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A B S T R A C T

There are important causes of impairment of hearing which affect the 

fetus in utero.

Little work has been done on the histopathology of the fetal temporal 

bone. One of the main reasons has been that the conventional processing 

technique is very slow. A new technique for the study of temporal bone 

pathology is described and used in many of the temporal bones studied. 

The new method which utilises an annular saw is quick and allows thin 

slices of fixed bone to be cut. Close examination of the raicroslices and

radiological examination of these slices is hence possible.

Utilising the new technique histological changes in the normal 

development of the ear are described based on the findings of 22 fetuses 

of healthy mothers where the pregnancy was terminated on social and/or 

psychological grounds at well established gestational periods; 18

spontaneous abortions and 10 premature births were also studied. The

changes observed were consistent with those of previous workers using the 

conventional processing techniques.

Histological changes in the normal development of the fetal ear may 

be used as a new and additional factor in determining fetal age. The 

histological appearances in 171 temporal bones (108 cases) from fetuses, 

neonates and stillbirths at post mortem examination have been studied with 

a view to increasing the understanding of the pathology in congenital 

deafness. The absorption of embryonic mesenchyme in the middle ear has 

been studied in detail and its persistence is adduced as a factor in the
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early onset of secretory otitis media in premature infants and those with 

Down's Syndrome.

The histopathological changes of the temporal bones in early maternal 

Rubella infection were those of delay and failure of maturation and 

degenerative changes in later months of pregnancy. Temporal bone 

observations which have not been previously described include those in 

cases of spina bifida which included abnormalities of the stapes and 

cochlea which should alert clinicians to the possibility of deafness in 

these children. Fetal temporal bones in Treacher-Collins Syndrome, 

Edwards' Syndrome, Potter's Syndrome and anticonvulsant drugs during 

pregnancy have also been presented for the first time.
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CHAPTER 1 

INTRODUCTION

Scientific prophylaxis and treatment of disease is strongly dependent 

on appreciation of the pathology of the condition.

Technical Difficulties

It is widely appreciated that there is a great need to improve the 

technology in the study of aural pathology. For many reasons aural 

pathology has not been studied as fully as pathology in other parts of the 

human body. Clinical and pathological exposure to aural diseases is 

minimal at an undergraduate level; the anatomy of the temporal bone is 

complex; examination of the middle and inner ear is not performed at 

routine autopsy even though there may have been a history of ear disease 

during life. This is largely so because the post mortem is performed to 

ascertain the cause of death to which the ear is non-contributory. A high 

degree of expertise is required in obtaining sections of temporal bones; 

processing using conventional techniques takes about nine months before 

the results can be interpreted and finally the interpretation itself 

requires considerable experience.

As far as the author is aware there is only one active temporal bone 

laboratory at present in the United Kingdom based at the Institute of 

Laryngology and Otology, London. There are two collections, one at the 

above Institute and one at the Ferens Institute, The Middlesex Hospital, 

London, comprising a total collection of three hundred and five hundred 

adult temporal bones respectively. It was therefore felt necessary to
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improve on the classical technique for examining the temporal bones which 

has been used for nearly one hundred years.

A technique was therefore evolved which allowed the rapid processing 

of histological sections and for the first time made it possible to obtain 

a macroscopic view of the aural pathology, and allowed radiological 

correlation with the anatomy. It was also helpful in facilitating the 

removal of the membranous structures for surface preparation. Different 

staining techniques can also be used and the processing time is reduced 

from nine months to a few days. It is hoped that the new method will 

encourage general histopathologists to include examination of the middle 

and inner ear at routine autopsy thereby expanding the understanding of 

aural pathology and promoting research. This technique is described in

Chapter 3.

Importance of Fetal Studies

The function of hearing in acquisition of language is unique to human 

beings. Impaired hearing in fhe first two years of life causes inadequate 

or no development of speech depending on the degree of hearing loss. A 

c 1 inico-pathological study of the factors which may cause hearing loss is 

essential for the management and where possible prevention of hearing loss 

in children.

