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Otosclerosis is a localized disease of bone in which the pathological changes are 
limited to the bony otic capsule and to the middle ear ossicles, the most common 
localization being the area between the border of the stapedial footplate and the 
anterior part of the oval window. 

This study concerns a cytogenetic evaluation of 62 otosclerosis patients: from Kluy­
skens' series of over a 1 000 otosclerosis patients, 642 entered the hospital for stapes-
surgery, among whom during a certain period of time 62 were selected for chromo­
somal evaluation (Tab. 1). 

Histology 

M. Weber (1961) finds in normal cases cartilaginous rests and connective tissue 
in the bone and labyrinthic capsule. According to Bast & Anson (1949) new cartilage 
can develop from this connective tissue during postfetal life. The otosclerotic process 
starts with lacunar resorption of preexisting bone or cartilage by giant cells especially 
around the bloodvessels; there after a pathological osseous neoformation takes place 
(Mannasse, 1922; Guild, 1944; Nylen, 1949; Ruedi, 1957; Altmann, i960; Shuk-
necht, i960; Weber, 1961). 

Frost (i960) finds in otosclerotic bone a structural pattern similar to that in fi­
brous bone in human skeletal diseases such as healing fractures and osteomyelitis. 
Normally fibrous bone is replaced relatively quickly by lamellar bone and is therefore 
usually in a state of incomplete mineralization. The otosclerotic footplates are how­
ever normally mineralized which indicates that they are present in the patients' ears 
for years. There exists also a resemblance between otosclerotic bone and the bone 
in osteogenesis imperfecta: i.e. a similar number of lacunae per unit volume, a pe­
culiar basophilia of the bone matrix and a dense, irregular cement line (Frost, i960). 

In all our otosclerotic patients where histologic examination (Fig. 1) is done post­
operatively, otosclerotic foci are found (marked + in Tab. 1). In one case (V.J.) 
an osteoma is found at the upper border of the oval window and at the round window. 
This is a rare phenomenon and indicates a pronounced form of otosclerosis. 
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Main clinical s igns 

The first clinical signs can appear around puberty. According to Shambaugh 
(1956) the average age of onset is around 20 years. At the age of 50 the clinical ma­
nifestations are pronounced. The histologic evolution of otosclerosis corresponds 
with the clinical history of the patient. The beginning destruction of the normal 
bone in the congestive phase is characterized by tinnitus. The consecutive resorption 
of the osseous tissue corresponds with progressive hearing loss. The formation of anar­
chic sclerous bone in the last phase leads in a considerable number of cases to anky-

Fig. 1. Vertical section through the footplate. Active otosclerosis bone. Vascular fibrous 
tissue and irregular bone trabeculae (pers. obs.) 

losis of the stapedial footplate, which results in conductive deafness. I t is thought 
that as long as the disease is limited to the oval window, the deafness remains conductive, 
but that extension to the cochlea causes signs of perceptive or nerve deafness which occurs 
in 30-40% of the cases. 

Other important clinical signs are Willis' paracusis or the ability to hear better 
in noise, and slight postural dizziness. 

In nearly every case of otosclerosis the tympanic membrane appears somewhat 
translucent and with a pinkish tinge (Schwarze's spot) due to transmitted colour from 
changes on the inner tympanic wall. 
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The functional hearing tests such as pure tone audiometry and vocal audiometry 
do not show typical characteristics and vary in the various phases of the disease. 
The " dip " in the bone conduction curve at 2 000 C.S. is often termed Carhart's 
notch and is characteristic for deafness caused by stapes fixation. 

In our patients the diagnosis is made on clinical and audiological grounds and 
is confirmed by surgery. 

The disease usually develops bilaterally as can be seen from Tab. 1. Among the 
62 cases there are 59 bilateral and only 32 unilateral ones. The latter may in time 
of course also develop the disease on the other side. 

Classif ication and differential d iagnos is 

1. Chronic conductive deafness as sequelae of otitis media can make the differential 
diagnosis somewhat difficult. Familial anamnesis can help elucidate the differential 
diagnosis. 

2. Otosclerosis can be classified among the hereditary bone diseases which are 
characterized by hearing impairment. In otosclerosis the latter is the result of a 
localized osteodystrophy. 

There exist several skeletal diseases in which there is conductive hearing loss, 
but where other clinical signs lead easily to the correct diagnosis. The hearing im­
pairment can either be the consequence of malformation in the middle ear, the inner 
or external auditory canal or the base of the skull, or due to a thesaurismosis with 
central lesions. 

A. Some generalized osteodystrophies show audiological characteristics which 
are more or less identical to the ones found in otosclerosis. This is the case in the 
following conditions: 

1. Albright's disease (osseous fibrous dysplasia, cutaneous pigment spots and pre­
cocious somatic and sexual development in women) - Narrowing of the auditory 
canals, ankylosis of the stapes footplate in the oval window (Pellegrini, 1962) can 
cause conductive deafness; narrowing of the inner acoustic meatus can cause percep­
tive deafness. 

2. Osteopoikilia (osteitis condensans disseminata: round or streaky bone conden­
sations usually found fortuitously on X-ray examination) - Perceptive deafness 
occurs in families where osteopoikilia exists and conductive deafness has been observ­
ed in patients affected with osteopoikilia (Bonduelle, 1944). 

3. Albers-Schonberg's disease (osteopetrosis: thickening of the cartilages, disappear­
ance of the bone-marrow which is replaced by calcified tissue, osseous fragility, 
frequent fractures, with extensive callus formation and anemia) - Conductive and 
perceptive deafness can be due to stenosis of the outer or inner auditory canal. 

4. Paget's disease (osteitis deformans: hyperplasia and osteoporosis of the bones 
of the cranium and face, the diaphyses of the bones of the limbs, the pelvis and the 
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spine) - The three forms of deafness may occur: the conductive type due to lesions 
of the external auditory canal, middle ear and stapes' footplate; the perceptive type 
due to compression of N. VI I I in the inner auditory canal or to extension to the coch­
lea, or to a deformity at the base of the skull with compression of the internal audi­
tive artery and consecutive sensorial degeneration; the mixed type due to ankylosis 
of the footplate and consecutive cochlear degeneration. Some authors, such as Nager 
& Mayer (1932), consider otosclerosis as a localized form of Paget's disease. 

5. Hurleys lipochondrodystrophy (Gargoylism: craniofacial malformations with large 
head, scaphocephaly, saddle-nose, prominent cheeks, flattened orbits, hypertelorism, 
thick tongue; dwarfism; polyepiphyseal osteochondral dystrophy especially of the 
carpal and metacarpal bones with deformation of the joints and limited movements; 
mental retardation; hepatosplenomegaly, and corneal dystrophy in 75% of the pa­
tients) — There is auditive impairment in 23% of the cases: conductive deafness 
due to a tubocatarrhal lesion or to deformation or ankylosis of the ossicles; percep­
tive deafness, due to degenerative lesions of the ganglia or central nuclei. 

6. Morquio's Chondro-osteodystrophy (same type of skeletal alterations but excep­
tional corneal dystrophy, absence of neurologic signs, mental retardation or visceral 
syndrome) - Very frequent usually mild hearing loss of the mixed type is found. 

7. Generalized cortical hyperostosis (cortical thickening in the ribs, claviculae, di-
aphyses of the long bones, the skull and its base and the mandibula; osteophytes) 
- Deafness is due to narrowing of the inner acoustic meatus. 

8. Cockayne's syndroms (disproportioned dwarfism due to skeletal anomalies, pig­
mentary degeneration of the retina, progeroid facies, lightsensitivity of the skin, neu­
rologic signs) - Deafness and deafmutism can be found in the severe cases. 

