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Posibilidades de tratamiento quirúrgico de la hipoacusia en pacientes afectados  

de osteogénesis imperfecta

Abstract

El obj et ivo del estudio es presentar las extensas y severas lesiones ót icas que acontecen en la 
forma más leve de osteogénesis imperfecta, correlacionarlas con las alteraciones audiométricas 
y discut ir las posibilidades quirúrgicas disponibles. Se presenta a 3 pacientes afectados de os-
teogénesis imperfecta t ipo 1 con hipoacusia en dist intos estadios funcionales. Se realizó a cada 
paciente estudio audiológico, médico y radiológico, y se somet ieron a dist intos t ratamientos 

Abstract

The aim of the study is to present  the severe, extensive lesions in the temporal bone appearing 
in the mildest  forms of osteogenesis imperfecta, correlate these with audiometric results, and 
discuss the possible surgical t reatments available. We present  3 pat ients suffering hearing loss 
due to osteogenesis imperfecta type 1 to various funct ional degrees. All pat ients underwent  an 
audiological, medical, and radiological evaluat ion and were then t reated with dif ferent  surgical 
procedures. The pat ients presented mild, severe, and profound mixed hearing losses and the 
radiological images showed extensive areas of  demineralizat ion af fect ing the ossicular chain 
and removal of protect ion for the vital st ructures inside the temporal bone. Also, the cochlea 
showed ot ic capsule demineral izat ion,  dehiscence,  dist ort ions,  and even dest ruct ions.  The 
various surgical t reatments,  indicated under current  internat ional crit eria,  obtained l imited 
funct ional results. This study reviews the need to evaluate the current  surgical criteria for this 
specific condit ion.

© 2008 Elsevier España, S.L. All rights reserved.
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quirúrgicos. Los pacientes presentaron hipoacusias mixtas de carácter moderado, severo y pro-
fundo, imágenes radiológicas con extensas áreas de desmineralización que afectaban la cadena 
osicular y con desprotección de las est ructuras vitales aloj adas en el peñasco temporal, desmi-
neralización de la cápsula ót ica, dehiscencias, distorsiones y dest rucciones cocleares. Los t rata-
mientos quirúrgicos realizados, e indicados según los criterios actualmente aceptados, obtuvie-
ron escasos result ados funcionales.  El presente estudio plantea la necesidad de evaluar los 
criterios quirúrgicos específicos para esta enfermedad.

© 2008 Elsevier España, S.L. Todos los derechos reservados.

Introduction

Osteogenesis imperfecta is a genet ic disorder of the connect ive 
t issue caused by a mutat ion in one of the 2 genes encoding 
the alpha chains of type I collagen.1 The type I collagen 
molecule comprises 2 polypept ide chains, alpha 1 and alpha 
2, which form a triple helix housing a molecule of glycine, 
which is essent ial in the definit ive structure and a final target  
for genet ic alterat ions.2 Depending on the type and locat ion 
of the glycine subst itut ion, the phenotype varies from slight  
ailments to the most severe which include even death in 
early stages of life. On the other hand, the mildest form of 
osteogenesis imperfecta, the type I form, with autosomal 
dominant inheritance,1-3 leads to greater bone mineral density 
with less tensional resistance and greater fragility,2 blue or 
dark grey sclera, and progressive hearing loss.

Hearing loss occurs in 42%-58% of pat ients with type I 
osteogenesis imperfecta and begins in the second or third 
decade of life. This hearing loss is progressive; it  is init ially 
t ransmissive; then mixed and finally sensorineural.4-6 
Transmissive loss is caused by at rophy and subsequent  
fracture of stapedial crura, thickening and fixat ion of 
the plate of the stapes and increased vascularizat ion and 
hypert rophy of the promontorial mucosa. This can be t reated 
by stapedial prosthesis4,5,7 and even implantable devices in 
the middle ear.8 Sensorineural hearing loss (25%-60%) results 
from pericochlear and int racochlear changes promoted 
by demineralizat ion, microfractures, haemorrhages, and 
subsequent  inclusion of fibrous and regenerat ive t issue9,10;  
it  can be t reated in severe and profound stages by cochlear 
implants.6,11,12 These lesions of the inner ear progress rapidly 
to severe demineralizat ion affect ing, in early stages, an 
adequate cochlear implantat ion.

The aim of this study is to present  the extensive and severe 
lesions of the inner ear and the temporal bone which occur 
in the milder forms of osteogenesis imperfecta, correlate 
this condit ion with the audiomet ric findings and discuss the 
surgical opt ions available.