In order to appreciate the abnormal changes in the histopathology of 

fetal temporal bones a study of the normal development was necessary

which is described in Chapter 4, which also includes new observations.

These consist of determining fetal age and a study of absorption of

embryonic mesenchyme in the middle ear. The clinical significance of the
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embryonic mesenchyme in the early onset of secretory otitis media in 

premature infants is discussed in Chapter 5 (section B).

The pathology of hearing loss was also demonstrated in genetic and 

non-genetic conditions which have been infrequently studied in the past 

and some are described for the first time. The genetic conditions are 

Down's Syndrome, Treacher Collins' Syndrome, Osteogenesis Imperfecta, 

Edwards' Syndrome, Potter's Syndrome and Alport's Syndrome. The non- 

genetic conditions include Oculo-Aur icular-Vertebral Dysplasia, 

anaencephaly, spina bifida, maternal rubella, congenital syphilis, maternal 

chickenpox, postnatal infection and the role ef embryonic mesenchyme in the 

middle ear in otitis media and anticonvulsant gruds during pregnancy 

(Chapter 5, section B). In the later chapter temporal bones from non

specific conditions where anatomical abnormalities are not a recognised 

feature have also been studied. Despite the general lack of specificity of 

the temporal bone findings it was hoped that by studying the multitude of 

pathological changes it would shed light on their aetiological mechanisms 

and perhaps aid the specific corrections of these defects. The conclusions 

are described in Chapter 8.
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CHAPTER 2 

HISTORICAL REVIEW

The study of pathology of ear disease from temporal bone sections was 

established in the early part of this century. The earliest collections 

were made in 1906 by Paul Manasse in Wurzburg but unfortunately all the 

case records were destroyed in the Second World War (Schuknecht, 1987). 

Schuknecht visited the temporal bone laboratories in Europe and the United 

States and found that in Europe there were major and active laboratories 

in Copenhagen, Innsbruck, Zurich and in the United States in Baltimore, 

Minnesota, Boston, Iowa, Los Angeles, Michigan, New York, Madison and 

Pittsburgh. The only active laboratory in the United Kingdom is based at 

the present time at the Institute of Laryngology and Otology, London.

In all the centres the classical serial section technique is used for

histological examination of the human temporal bone. Horizontal and 

vertical sections are used. Haematoxylin and eosin is the most common 

staining method. Before the advent of photomicrographs camera lucida 

drawings were used for illustration, as seen in the atlas edited by 

Manasse in 1917. Recently cy to logical quantification, immunohistochemistry 

and ultrastructural studies of the human temporal bone are also utilised

for more detailed understanding of diseases of the ear.

In the ensuing historical review of specific conditions the author 

has confined herself to temporal bone studies and hearing loss.



-  11 -

GENETIC

Down's Syndrome - Mongolism is caused by an extra chromosome, trisomy 21 

(Jacobs 1959). Impairment of hearing is frequently associated with Down's 

Syndrome which may be conductive and/or sensorineural. The incidence of 

hearing loss in these individuals is higher than that in the normal 

population. There have been several studies and their observations have 

been summarised as follows:

In 43 Down's Syndrome patients Rigrodsky, Prunty and Glausky (1961) 

reported that 26 (60 per cent) had a hearing loss.

Only 8.3 per cent of Down's Syndrome patients tested by Mclntire et 

al (1965) manifested a hearing loss, but 30 per cent of his sample 

could not be tested.

Glausky (1966) studied 38 cases and reported 20 (52 per cent) to

have a sensorineural hearing loss, seven (18.4 per cent) to have a 

mixed hearing loss and only two (5.2 per cent) had normal hearing. 

It was not possible to assess the hearing in eight (21.1 per cent) 

cases. Bone conduction audiometry was not performed in his sample. 

He has suggested that the aetiology of sensorineural loss is central, 

based on the pathological findings of the brain by Benda (1960) - low 

weight of the brain, immaturity and distortion and twisting of the 

temporal lobes.

