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Abstract

Background: Osteogenesis imperfecta is a congenital disorder underlain by an inherited deficiency of a connective tissue com-
ponent. Different clinical symptoms related to various collagen mutations make it possible to distinguish several types of oste-
ogenesis imperfecta. The most common four symptoms are defects of the osteoarticular system, sclera, skin, and hearing loss.

Case report: We report the case of a 60 year-old patient who was referred to the Institute of Physiology and Pathology of Hear-
ing with bilateral progressive hearing loss, which she had first noted about 35 years ago. Based on clinical findings, the patient
was diagnosed with osteogenesis imperfecta. She had a history of multiple bone fractures, short stature, and minor teeth mal-
formations. No genetic test results were available for this patient. Based on results of an examination and the character of the
hearing loss, the patient was referred for surgical treatment: explorative tympanotomy with bilateral reconstruction in stag-
es. Both surgeries revealed fixation of the stapes and a thickened stapes footplate. Stapedotomies were performed in each ear.
Follow-up after surgeries included pure tone audiometries.

Results: Surgical intervention resulted in closure or reduction of the air-bone gap on both sides, demonstrating effectiveness
of the treatment.

Conclusions: In osteogenesis imperfecta hearing loss is a common comorbidity of anomalies in the osteoarticular system. A
thickened and fixated stapes footplate can contribute to conductive component of hearing loss. Exploratory tympanotomy with
stapedotomy is the method of choice in such cases. It allows the air-bone gap to be reduced and a subjective improvement of
hearing, to reach, as this report demonstrates.
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TRATAMIENTO DE LA PERDIDA AUDITIVA EN LA OSTEOGENESSIS IMPERFECTA
POR MEDIO DE LA ESTAPEDOTOMIA - DESCRIPCION DEL CASO

Resumen

Introduccion: La osteogénessis imperfecta es una entidad patoldgica basada en un trastorno hereditario de la composicion
del tejido conectivo. Los sintomas clinicos variados relacionados con una amplia gama de la mutacion del coldgeno han de-
jado identificar algunos tipos de la osteogénessis imperfecta. En los 4 mds frecuentes se notan principalmente defectos en la
zona del sistema osteoarticular, de la esclerdtica, de la piel y también una pérdida auditiva.

Métodos y material: La descripcion de caso se refiere a una paciente de 60 afios que se present6 en el Instituto de Fisiologia y
Patologia del Oido con una pérdida auditiva bilateral. La paciente se dio cuenta de la pérdida auditiva hace 35 afios. La pa-
ciente tiene diagnosticada una osteogénessis imperfecta. En el examen fisico se diagnosticaron bilateralmente timpanos con-
servados traslucidos. Se realizé una audiometria tonal, de la impedancia y un examen del umbral del reflejo del musculo es-
tapedial bilateralmente. Como resultado de los exdmenes realizados la paciente fue remitida a una operacion. Después de la
intervencion quirdrgica se realizé un examen de control de la audiometria tonal.

Resultados: A resultas de las operaciones realizadas se consigui6 un cierre de la reserva acustica de forma bilateral, lo cual su-
giere una seguridad y eficacia del método de tratamiento aplicado.

Conclusiones: La pérdida auditiva en la osteogénessis imperfecta es un sintoma bastante frecuente relacionado con irregu-
laridades en la zona del sistema osteo-artucular. La estructura del tejido 6seo modificada a menudo causa un abultamiento
y fijacion de la plantilla. Esto se manifiesta como una pérdida auditiva conductiva o mixta que con el paso del tiempo puede
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empeorar. La timpanotomia exploratoria con estapedotomia es en este caso un tratamiento de eleccion, gracias al que se con-
sigue la disminucion de la reserva auditiva y una mejora auditiva subjetiva.

