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Abstract

Osteogenesis imperfecta is a connective tissue disease manifested by abnormalities within organs and structures rich in collagen. Typically, symp-
toms arise from the osteoarticular system. Excessive brittleness of the bones causes multiple fractures. Among patients with hearing loss, osteogen-
esis imperfecta manifests as changes to the stapes: the legs are broken and the footplate is immobilized and thickened. Changes to the malleus and
incus are rarely reported. This location is associated with difficult conditions during surgery, difficult access to the ossicles. This research presents
the characteristics and hearing results of patients who have undergone ossiculoplasty as a treatment of hearing loss in osteogenesis imperfecta.

Two case reports present massively altered conditions within the middle ear in patients with type III osteogenesis imperfecta — the most se-
vere among live births, who have undergone multiple surgeries due to hearing loss, resulting in a moderate improvement in hearing.
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OSICULOPLASTIAS EN EL TRATAMIENTO DE LA HIPOACUSIA EN PACIENTES CON
FRAGILIDAD OSEA CONGENITA

Resumen

La osteogénesis imperfecta como enfermedad del tejido conectivo se manifiesta con irregularidades en los 6rganos y estructuras ricas en co-
ldgeno. Los sintomas mas comunes estan relacionados con el sistema dseo y articular. La excesiva fragilidad dsea resulta en multiples ruptu-
ras de los huesos y su posterior fusion, lo cual produce deformaciones. En caso del oido, normalmente se observan alteraciones del estribo:
sus ramas se ven rotas, la platina del estribo queda inmovilizada y engrosada. Actualmente en estos casos el tratamiento de eleccion es la es-
tapedotomia. Rara vez se refieren alteraciones en el drea del martillo o yunque. Tal localizacion implica acceso quirurgico dificultado. En es-
tos pacientes, el tratamiento de eleccion son las osiculoplastias. El presente trabajo describe las caracteristicas y los resultados auditivos de los
pacientes que se han sometido a osiculoplastias durante el tratamiento de la hipoacusia en la osteogénesis imperfecta.

Los 2 casos clinicos descritos a continuacion presentan muestran condiciones masivamente alteradas dentro del oido medio en pacientes con
la osteogénesis imperfecta de tipo III: la mas grave de entre los que nacieron vivos y que se han sometido a multiples cirugias por hipoacu-
sia, consiguiendo una mejora moderada de la audicion.

Palabras clave: osteogénesis imperfecta, hipoacusia, osiculoplastia

OCCUKY/TOIUIACTUKA TIPU JTEYEHUU TYTOYXOCTU V TTAIIMEHTOB
C BPOXKXIEHHO IOMKOCTBIO KOCTEN

Pe3iome

Hecosepiennsiit octeorenes (Osteogenesis imperfecta), 6ymyun 60e3HbI0 COEIVHUTENBHOI TKAHY, IIPOSAB/IAETCA B BUIe aHOMaINIL
B OpPraHax U CTPYKTypax, CofepKalux 60/bInoe Komu4yecTBo KomnareHa. Hambornee TMnuyHble CMMITOMBI KacalOTCA KOCTHO-CYCTaB-
HOJ CHCTeMBI. B CBA3M C MOBBIIIEHHO TOMKOCTBIO KOCTE! IIPOMCXOAAT MX MHOTOKPATHbIE TIEPETIOMbI C TIOC/IEAYIOIMM CpallieHueM,
YTO NPUBOIMT K lepopManuaAM. B crydae yxa TUIIMYHO M3MEHEHO CTpeMA — HOXKKY CIOMaHbI, IVIACTMHKA 00e3[BIKEeHa U YTOIIle-
Ha. B Takux cny4anx B HacTosllee BpeMsA BpIOMpaeTcs nedeHne B popme cranegoromMuy. OdeHb pefKo NOABIAeTCA MHGOpManusa 06
M3MEHEHNAX B 06/1aCTU MOTIOTOYKA M/IM HAKOBA/IbHM. VIX PacIIonoKeHye CBA3aHO CO CIOKHOCTDIO OIIEPAIIMOHHOrO KOoCTymna. Beibupa-
IOLIMMCA BUIOM JIEYEHNs CPe TaKVX IAIMeHTOB ABJIAETCA OCCUKYyomIacTuka. Hacrosmas paboTa npeacrapiser CTyXoBYyIO XapakK-
TEePUCTUKY U Pe3y/IbTaThl TALIMEHTOB, KOTOPbIe IPOLIIM OCCUKY/IOIIACTUKY B JIe4eHII TYTOYXOCTY IIPU HEOBEPIIEHHOM OCTeOTeHese.

