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Abs t rac t  Osteogenesis imperfecta (OI), or the Van der 
Hoeve-de Kleyn syndrome, is a heterogeneous group of 
connective tissue disorders. The key features in this dis- 
ease are bone fragility with a tendency to spontaneous frac- 
tures and deformations. The classical triad of symptoms 
involves a conductive and/or sensorineural hearing impair- 
ment together with a tendency to spontaneous bone frac- 
tures and blue sclerae. Between January 1988 and De- 
cember 1994, ear surgery was performed on eight ears 
of six OI patients who presented with mixed hearing loss 
preoperatively. Pathological changes observed in the mid- 
dle ear were atrophy and/or fractures of the stapedial c r u r a  

in combination with thickening and fixation of the stapes 
footplate. Partial stapedectomy was performed in seven 
cases and a neo-window was created in the promontory of 
one patient when an overhanging facial canal obscured vi- 
sualization of the oval window niche. Pre- and postopera- 
tive bone conduction thresholds did not differ in any of 
the patients. Postoperatively, mean values of the air-bone 
gap in the main speech frequency range were below 10 
dB. Functional results following stapes surgery in patients 
with otosclerosis during the same time interval (n = 857) 
did not differ significantly. These data indicate that stapes 
surgery in OI patients can be performed with the same 
functional predictability as in otosclerosis patients, even 
though the underlying etiology is considerably different. 
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Introduction 

Osteogenesis imperfecta (OI) is a heterogeneous group of 
connective tissue disorders in which the diagnostic hall- 
mark is bone fragility. This definition covers a wide range 
of phenotypes, varying from intrauterine or perinatally 
lethal forms to a hardly noticeable increase in the ten- 
dency for bone fractures. When the phenotype allows 
recognition, OI is mostly inherited as an autosomal domi- 
nant trait with variable expression [32], although autoso- 
mal recessive forms also exist. Bone fragility with a ten- 
dency to spontaneous fractures and deformations is the 
key feature in the disorder. Additionally, several other 
generalized non-osseous connective tissue manifestations 
have been reported. 

A classification of OI into types I - IV  has been pro- 
posed by Sillence et al. [27] and extended since then [5, 
25-29]. The classification is now based on clinical, radi- 
ographic and genetic findings and is in general use among 
geneticists as a common basis for discussion and research. 
Some cases or families, however, do not fit into any of the 
OI types as defined by Sillence [8]. 

Attempts to define the pathogenesis of OI have shown 
that the disease is linked to type 1 collagen genes [31]. 
Collagen 1 is a trimer of two c~l chains and one c~2 chain. 
These subunits are encoded in man at the gene loci 
COLIA1 on chromosome 17 (17q 21.31-21.15) and 
COL1A2 on chromosome 7 (7q 21.3-22.1).  Point muta- 
tions are the most common events that lead to OI pheno- 
types. The incidence of OI is estimated to be 1 in 20,000 
to 1 in 30,000 newborns [8]. Males and females are al- 
most equally affected. 

The first to recognize hearing impairment in OI was 
Adair-Dighton [1] in 1912. Bronson [4] in 1917 as well as 
van der Hoeve and de Kleyn believed that otosclerosis 
was the reason for a progressive hearing loss [4, 12, 13]. 
The classical triad of symptoms comprises the hearing im- 
pairment, blue sclerae and a tendency to spontaneous 
bone fractures and is now known as the Van der Hoeve-de 
Kleyn syndrome. 