It has also been suggested by Fulton and Griffin (1967) that the 

conductive element in the hearing loss in mongoloids may be due to 

stenosis of the external auditory meatus causing impaction of 

cerumen and collapse or restriction of the external auditory canal.
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Auditory assessment of 79 institutional children and adults with 

Down's Syndrome by Fulton and Lloyd (1968) indicated that 46 (58.2 

per cent) had normal hearing, 31 (39.2 per cent) manifested some type 

of hearing loss and two (2.5 per cent) were classed as difficult to 

test. Of the 31 subjects who had hearing losses, 17 (54.8 per cent) 

had conductive loss, five of these patients had no active aural 

pathology indicating a possible congenital abnormality and the 

remainder had secretory otitis media, and one had associated 

cholesteatoma. Seven (22.6 per cent) had a mixed hearing loss; 

again in two of these the conductive element was thought to be due 

to a congenital anomaly and the remainder due to varying degrees of 

otitis media. Sensorineural loss was found in seven (22.6 per cent) 

cases.

Brooks and Woo ley (1972) in a controlled study of 78 subjects with 

Down's Syndrome showed only 23 per cent to have normal hearing 

and/or middle ear function as compared to 74 per cent of the control 

group. 60 per cent indicated middle ear malfunction as compared to 

17.5 per cent in the control group. In the Down's Syndrome group 36 

per cent had an element of sensorineural hearing loss, contrasting 

with 11 per cent in the control group.

Reports of h is topatho logical changes in the temporal bone in Down's

Syndrome are scarce.

Schuknecht (1974) states that ear anomalies are not part of the 

mongolism syndrome.
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Friedmann (1969) in his textbook describes temporal bones from four 

cases of mongolism which show inflammatory changes in the middle 

ear. No cochlea abnormality was found in these cases.

Johnson (1971) reported the temporal bone findings in a four month 

old infant with Down's Syndrome. This showed malformation of the 

lateral bony semi-circular canal, shaped like a pouch and open to the 

vestibule. The ampulla was also malformed with stenosis of the 

membranous semi-circular duct.

Igarashi et al (1977) made a comparative study on four pairs of 

temporal bones from other infants of the same age range. They found 

the cochlea length to be shorter in these cases and a wide open 

cochlea aqueduct was seen in five ears. In two ears a superiorly 

located inner orifice of the internal auditory canal and somewhat 

narrow funnel-shaped distal end were found. In two cases the distal 

end of the internal auditory meatus was dilated. Other anomalies 

included widened utricle space and semi-circular canal including the 

ampulla were found in two pairs of temporal bones. Hypogenesis of 

the posterior semi-circular canal was seen in one ear. Three cases 

had otitis media and variable size of the marrow space of the incus 

and malleus. Deformity of the superstructure of the stapes was

found in one ear in which slightly distorted crura were found. The 

stapedius muscle was also exposed in the middle ear with an undei—  

developed pyramidal eminence. A large vessel together with the 

facial nerve was noted in one temporal bone and an obtuse angle of 

the facial genu in another case.
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A case with coincidental association of inherited cochleosaccular 

dysplasia with Down's Syndrome has been reported by Walby and 

Schuknecht (1984).

Balkani et al (1979) examined 107 patients with Down's syndrome and 

found 64 per cent of them to have deficient hearing. 83 per cent of 

these patients had a conductive hearing loss, out of which middle ear 

effusion and perforation of the tympanic membrane accounted for 60 

per cent. Five temporal bones from three infants revealed middle ear 

anomalies including fixation and superstructure deformity of the 

stapes and dehiscence of the facial canal. Operative findings in 16 

procedures on patients with Down's Syndrome and conductive hearing 

loss supported the histological findings.

Treacher Collins' Syndrome - In 1988 G A Berry, an English opthalmologist, 

first described three patients having congenital defects of the lower 

eyelids. Treacher Collins (1900) described the associated malar 

abnormalities and the Swiss physicians Franceschetti, Zwahlen and Klein 

described the syndrome of mandibulofacial dyostosis.