Palabras clave: osteogénessis imperfecta « estapedotomia e pérdida auditiva mixta

JIEHEHUME TYTOYXOCTU ITPM1 HECOBEPIIEHHOM OCTEOTEHE3E
C IIOMOIIBIO CTAITEJOTOMMIMN - OIIMCAHME CJIYYAA

N3noxxenune

BBenel—me: HeCOBepLHeHHbe/l OCTE€OI€HE3 — 3TO 33.60]'ICB3HI/I6, B OCHOB€ KOTOPOTO JIEXKUT HACIE€OCTBEHHOE paCCTpOﬁI—
CTBO COCTaBa COEAVHUTETbHON TKaHU. PasnuyHble KIMHNYECKIIE CMMITTOMBI, CBSI3aHHBIE C ].HI/IpOKOﬁ TaMMOM MyTaI.H/Iﬁ
KOJIJIaréHa, Io3BOIVJ/IN BBIOENNUTD HECKOJIBKO BUIOB HECOBEPIIEHHOI'O OCTEOTEHE3A. B cambix IIOUIVIPEHHBIX YE€ThIPEX
MMEKTCA, IT'TaBHBIM 06pa30M, ]Ie(beKTbI B 00/1aCTU KOCTHO — CyCTaBHOI"/I CUCTEMDI, CK/IE€PBI, KOXXI, a TaK)XX€E TYTrOyXOCTb.

Marepuan u Metopbl: Onucanne crydas Kacaercsa 60-1eTHeil HalMeHTKN, KoTopas obparniaack B MHctutyr OPusu-
onorun u ITaronornu Ciyxa 1o mpumymHe ABYCTOpOHHeN Tyroyxoctu. IlanmeHTKa 3aMeTn/Ia IOABIEHME TYTOYXOCTH
0Ko0710 35 j1eT Hasaf. Y Mal[MeHTKN OIpefeeH HeCOBEePLICHHBIII OCTeoreHe3. B mpeMeTHOM McciefoBaHNN OOHAPYKe-
HO, 4TO GapabaHHbIe IEPEIIOHKY ABYCTOPOHHE COXPaHEHbI, IPOCBEYMBalOLIye. BpITo/THeHa [BYCTOPOHHSIS TOHA/IbHAS
VIMIIeJaHCHAs ayAVIOMeTPUA M UCCTIef0BaHNe IIOPOTa MIMITY/IbCA M3 CTPEMEHHOI MBIIIIIBL. B pe3ynbTaTe BEINOTHEHHBIX
MCCIeOBaHMIT TTAI[MeHTKa OblIa HallpaBjleHa Ha OllepalioHHOe edeHne. [Tocye omepainit BHIITOTHEHbI KOHTPOIbHbIE
JICC/IeIOBAHMSI TOHAJIbHO ayMIOMeTPUIL.

PesynbraTel: B pesynbTaTe MpoBeeHHBIX ONlePaIVii IIPOM30IIIIO ABYCTOPOHHEE 3aKPBITIE KOCTHO-BO3/YIIIHOTO IHTEP-
BaJIa, 3TO MO3BOJIAET IPEAIO/IaraTh, YTO IIPUMEHEHHBII METOJ Ie4eHusA — 6e30IacHbI 1 9P PEeKTUBHBII.

WUrorn: TyTOyXOCTb Ipy HECOBEPIIEHHOM OCTEOI€HE3€ — 3TO JOBOIBHO YacTbII CUMITOM, COHpOBO)K,‘E[aIOH.H/II‘/'I Hapy-
1eHus B 006macTu KOCTHO-CyCTaBHOI?I cucteMbl. VI3sMeHeHHast CTPYKTYpa KOCTHOV TKaHU YaCTO BENET K YTOMIEHUAM 1
(1)I/IKC3LU/II/I IUTACTVTHKU CTpeMeYKa. 3to IpOABIAETCA B KOHJIYKTMBHOﬁ VIV CMEIIaHHOM TYrOoyXoCTH!, KOTOpas CO Bpe-
MEHEM MOXXET yI‘HyGTIHTbCH. 3KCHHOPaTI/IBHaH TUMIIAHOTOMMUA CO CTaHe)IOTOMI/Ieﬁ B 3TOM Ci1ydae ABIAETCA NPEeanoa-
TUTE/JIbHBIM BUIOM JICUCHUA, 6]'[31"0]1&19}1 KOTOPOMY MOJXHO IIO/TYy4YUTDb YMEHbIICHVIE€ KOCTHO-BO3QYIIIHOTO MTHTEpBAaJIa "N
Cy6'heKTI/IBHO€ yay4dni€eHnue CabIIIaHuA.