9. Van de Hoeve's syndroms, I.obstsin's osteopsathyrosis, Ostsogenssis imperfecta (blue 
sclerae, osseous fragility, fractures, especially subperiostal, occurring spontaneously 
or after a minor traumatism, nanism, exostoses, joint-laxity) - There is no agreement 
yet as to the exact type of deafness in this disease. Ogilvie & Hall (1962) connect 
otosclerosis with this syndrome. According to Ruttin (1922), Clerc & Deumier (1958) 
and Fowler (1949) conductive deafness would be due to otosclerosis. Fowler (1949) 
finds in otosclerotic patients a high percentage (69%) of blue sclerotics, although these 
patients are not affected by osseous fragility. Nager (1921), however, detects an anat-
omopathologic difference between classical otosclerosis and osteogenesis imperfecta 
with deafness. In other cases of the syndrome conductive deafness has been ascribed 
to a laxity of the ossicular chain, an abnormal inclination of the tympanic membrane 
due to cranial deformation (Apert, 1928); Le Mee, cit. by Clerc, 1965), fractures 
of the ossicles, thinning of the tympanic membrane (Funch & Rosenbauw, cit. by 
Clerc, 1965), etc. The perceptive deafness has been ascribed to fractures of the tem­
poral bone, haemorrhage in the labyrinth, microtraumata (Gillain, cit. by Clerc, 
1965), or to otosclerosis of the cochlea. The mixed type of deafness can be due to the 
association of above mentioned factors. 

10. Pyle's disease or familial metaphyseal dysplasia (thick metaphyses with thinning 
of the cortex and absence of the trabecular structure of the bone, frequent fractures) 
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- Deafness can be of the conductive type when caused by stapedial ankylosis in the 
oval window or by obtrusion of the round window. It can be of the perceptive type, 
when caused by hyperostotic compression of N. VI I I in the inner ear meatus. 

B. Several cranial deformities are known where the different types of deafness 
can be found. The hearing impairment is, however, not as much the result of 
deformities at the base of the skull, but is rather due to a developmental hypoplasia 
of the ear. 

i. Apert's syndrome. Although deafness is not frequent, stapedovestibular anky­
losis and narrowing of the inner acoustic meatus have been reported. 

2. Crouzon's syndrome (precocious craniostenosis with brachycephaly, scaphoce­
phaly, acrocephaly or trigonocephaly, hypoplasia of the superior maxilla, shortening 
of the orbital cavities, hypertelorism, inferior prognathism, arched palate and short 
upper lip, the nose resembling a parrot's beak, exophthalmos, sometimes subluxation 
of the globe, divergent strabismus, optic atrophy and sometimes nystagmus; hydro­
cephalus, epilepsy and mental retardation are not exceptional) - Otologic defects 
are frequent: middle-ear deafness due to malformation of the ossicles and sometimes 
of the auditory meatus (Nager, 1339; Nager & De Reynier, 1948). Kluyskens (1965) 
found in a case of Crouzon's disease ankylosis of the stapes' footplate caused by an 
osseous callus, which histologically is found to be otosclerosis. 

C. Affections of the spine. 
1. Bechterew's disease (rhizomelic spondylosis, ankylosing sacroiliac arthritis fol­

lowed by spondylarthritis, frequent iridocyclitis) - In three cases of Bechterew's 
disease, Kluyskens (1965) found otosclerosis surgically and anatomopathologically. 

2. The Klippel-Feil syndrome (synostosis of the cervical vertebrae with a short, slight­
ly mobile neck and forward inclined head) - There may be deafness and deafmutism. 

D. Syndromes of the first and second Gill-arch can present different forms of 
deafness. Their etiology is however distinct from the one in otosclerosis and will not 
be discussed here. 

3. Other associations 
Keiser (1952) observes a case of typical otosclerosis associated with oligophrenia 

and general hypotrophia. 
Van Leeuwen (1955) describes otosclerosis, mental retardation, lipodystrophy, 

nanism and osseous cysts in three sisters born from consanguineous parents. 

Frequency, sex and racial d is tr ibut ion 

The disease is found at least in its histological manifestation in 10% of the pop­
ulation of the Western world (Engstrom, 1940; Guild, 1944; Weber, 1935). 

The reported frequencies vary according to the different authors: in adults 6% 
(Guild, 1944, 1965), 10% (Fowler, 1954). 
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Sercer (1961) finds 15 times signs of manifest otosclerosis (1.2%) on macroscopic 
examination of 1 200 skulls and concludes that otosclerosis is a bilateral and symmet­
rical disease. 

Histologic otosclerosis is 10 times more frequent than clinical otosclerosis. It 
can be found at necropsy in normal hearing persons. Only in 10 to 15% of histo­
logical otosclerosis cases the osteodystrophy foci are located in such areas of the laby­
rinth that the transmission of sound from the ear drum to the inner ear is prevented 
(Guild, 1944). Guild considers the ankylosis of the stapes to be fortuitous. As the 
presence of otosclerosis is not clinically observable until the stapes has been ankylosed, one should 
not attach too much importance to a negative family case history. An otosclerotic focus which 
is only o. 1 mm from the footplate of the stapes gives no symptoms whatever. 

Larsson (i960) calculates that the degree of manifestation of clinical otosclerosis 
varies between 15 and 35%. In determining the degree of manifestation the person's 
age must be taken into account. 

Joseph and Fraser (1964) find otosclerosis to be 2.1 times as common in Cauca­
sians as in Japanese. Guild (1950) finds the incidence of histological otosclerosis to 
be 8.3% in 518 whites (12.3% in women and 6.5% in men) and 1% in 482 negroes 
(1 .1% in men and 0.7% in women). Clinical otosclerosis is much less common in 
the yellow than in the white race. 

Different authors (Bauer & Stein, 1925; Cawthorne, 1955; Davenport et al., 
1933; Nager, 1939; Shambaugh, 1956) stress the fact that clinical otosclerosis is more 
frequent in women. Histological otosclerosis on the other hand, is about as common 
or even more frequent in men than in women (Weber, 1936; Engstrom, 1940; Guild, 
1944; Schambaugh, 1956). The statistics of Kluyskens (1965) based on clinical sur­
gical material of 271 patients indicate 51.5% women and 48.5% men. A comparison 
of the age at which the two sexes undergo operation, shows that otosclerosis causes 
a social deafness at a younger age in women than in men. As can be seen from Tab. 
1 in our series of 62 patients selected chronologically for chromosomal evaluation 
upon their admission for surgery, there are 32 men and 30 women, the mean age 
of onset of clinical disturbance being 27 in the men and 21 in the women, the mean 
age at operation of the first ear being 43 for the men and 38 for the women. 

The frequency of otosclerotic manifestation is probably the same in men and 
women when investigated at an older age, i.e. at the end of the risk period, but in 
women, under influence of intenser hormonal and metabolic conditions (puberty, 
pregnancies), the disease may start earlier and evoluate faster than in men. 

Etiology 

The etiology of otosclerosis remains obscure. Many theories have been suggested, 
of which the following are the most important. 

1. Infection (Manasse, 1922; Fraser, 1932) would cause changes in the laby-
rinthic capsule. This theory is no longer accepted. 
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2. Venous stasis (Wittmaack, 1919) in the labyrinthic capsule. Narrowing of the 
small channels through which pass all vessels entering or leaving the labyrinthic 
capsule, interferes with venous drainage, so that osteophyle hormones, although their 
level in the blood serum is normal, can intervene, as they are in relative abundance 
in the region of the circumscript venous stasis. Because the bony mass of the laby­
rinthic capsule is not more than 2 g a slight quantity of hormone can produce local­
ized characteristic changes (Sercer, 1961). This theory does not elucidate the primary 
cause of the disease. 

3. Mechanical or anthropological theory. Briihl (1926) and Mayer (1922) advocate 
the angulation of the base of the skull, which is the consequence of the erect human 
posture, as the cause of a mechanic stress on the labyrinthic capsule by pressure of 
the temporo-mandibular articulation on the lateral side of the temporal bone. 