The syndrome is inherited as an autosomal dominant trait with 

variable expressivity. The characteristic appearance of the face consists 

of downward sloping palpebral fissures, deformed pinnae, receding lower 

jaw, depressed cheekbones, and fish-like mouth. The zygomatic bones may 

be absent but are usually malformed and asymmetrical. The paranasal 

sinuses may also be small and incompletely developed. The lower margin of 

the orbit may also be defective.

The pinnae may be crumpled forward or misplaced. Pre-auricular tags 

and sinuses may also be present. Abnormalities of the external auditory 

meatus, middle ear cleft and ossicles are the main cause of hearing loss.
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Phelps et al (1981) state that the inner ear is essentially normal, 

although investigations have reported associated abnormalities of the 

vestibular labyrinth due to absence of the semi-circular canals - Herberts 

<1962), Livingstone (1959) and Harrison (1957). Schuknecht (1974) states 

that "it seems most logical that the syndrome is an arrest in development 

affecting the embryo between the fifth and ninth month of gestation". 

Poswillo has suggested that central cell deaths in the pre-otic neural 

crest (a cell-rich region which provides masses of migratory 

ectomesenchymal cells to the developing branchial arches) is more likely to 

induce malformation characteristic of Treacher Collins' Syndrome. This 

hypothesis has been largely substantiated by animal model experiments.

Edwards' Syndrome - Trisomy 18 - This syndrome was described by Edward et 

al in 1960. The extra chromosome was thought to be a number 17. Smith 

et al (1960) were the first to suggest that the extra chromosome was a 

number 18. The incidence is about 1 in 2,200 births.

The essential abnormalities consist of an unusual shape of the head 

with occipito parietal and narrow frontal diameters, a broad and flat ridge 

of the nose, a small triangular mouth, webbed neck, hypermobile shoulders, 

overriding of the index and little fingers over the middle and ring 

fingers, congenital heart defects, abdominal and central nervous system 

abnormalities. Low set ears were the only aural abnormality described by 

Edwards; however, as more cases were seen, malformed pinnae with paper 

thin cartilage, pointed ears, atresia of the external auditory meatus and 

inner ear have been mentioned (Salmon 1978). No histopathological studies 

of the temporal bones have been reported.

Potter's Syndrome - Potter (1946) described the characteristic features of 

infants with bilateral renal agenesis. Other associated anomalies include
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those of the facies, lungs, skeleton and limbs, mouth and the ears. 

Occasionally the gastrointestinal tract may also be involved.

Intra-uterine death occurs in 25 per cent of the patients, and in 15 

per cent there is ante-partum haemorrhage. 50 per cent of the infants are 

small for dates, 40 per cent have breech presentation and 10 per cent are 

delivered by Caesarian section.

The precise incidence of this syndrome in the general population is 

not known. Autosomal dominant inheritance has been suggested, but 

karyotypes have been normal.

Oligohydramnios due to reduction in urinary output or chronic leakage 

of amniotic fluid causes the skin to be wrinkled, and there are fetal 

compression, abnormal positions of the hands and feet, pulmonary hypoplasia 

and growth retardation.

The ears are low set, posteriorly rotated, large and floppy with 

cartilaginous deficiency. Rarely the ears may be absent. Conductive 

hearing loss may occur due to ossicular abnormalities (Winter 1968).

Osteogenesis Imperfecta - Osteogenesis Imperfecta is a connective tissue 

disorder affecting the bone, skin, tendons, ligaments, fascia sclera and the 

ear.

Patterson and Stone (1970) in their paper on stapedectomy in this 

condition, state that the first scientific paper describing this disease 

was in a thesis by Ekmann (1788). Following this Axmann (1931) gave an 

account of the manifestation of this disease in himself and his three 

brothers. Although van der Hoeve and de Kelyn are credited for the early 

work on this condition, it was Adair-Dighton (1912) who first described the 

association of deafness as part of the syndrome. It is an autosomal
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dominant transmitted disease with variable expressivity. Ivar, the Danish 

invader of England in the ninth century, was supposed to be the first case 

of osteogenesis imperfecta.