T h e  ove ra l l  i n c i d e n c e  o f  hea r i ng  loss in OI  di f fers  con-  

s ide rab ly  in the l i te ra ture  and is r epo r t ed  to v a r y  f r o m  

2 6 %  to 7 8 %  [3, 8, 11, 18]. H e a r i n g  i m p a i r m e n t  u sua l ly  
man i f e s t s  i t se l f  in the  late  s e c o n d  to ea r ly  third decades  o f  
life.  In  genera l ,  y o u n g e r  pa t ien ts  suffer  f r o m  a c o n d u c t i v e  
hea r ing  loss  w h i l e  o lde r  pa t ien ts  s h o w  m i x e d  or  sensor i -  
neura l  hea r i ng  i m p a i r m e n t  [20]. H e a r i n g  loss  can  be  asso-  
c ia ted  wi th  O I  type  I, I I I  and IV  [8] and p resen t s  as a con-  
d u c t i v e  hea r ing  loss  in a p p r o x i m a t e l y  5 0 %  o f  all  pa t ien ts  
[19, 20, 23,  30]. 

O to log i s t s  f r equen t l y  hes i ta te  to p e r f o r m  m i d d l e  ea r  
su rgery  in pa t ien ts  w i th  OI  b e c a u s e  the  rate  o f  c o m p l i c a -  
t ions  is b e l i e v e d  to be  h i g h e r  than  in o tosc le ros i s ,  a dis-  

ease  wi th  s imi la r  p a t h o l o g i c a l  changes  in the  m i d d l e  ear. 
T h e  p re sen t  r e t r o s p e c t i v e  s tudy was  p e r f o r m e d  to e x a m -  
ine  i n t r aope ra t i ve  f ind ings  in OI  pat ients  dur ing  m i d d l e  
ear  surgery,  c o n f i r m  pre-  and p o s t o p e r a t i v e  a u d i o m e t r i c  
resul t s  and to c o m p a r e  these  da ta  to resul t s  af ter  s tapes  
surgery  p e r f o r m e d  in pa t ien ts  w i th  o tosc le ros i s .  

Materials and methods 

Osteogenesis imperfecta 

Between January 1988 and December 1994, middle ear surgery 
was performed on eight ears of six patients with OI (3 males, 3 fe- 
males). The age at surgery ranged from 24 to 59 years. One opera- 
tion was a revision procedure. All patients presented with mixed 
conductive-sensorineuraI hearing loss preoperatively. The diagno- 
sis of OI was established elsewhere and was obvious from each 
phenotypic appearance. A classification into an O[ type according 
to the criteria of Sillence et al. [27] could not be given, since de- 
tailed clinical, radiographic and genetic findings were not present 
in the patients' available charts. Data are summarized in Table 1. 
Audiometry is shown in Fig. 1. 
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Otosclerosis 

During the same period in which OI patients were seen, stapes 
surgery was performed on 864 ears of 731 patients with conductive 
hearing loss due to otosclerosis. Two hundred and ninety-five were 
male and 436 female. The age at surgery ranged from 13 to 81 
years. Patients who underwent revision stapes surgery or children 
with congenitally fixed stapes were not included in this study. 

Indications for ear surgery 

Middle ear surgery to improve hearing in both patient groups was 
advised if (1) the microotoscopic appearance of the tympanic 
membrane was found to be regular, (2) a Rinn6 test was negative 
with 512 and 1024 Hz tuning forks and (3) an air-bone gap on 
pure-tone audiometry was > 20 dB in the main speech frequency 
range. Clinical findings in combination with audiological test re- 
sults served as the basis for ear surgery. Conventional X-ray ex- 
aminations or high-resolution CT of the temporal bone were not 
performed on a regular basis. 

Type of surgery 

In all OI and otosclerosis patients, after informed consent, ear 
surgery was performed under local anesthesia. An endaural ap- 
proach to the middle ear was used to elevate a tympanomeatal flap. 
The lateral attic wall was partially removed with a House curette 
until the pyramidal process was visualized, ensuring complete vi- 
sualization into the oval window niche. The ossicular chain and 
round window niche were evaluated. Once pathological changes 
were confirmed to comprise fixation of the footplate and/or frac- 
tures of the crura, stapes surgery was performed as partial stape- 
dectomy [7]. The stapedial suprastructure was removed, after 
which the footplate was fractured with a straight pick and its pos- 
terior third removed. Either a 0.6 mm diameter, 4.5 mm long plat- 
inum ribbon/fluoroplastic piston prosthesis (Smith & Nephew 
Ridhards, Memphis, Tenn., USA) or gold piston (Kurz, DuBlingen, 
Germany) was used for ossicular chain reconstruction. After the 
loop of the piston was secured around the long process of the in- 
cus, the oval window niche was sealed with connective tissue. The 