KaroueBble ctoBa: BpOXXII€HHas IOMKOCTb KOCTeI o CTanegoToOMM:A o CMENIaHHaA TYTOyXOCTb

LECZENIE NIEDOSLUCHU W OSTEOGENESIS IMPERFECTA ZA POMOCA
STAPEDOTOMII - OPIS PRZYPADKU

Streszczenie

Wprowadzenie: Osteogenesis imperfecta jest jednostka chorobowa, u ktérej podstaw lezy dziedziczne zaburzenie sktadu tkan-
ki facznej. Zréznicowane objawy kliniczne zwigzane z szeroka gama mutacji kolagenu pozwolity wyodrebni¢ kilka typow oste-
ogenesis imperfecta. W 4 najczesciej wystepujacych, notuje sie gtéwnie defekty w obrebie ukladu kostno-stawowego, twar-
dowki, skory a takze niedostuch.

Material i metody: Opis przypadku dotyczy 60-letniej pacjentki, ktdra zgtosita si¢ do Instytutu Fizjologii i Patologii Stuchu
z powodu obustronnego niedostuchu. Pacjentka zauwazyta niedostuch okoto 35 lat temu. Pacjentka ma rozpoznang osteogene-
sis imperfecta. W badaniu przedmiotowym stwierdzono obustronnie blony bebenkowe zachowane, przezierne. Wykonano au-
diometrie tonalng, impedancyjna oraz badanie progu odruchu z mieénia strzemigczkowego obustronnie. W wyniku przeprowa-
dzonych badan pacjentke skierowano na leczenie operacyjne. Po zabiegach wykonano kontrolne badania audiometrii tonalne;j.

Wyniki: W wyniku przeprowadzonych zabiegéw operacyjnych uzyskano zamknigcie badz zmniejszenie rezerwy slimakowej
obustronnie co sugeruje skuteczno$¢ zastosowanej metody leczenia.

Whioski: Niedostuch w osteogenesis imperfecta jest dos¢ czestym objawem wspoltowarzyszacym nieprawidtowo$ciom w obre-
bie ukladu kostno-stawowego. Zmieniona struktura tkanki kostnej skutkuje czesto pogrubieniem i fiksacja plytki strzemiacz-
ka. Objawia si¢ to niedostuchem przewodzeniowym badz mieszanym, ktory z biegiem lat moze poglebia¢ sie. Tympanotomia
eksploratywna ze stapedotomig jest w tym przypadku leczeniem z wyboru, dzigki ktéremu uzyskuje si¢ zmniejszenie rezerwy
$limakowe;j i subiektywna poprawe slyszenia.

Stowa kluczowe: wrodzona famliwos¢ kosci « stapedotomia e niedostuch mieszany
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Background

Osteogenesis imperfecta (OI) involves an increased sus-
ceptibility to bone fracture. It is a congenital connective
tissue defect which can be present to different degrees in
members of the same family, and not all individuals with
the mutation develop the disease. It is estimated to affect 1
in 12,000-15 000 children [1]. First reports of this disease
were as early as 1788 [2]. The first classification of the dis-
ease differentiated four types based on clinical symptoms
and mode of inheritance [1]. In types I and IV, inheritance
is autosomal dominant, while in types II and III recessive
inheritance prevails. In 1983, a gene mutation responsible
for OI was discovered: a deletion within the collagen-pro-
ducing gene COLIAL1 [3]. Subsequently, other mutations
were identified in genes coding the collagen type I chains
alpha 1 and alpha 2 (COLIA1 and COLIA2 respectively)
[4]. Although the current classification includes 14 types
of OI (which are distinguished based on the identification
of new mutations [5]), however clinical symptoms and ra-
diological findings are similar to those in the basic four
types [6]. It is estimated that almost 90% of OI patients of
European origin have the COLIA1/COLIA2 mutation [6].