Methods

We present  3 pat ients, 2 men and 1 woman, suffering 
from type I osteogenesis imperfecta, who came to our 
otolaryngology service for audiological advice due to poor 
percept ion of sound and reverberat ions using headphones. 
All pat ients reported hypoacusis, vert igo, and t innitus. The 
average (standard deviat ion) for age of onset  of hypoacusis 
was 27 (7.13) years and average evolut ion unt il the first  
otolaryngology interview was 9.5 (9.79) years.

We conducted a medical and radiological evaluat ion and 
a computerized tomography (CT) with serial axial slices of  
1 mm and audiological test  (tonal audiomet ry).

Results

All pat ients presented mixed hypoacusis (Table 1), profound 
in the case of pat ients 1 and 2 and moderate in pat ient  
3. The CT images produced showed various degrees of 
demineralizat ion of the temporal bone (Figures 1-3 and 
Table 1), leaving its vital st ructures unprotected (dura 
mater, facial nerve, lateral sinus, j ugular bulb, and internal 
carot id artery). The ot ic capsule presented rarefact ion and 
even fistulae of the inner ear with middle ear and medial 
fossa. Demineralizat ion also affected the ossicular chain, 
located primarily on the incus and the stapes, although 
lesions were also found in the malleus. Pat ients 1 and  
2 presented demineralizing int racochlear lesions erasing 
areas of the basal and middle spiral canals (Table 2).

Cochlear implantat ion was at tempted with a Med-
El Pulsar Ci100™ device in pat ient  1, with no problems 
during the ant rotomy, the subsequent  tympanostomy, or 
the cochleostomy. The insert ion of the elect rode guide 
presented arrests and deviat ions which prevented the 
implant  after mult iple at tempts.

Pat ient  2 was referred for brainstem implantat ion due 
to the large distort ion of the basal and middle spires. This 
possibilit y was rej ected by the pat ient .

Only 3 pat ients had been operated on through exploratory 
tympanostomy and cleaning of the space, with excellent  
init ial results despite widespread demineralizat ion of the 
stapes, anvil and hammer. After the failure of this procedure, 
an implantat ion was carried out  of an elect romechanical 
device for the middle ear (Vibrant  Soundbridge™) as well as 
the placement  of the corresponding t ransducer in the round 
window. One month after surgery, during the start -up of the 
device, the pat ient  did not  show any benefit  whatsoever 
with worsening by 30 dB of the hearing threshold obtained 
by st imulat ion of the bone pathway. The subsequent  revision 
surgery confirmed the presence of connect ive t issue in the 
middle ear that  may have affected the inner ear through 
the mult iple fistulae from the ot ic capsule.

Discussion

While severe forms of osteogenesis imperfecta cause 
physical defects and even death at  early stages of life, 
the mild forms (type I) may lead to moderate and severe 
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hearing loss in the second and third decade of life due to 
extensive demineralizat ion of the st ructures of the temporal 
bone.3,5 These demineralizing lesions advance as the 
disease progresses. Init ially, the ossicular chain undergoes 
intense demineralizat ion with at rophy and fractures of 
the stapedial crura. In addit ion to this, the thickening 
and fixat ion of the stapes plate and hypervascularizat ion 
and hypert rophy of the promontorial mucosa4,5,7,14,15 are 
involved in the init ial t ransmissive hypoacusis which can 
be t reated, with excellent  results in the short  term, by 
the placement  of stapedial prosthesis.4,14,15 The excessive 
tendency to bleeding, caused by the thin and at rophic skin 
of the external auditory canal and hypervascularizat ion and 
hypert rophy of the promontorial mucosa, as well as the 
fragilit y of the mastoid bone and the involuntary stapedial 
fractures, is the most  common complicat ion during the 
performance of this procedure.7,13

Next , demineralizat ion cont inues and more severe and 
extensive lesions appear, affect ing the inner ear. Thus, 
the dehiscences of the ot ic capsule, microfractures, 
haemorrhages, and cochlear occupat ion by connect ive 
t issue favour the emergence of mixed hypoacusis and reduce 
the effect iveness of stapedial prostheses.13-15 Finally, the 

lesions progress to the complete distort ion of the cochlear 
st ructures and the loss of protect ion for the j ugular bulb, 
lateral sinus, carot id sinus, dura mater, and facial nerve. 10