HBa HIDKECTIENYIOIINX ONMMCaHNMA KIIMHNYECKNX CIYy4a€eB NPENCTaBIAIT MaCCIBHO V3MeHEHHbIE yCnoBuA B IIpefie€nax CpEAHETO yXa 'y
IMAVIEHTOB C 111 Tumom HECOBEPIICHHOI'O OCTEOreHe3a — CaMbIM C/IO>KHBIM CpeM JKMBOPOXXIAEHHBIX — KOTOPbIE€ IIPOLIIVT MHOTOKpaT-
HblI€ on€paliny IO NIPUINHE TYTOYXOCTU C HJOCTVDOKEHMEM YyITy4YIIEeHNA CIyXa HOCPCI[CTBCHHOﬁI CTEIIEHU.

KiroueBrbie cioBa: BpO)KJIéHHaH JIOMKOCTb KOCTel, TYroyXoCTb, OCCUKYIOI/TACTHKA.
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OSSIKULOPLASTYKI W LECZENIU NIEDOSLUCHU PACJENTOW Z WRODZONA

EAMLIWOSCIA KOSCI

Streszczenie

Osteogenesis imperfecta jako choroba tkanki facznej objawia si¢ nieprawidtowosciami w obrebie narzadéw i struktur bogatych w kolagen.
Najbardziej typowe objawy dotyczg ukladu kostno-stawowego. W zwigzku z nadmierng krucho$cig kosci dochodzi do ich wielokrotnych zta-
man i nastepczego zrastania, co skutkuje deformacjami. W przypadku ucha typowo zmienione jest strzemigczko - odnogi sa zlamane, ptytka
strzemigczka jest unieruchomiona i pogrubiata. W takich przypadkach leczeniem z wyboru aktualnie jest stapedotomia. Bardzo rzadko ra-
portuje sie zmiany w obrebie mloteczka badz kowadetka. Ta lokalizacja wigze si¢ z utrudnionym dostepem operacyjnym. Leczeniem z wybo-
ru sg ossikuloplastyki posréd tych pacjentow. Niniejsza praca przedstawia charakterystyke i wyniki stuchowe pacjentéw, ktérzy przeszli ossi-

kuloplastyki w leczeniu niedostuchu w Osteogenesis imperfecta.

Ponizsze 2 opisy przypadkéw klinicznych przedstawiaja masywnie zmienione warunki w obrebie ucha srodkowego u pacjentéw z III typem
Osteogenesis imperfecta - najcigzszym spoérod zywourodzonych, ktérzy przeszli wielokrotne operacje z powodu niedostuchu, uzyskujac po-

prawe slyszenia miernego stopnia.

Stowa kluczowe: wrodzona tamliwosc kosci, niedostuch, ossikuloplastyka

Introduction

Osteogenesis imperfecta is a connective tissue disease that
affects organs and structures rich in collagen, including
the auditory organ. Due to the etiology of the disease-dis-
turbed connective tissue structure, it manifests as exces-
sive bone brittleness, fusion of bone structures, osteophyte
formation, and callus [1,2,3]. In the ear, stapes immobi-
lization is typically found: thickening, footplate fixation,
obliteration,and broken crura [4-12]. Individual studies re-
port pathologies of the other auditory ossicles, the malle-
us and incus, such as epitympanal fixation [5], although
the most common is a bone adhesion between the lateral
wall of the epitympanum and the incus.