Clinically the disease occurs in two forms - osteogenesis imperfecta 

congenita and osteogenesis imperfecta tarda.

The basic pathology is an abnormality in the maturation of collagen 

tissue, in that it does not mature beyond the reticulin state (Engfeldt et 

al 1954). There is disorganisation of the collagen matrix of the cortical 

bone. Jett et al (I960) found that there was no inherent inability to 

make new bone. However inability to make new bone at the periosteal 

surfaces was definitely diminished. Albright and Reifenstein (1948) have 

shown the ratio of calcium and phosphorus in the bones to be normal. 

Fragile bones are a result of inorganic salts being deposited in the frail 

abnormal framework.

Clinically the hearing loss found in osteogenesis imperfecta is 

indistinguishable from that found in otosclerosis. The hearing loss may be 

conductive and/or sensorineural and usually manifests soon after puberty, 

at which stage the multiple fractures of long bones are less common. The 

occurrence of impairment of hearing is much less frequent than that seen 

in otosclerosis. Shambaugh (1967) reported three cases out of 2000 

fenestrations for otosclerosis.

Surgeons (Wullstein et al 1960; Shea et al 1963) have observed that 

the bone found in the oval window resembles otosclerotic bone. Underneath 

a highly vascular mucoperiosteum there is soft vascular bone in the oval 

window niche. Openheim (1968) reported fibrous degeneration of stapedial 

crura. In the same year Hall and Rohrt (1968), in a temporal bone study 

of a new born female, found the foot plate and oval window to be normal.
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The crura were fragile and incomplete. One crus ended as a tip pointed 

towards another at the foot plate, with only a fibrous connection; the 

other was only a thin fragile thread.

Fowler (1949) reported that 95 per cent of osteogenesis imperfecta 

patients have blue sclera, and 69 per cent of otosclerosis patients have 

blue sclera. The concept that otosclerosis and osteogenesis imperfecta are 

two clinical entities of a common genetic abnormality is supported by 

Wullstein et al (1960) and Ogilvie and Hall (1962) on a histological basis.

On the basis that osteogenesis imperfecta and otosclerosis are both 

hereditary conditions, have familial incidence, dominant Mendelian trait, 

predominance in females, blue sclera, localised and/or diffuse disease, 

alternating phases of osteoclastic and osteoblastic activity, hyperostosis, 

bilateral symmetrical manifestations, and appearance of deafness with 

healing of disease, the authors have suggested that otosclerosis is a 

localised manifestation of osteogenesis imperfecta.

Altmann and Kornfield (1967) in five temporal bones of patients with 

osteogenesis imperfecta did not find evidence of otosclerosis. They also 

state that when the conditions are present simultaneously they are 

histologically distinguishable.

Bretlau et al (1970), in a light and electron microscopy study of the 

stapes from a patient with osteogenesis imperfecta, conclude that 

otosclerosis and osteogenesis imperfecta are two separate entities - the 

controversy continues.

Alport's Syndrome - The association of sensorineural hearing loss with 

hereditary nephritis was first described by Alport in 1927.
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It is transmitted as a partially sex-linked dominant gene. It is 

more frequently seen in females than in males, but the manifestations are 

more severe in males, who usually die in the third decade. Females may 

have albuminuria and tend to enjoy a normal life span. Sensorineural 

hearing loss is usually seen at about the age of ten years and is 

progressive. The impairment of hearing is in all frequencies but more so 

in the high frequencies. Detailed audio logical investigations confirm that 

the hearing loss is cochlear in origin. In a small proportion of cases 

ocular involvement is also seen, which consists of cataracts, spherophakia 

and rupture of the lens capsule.

The precise clinical and pathological correlation in Alport's Syndrome 

is not clear. Enzyme defects causing metabolic disturbance with 

accumulation of toxic products has been suggested. Altered collagen 

degeneration in the basement membrane may be responsible for the 

labyrinthine, renal and ocular changes. An immunological basis has also

been postulated.