One of the challenges of this disease lies in the counselling 
of pat ients dissat isfied with the adaptat ion of hearing aids. 
In general, the init ial moderate t ransmissive hearing loss 
can be t reated through stapedial prostheses, which fail 
in the medium term (mean, 9.5 years; median, 4 years) 
as the disease advances.13,14 On the other hand, as the 
disease progresses and severe sensorineural hypoacusis 

Table 1 Hearing thresholds obtained through tonal audiomet ry

Pat ient  
 

Ear 
 

Threshold, dB-HL 
 

125 Hz 
 

250 Hz 
 

500 Hz 
 

1 kHz 
 

2 kHz 
 

4 kHz 
 

8 kHz 
 

Max.  
verbal 

discriminat ion

1 Right Air way 85 105 105 115 120 120 120 45%
Gap 35 Ind Ind Ind Ind Ind Ind

Left Air way 120 120 115 120 120 120 120 40%
Gap 45 50 Ind Ind Ind Ind Ind

2 Right Air way 115 115 115 120 120 120 120 50%
Gap Ind Ind Ind Ind Ind Ind Ind

Left Air way 85 105 115 120 110 115 120 40%
Gap Ind Ind Ind Ind Ind Ind Ind

3 Right Air way 50 75 75 70 80 80 95 70%
Gap 10 45 40 15 15 15 Ind

Left Air way 35 40 55 65 60 60 85 75%
Gap 15 20 30 30 25 0 Ind

The thresholds expressed are those obtained by acoust ic st imulat ion of the air way and the gap (dif ference between thresholds 
obtained by air and bone pathways).
Ind indicates indeterminate gap. This is due to not  being able to obtain the bone threshold due to the impossibilit y of st imulat ing 
above 70 dB.

Table 2 Maj or demineralizing lesions found in the CT 
scans of pat ients with osteogenesis imperfecta, classified 
according to the place of occurrence

Middle ear Inner ear Temporal bone

Ossicular 
demineralizat ion. 
Anvil and stapes

Rarefact ions and 
fistulas of the 
ot ic capsule. 
Cochlear 
dest ruct ion

Loss of protect ion: 
dura mater, facial 
nerve, lateral 
sinus, j ugular 
bulb, and internal 
carot id

Figure 1  Comput er ized t omography.  Pat ient  1.  Severe-
profound mixed hypoacusis.
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sets in, surgical t reatment  with cochlear implants would be 
indicated in line with current ly accepted criteria. 16,17 The 
use of auditory brainstem implants would be reserved for 
cases of extensive cochlear dest ruct ion.

On the cont rary, as in other bone dysplasias,18 cochlear 
distort ions and ossificat ions hinder the insert ion of the 
elect rode guide of the cochlear implant , thereby reducing 
the effect iveness of these devices. Especially in this 
disease, these lesions occur early in the natural history and 
influence a rapid decision on cochlear implantat ion because, 
once severe-profound hypoacusis is installed, the extensive 
lesions may cont raindicate implantat ion and compel the 
implementat ion of hearing devices in the brainstem as 
an elect ive t reatment . These have less efficacy and an 
increased incidence of maj or complicat ions. 19,20

The biggest  challenge seems to be moderate mixed 
hypoacusis. When this appears and the stapedial prostheses 
fail, solut ions do not  seem to be defined. In such cases, 2 
st rategies can be adopted: a) middle ear implants: the fragility 
of the ossicular chain condit ions the ossicular placement  of 
these devices, thus implantat ion in the round window is 
preferred.21 In addit ion, as occurred after the intervent ion 
of pat ient  3, post  surgical scarring changes could affect  the 
hearing threshold due to the inclusion of connect ive t issue 
in the cochlea through dehiscences of the ot ic capsule. Even 
if the middle ear implant  can be carried out , the results will 
presumably last  a short  t ime, due to the progression of the 
disease; b) cochlear implantat ion: when moderate hypoacusis 
is established, cochlear implantat ion is not  indicated in line 
with current  criteria.16,17 In any case, as the demineralizat ion 
advances, hearing loss progresses and cochlear implantat ion 
becomes the most  appropriate t reatment . Due to the rapid 
progression of demineralizing lesions, cochlear implantat ion 
will have more possibilit ies when moderate hypoacusis is 
established than in cases of severe or profound hearing loss 
with severe inner ear inj uries.

At  least , in our experience, cochlear implantat ion in 
severe and profound hypoacusis caused by osteogenesis 
imperfecta was impossible with any minimum expectat ion 
of success.
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