The influence of the mechanic forces on the labyrinth would manifest itself first 
in a physical sense: compression, deformation and microfractures (described by Mayer, 
1922, Uffenorde, 1922; Lange, 1929; Nager, 1932, M. Meyer, 1932; Eschweiler, 
1933; Greifenstein, 1935; Ullrich, 1939). If the bone is resistant the mechanic force 
would act in a biological sense: i. e. activation of osteoblasts and metaplastic changes 
in the bone, often seen in the periostal layer. If the periostal layer is not sufficiently 
isolating, the enchondral layer is also submitted to the metaplastic changes. Mechanic 
factors acting on long bones can produce analogous changes (M. Meyer, 1939). A 
mechanically caused bone transformation area is, however, not identical with oto­
sclerosis. In the former the metaplastic areas are limited to the field which is influenc­
ed directly by mechanic forces. The otosclerotic foci, on the other hand, have a 
tendency to spread and to persist for a longer time. The first effect of compression 
of a long bone, and of the labyrinthic capsule is identical, i.e. an active congestion 
and consecutive bone metaplasia. Sercer (1961) points out that in the region of the 
pyramids, due to a progressively stronger angulation, the channels through which 
the veins of the labyrinthic capsule leave the inner ear are narrowed, which results 
in a chronic venous stasis in the region of the windows, where hormones can play 
an important role in producing otosclerotic osteodystrophy. The difference between 
a simple bone transformation area and an otosclerotic focus is the fact that in oto­
sclerosis the hormonal influence due to the venous stasis is superimposed on the me­
chanic action. In the same way authors, who are in favor of this theory, explain the 
otosclerotic foci in the ossicular chain. The veins of this region leave the bone through 
the fissure of Glasser, narrowing of which would produce venous stasis in the head 
of the hammer and the body of the incus, the rest of the process being analogous 
to the one in the labyrinthic capsule. This theory would explain that the disease 
appears only in postfoetal life, that it is specific for the human race, that the process 
is localized in the labyrinthic capsule, that the rest of the skeleton remains normal 
and that the process develops bilaterally and simultaneously on the corresponding 
spots, terminating in old age, when the angulation of the base of the skull becomes 
fixed. It also would explain that otosclerosis occurs less frequently in negroes and 
Japanese. 

132 

https://doi.org/10.1017/S1120962300013159 Published online by Cambridge University Press

https://doi.org/10.1017/S1120962300013159


Francois J. et al.: Cytogenetic Study of Otosclerosis 

4. A modification of the foregoing theory considers the pulsations of the carotid 
artery, the vibration of the footplate and the tension of the basilar membrane as 
the essential cause of otosclerosis. These mechanical factors would cause electro 
chemical and consecutive electrolytic phenomena in the labyrinthic capsule (Leiri, 

!950-
5. Portmann (1952) and Kobrak (1950) consider an abnormal endo-labyrinthic 

tension and local hyperhaemia as etiologic factors. 
6. Hormonal influences are considered by Escat (1922), Leicher (1925), Voss (1927), 

Alexander (1927), Seiffert (1938), Borghesan (1946) to explain the high erincidence 
of otosclerosis in women. 

7. Factors concerning the bone metabolism are studied by Leicher (1925), Ber-
berick (1928), Weber (1936), Tobeck (1955), Fowler (1956) without any definite 
result. De Jorge et al. (1965) find normal blood values for sodium, potassium, chlo­
rine, uric acid, total cholesterol, and copper metabolism in 20 white otosclerosis pa­
tients. Inorganic phosphorus is low, inorganic sulphur high and there is a tendency 
for a high calcium and a low alkaline phosphatase activity and magnesium concen­
trations in the blood serum. Histochemical analysis of the otosclerotic focus reveals 
an important histoenzymatic disturbance of the metabolism of the glucids, the phos­
pholipids and the sulphur compounds (Ardouin, 1961). The production of otoscle­
rotic bone in the oval window can be the result of some abnormal enzyme activity. 

Maggio (1959) finds in otosclerotic patients an inhibition of 24% of cholineste-
rase activity in the serum. He also establishes a concordance between the diminution 
of this enzyme and the state of sympathic hypertonia, characteristic of the otosclerotic 
process. Maurer (i960) finds decreased alkaline phosphatase in blood. 

8. Bast (1929), Anson (1933) and G. Wilson (1933) ascribe otosclerosis to 
embryologic cartilagenous rests remaining in the labyrinthic capsular bone, when it 
develops out of the primordial cartilage. These remnants show an extreme power 
of growth as soon as some unphysiological forces penetrate the isolating layer. 

9. The connection between otosclerosis and some general diseases such as osteo­
genesis imperfecta has drawn attention on the possibility of a general mesenchymal 
disease (Adir-Dighton, 1912; Van der Hoeve, 1918; Towler, 1949). The histological 
findings in otosclerosis correspond to those in traumatic osteodystrophy (Sercer, 
1961). Nager (1951) considers otosclerosis as osteodystrophy observed under a time 
lens, and Weber (1961) points out that the histological bone changes in otosclerosis 
are identical with those in localized osteitis fibrosa. 

Generalized osteitis fibrosa and osteogenesis imperfecta should however not be 
considered identical with otosclerosis, because these diseases attack the whole skeleton. 
Arslan (i960) finds mesenchymal alterations in otosclerotic focus, Beutzen (1964), 
Liveriero & Loggia (1962) mesenchymal hypoplasia in skin biopsies. Shadil (1961) 
suggests to use the latter as a test for alterations of connective tissue in the healthy 
members of families with otosclerosis or osteogenesis imperfecta. 

10. Weber (1961) states that two factors are probably responsible for the devel­
opment of otosclerosis: a local one, i.e. the anomalies and variations of the old and 
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new cartilage, and a general one, i.e. a metabolic disorder affecting the labyrinth 
via the vascular system. 

The three layers of the labyrinthic capsule, i.e. the endostal layer consisting of 
fibrillary bone, the middle enchondral, protecting layer, consisting of strand bone 
and the periostal, isolating layer consisting of fibrillary bone, strand bone and la­
mellar bone, have each a different function in protecting the inner ear, from the 
pathological influences and the mechanical forces from outside. 

The trigger to otosclerotic bone formation in the oval window must be released 
by something. Different stresses, hormonal, mechanic, inflammatory, metabolic, 
patient's way of life, his psychism, his diet and intestinal and renal conditions can 
be contributing factors in producing the same bone changes (Ardouin, (1961). 

The otic capsule can become sensitized by various hormonal and enzymatic meta­
bolites, which act trough the humeral way at crucial evolutive periods of life and 
growth of bone (puberty, maturity, pregnancy and old age). 

Heredity 

Questioning the otosclerotic patients for other familial cases of deafness, the age 
of their onset, the fact wether any surgery was performed for hearing improvement 
and if so with which result, usually reveals the occurrence of similar cases among 
relatives. Familial anamnesis is positive in 52% of the cases (Bezold, cit. by Miiller, 
1961), 58% (Nager, 1939) and 54.4% (Shambaugh, 1935). In our series of 62 pa­
tients there are 26 cases (42%) where familial anamnesis is positive for otosclerotic 
hearing loss. In the 36 others the existence of familial cases was either denied (18 
cases) or reported unknown by the proband (18 cases) (Tab. 1). 

The fact that in twins otosclerosis is practically almost concordant, bilateral 
and symmetric, constitutes a strong argument for heredity (Hernandez-Oroszo & 
Courtney, 1964). 

Different interpretations have been given to the mode of inheritance of otoscle­
rosis : 

1. Monofactorial 

Regular dominant monofactorial heredity is described by Korner (1943): 8 cases in 18 
in 3 generations; Chumlea (1942): father and children of two wifes; Kabat (1943): 
19 cases in 94 in 4 generations; Hustin (1951): 6 cases in 13 and 8 in 18 in 3 gen­
erations. 

Irregular dominance has been described by Lang and Ha'ike (1928), Chumlea (1928), 
Kabat (1943), Pfandler (1949). The latter author stresses the varying degree of 
manifestation of the disease. 

Even when the disease does not manifest itself clinically for several generations, 
it is not justified to deduce recessive heredity, because histologic lesions may be 
present without clinical manifestation. 

Hernandez-Oroszo & Courtney (1964) reviewed 24 otosclerotic twin pairs 

134 

https://doi.org/10.1017/S1120962300013159 Published online by Cambridge University Press

https://doi.org/10.1017/S1120962300013159


Francois J. et al.: Cytogenetic Study of Otosclerosis 

and add one pair of discordant monozygous twins. Twenty-two pairs were con­
cordant for clinical otosclerosis, but nothing is mentioned about the zygosity. In one 
discordant twin the deaf patient showed blue sclerae. The hearing loss began at 
the same age in 11 of the 24 pairs of twins. The absence of deafness in one partner 
twin does not necessarily imply the absence of otosclerosis; he can harbor the otoscle­
rosis, although it may be subclinical for a long time. 