Table 1 Clinical data and intraoperative findings of patients with osteogenesis imperfecta (n.s. not specified, Stapes modified stapedec- 
tomy) 

Patient Gender Age at Ear Revision Intraoperative findings: Type of surgery 
surgery operated surgery performed 
(years) Atrophy Thicken- Hard Hypervas- Obstruct- 

and/or ing and lateral cularization ing facial 
fractures fixation of attic wall tion of the nerve 
of stape- stapedial promonto- 
dial cmra footplate rial mucosa 

1 Female 30 Left No + + - - - Stapes; gold piston 

2 Female 32 Right No + + - - - Stapes; gold piston 

3 Female 53 Right No + + + + - Stapes; platinum/ 
fluoroplastic piston 

57 Left No - + + + - Stapes; platinum/ 
fluoroplastic piston 

4 Male 24 Right Yes n.s. + - + - Stapes; platinum/ 
fluoroplastic piston 

25 Left No + + + + - Stapes; gold piston 

5 Male 29 Left No + - + - - Stapes; platinum/ 
fluoroplastic piston 

6 Male 59 Right No + + + - + Neo-window in the 
promontory; 
gold piston 
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Fig. l a - o  Pre- and postoperative audiometric findings in osteoge- 
nesis imperfecta (OI) patients. The audiograms are displayed ac- 
cording to the sequence given in Table 1. a Patient 1, left ear, pre- 
operatively. A postoperative audiogram was not available from the 
patient's chart, b Patient 2, right ear, preoperatively, c Patient 2, 
right ear, postoperatively, d Patient 3, right ear, preoperatively, e 
Patient 3, right ear, postoperatively, f Patient 3, left ear, preopera- 
tively, g Patient 3, left ear, postoperatively, h Patient 4, right ear, 
preoperatively, i Patient 4, right ear, postoperatively, j Patient 4, 
left ear, preoperatively, k Patient 4, left ear, postoperatively. 1 Pa- 
tient 5, left ear, preoperatively, m Patient 5, left ear, postopera- 
tively, n Patient 6, right ear, preoperatively, o Patient 6, right ear, 
postoperatively 
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tympanomeatal flap was then replaced to the canal wall and held in 
place with small silicone strips and gauze packing soaked with an- 
tibiotic ointment. The packing of the outer ear canal was usually 
removed 1 week after surgery. 

As noted in Table 1, one patient was found to have an over- 
hanging facial nerve that obscured visualization of the oval win- 
dow niche and prevented further manipulations. Therefore, a neo- 
window was drilled into the promontory anterior to the round win- 
dow niche. The prosthesis used and the use of connective tissue to 
seal the neo-window were in accordance with the techniques used 
in regular stapes surgery. ~= 

Hearing evaluation 

Preoperative pure-tone audiograms (usually from the day before 
surgery) and the latest available audiogram from the clinical charts 
obtained at follow-up examinations were evaluated. The air and 
bone conduction values at 250, 500, 1000, 2000 and 4000 Hz (cov- 
ering the main speech frequency range) were used to calculate the 
mean values and standard error of the mean at each frequency. 