Typically, ossiculoplasty is used for pathologies within
the malleus and incus, usually to deal with ossicular de-
struction occurring in chronic otitis, congenital malfor-
mation of the ossicles, or defects acquired in traumatic
ossicular chain discontinuity. Treatments include the use
of PORP and TORP prostheses, interpositions, and mal-
leus head resections. The procedures are performed us-
ing a transcanal or, rarely, a retroauricular approach. A
posterior atticotomy is most frequently performed using
a retroauricular approach with the ossiculoplasty mobi-
lizing the I and II ossicles in cases of recurrent fixation
in the epitympanum.

The present study aims to describe patients who present
immobilization of the I and IT ossicles in the context of pa-
tients with stapes pathology. The analysis describes intra-
operative abnormalities, the effects of treatment, and the
characteristics of patients with osteogenesis imperfecta; in
all of whom ossiculoplasty was performed.

Material and method

The following study presents the characteristics of those
two patients who underwent ossiculoplasty and their au-
ditory results.

Patient OI III

The first case report concerns OI III patient with hear-
ing loss first observed at age 22 (Table 2). The history of

Table 1. Patients with osteogenesis imperfecta and hear-
ing loss under the care of the Institute of Physiology and
Pathology of Hearing. Patients with ossiculoplasty and
described here are marked in grey

Out of 20 patients with osteogenesis imperfecta treated
for hearing loss in the Institute of Physiology and Pathol-
ogy of Hearing, 18 underwent surgery (Table 1). Of these,
3 had ossiculoplasty. The study excluded ears operated in
other centers. The analysis here describes 2 patients. They
were male, the beginning of hearing loss was typically no-
ticed when they were in their mid-20s or 30s. Each had
undergone several ear operations from ages 2 to 7. The
patients were classified as type III osteogenesis imperfecta.
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Initials  Sex Duration of hearing loss ﬁ%‘:;tﬁ});t
From 15-16 y/o, ailment
oll M intensification after a car 17*
accident
ol M From 9-10y/o 14
Ol M From 22 y/o 32*
ol M From 15-16 y/o 25
olv F From 25 y/o, after childbirth 61
Ol VI M From approx. 40 y/o 63
Ol VII F From approx. 25 y/o 32
ol vl F From approx. 6 y/o 30
Ol'IX F From approx. 13 y/o 17
Ol X M From approx. 30 y/o 49
Ol XI M From 18 y/o 37
ol Xl M From 14 y/o 16*
(o]pAlll F From 13 y/o 23
Ol XIV M From 17-18 y/o 27
Ol XV M From 14 y/o 20
Ol XvI M From 15 y/o 22
Ol XVII F From 50 y/o 56
Ol XV F From 25 y/o 45
Ol XIX F From 18 y/o -
Ol XX F From 20 y/o, after otitis -

* One ear underwent surgery in another ORL clinic
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present illness was extensive: 30 bone fractures, deform-
ities of the upper and lower limbs, blue sclera, keeled
chest, and dentinogenesis. In the family, the mother
showed similar symptoms. His first two surgeries due
to hearing loss were performed in another center. These
were exploratory operations, which due to the significant-
ly altered anatomical conditions within the middle ear
did not extend to ossiculoplasty or stapedotomy. In the
first surgical procedure, a pathologically altered tympan-
ic segment of the facial nerve was found; a biopsy spec-
imen was taken and histopathological examination un-
dertaken. Degenerative changes of the facial nerve were
indicated in the examination description. After the pro-
cedure, the patient had left side facial nerve paresis. Af-
ter the second left ear surgery, the patient was referred
to the Institute of Physiology and Pathology of Hear-
ing with mixed bilateral hearing loss for further surgi-
cal treatment.