Larson (i960) investigated a total of 257 families (1740 persons) starting from 
262 affected propositi, chosen independently from the fact whether a positive family 
history was present or not. Gases with a possible inflammatory cause for the deafness 
were discarded, so that a few otosclerosis cases may have been lost, but that the ma­
terial was kept free from cases with uncertain diagnosis. The author concludes that 
the exact mode of inheritance cannot be established with certainty, but that his re­
sults strongly indicate monohybrid autosomal dominance with penetrance of the pa­
thological gene between 25 and 40%. A most important argument in favor of dom­
inant transmission was the occurrence of otosclerosis in several of the families in 3 
successive generations and in 2 families in 4 successive generations. 

In fact, in simple dominant inheritance, when the parents have passed the whole 
risk period, there are no affected children, without at least one affected parent, unless 
the penetrance is reduced, which is the case in otosclerosis. 

Guild (1944) indicates that in 10% of the cases otosclerosis is restricted to histo­
logical abnormalities. He reports that only 7 out of 44 cases (16%) of histologic oto­
sclerosis found in necropsies had had clinical manifestation. This is a strong argu­
ment in favour of dominant heredity. The fact that histologic otosclerosis is excep­
tionally diagnosed during life, explains why the mode of inheritance has long been 
a matter of discussion. 

Larssons' figures (i960) for morbidity risk and rates of manifestation are compati­
ble with both simple dominance and simple recessivity. His data on the occurrence 
of secondary cases among parents, parents' siblings and grandparents, however, elucidate 
the question. In recessive inheritance, the affected person is homozygous; conse­
quently, there are other cases among relatives of both parents. In dominant inher­
itance, on the other hand, there is an accumulation of secondary cases on the side 
of one of the parents. Larsson (i960) studied 57 families in which more than one 
case occurred on the side of the father or mother of the propositus, i.e. parents, the 
parents' siblings and grandparents. In 53 families (93%) he found secondary cases 
only on the side of one parent, which supports the hypothesis of a simple dominant 
inheritance. This is confirmed in our own material (Tab. 1): in 10 families where 
more than one other case of otosclerosis occurred among the relatives, they were 
found 3 times (B. L., W. K. Y., C. E.) on the paternal side, 6 times (D. C. D., M. E., 
C. P., H. A., P. Y., N. A.) on the maternal side and only once (V. S.) simultaneously 
on paternal and maternal side. 

Larsson (i960) indicates that the morbidity rate for otosclerosis is higher for sib­
lings and parents of persons with otosclerosis than for the general population. It 
is higher for siblings in families where one of the parents is affected than in families 
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where none of the parents are affected. There is no significant difference in the mor­
bidity risk for siblings and parents. 

Another important argument in favour of dominant inheritance is the fact that 
transmission from father to son is frequently seen (Tab. i ) . 

Recessivity is accepted by Gradenigo (1924) and Tinkle (1933). 

2. Poly-allelism 

Hammerschlag (1904-1934) suggests two dominant and two recessive factors (Albrecht, 
!932)-

Dominance and possibly recessivity is accepted by Albrecht (1923). Hernandez-Orozco 
and Courtney (1963) studied the last filial generations of 70 families of Mexican 
patients with clinical otosclerosis. The families were divided into three groups: 1) 
otosclerotic father and healthy mother; 2) otosclerotic mother and healthy father 
and 3) healthy parents. The authors concluded that transmission is determined 
by an interaction of two genes, one autosomal recessive, and another sex-linked 
dominant. 

Dimeric dominance. Davenport et al. (1933), Hustin (1951), Korner (1905) suggest 
an autosomal gene determining the reaction of the osteoklasts and osteoblasts in the 
mensenchym besides a sex-linked gene, this in order to explain the higher frequency 
of otosclerosis in women. After comparing the distribution of affected siblings in 
matings, where both parents are affected, with those in matings, where only one or 
neither of the parents has otosclerosis, Davenport et al. (1933) conclude: " Otosclerosis 
develops under external conditions that favour it whenever the patient has a consti­
tution that combines 2 dominant factors as follows: a factor which lies in the sex 
chromosome and also a factor which lies in one of the autosomes ". 

Dimeric recessivity. Bauer and Stein (1925) are the first to investigate otosclerosis 
with genetico-statistical methods. By using a modification of Weinberg's propositi 
method they find a morbidity risk for siblings in the group unaffected X unaffected 
parents of 6.06%. In the group affected X unaffected parents the corresponding fig­
ure was 25.26%. They interpret this great difference between the morbidity risks 
as a proof that otosclerosis is hereditary. They exclude dominant heredity and single 
recessive heredity and conclude that otosclerosis is determined by two recessive he­
reditary factors (dihybrid recessive heredity). 

As Larsson (i960) indicates the two main investigations (Bauer & Stein, 1925; 
Davenport et al., 1933) are prone to some criticism. Because of the selection of the 
material, the pedigree studies have only a limited value. Moreover the patients stud­
ied by the two groups of authors are not examined by an otologist, which makes 
the diagnosis doubtful in at least a part of the patients. 

Larsson (i960) states: " Polyhybrid inheritance, i.e. interaction between two or 
more major genes, suggested by Bauer & Stein (1925) and Davenport et al. (1933) 
is difficult to disprove ". 

The inheritance of genetically determined quantitatively distributed variables 
can be multifactorial, i.e. due to the combined action of several additive genes (poly-
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genes). In otosclerosis where the clinical degree of manifestation varies strongly, 
it is theoretically possible that polygenes are active either in the form of a pure multi­
factorial inheritance or as modifying genes to a major gene. This theoretical hy­
pothesis, cannot, however, be proved on the basis of the existing material. 

3. The penetrance and the expressivity of the gene vary in the different otosclerosis 
families. This is probably one of the reasons for the multiple interpretations which 
have been given by the different authors to the mode of inheritance. 

Penetrance influences the frequency of the manifestation. An individual can be 
genetically affected and carrier of the gene, but because of the gene's weak penetrance, 
he is phenotypically normal, does not become deaf, but can transmit the pathologic 
gene to his descendants. In this way a generation can be jumped. Guild (1944) 
illustrates this with patients who are histologically, thus also genetically, affected, 
but where the lesions are very benign and do not produce clinical manifestations. 

The expressivity of the gene can manifest itself in the sense of quantity (variations 
of expression) and of quality (variations of specificity). 

The relationship which exists with other hereditary diseases, where pleiotropic 
genes are involved (i.e. genes which are capable of affecting several tissues at the 
same time), has to be kept in mind; this is the case in Paget's disease, and in osteo­
psathyrosis, where the same gene acts at the same time on the skeletal tissues (fra-
gilitas ossium), on the sclerotics (blue coloration), and on the ear (deafness). 

Peristatic factors can modify the penetrance, expression and specificity of the gene. 
In fact, otosclerosis starts at the moment of the fastest growth rate, where the ske­

letal tissues of the adolescent are in full evolution. 
Moreover hormones and enzymes can also play a role. The predominance of oto­

sclerosis in women, although the disease is not due to a sex-linked gene, can be ex­
plained by a mechanism of sex-control, i.e. the intenser hormonal transformation at 
puberty. 

Emotional strains with the correlated hormone and neurovascular disturbances 
are important factors in the timing, genesis and exacerbations of the otosclerotic 
bone dyscrasia. In fact they trigger the faulty bone metabolism which is the oper­
ating factor in the genesis of otosclerosis in predisposed individuals. Fowler (1358) 
showed that there exists in twins a close correlation between hyperemotional sensi­
tivity and the priority of onset of puberty on the one hand, and the onset of the deaf­
ness on the other hand. In identical twins there exists a consistent relationship to 
factors affecting the timing, prevention, genesis, or course of the deafness from oto­
sclerosis. Usually the twin, who first develops deafness from otosclerosis, is the twin 
who matured first, and who was subjected to the more marked emotional disturb­
ances near pubescence (Fowler, 1958). 