The pathology of hearing loss in Alport's Syndrome is by no means

consistent. Hair cell loss, spiral ganglion cell loss, changes in the stria 

vascularis with basophilic deposits, hydrops of the endolymphatic system, 

alteration in the tectorial membrane and vacuolisation of the spiral

ligament have all been described.

NON-GENETIC

Oculo-auriculo-vertebral dysplasia - Teratologic tablets written in 

approximately 2000 BC by the Chaldeans of Mesopotamia are the earliest

recorded evidence of malformations of the first and second branchial arch
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in man as cited by Grubb (1965). Gorlin and Pindborg (1964) introduced a 

term hemifacial microsomia to encompass closely related syndromes that 

comprised anomalies of the first and second branchial arch derivatives. 

The deformity is unilateral and consists of microtia, macrostomia, 

malformation of the mandibular ramus and condyle. Occasionally bilateral 

defects can occur, in which case there is considerable dissymmetry between 

the two sides. There is no hereditary factor involved in the aetiology of 

this condition. Poswillo (1974, 1975), in his excellent animal experimental 

work, has shown that focal haemorrhages in the vicinity of stapedial 

artery stem and otic capsule causes local destruction of the 

differentiating tissues. This is followed by phagocytic activity and 

subsequent "catch-up" activity and inadequate repair resulting in 

malformations.

The ear lesions in cranio-facial microsomia are often bizarre and 

severe. All parts of the ear from the pinna to the internal auditory 

meatus may be affected. The pinna is often represented by a deformed 

nodule. Meatal atresis and middle ear abnormalities are almost constant 

findings and there may be gross dilatation of the semi-circular canal. 

Occasionally some degree of hypoplasia of the external ear structures may 

occur. Dysplasia of the lateral semi-circular canal and the abnormal 

direction of the internal auditory meatus, which tends to run somewhat 

upwards and bckwards, are quite frequent findings but more significant 

deformities of the middle ear may also occur, particularly a narrowing of 

the internal auditory meatus. Goldenhaar (1952) described a syndrome 

characterised by pre-aur icular tags and sinuses, and in 1963 Gorlin at al 

described epibulbar dermoids and coloboraa of the upper lid, as in 

hemifacial microsomia and other congenital abnormalities, including spinal
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segmentation defects. The eye anomalies may be more severe and involve 

the globe.

Clinical features (Converse (1979), Rees (1972), Rapin et al (1976)) 

and radiological findings of oculo-auriculo-vertebral dysplasia are 

documented in the literature but his topatho logical findings of the temporal 

bones are scarce. Sekhar (1978) has described histopathological changes of 

the temporal bone which consist of hypoplastic right petrous bone and 

occlusion of the middle ear canal by a bony atretic plate. There were a 

reduced number of ganglion cells and absent facial nerve.

Anencephaly and Spina Bifida - Anencephaly is more prevalent in Northern 

and Western regions of the United Kingdom, Northern India and Egypt. It is 

less common in Europe and most infrequent in Negroes (Carter 1974).

In the United Kingdom the male to female ratio is 1:3 and for spina 

bifida 1:1.3. Genetic and environmental factors are responsible for neural 

tube malformations. Anencephaly is the commonest congenital malformation 

of the brain, occurring in 1 to 2 per 1000 single births (Henaway and 

Welsh 1970).

There are very few temporal bone findings in the literature on 

anencephaly and none from cases with spina bifida.

Friedmann et al (1980) have described the temporal bones in three 

cases, one of whom was a twin-headed monster, and have reviewed the 

findings of previous occasional reports. The malformations consisted of 

small or large middle ear cleft with ossicular abnormalities. There was a 

persistent stapedial artery in one specimen. The ossification of the otic 

capsule was found to be variable with enhanced ossification in parts. 

Malformation of the cochlea and vestibule were common. Sensory epithelium
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of the cochlea was well differentiated and there was hydrops of the

endolymphatic duct. Rupture and repair of the distended saccule was also 

described. The internal auditory meatus contained scanty nerves and 

neurones. They concluded that a study of temporal bones of anencephalics 

offered an excellent source of the pathology of Meniere's disease and 

sensorineural lesions.