In the physical examination, the tympanic membranes
were preserved bilaterally, but were dull. In the audito-
ry examination, there was mixed hearing loss of a signif-
icant degree on both sides, a type A tympanogram, and
no stapedius muscle reflex on either side. The patient was
referred for surgery of the right ear (not previously oper-
ated on). During the first surgical procedure, immobili-
zation of the incus and stapes was found. It was assumed
this may be a result of earlier fracture and fusion of the
ossicles. In addition, the facial nerve was exposed and
overlying the oval window; the tympanic cavity epend-
yma was prone to bleeding. Stapedotomy with ossiculo-
plasty was performed, mobilizing the incus by eliminating
the bone union with the attic. An opening for a prosthe-
sis was made at the border of the footplate and the prom-
ontory. During the treatment, there was intense bleeding
from the thickened ependyma.

Because the operation had no auditory effect, the pa-
tient underwent reoperation using a retro-auricular ap-
proach. Attico-antro-mastoidectomy was performed with
removal of lesions and reossiculoplasty, again finding
incus immobilization due to bone deposits near the at-
tic and adhesions in the area of the oval window niche,
which were removed in stages. After a year, the patient
was re-scheduled for reoperation: a restapedotomy was
performed with atticotomy and posterior tympanotomy.
A prosthesis was correctly placed in the vestibule. Oth-
er findings were adhesions, immobilized incus, a short
process and body of the incus merged by callus with the
lateral semicircular canal. Adhesions and callus lesions
were removed, but there was intense bleeding from the
ependyma cavity.

Lack of an effect of the procedure resulted in reschedul-
ing after about a year. The patient underwent stapedoto-
my after revision. Abundant adhesions around the pros-
thesis and malleus immobilization in the attic were found,
and the adhesions were removed. Finally, it was decided
to attempt reoperation for the last time: a revision after
stapedotomy was performed, again numerous adhesions
around the prosthesis were found and removed, and there
was incus immobilization (fusion with the attic lateral wall
was found), so bone chips from the body of the incus and
lateral wall of the attic were removed.

Osinska K. et al. — Ossiculoplasty in hearing loss treatment...

In a control CT of the temporal bones, there was massive
bilateral otospongiotic changes in the medial wall of the
middle ear - including the promontory, oval and round
window frame, lamella of the facial canal, alteration near
the cochlear base bend, and in the cochlear section of the
internal auditory canal.

Patient OI XI

The second case report concerns patient OI XI with hear-
ing loss since the age of 18 (Table 2). He was a very short
patient (102 cm), who moved in a wheelchair due to nu-
merous deformations of the spine and bones, had flaccid
skin, and excessively flexible joints. There were no symp-
toms of osteogenesis imperfecta in the family. Because of
bilateral significant mixed hearing loss, type A tympa-
nogram, and lack of reflexes from the stapedius muscle
on either side, the patient was scheduled for exploratory
tympanotomy of the right ear with possible stapedoto-
my or ossiculoplasty. During surgery, bone growths were
found on the posterior-upper wall of the external audito-
ry canal (possibly a mark after fracture), immobilization

Table 2. Summary of the types of surgery and intraopera-
tive changes observed during surgery

Age at 1¢t Types of ear operations and descriptions

Initials o eration of lesions found during operations

— exploratory tympanotomy of the left ear
in 2001*

— myringotomy of the left ear in 2002*

— stapedotomy with ossiculoplasty of the
right ear in 2008 (immobile incus and
stapes, most probably due to previous
fracture and fusion, exposed facial
nerve overlays the oval window, intense
bleeding of ependyma)

— attico-antro-mastoidectomy with
removal of lesions and reossiculoplasty
of the right ear in 2008, immobile incus)

— restapedotomy with atticotomy and
anterior tympanotomy of the right ear
in 2009 (prosthesis with adhesions,
correctly placed in the vestibule,
immobile incus, rigid connection of
the short process of incus and body
with lateral semicircular canal (callus),
exposed facial nerve, intense bleeding)

ol 32

— revision after stapedotomy of the right
ear in 2010 (numerous adhesions
around prosthesis, incus immobilized in
the attic)