4. Cytogenetics 

A. Tato (1963) studied otosclerosis cytogenetically by skin and blood cultures 
in 10 otosclerotic patients and in 4 normal relatives in all of whom he finds chromosomal 
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mosaicism. Two blood cultures from patients with hearing impairment due to per­
ceptive neural hearing loss and a progressive mixed type of hearing loss were estab­
lished for differential diagnosis. The mosaicism included cells with 46/47/48 chro­
mosomes, the extra chromosomes being identified as D-chromosomes presumably 
trisomy and tetrasomy of number 13 (Figs. 2-3). From the study of two families in 
respectively 3 and 2 generations he concluded to a dominant inheritance of the mo­
saicism and presumed that the cases of mosaicism in the clinically normal relatives 
of affected patients might have been due to possible histologic otosclerosis. He postu­
lated that mosaicism might have been present in all cases of histologic otosclerosis 
and could be used as a test for detection of cases without clinical manifestations and 
even for differential diagnosis with other forms of hearing impairment. His two con­
trol cultures showed a diploid chromosomes number of 46. The author did not re­
port however how many cells were counted in these cultures. He admitted that there 
was no indication of congenital malformations or increased rate of abortions in the 
patients' families and suggested that the trisomy D syndrome described by Patau 
might involve another D-chromosome than the one which was involved in his oto-
sclerotic mosaicism or that the normal phenotype of the otosclerotic patient might 
be ascribed to the line of normal cells. 

He formulated the followings hypotheses: 

1. Otosclerosis is due to chromosomal aberrations which produce mensenchymal 
alterations, especially in the otic capsule, another factor such as a mechanical one 
being the trigger for focus. 

2. Chromosomal alterations and otosclerosis are coexistent and due to some un­
known common causal factor. 

3. Otosclerosis and chromosomal alterations are independent. 

B. Some syndromes characterized cytogenetically by chromosomal aberrations 
show clinically, besides multiple congenital malformations, also deafness. Until 
1966 no report of structural abnormalities of temporal bones was known. Schuk-
necht (1966) observed them first in cases of trisomies 13-15 and 18. The abnormal­
ities are similar to the genetically inherited cochleosaccular degeneration described 
by Scheibe (1895). 

Trisomy 6-12. Jennings & Turner (1961) reported a case of a 14 y. old girl showing 
multiple malformations: mental retardation, cutaneous folds, hypotonia, synostosis 
of cervical vertebrae, genital infantilitism, cleft palate and bilateral and pronounced 
deafness (75 db left, 85 db right). There was monosomy 16 and an additional chro­
mosome in the C-group. 

Trisomy 13-15 (microcephalia, mental retardation, arhinencephalia, eye defects 
ranging from anophthalmia and microphthalmia to colobomata, cleft palate and 
lip, hyperconvex fingernails, hernias, hemangiomata, abnormal horizontal hand 
palm creases, poly- and syndactylia, heart defects, visceral anomalies, rocker bottom 
feet, a.s.o.) - The outer ear is frequently deformed. Deafness occurs but, because 
of the early death of these children, it is difficult to determine its exact type. The 
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Fig. 3. Tetrasomy in D group according to Tato et al, (1963) 
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congenital anomalies are presumably the direct result of the presence of the addi­
tional chromosome, which is thought to be the same element in all cases, although 
at present cytogenetic analysis is unable to discriminate among chromosomes 13, 
14 or 15 with certainty. The excess chromosomal material appears to be directly 
responsible for induction of an excess amount of normal (duplications) and abnormal 
tissues. The excess tissue may provoke an imbalance between it and the surrounding 
normal tissue, resulting in focal morphologic abnormalities. 

In addition, there are malformations (e.g. the skeletal abnormalities of the skull 
and face) which are better interpreted as the result of secondary anomalies, having 
their origin in alterations occurring early in embryonic life, i.e. defective formation 
of the skull blastema, particularly of the ethmoid bone. 

Trisomy 18 (mental retardation, hypertonia, flexion of the fingers 2 and 5 on top 
of 3 and 4, short neck, micrognathia, flat thorax, short sternum, a.s.o.) - External 
ear deformities and deafness have been described. The early death of these patients 
often exclude the study of its type. Kluyskens (1965) examined two cases and found 
total deafness in one and partial deafness with vestibular areflexia in the other. 

Trisomy 21. Koch & Serra (1962) examined the cochlear-vestibular system in 
14 cases. All presented anomalies. Hypoacousia of the conduction type was more 
pronounced in the children, which presented an important hypertrophia of the lymph­
oid tissue. The cases with neurological signs had an hypoacousia of the perception 
or the mixed type. These cases had also a disturbed labyrinthic function (sponta­
neous nystagmus, vestibular hyperreflexia). The authors concluded that it is not 
possible to correlate the clinical condition with the degree of the hearing impairment. 

Turner's syndrome (lack of one X chromosome, pterygium colli, low implantation 
of the hair line, dwarfism, cubitus valgus, streak ovaries) - The auditive impairment 
is always of the same type, with a typical audiometrical curve. This is characterized 
by a loss of 20 db for the low frequencies, a loss of 50 db for middle frequencies and 
a loss of 25 db for the high frequencies. 

Lindsten (1963) found hypoacousia in 68% of 41 patients, examined audiometric-
ally. Twenty in twenty-eight had perception type of hearing loss, five conduction 
type and two the mixed type. Kluyskens (1965) examined audiometrically a 12 year 
old X O patient and found hypoacousia of the perception type, although the patient 
did not complain of hypoacousia. 

C. Personal findings 

Cytogenetic evaluation was done on all the 62 patients, but only those patients 
were kept for interpretation of the cytogenetic results, in which the tissue culture 
succeeded very well, so that chromosomal evaluation could be done in a sufficient 
number of cells. The patients marked with the negative sign in Tab. 1 represent 
the patients where the tissue culture either lacked growth or did not produce enough 
dividing cells for allowing a reliable analysis. Tab. 2 represents the cytogenetic re­
sults obtained in 46 patients, where the tissue culture succeeded well. This includes 
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Tab. 2. Cytogenetic data on 46 otosclerosis patients 

Name Sex Cell type 
Total 

N. of cells 
counted 

Hypodiploidy: 2n < 46 

cells 
N. of 

karyo's Evaluation 

Diploidy: an = 46 

% cells 
N. of 

karyo's 
Evaluation 

Hyperdiploidy: Qn > 46 

% cells N. of 
karyo's Evaluation 

A. R. 
B. 

B.L. 
B. N. 

B.J. 

C.J. 

C. F. 

C.Fr. 

C.L. 

C. A. 

C. P. 

DB. M. 
DC. D. 

DL. M. 

DP. A. 

DW.L. 
D. P. 
E .G. 
F .L . 

G. A. 

r? 
6 
2 
d 
6 

6 

6 

6 

3 

6 

2 

2 
2 

2 
2 

2 
r? 
r? 
6 

9 

leuco's 
leuco's 

fibroblasts 
leuco's 

fibroblasts 

fibroblasts 

fibroblasts 

fibroblasts 

fibroblasts 

fibroblasts 

leuco's 

fibroblasts 
fibroblasts 
leuco's 
leuco's 

fibroblasts 

fibroblasts 
fibroblasts 
leuco's 
fibroblasts 
leuco's 

fibroblasts 

K. F. 

P. A. 

6 

6 

leuco's 

L. L. 
L. M. 
L.A. 

M. A. 

M . I . 

M.Y. 

N. A. 

N. M. 

P-J-

r? 
r? 
d 
3 

2 

2 

2 

S 

2 

fibroblasts 
leuco's 
leuco's 

leuco's 

leuco's 

leuco's 

leuco's 

leuco's 

leuco's 

leuco's 

P. E. 
P . JM. 
S.Y. 

VD. R. 

V . L . 
VS. A. 

V K . J . 

VL. F. 

VM. O. 

V. S. 

V.J. 

6 
2 
2 

6 

2 
2 

S 

6 

6 

2 

2 

leuco's 
leuco's 
leuco's 

fibroblasts 

leuco's 

fibroblasts 
fibroblasts 

fibroblasts 

fibroblasts 

leuco's 

fibroblasts 

leuco's 

36 
22 

18 
36 

66 

21 

47 

22 

55 

32 

19 
17 
16 

34 

23 

' 4 
38 
32 
10 

17 

30 

17 

9% < 44 
9% < 44 
9% = 45 
6% < 44 

19% < 45 
9% = 45 

50% < 45 

23% < 45 

57% < 45 
5% = 45 

30% < 45 
6% = 45 

23% < 45 
4% = 45 

14% < 45 

12% < 44 

19% = 45 
0 % 

30% < 45 
0 % 

6% < 44 
9% = 45 
0 % 

14% < 45 
16% < 45 
9% = 45 

10% < 44 
0 % 

7% < 45 

G. D. 
H. M. 
H . I . 

J-J. 