Maternal Rubella - Rubella or German Measles was accepted as a clinical 

entity in the 1840s. This was first recognised in the German literature 

and by Dr Patterson in the city of Leith. It was considered a nuisance 

rather than a disease. In 1941 Gregg in Sydney first drew attention to 

the association of maternal rubella and congenital anomalies. His work

was confirmed and further investigated by Swan (1944). Subsequently many 

workers have reported such cases.

The anomalies consist of cataracts, usually bilateral, nystagmus,

sluggish pupillary reaction to light, atrophic appearance of the iris and 

ocasionally microphthalmia. Histological examination of the lens showed 

evidence of degeneration.

Cardiac anomalies consist of usually a patent ductus arteriosus, 

ventricular septal defect, variable patency of the foramen ovale.

Congenital dental anomalies (Evans 1947) included sharp pointed incisors 

and enamel hypoplasia. Severe infection may also result in spontaneous 

abortion or still birth. Mental and physical retardation are also a 

feature.

Deaf mutism was first reported by Swan in 12 out of 43 children. 

The mutism was secondary to impaired hearing. Carruthers and many other
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workers have reported deafness as one of the congenital anomalies 

associated with maternal rubella.

The first his topatho logical study of the temporal bone by Carruthers 

(1945) showed total absence in both ears of any differentiation of the 

primitive cells to form the organ of Corti. Definite malformations of the 

inner ear in two cases and partial damage in one case were described by 

Nager in 1952. The his topatho logy of a 53 mm fetus was reported by Gray 

in 1959. Mother had developed rubella at 37 days of pregnancy. There was 

lysis of the epithelium of the organ of Corti in the basal turn. Lindsay 

et al in 1953 reported nine temporal bones from five cases. In the first 

case it was questionable whether the mother had rubella during pregnancy. 

In the remaining four cases the cochlea, stria vascularis and tectorial 

membrane showed pathological changes. Temporal bones from four fetuses 

were studied after therapeutic abortions of mothers who had rubella in 

early pregnancy by Keleman and Gottlib in 1959. Their ages were between 

10 to 18 weeks gestation period. Sporadic pathology was found in these 

cases, which included massive haemorrhage in the scala vestibuli, some 

blood mixed in the mesenchyme or the perilymph, and fixation of the 

tectorial membrane to the Reissner's membrane. His topatho logical changes 

in three fetuses of 16 weeks gestation period and two infants have been 

described by Friedmann and Wright (1966). Inflammatory changes in the 

organ of Corti were the main findings, haemorrhage in the fetal cochlea 

was also present. The pathological changes in four temporal bones 

described by Bordley et al (1968) showed varying degrees of change in the 

cochlear duct and saccule.

Congenital Syphilis - Although congenital syphilis is not so prevalent in 

the Western world as in the developing countries, it is an important factor
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in perinatal morbidity and mortality. It can occur in two forms, early and 

late congenital syphilis. Clinical manifestations of congenital syphilis 

have been known for the past 125 years (Hutchinson 1863).

In the early stages nasal discharge, osteochondritis, anaemia, rash 

and jaundice frequently occur. Later the classical saddle nasal deformity, 

Hutchinson's teeth and interstitial keratitis and other dental anomalies, 

aortic valvulitis and mental retardation appear. Impairment of hearing 

usually occurs in early childhood, is usually bilateral, progressive and

severe. The vestibular system may also be involved.

His topatho logical changes in the temporal bones in late congenital 

syphilis have been described by several authors (Mayer and Fraser 1936, 

Perlman et al 1952, Karmody and Schuknecht 1966, and Kerr et al 1970 and 

1973). The principal lesion in late congenital syphilis in the ear is in 

the bone - osteomyelitis gummosa, periostitis gummosa, non-gummatous 

syphilitic periostitis. The whole squamous temporal bone including the

ossicles may show osteomyelitic changes. Necrosis, surrounded by

epitheloid cells, lymphocytes and Langhan's giant cells are the diagnostic 

histological features. Periosteal involvement of the otic capsule 

gradually involves the endosteum. The labyrinthine capsule is thus 

affected by gummatous osteomyelitis and by diffused lymphocytic 

infiltration without gumma formation and periostitis.