Presently, the most popular OI classification scheme is that
according to Sillence [7], which indicates the severity of
a given type of OL. It classifies cases as one of five types.
The mild types are Type 1 (no bone deformations, blue
colour of sclera) and Type 4 (various degrees of deforma-
tions, normal sclera). Type 5 involves calcification of the
interosseus membranes. The most severe types are Type 3
which is progressively deforming (most severe among liv-
ing births with OI) and Type 2, which is perinatally lethal.

The most common clinical symptoms are bone fractures, so
that only 10% of patients with OI Type 1 have no history of
bone fracture in childhood [8]. Clinical symptoms are relat-
ed to structures which accumulate collagen-rich connective
tissue. A distinctive feature is bone deformation caused by

fracture and subsequent knitting, as well as a blue colour of
the sclera caused by abnormal structure of connective tis-
sue matrix. Small stature is another distinctive sign. Other
symptoms include dysfunction of the aortic valve and dis-
section in the ascending part of the aorta, flaccid skin, diffi-
cult healing of wounds with formation of large scars, overly
mobile joints, abnormal dental structure, and hearing loss,
usually conductive, but also sensorineural or mixed [9].

In Type 1 cases, there is increased susceptibility to bone
fracture, blue sclera, and hypoacusis which begins in ad-
olescence or early adulthood. This symptom triad - frag-
ile bones, blue sclera, and hearing loss - is described as
Hoeve-de Kleyn syndrome and occurs in 1 in 25,000 live
births [10]. Nearly 50% of patients diagnosed with Type 1
OI will develop a conductive or sensorineural hearing loss
before they are 40 y.o. [11,12]. This pathology is often as-
sociated with vertigo [13].

In Types 3 and 4, hearing loss is less frequent, occurring
mostly in adults.

Hearing loss in OI can be progressive [8,14]. Usually the
sensorineural component is noticed in patients after age
30 [14]. Some patients develop a profound sensorineural
hearing loss, which can be remedied with a cochlear im-
plant. Some reports of cochlear implantation in OI patients
mention difficult intraoperative conditions [15].

The aim of the present work is to present a way of treat-
ing the conductive component of hearing loss in osteo-
genesis imperfecta. It sets out the clinical and intraoper-
ative findings as well as demonstrating the hearing gain
achieved after bilateral surgeries.

Material and methods

A 60-year old patient reported to a clinic with a progres-
sive bilateral hearing loss, which had begun about 35 years
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Figure 1. (A, B) Preoperative pure tone audiometry
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Figure 2. Pure tone audiometry on the right ear before surgery (A) and 2 months after surgery (B) showing closure of

the air-bone gap
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Figure 3. Pure tone audiometry on the left ear before surgery (A) and one year later (B)

earlier. She had osteogenesis imperfecta. The diagnose of OI
was made including the medical history of the patient. She
underwent three orthopedic surgeries due to multiple bone
fractures in childhood. Moreover she had high susceptibil-
ity to fractures, short stature, and some minor malforma-
tions of the teeth. No genetic tests had been done for this
patient in the past. Her sclera was blue and there was no ex-
cessive joint mobility or flexibility of the skin. Additionally,
the patient did have bilateral tinnitus and sporadic vertigo.

Under clinical examination her tympanic membranes
were observed to be intact and opaque. Audiometric tests

46

showed bilateral mixed hearing loss (Figure 1), a type
A tympanogram, and lack of stapedius muscle reflex on
both sides.