2 
2 
2 
6 

leuco's 
leuco's 
leuco's 
fibroblasts 

35 
26 
28 

25 

9% < 45 
" % < 4 4 

0 % 

8% < 45 

6% = 45 

9 
10 

25 

32 

3° 

16 

3° 

33 

3° 

3i 

16 
26 

35 

35 

13 

18 

13 

14 

11 

18 

' 4 

14 

22% < 45 
20% < 45 

4% < 44 
8% = 45 

3 % = 45 
6% < 45 
0 % 

6% = 45 

3 % < 45 

18% < 44 

3 % = 45 
3% < 44 
7% = 45 

3 % < 44 
3 % = 45 
0 % 

0 % 

3% < 44 
14% = 45 
14% < 45 

3% = 45 
10% < 45 

" % = 4 5 
6% = 45 

23% < 45 
8% = 45 

14% < 45 
7% = 45 

36% < 45 
18% = 45 

6% = 45 

14% < 45 
7% = 45 
0 % 

In vitro loss 
In vitro loss 
Monosomy E 
In vitro loss 
In vitro loss 
Inconst. monosomies 
In vitro loss 

In vitro loss 

In vitro loss 

In vitro loss 

In vitro loss 

In vitro loss 

In vitro loss 
Inconst. monosomies 

In vitro loss 

In vitro loss 
Inconst. monosomies 

In vitro loss 
In vitro loss 
Monos. C6 — In vitro loss 
In vitro loss 

In vitro loss 

In vitro loss 
In vitro loss 

In vitro loss 

In vitro loss 

In vitro loss 

In vitro loss 
In vitro loss 
Inconst. monosomies 
In vitro loss — monos. E 

In vitro loss 

In vitro loss 

In vitro loss 

Inconst. monos. (D resp. E) 
In vitro loss 
Monosomy C 

In vitro loss 
Monosomy E 

In vitro loss 
2 : monos. C; 2 : monos. E 
In vitro loss 

In vitro loss 

In vitro loss 
In vitro loss 
Monosomy C 

In vitro loss 

In vitro loss 
Monosomies D resp. E 
In vitro loss - Monos. C n Ic of B5 / 

In vitro loss 
Monosomy C 

9 i % 
82% 

89% 
72% 

45% 

76% 

33% 

62% 

73% 

84% 

69% 

100% 

70% 

100% 

82% 

100% 

86% 

84% 

91% 
90% 

95% 

87% 

9i7o 
85% 

1 0 0 % 

92% 

94% 

78% 
80% 
88% 

90% 

94% 

97% 

79% 

90% 

94% 

100% 

100% 

83% 

80% 

79% 

89% 
46% 

79% 

46% 

94% 

79% 

100% 

11 Normal 
8 Normal 

7 Normal 

9 Normal 

6 Normal 

5 Normal 

6 Normal 

6 Normal 

7 Normal 

6 Normal 

10 Normal 

7 Normal 
7 Normal 
7 Normal 
7 6: normal; 1: transl. ?/G 

8 7: normal 
1: deletion C chrom. 

7 Normal 
8 Normal 

1 o Normal 
6 Normal 

12 9: normal; 1 tr. E/C 
2: Ic B chrom. 

8 6: normal; 1 monos. C 4-
tr. or del. chrom.; 1: 
mon. A2, tris. A4 mon. 
C12, trans. D/G 

8 Normal 
9 Normal 
8 Normal 
7 6: normal 

1: monos. A t ' Tris A2 

8 7: normal 
1: Ic B 4 / 

7 Normal 
5 Normal 
7 6: normal 

1: Ic A i / 
8 Normal (enlarged satellites 

in D group) 
7 Normal (enlarged satell. in 

D & G groups) 
7 6: normal 

1: monos C, + transl ?/E 
9 Normal (/ satellites in D 

& G groups) 
7 Normal 

9 6: normal 
2: Ic B chromos. ? 
1: inversion A2 

8 Normal 

9 Normal 
6 Normal 
9 8: normal 

1: abn. Ic A2, C12, Eis 
7 Normal 

7 5: normal 
2: Ic B4 ' / 

8 Normal 
4 Normal 

8 Normal 

5 Normal 

4 3 : normal 

1: Ic B chrom. /1 
5 3 : normal 

8 

0 % 

0 % 

5% > 48 
0 % 

5% 

•% 

5% > 48 

2% > 48 

0 % 

2 % 

0 % 

0 % 

0 % 

0 % 

3% 

0 % 

0 % 

0 % 

0 % 

0 % 

5% 

6% 

0 % 

4% 
0 % 

0 % 

0 % 

0 % 

0 % 

0 % 

0 % 

0 % 

0 % 

0 % 

0 % 

0 % 

0 % 

0 % 

0 % 

0 % 

2n = 92 endoredupl. 

2n = 47 extra C (trisomy 

9?) 
2n = 47 extra E (trisomy 

16?) 
2n = 59 - aneuploidy 

2n = 88 - aneuploidy 

2n = 47 extra C (trisomy 
12?) 

2n = 47 extra (F?) 

2n = 47 extra C (Ic = 
0.408) tris. C7? 

2n = 47 extra C 
(length = C7; Ic = C„) 

1 2n = 47 extra C (nr?) 

3% 

0 % 

5% 
23% (?) 

1 

— 
1 

3 

2n = 47 extra E (trisomy 
16?) 

2n = 66 = aneuploidy 
1: extra B(nr ?) 

2n=47 1: extra C(nr ?) 
1: extra G(nr ?) 

2: Ic B5 / 
Normal 

0 % 

0 % 
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fibroblast cultures in 19 patients, blood cultures in 24 patients and both types of 
cultures in 3 patients, thus a total of 49 cultures. Fibroblast cultures were established 
from skin and fascia. The skin was obtained from the back of the hand during the 
surgical procedure of taking a vene graft for interposition in stapes surgery. The 
fascia was prelevated from the fascia lata. The blood cultures were established from 
peripheral blood in some patients and from venous blood in others, both being cul­
tured following a modification of Lejeune's micromethod (1964). Chromosomal 
counts were made in two different ways, of which the results were combined, i.e. 
on projections with the drawing tube and on photographs. Structural analysis was 
done in karyotypes made up from enlarged microphotographs and verified when 
necessary by microscopic observation. 

1. Numerical analysis (Tab. 2) 

a) As can be seen from the diploid)/ column, in each patient the percentage of 
cells with a normal (2n = 46) chromosome number was high enough to conclude 
to the existence of normal diploidy. I t attained 70-79% in 9 cultures, 80-89% in 13 
cultures, 90-99% in 13 cultures and even 100% in 8 cultures. The few cases, where 
the percentage of normal diploid cells was lower than 70%, were: 

Five cases with a considerable number of hypodiploid cells, where chromosomes 
were lost during the in vitro procedures (B. J. , C. F., C. P., C. Fr., V. L. F.). 

One case (V. S. A.) where the total number of counted cells was very small, so 
that the percentages could not be accurately calculated and consequently had no 
meaning. This case was not discarded from the table for reasons which are further 
exposed. 