— revision after stapedotomy of the right
ear in 2012 (numerous adhesions
around prosthesis, incus immobilization
due to bony union of incus body with
lateral wall of attic)

—ossiculoplasty of the right ear in 2013
(features of fractures or osteophytes
on anterior- superior wall, bony union
of lateral wall of attic and long process
of incus and neck of malleus, | and Il
oI Xl 37 ossicles were mobilized)

—reossiculoplasty of the right ear in
2014 (bone deposits between the long
process of incus and lateral wall of attic,
immobilization of malleus and incus,
mobile stapes)

* surgery in another ORL clinic
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of the I and II ossicles due to merger of the long pro-
cess of the incus and neck of the malleus with the lateral
wall of the attic. The malleus and incus were mobilized
and adhesions from the area of the mobile stapes were
removed. Due to a small auditory effect, the patient was
scheduled for reoperation. During the reossiculoplasty,
immobilization of the I and II ossicles was confirmed
due to bone deposits reaching the lateral wall of attic,
but the stapes was correctly mobile. Bone deposits and
adhesions were removed in stages.

A CT of the temporal bones showed marked areas of im-
paired calcification. There was extensive decalcification of
the malleus and incus, sclerosis of the oval window with
local deossification of the anterior frame of the window,
and ossification disorders in the capsula otica.

Results

Patient OI XI

The patient underwent two right ear operations. The air-
bone gap after two operations on the right ear increased
on average by 10 dB (Table 3) and hearing thresholds gain
was on average 2.5 dB (Table 4). The patient refused to be
scheduled for reoperation of the right ear or for a first op-
eration of the left ear. The patient was also not interested
in implants and decided to use a hearing aid.

Table 3. Analysis of the air-bone gap (ABG, in dB) after
right ear operations in Ol XI patient

500 1000 2000 4000

Hz Hz Hz Hz SR
ABG preopl 60 45 15 15 33.75
ABGpostopl 55 50 30 45 45
ABG 1
difference > =3 -15 -30 -11.25
ABG preop2 55 50 30 45 45
ABGpostop2 55 55 35 30 43.75
ABG 2
difference 0 -5 -5 15 1.25
ABGX
difference 5 -10 -20 -15 -10

ABGX- change in air-bone gap (dB) after the last opera-
tion compared with preoperative results

Table 4. Analysis of hearing gain (HG, in dB) after right
ear operations in Ol XI patient

500 1000 2000 4000

Hz Hz Hz Hz SR
HG1 5 5 -10 -10 -2.5
HG2 0 0 5 5 2.5

Patient OI 111

The patient underwent five right ear operations. Ultimate-
ly, the air-bone gap decreased by 5-15 dB (6.25 dB on av-
erage) and improvement of hearing thresholds by up to
15 dB (10 dB on average), as shown in Tables 5 and 6. The

28

patient was not interested in implants, and it was decided
to fit conventional hearing aids.

Discussion

Available studies only mention single cases of epitym-
panal fixation in osteogenesis imperfecta [5]. Typical-
ly, the pathology is reported within the stapes and oval
window niche as a thickening and immobilization, and
even an obliteration of the stapes footplate. The results
of crurotomy, stapedectomy, and, recently, stapedotomy
have been reported for surgical treatment of conductive
or mixed hearing loss associated with osteogenesis imper-
fecta [5,6,10,11,13]. There is only one study available re-
garding the auditory results of ossiculoplasty in cases of
malleus and/or incus immobilization in patients with III
type of osteogenesis imperfecta and it shows unsatisfac-
tory effects of the treatment [5].