Resul ts  

Osteogenes is  imperfec ta  

Preoperat ively,  all OI patients presented  with a mixed  
hear ing loss and in all of  them both ears were affected 
rather symmetr ical ly .  In t raopera t ive  f indings after open-  
ing the middle  ear  are summar ized  in Table 1. The most  
frequently observed  pa thologica l  changes  were  a t rophy 
and/or  fractures of  the s tapedial  crura in combina t ion  with 
a th ickening and f ixat ion of  the stapes footplate.  Stapes 
surgery was pe r fo rmed  in all but  one OI patient.  In seven 
ears, a modi f i ed  s tapedec tomy was performed.  In four  
patients,  hypervascular iza t ion  of  the p romontor ia l  muco-  
sa (Schwartze  sign) resul ted in increased int raoperat ive  
b leeding  whi le  the s tapedial  footplate  was still intact. This 
was readi ly  s topped by  short- term local  appl ica t ion  of  
xy lometazo l ine  hydroch lor ide  on Gel foam.  A f loat ing 
footplate  fo l lowing stapes manipula t ions  or a "gusher"  or 
"oozer"  phenomenon  after opening  the ves t ibule  was not 
observed.  In the one pat ient  with the overhanging facial  
canal,  no compl ica t ions  were had when a neo-window 
was dr i l led  in the p romontory  anterior  to the round win-  
dow niche. 

Ind iv idua l  pre- and pos topera t ive  hear ing results are 
shown in Fig. 1 a -o .  Group  data are shown graphica l ly  in 
Fig. 2 a -c .  In all patients,  preopera t ive  bone conduct ion  
thresholds did  not  show any change postoperat ively.  
Mean  values  o f  the a i r -bone gap at the main  speech fre- 
quency range after surgery were  < 10 dB, indicat ing a sig- 
nif icant  hear ing improvement .  
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Fig. 2a-c Composite audiometric results in OI patients (mean and 
standard error of the mean), a Preoperative bone and air conduc- 
tion thresholds, b Postoperative bone and air conduction thresh- 
olds. c Air-bone gap pre- and postoperatively showing its marked 
decrease in the main speech frequency range 

Otoscleros is  

Pre- and pos topera t ive  hear ing results  for the otosclerosis  
patients are shown graphica l ly  in Fig. 3 a -c .  Seven of  the 
731 patients (0.8%) lost  hear ing fo l lowing stapes surgery. 
Al l  of  these patients,  however ,  had  presented preopera-  
t ive ly  with p ronounced  sensorineural  components  in high 

frequencies  in addi t ion to having a i r -bone gaps. In the re- 
main ing  patients,  pre- and pos topera t ive  bone conduct ion  
thresholds  did  not  change.  Postoperat ively ,  the mean  val-  
ues of  the air-bone gap in the main  speech frequencies  
ranged f rom 8 to 13 dB. 



Fig. 3a-c Hearing results in 
otosclerosis patients (mean and 
standard error of the mean). 
Due to the high sample num- 
ber, the error bars resembling 
the standard error of the mean 
are smaller than those indicat- 
ing mean values, a Preopera- 
tive bone and air conduction 
thresholds, b Postoperative 
bone and air conduction 
thresholds, c Air-bone gap pre- 
and postoperatively showing 
the marked decrease in the 
main speech frequency range 
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Discussion 

Between  1988 and 1994, approx imate ly  1% of  all s tapes 
surgery cases  were  pe r fo rmed  in OI pat ients  at the De- 

par tment  o f  O to l a ryngo logy-Head  and Neck  Surgery, 
Univers i ty  of  Wtirzburg.  The most  f requent ly  observed  
pa thologica l  changes  in OI were loca ted  at the s tapedial  
crura and/or  the stapes footplate.  These  observat ions  were  
consis tent  with previous  reports  [6]. Fo l lowing  stapes 
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surgery, bone conduction thresholds did not change in any 
of the patients treated and mean postoperative values of 
the air-bone gap at the main speech frequency area were 
below 10 dB. The functional results following stapes 
surgery in otosclerosis during the same time interval were 
comparable. These data indicate that stapes surgery in OI 
patients can be performed by an experienced ear surgeon 
with the same level of predictability as in those patients 
with otosclerosis. Since we believe that the natural hear- 
ing following successful stapes surgery is superior to am- 
plification by hearing aids, stapes surgery in OI can be 
recommended, provided that variations of the anatomical 
course of the facial nerve inside the middle ear are con- 
sidered preoperatively. 