In no cases was a significant per cent of hyperdiploid cells responsible for a low per 
cent of normal diploid cells, exception made for the just mentioned case (V. S. A.), 
where the percentages were not reliable. 

b) In the hypodiploidy column (2n < 46), the countings were subdivided in cells 
with 2n = 45 and in cells with 2n < 45. This was done routinely to detect the 
presence of a possible constant monosomy. In all cells the hypodiploidy could be as­
cribed to in vitro loss of chromosomes, a constant monosomy being absent. 

c) The hyperdiploidy column (2x1 > 46) showed that on the total of 49 cultures 
there are 36 cultures where no hyperdiploid cells were present, 12 cultures with an 
extremely low percentage (maximum 6%) of hyperdiploid cells and 1 culture (V. S. A.) 
where the high percentage of hyperdiploid cells (23%) was not reliable as mentioned 
before. Amongst the cases with hyperdiploid cells there were 1 case of endoredupli-
cation, 2n = 92, 3 cases of aneuploidy, 2n > 47 and 9 cases of trisomy (2n = 47). 

a) Endoreduplication is a doubling of the chromosomes during the resting stage, 
occurring without any other mitotic events and resulting in a tetraploid cell with 23 
pairs of double chromosomes. The nuclear material reproduces, but is retained with­
in a single nucleus. Cytokinesis does not take place. Each chromosome remains 
in close association with its duplicate, and their chromatids do not separate until 
the following metaphase. The diplochromosomes take a random position in the 
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Fig. 4. Endoreduplication (pers. obs.) 
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Fig. 5. Karyogram from cell with endoreduplication (pers. obs.) 
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daughter nuclei. Therefor, tetraploid mitoses with irregular chromosome distri­
bution appear in later generations of mitoses with diplochromosomes. They may 
also result from other chromosome doubling mechanisms, such as endomitosis in a 
restricted sense (the chromosomes go through a normal cycle of duplication and con­
densation and reassembly into an interphase nucleus) or arrested (c-type) mitosis 
(the nuclear membrane breaks down and the only missing phase of normal mitosis 
in the anaphase separation of the chromosomes): Geitler (1953), Schwarzacher & 
Schnedl (1965). It is known that agents that inhibit the mitotic spindle such as col­
chicine can cause endoreproduction in vitro. Mitoses with diplochromosomes can 
also occur spontaneously in human cultures, without any specifically known cause 
(Aspillaga et al., 1964; Bishun et al. 1964; Valdmanis & Mann, 1964). 

In cultured spleen necropsy material Bain and Gauld (1963) found diplochro­
mosomes in 1 to 8% of the mitoses. These figures were somewhat high, possibly 
because of the normally high frequency of polyploid cells in the spleen. Schwarza­
cher (1961) examined 5 fibroblast cultures, from skin or fascia biopsies in normal 
persons and from the rib cartilage of an apparently normal human embryo. Between 
0.1 and 4.1 % of the mitoses were found to be tetraploid with the chromosomes arrang­
ed as diplochromosomes; 0.5-5.8% of the mitoses were tetraploid with randomly 
positioned chromosomes. 

In cultured blood cells the frequency of mitoses with diplochromosomes, as report­
ed from one culture by Aspillaga et al. (1964), was in the same range as in the fi­
broblast culture of Schwarzacher (1965) with the highest number of polyploid cells. 
The values given by Valdmanis & Mann (1964) for leukocyte cultures were about 
the same as those of Schwarzacher (1965). Also Jackson's (1963) finding of four te­
traploid cells including one with diplochromosomes among 1 000 mitotic figures 
was comparable with Schwarzacher's results. 

In our material endoreduplication with 2n = 92, the chromosomes being arrang­
ed as diplochromosomes, was seen in one fibroblast culture (B. L.) and only in one 
cell on the 18 counted in that patient (5%) (Figs. 4-5). 

b) The cases C. F., D. Fr. and V. L. had aneuploid chromosome numbers 2n > 47. 
C. F. : 2n = 59 in only one cell on 21 counted (5%). There was trisomy in group 

A (N. 1, 2, 3), group B (N. 4), group C (N. 6, 7, 9, 10, 12), group E (N. 16,18); 
tetrasomy in group B (N. 5), group C (N. 8 and 11); normal diploposition in group 
D (N. 13, 14, 15), E (N. 17) and F (N. 20); monosomy in group F (N. 19), group 
G (N. 21); nullisomy in group G (N. 22) and a normal XY constitution. 

C. Fr: 2n = 88 in only one cell on 47 counted. There was tetrasomy in group 
A (N. 1, 2, 3), group B (N. 4, 5), group C (N. 6, 7, 8, 9, 10, n , 12), group D 
(N. 13, 14, 15), group E (N. 16, 17, 18), group F (N. 19, 20); trisomy in group G 
(N. 21, 22) and a normal XY constitution. 

V. L.: 2n = 66. There was tetrasomy in group C (N. 9, 10, 11, 12), group D 
(N. 16, 17) and group G (N. 22); trisomy in group A (N. 1, 3), group C (N. 7, 8), 
group E (N. 18), and group G (N. 21); normal diploposition in group A (N. 2), group 
B (N. 4, 5), group C (N. 6), group F (N. 19, 20) and a normal X X composition. 
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Figs. 6-11. D group cut out from 96 karyograms (pers. obs.) 
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This enumeration shows that aneuploid findings in the few cells with 2n > 47 
are not consistent and present in such a low percentage that mosaicism can be exclud­
ed. They certainly do not occur constantly in the D group and contradict Tato's 
finding. In Figs. 6 to 11 the D groups cut out from 96 karyograms, from 24 patients 
(4 groups per patients) are classified together. Every group has the normal number 
of 6 chromosomes. 

These few aneuploid cells are probably the result of sporadic erroneous mitosis 
in vitro. These results do certainly not support Tato's findings of a constant mosaic­
ism in the D group. We want to mention that the latter author does not cite the 
percentage in which the different cell lines were present, so that it is not possible to 
judge about their significance. 

c) In our 9 cases where one extra chromosome (2n = 47) was found (B. J., C.J . , 
C. A., D. L. M., F. L., G. A., H. M., V. D. R., V. S. A.), this involved different 
chromosomal groups ( B - C - E - F - G ) and was never present in a sufficiently high 
percentage (max. 6%) to conclude to the presence of mosaicism between a normal 
and a trisomic cell-line. 
B.J . : fibroblasts — trisomy C (N. 9?) 5% 
C.J . : fibroblasts — trisomy E (N. 16?) 1% 
C. A. : fibroblasts — trisomy C (N. 12?) 2% 
D. L. M.: leucocytes — trisomy F? (N. ?) 3 % 
F. L. : leucocytes — trisomy C (N. 7?) 5 % 
G. A. : fibroblasts — trisomy C (N. 7? or 9?) 6% 
H. M. : leucocytes — trisomy C (N. ?) 4 % 
V. D. R.: fibroblasts — trisomy E (N. 16?) 4% 
V. S. A. : fibroblasts — The culture in this case was of poor quallity so that only 
13 cells could be counted in total. Amongst those there were 3 cells with 2n = 47, 
the extra chromosome having respectively a length of B, C, and G chromosomes. 

This case shows that poor quality of a chromosome preparation as well what 
concerns the total number of cells counted as the morphologic aspect of the chromo­
somes, can lead to erroneous and non reliable interpretations. We wonder whether 
this has not been the cause in Tato's interpretation of mosaicism in the D-group 
(Figs. 2-3). 

The numerical analysis of our material allows to conclude to the presence of nor­
mal diploidy, since no chromosome(s) is (are) constantly added or absent (Tab. 3). 

2. Structural analysis (Tab. 2) 

The only peculiarities encountered were: enlarged satellites in large and small 
acrocentrics, sporadically abnormal centromeric indexes and occasionally translo­
cation and deletion chromosomes. 

a) Enlarged satellites were seen in 3 of our cases (M. A., M. I. and N. A.). En­
largement of the satellite itself or the short arm between the centromere and the 
secondary constriction close to the satellite, of large and/or small acrocentric chro­
mosomes is known to be compatible with normal development, and not necessarily 
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to imply an association with developmental disorder in the carriers or their offspring 
(Ellis & Penrose, 1961; Schmid, 1962; de la Chapelle, 1963). I t has been demon­
strated in mitoses from leucocyte and skin cultures. Familial occurrence is frequently 
found (Ellis & Penrose, 1961; Cooper & Hirschhorn, 1962; de la Chapelle, 1963). 
Some authors think that the enlargement only reflects altered chromosomal behaviour 
and not a difference in chromatin content. De la Chapelle (1963) postulates however 
that there really is an additional piece of chromatin which may represent a recipro­
cal translocation, or a duplication, or possibly a pericentric inversion. If it were a 
pericentric inversion, as suggested by Gray et al., (1962), a satellite or constriction 
should be seen in the long arm of the chromosome, which is not the case. De la Cha­
pelle therefor supports the theory of translocation of duplication. 

