hearing sensitivity following the final surgery has been
stable for more than 4 years (Figure 4).

Results

Patient 1 displayed significant decrease in the air-bone
gap by 14 dB on average bilaterally; specifically, hearing
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thresholds improved by an average of 19 dB in the right
ear and 12.5 dB in the left (Figure 3). Less improvement
in the left ear is not unusual considering that at baseline
there was a lower degree of hearing loss in the left ear.

In the case of patient II, closure of the air-bone gap was
obtained after a two-stage surgery of the left ear and four
surgical procedures of the right ear. Hearing thresholds
observed 38 months following the last surgical procedure
of the right ear are presented below (Figure 4).
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Figure 3. Tonal audiometry after surgical treatment of both ears in patient | — some 3 months following the procedure

involving the left ear (key as per Figure 1)
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Figure 4. Tonal audiometry after surgical treatment of both ears in patient Il — some 38 months following the proce-

dure involving the right ear (key as per Figure 1)
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Discussion

The available literature reports single cases of hearing loss
in children with osteogenesis imperfecta [4,5], mainly deal-
ing with descriptions of pathologies and the diagnostic
procedures used [4]. For example, Mnari and colleagues
[4] considers pediatric OI cases where hearing losses are
subject to a wide range of diagnostic procedures, including
audiometric, genetic, and radiological examinations. Nev-
ertheless, in general the descriptions of the surgical treat-
ments used and the outcomes are scant. Denoyelle et al.
presents results of stapes surgery on children and adoles-
cents [10]; however in this work only one child suffered
from osteogenesis imperfecta, with the others having sta-
pes congenital fixation, juvenile otosclerosis, and posttrau-
matic stapes luxation. The hearing results were presented
all together, with the results of the osteogenesis imperfec-
ta subject not separately reported.

In the case of our first patient, the results of the surgi-
cal treatment were comparable to outcomes of the treat-
ment of adult patients carried out at other centres [2,3].
The improved auditory thresholds observed in the right
ear (19 dB) demonstrated that the procedure was effec-
tive. Even in the case of the left ear where the hearing
loss was lower at baseline, auditory thresholds improved
by more than 10 dB.

In the case of the second patient, the intraoperative chang-
es that were seen in the left ear were typical for OI: su-
perstructure lying freely in the niche of the oval window
as well as a thickened lining of the tympanic cavity. The
course of hearing loss in the right ear was suggestive of
ongoing bony regrowth within the ear, also typical of OI.
Since the last surgery involving the right ear the patient’s
condition has been stable for 38 months. Compared to
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preoperative levels, the last surgical procedure led to a de-
crease in the air-bone gap by 39 dB on average; audito-
ry thresholds also improved by the same amount. Im-
portantly, despite the successful outcomes of surgeries in
subject II, and great patient satisfaction, we did observe
aminor deterioration of bone conduction thresholds. The
deterioration can be connected to advanced changes in the
middle ear, typical of OI patients, and due to the fact that
the surgery was more risky. Bony growth in the cochlear
duct can also be a factor in deterioration of bone conduc-
tion thresholds. In this patient we noted regrowth in the
oval window niche, which was the reason for the restape-
dotomy, so we believe that bone remodeling was active
and could have impacted bone conduction thresholds.
Nevertheless, subject II considered the final hearing lev-
els were satisfactory.

Conclusion

Hearing loss in the course of Ol is rarely observed in chil-
dren. Case studies of otosurgical treatment and its out-
comes are deemed to be merely incidental. The changed
bone anatomy and structure increase the risk of the pro-
cedure, thus making it the decisive factor in the choice of
a conservative method of treatment — hearing aids - at
many centres. Nevertheless, surgical treatment conduct-
ed by an experienced otosurgeon can allow significant
improvement of hearing to be achieved even in young
OI patients.
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