It was originally believed that otosclerosis would be 
the reason for the progressive hearing loss in OI [4, 12, 
13]. However, OI is a generalized bone disorder, while 
otosclerosis is a localized disease in the temporal bone. 
The bone in OI is poorly formed in all three layers of the 
otic capsule: i.e., the outer periosteal, middle endochon- 
dral and inner endosteal layer [15]. The ossicles are also 
made of defective bone. By contrast, otosclerotic foci are 
seen scattered throughout the otic capsule and footplate of 
the stapes and are composed of vascular, woven bone 
[15]. 

Otosclerosis can occur in association with OI. When 
these two conditions coexist, their morphological differ- 
ences are clearly distinguishable and they represent differ- 
ent bone dysplasias [16, 22]. OI may be manifested by a 
marked osteoporosis of the petrous pyramid with extreme 
thinning of the cortex and trabeculae of the spongiosa, as 
well as by a fragility and dehiscence of the stapedial arch. 
The otosclerotic process, on the other hand, can be char- 
acterized by its extensive and multicentric involvement of 
the otic capsule, various degrees of obliteration of the 
round window or occlusion of the oval window and dis- 
tortion and ankylosis of the stapedial footplate [16]. 

The conductive hearing loss in OI can be the result of  
osseous changes due to OI alone (i.e., crural atrophy and/ 
or fractures) and for osseous changes due to otosclerosis 
(i.e., fixation of the footplate). Otosclerosis occurring in 
association with OI appears to have a more aggressive na- 
ture than when it occurs alone [21]. As a consequence, 
obliteration of the oval or round window niche, if exist- 
ing, and a sensorineural hearing loss may compromise the 
hearing results following stapes surgery [10]. 

Certain clinical findings favor the hypothesis that OI 
and otosclerosis coexist and that otosclerosis has an in- 
flammatory etiology [14, 17]. In affected patients the mid- 
dle ear mucosa is often found to be hyperplastic and hy- 
peremic at operation [19, 24]. This was seen in our pa- 
tients by hypervascularization of the promontorial mucosa 
in addition to fixation of the stapedial footplate. Addition- 
ally, a hardness of the lateral attic wall can occur and be 
found clinically while curetting the bony annulus in oto- 
sclerosis patients. This was also noted in five of  our pa- 
tients in the present study. These latter findings contrast 
with a report by Armstrong [2] who found notably soft 
bone when curetting the annulus in 25 of 30 ears. 

The hearing threshold in OI patients has been reported 
to increase gradually with age, with a sensorineural com- 
ponent predominating in cases with severe hearing loss 
[8]. In general, average hearing losses increased between 
the 10th and the 45th year of life. The sensorineural com- 
ponent showed an average annual increase of 0.6 dB/year 
at the frequencies of 0.5-4 kHz up to 1.3 dB at 8 kHz. In 
contrast, the average annual increase in the conductive 
component remained constant at 0.4 dB/year at all fre- 
quencies. 

The progression of hearing loss with age occurs in both 
operated and unoperated ears. The expected annual con~ 
ductive hearing loss of 0.4 dB/year, however, does not ap- 
ply to operated ears [10]. The progressive hearing loss af- 
ter successfully performed stapes surgery in OI is due to 
a continuing sensorineural deterioration in the natural 
course of  the disease. This is not a contraindication to 
middle ear surgery, especially since the air-bone gap can 
be improved in patients [8, 9]. Considering the general- 
ized bone fragility in OI, an increase in the conductive 
component after stapes surgery can be presumed to be 
caused by loosening of the prosthesis due to erosion of the 
long process of  the incus. This, however, was not ob- 
served during follow~up of our patients and has - to our 
knowledge - never been reported in the literature. 
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