Some reports emphasize an association with other chromosomal aberrations, 
and the occurrence of developmental diseases, mongoloid traits or repeated abortions 
in the propositi or their relatives. De la Chapelle et al. (1963) studied a family in 
which a number of subjects showed apparent enlargement of the short arm or satellite 
region of a small acrocentric. Despite the finding of 2 mentally retarded subjects 

Tab. 3. Summary of numerica l cytogenetic findings 

N. of cultures 

N. of counted cells 

N. of diploid cells 

N. of hypodiploid < 

N. of hyperdiploid 

cells 

cells 

43 

1237 

1032 = 83.4% 

189 = 15.2% 

16 = 1.2% 

with lesions of the central nervous system in the third generation, they suggest that 
the association with mental retardation and anomalies of the central nervous system 
in 2 out of 9 members of the large sibship may well have been fortuitous and entirely 
unconnected with the apparent chromosomal aberration seen in 5 members, one of 
whom was mentally retarded. Since four of the five affected members of the family 
were entirely normal, the apparently enlarged satellite region in itself can hardly 
be the causative agent of the malformation of the central nervous system in the fifth. 

I t should be remembered that most of the chromosome investigations, so far 
published, start from abnormal clinical findings in one or several propositi. When 
a chromosome marker like an apparently enlarged satellite region is detected, it is 
not surprising that it occurs in a family with clinical disorders. Furthermore, nega­
tive results usually are not published. The finding of enlarged satellites in 3 of our 
cases may be fortuitous. If it would be limited to the etiology of otosclerosis it cer­
tainly would have been present in a higher number of patients. 

b) Sporadic abnormalities of the centromeric index were found in 6 patients. The 
centromeric index was found too high in a B chromosome: 0.350 and 0.353 respec-
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tively in 2 karyo's of F. L., 0.358 in one karyo of K. F., 0.363 in one karyo of V. D. R., 
0.342-0.354-0.369-0.383 respectively in 4 karyo's of V. M. O. 

The centromeric index was found too low (0.348) in an Ax chromosome in one 
karyo of L. A., (0.295) i n a n A2 chromosome in one karyo of P. J . These abnormali­
ties can be ascribed to sporadic in vitro deletions or translocations. 

c) Translocation chromosomes were found occasionally in 5 patients: ?/G in 
1 karyo of D. L. M., E/C in one karyo of F. L., D/G and D/C in two karyo's of G. A., 
?/E in one karyo of M. J . , C/E in one karyo of S.J. 

d) A deletion of C9 was seen in one karyo of D. P. A. 
All the above mentioned structural peculiarities or abnormalities occurred in only 

a few patients and moreover only sporadically in the cultures from each patient 

(rX M a j 
TIT! a 

U 4 16 M k If » i 

u n H */ » M M ** 
Fig. 12 

Figs. 12-14. Karyograms from fibroblast cultures (pers. obs.) 

concerned. They could certainly not be linked with the otosclerotic phenotype. 
Figs. 12-14 are examples of our karyo's obtained from fibroblastcultures, Figs. 15-18 
of karyo's from blood-cultures. 

D. Related phenotypical conditions with normal karyotype. 
So far no cytogenetic abnormalities are known to be linked with local or gener­

alized osteodystrophies. The karyotype has been studied in some generalized osteo­
dystrophies, and found to be normal. 
— Apert's syndrome: Pfeiffer & Kosenow (1962) 
— Pfaundler-Hurler's lipo-

chondrodystrophy: 44A + XY Pfeiffer & Kosenow (1962) 
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Figs. 15-18. Karyograms from bloodcultures (pets, obs.) 
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Klippel-Feil's syndrome, 
Deaf and Dumb: 
Chondrodystrophy: 
Morquio's chondrodys­
trophy and arthrogry­
posis : 
Huler-Hunter's lipochon-
drodystrophy gargoylism: 
Congenital chondro­
dystrophy : 
Osteogenesis imperfecta: 
Osteogenesis imperfecta: 
Osteodystrophia with 
spondyloschisis-genu val­
gum: 

44A + X X Giraud et al. (1963) 
44A -+- XY Giraud et al. (1963) 

44A + XY Dumars & Gaskill (1964) 

44A + XY Abrisqueta (1966) 

44A + XY Farber et al. (1966) 
44A + X X Lozzio (1966) 
44A + XY Lozzio (1966) 

44A + X X Lozzio (1966) 

E. Conclusion 

Our personal cytogenetic findings certainly do not support Tato's viewpoint of 
a chromosomal etiology for otosclerosis. Moreover the published reports on chro­
mosomal evaluation of generalized bone diseases all mention a normal karyotype. 
These results are to be expected. Indeed the hereditary bone diseases concern faulty 
metabolic conditions, determined by pathologic enzymatic factors, which in their 
turn can depend from one pathologic gene. Otosclerosis belongs to the group of 
qualitative genetic diseases, characterized by mendelian inheritance and is not de­
termined by abnormal chromosomal gene quantity. I t has to be stressed that before 
linking a cytogenetic finding to a phenotypical abnormality, one has to be sure that 
the cytogenetic anomaly is not an in vitro phenomenon, and if not, that it occurs 
in a sufficient amount of cells to be significant. 

S u m m a r y 

Chromosomal evaluation was done in 62 patients affected with otosclerosis, clini­
cally and surgically proven. Numerical and structural karyotype analysis of leucocyte 
and fibroblast cultures, showed normal results. 

Cytogenetic findings published earlier by other authors in a small series of oto­
sclerosis patients and where mosaicism in the D-group was detected, are contradicted. 

The importance of the critical evaluation of the cytogenetic method used and of 
the necessity to investigate cytogenetically a large enough number of patients, before 
linking a clinical and phenotypical condition to cytogenetic finding, is stressed. 
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RIASSUNTO RESUME 

E stato effettuato l'esame cromosomico di 

62 pazienti di otosclerosi dimostrata clinica-

mente e chirurgicamente. L'analisi di culture 

di leucotici e fibroblasti e risultata numerica-

mente e strutturalmente normale. I risultati 

citogenetici pubblicati da altri Autori per 

piccole serie di otosclerotici che avevano in-

dicato mosaicismo del gruppo D sono contro­

versy Viene sottolineata l'importanza di una 

valutazione critica della metodologia impiegata 

e la necessita di un esame citogenetico con-

dotto su serie numerose di malati, prima di 

concludere per una relazione fra manifestazione 

clinica ed eventuale anomalia cromosomica. 

Un examen cytogenetique a ete fait chez 62 
malades atteints d'otosclerose, demontree tant au 
point de vue clinique que chirurgical. L'analyse 
numerique et structurale des karyotypes, pro-
venant de cultures de leucocytes et de fibro-
blastes, donne des resultats normaux. Les obser­
vations cytogenetiques, faites par d'autres 
auteurs dans quelques cas d'otosclerose et con-
sistant en l'existence d'un mosaicisme dans le 
groupe D, n'ont pas pu etre confirmees. Les 
auteurs soulignent l'importance de l'apprecia-
tion critique de la technique cytogenetique uti-
lisee et la necessite de faire un examen cytoge­
netique chez un grand nombre de malades 
avant de conclure a une relation entre une 
manifestation clinique et phenotypique et une 
anomalie cytogenetique eventuelle. 
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ZUSAMMENFASSUNG 

Bei 62 P. mit klinisch und chirurgisch festgestellter Otosklerose wurde eine Chromosome-
nuntersuchung vorgenommen. Das Ergebnis der Kulturen aus Fibroblastenleukozyten war sowohl 
zahlen- als strukturmassig normal. Die von anderen Verfassern angefiihrten Ergebnisse mit 
kleineren Reihen otosklerotischer P., aus denen ein Mosazismus der Gruppe D hervorgeht, wi-
dersprechen sich. Es wird daher betont, wie wichtig es sei, die angewandte Methodik kritisch 
zu bewerten und wie notwendig es ist, eine zytogenetische Untersuchung mit zahlreichen Kran-
kenreihen durchzufiihren, bevor man auf eine Beziehung zwischen klinischer Manifestation 
und evtn. Chromosomenanomalie schliessen kann. 
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