The decision was made to perform explorative tympanot-
omy on the right ear with eventual ossicular chain recon-
struction. Intraoperatively, stapes fixation was observed.
After removing the stapes suprastructure, a hole was
drilled in the thickened and fixated stapes footplate near
the promontory border. A prosthesis (Mikolow type III BO
- a polytetrafluoroethylene piston connected with plati-
num tape) with diameter 0.6 mm was fixed and fastened
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Figure 4. (A, B) Final measurements on both ears recorded one year after the left ear surgery and one year and 2 months

after right ear surgery

to the long process of the incus. The bone channel was
sealed with a clot of venous blood. A thickened muco-
sa of the middle ear and excessive bleeding were noted.

Follow-up pure tone audiometry was performed 2 months
after surgery (Figure 2), and showed closure of the air-bone
gap in the operated ear. Subsequently, surgery in the left
ear was performed. Similar to the right ear, the stapes foot-
plate was fixated and thickened. Again, a 0.6 mm Mikolow
type III BO prosthesis was introduced into a hole in the
footplate and fastened to the long process of the incus.

Results

Follow-up examinations were performed one year after
each surgery. The results are shown in Figures 3 and 4.

Note that the follow-up periods were different for each
ear, since the second surgery was performed 2 months af-
ter the first. Figure 4 shows that significant hearing gain
was achieved in each ear. After the second surgery the pa-
tient was not interested in any further short-term control.

Discussion

Diagnosis of osteogenesis imperfecta points to a risk of
hearing loss. It is estimated that as many as 50% of pa-
tients with OI may develop hearing loss [14] of conduc-
tive, sensorineural, or mixed character. The sensorineural
component is usually noticed after the third decade of life
[14]. There are many publications on OlI-related changes
in ear structures. In accordance with the findings of Ku-
urila et al. [11], who performed explorative tympanoto-
my in OI patients with hearing loss of a conductive kind,
the usual intraoperative findings are a thickening of the
stapes footplate, stapes fixation, or even obliteration. The
stapes crura can be atrophied, overly flexible, or broken.
In their paper summarizing histopathological analysis of

the temporal bones of OI patients, Santos et al. [5] found
that, in Type I cases, pathological lesions are usually lo-
cated in the area of the oval window niche or round win-
dow niche, anomalies are related to the stapes (e.g. stapes
crura not fixed to the footplate), and there is often oblit-
eration of the scala tympani with a malformed organ of
Corti and stria vascularis. Moreover, the membranous lin-
ing of the tympanic cavity is often thick and bleeds heavi-
ly during any middle ear procedure.

OI pathology is often related to difficult topical conditions
during procedures on the middle or inner ear, and these
may influence postoperative hearing results. The literature
reports that stapes surgeries in Type I OI result in air-bone
gap closure (air-bone gap of up to 10 dB) in 75-85% of
patients; this figure may be compared to an air-bone gap
closure of 90-95% in stapes surgeries performed in other
conditions [14]. Moreover, reports of cochlear implantation
in OI patients with profound sensorineural hearing loss
sometimes refer to advanced demineralization of the bony
labyrinth. In some cases of OI, a correctly placed CI elec-
trode array results in stimulation of the facial nerve [16].

Our case report shows findings typical for OI: thickened
and fixated stapes footplates, thickened mucosa, and ex-
cessive bleeding during surgery [11]. After performed sta-
pedotomies, long-term observations showed closure of the
air-bone gap in the left ear and reduction in the right. This
shows success of the method to treat conductive hearing
loss, even under difficult surgical conditions. Despite the
progressive character of hearing loss in OI [8,14], we did
not notice any deterioration of bone conduction thresh-
olds in both ears.

Conclusions

The conductive component of hearing loss in osteogenesis
imperfecta can be successfully treated using stapedotomy.

47
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It is important that the surgeon is aware of common anom-
alies in middle and inner ear structures found in patients
with O, since these can strongly affect intraoperative con-
ditions. At the same time, a diagnosis of OI brings with it

the risk of progressive hearing loss, so long-term follow-
up is crucial in order to provide treatments appropriate
to their medical history.
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