Our study discovered advanced bone lesions in the ears of
patients with type III osteogenesis imperfecta. Extensive
areas of bone alterations, deossification, and ossicular mal-
formations indicate that extremely difficult surgical con-
ditions can occur in patients with congenital bone fragil-
ity. In the presented patients, immobilization of the I and
IT ossicles in the attic was found, which, despite removal,
recurred. This indicates continuous bone alteration in pa-
tients with type III osteogenesis imperfecta. The described
patients underwent multiple ear surgeries, with patient OI
IIT undergoing 5. All surgical procedures were performed
by an otosurgeon who had the largest clinical experience.
An improvement in hearing was achieved in both cases,
although it was minor. To our knowledge, this is the one
of the first reports regarding the results of ossiculoplasty
in patients with osteogenesis imperfecta.

The literature has extensively described ossiculoplasty in mid-
dle ear malformations [14-17]. Typically, minor malforma-
tions are distinguished as those where the tympanic mem-
brane is preserved, the tympanic cavity is of normal size, and
pathology relates only to the ossicles; major malformations
are those where, apart from an altered middle ear, the mal-
formation also extends to the external ear, resulting in atre-
sia of the external auditory canal and microtia [14,15,17].

The most typical middle ear anomaly is stapes fixation
(stapes ankylosis) [15,22]. There is a wide range of anom-
alies found in the region of ossicles: bone unions of malle-
us and incus within the epitympanum, fusion of the mal-
leus and incus, and aplasia of the long process of the incus
[17]. Often the decision on ossiculoplasty for a minor con-
genital anomaly depends greatly on the course of the fa-
cial nerve, which frequently has a slight anterior position
and overlays the stapes footplate [17].

Epitympanal fixation is believed to result from a bone bridge
connecting the malleus head with the anterior-superior
wall of the epitympanum [18-20]. Local inflammation in
the attic, cholesterol granuloma, or tympanosclerosis may
also result in attical fixation [18]. In the Nager study [21],
temporal bone histopathology showed that active otoscle-
rosis may also very occasionally lead to attical fixation. Fix-
ation of the I and II ossicles is commonly revealed during
exploratory tympanotomy, when otosclerosis is suspected
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Table 5. Analysis of the air bone gap (ABG, in dB) after
subsequent right ear operations. ABGX: change in air-
bone gap (dB) after the last operation compared with
preoperative results

Osinska K. et al. — Ossiculoplasty in hearing loss treatment...

Table 6. Analysis of hearing thresholds after subsequent
right ear operations. HG: hearing gain (dB); HGX: change
in hearing thresholds (dB) after the last operation com-
pared with preoperative results

500 1000 2000 4000

500 1000 2000 4000

Hz Hz Hz Hz ISR Hz Hz Hz Hz LR
ABGpreopl 50 45 30 35 40 HG1 5 10 5 0 5
ABGpostop1 45 35 25 35 35 HG2 =5 -5 0 5 -1.25
ABGpostop2 60 55 35 35 46.25 HG3 -10 -10 -10 =20 -12.5
ABGpostop3 60 40 30 45 43.75 HG4 10 15 10 35 17.5
ABGpostop4 50 40 30 25 36.25 HG5 15 0 0 -10 1.25
ABGpostop5 35 40 30 30 33.75 HGX 15 10 5 10 10
ABGX 15 5 0 5 6.25

[18]. Various surgical techniques have been described for
mobilization of the ossicles: in the attic using a tray, wid-
ening the space around the malleus and incus with a dia-
mond drill [18], resection of the malleus head, removal of
the incus and malleus with the use of a malleovestibulopexy
prosthesis, or interposition of cartilage or a PORP prosthe-
sis between the incus and the stapes head [14,17,18]. Recur-
rences of epitympanal fixation are reported [18].

In minor middle ear malformations, improvement of
air conduction thresholds to 30 dB by ossiculoplasty is
deemed to be a criterion of success [14]. The limit has
been set at 30 dB because below this level of conduction
thresholds it is usually necessary to use a hearing aid.
Other studies define a decrease of the air-bone gap to
20 dB or less as a successful ossiculoplasty [22]. In the
case reports presented above, the auditory results indi-
cate an unsatisfactory ossiculoplasty in type III osteo-
genesis imperfecta.

In the absence of effective treatment of hearing loss
by means of classic reconstruction, it is possible to use
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