Periostitis and gumma formation are seen in the internal auditory 

meatus and inner ear and occasionally in the middle ear. Endosteal 

granulation is also seen in these regions. Lymphocytic infiltration and

fibrous tissue may also be present in the subendosteal layer of the semi

circular canals with further inflammation producing exudate in the 

perilymph. This later leads to new bone formation, severe labyrinthitis
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and lymphocytic infiltration in the cochlea. The auditory nerve is less 

affected and non-specific inflammatory changes and atrophy may also be 

seen.

Maternal Chickenpox - Congenital deafness has been attributed to meningo

encephalitis, chickenpox and other viruses (Northern and Downs 1984). Fox 

et al (1948) in an investigation to ascertain the numerical probability of 

certain congenital anomalies in children born of mothers who had measles, 

mumps or chickenpox during pregnancy managed to record only four births 

with maternal chickenpox. No abnormalities including absence of impairment 

of hearing were noted in these children.

Anti-convulsant drugs - Although the teratogenic effect of certain drugs 

is well known, no temporal bone studies of patients whose mothers had 

taken these drugs have been reported, except in thalidomide cases.

In the United Kingdom a prospective study by Ruben et al (1986) 

stated that 10 per cent of women took drugs in early pregnancy. About 2 

to 3 per cent of their babies have congenital defects, of which 25 per 

cent are genetic and 65 per cent are of unknown aetiology. Two to three 

per cent of defects are thought to be due to the effect of drug treatment 

during pregnancy (Wilson 1977).

Thalidomide, Lithium, Warfarin, Phenytoin, Primidone and 

Phenobarbitone, Sodium valproate, sex hormones, Rifampicin, Ethionamide, 

Quinine, and possibly Debendox, are drugs which are known to cause 

teratogenic effects.

Anticonvulsants are known to be teratogenic in man. Meadow (1968, 

1970), in a retrospective study, reported 38 cases of cleft lip and/or 

cleft palate in infants born to epileptic mothers on anticonvulsant drugs
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throughout pregnancy. Eight cases also had cardiac abnormalities. The 

most common drug used was Phenobarbitone. In a prospective follow-up 

Merkin (1971 ) found that three epileptic women receiving Phenylhydantoin 

throughout pregnancy reported all their babies to have cleft lip or cleft 

palate. A further five cases with similar anomalies were also noted by 

Pashayan (1971) and McMulin (1971). Facial cleft and cardiac defects have 

also been noted in eight out of fourteen pregnancies in four women who 

received Trimethadone in the early part of their pregnancies (German et al 

1970). An increased incidence of neural tube defects (1 to 2 per cent) 

after fetal exposure to Valproic acid has also been reported (Weinbaum et 

al 1986). It is also known that many women who are on anticonvulsant 

therapy throughout pregnancy produce normal children (Bird 1969). 

Functional or anatomical abnormalities of the ear in children born of 

epileptic mothers on anticonvulsant therapy have not been reported.

In an exhaustive survey, in the above conditions the histopathological 

changes in the temporal bones are not largely diagnostic of a specific 

entity. It was hoped that by studying a vast array of pathological 

changes it would help to explain the aetiological mechanisms and where 

feasible correct these defects.



-  27 -

CHAPTER 3 

MATERIALS AND METHODS

The material for this study was collected from social, therapeutic and 

spontaneous abortions, still births and neonatal deaths. All the fetuses 

from social terminations of pregnancy were fixed by immersion in formal 

saline almost immediately after expulsion. Those fetuses which did not 

have full post mortem examinations after therapeutic and spontaneous 

abortions were also fixed similarly. After fixation for at least three 

weeks the fetus was examined for any external anomalies and, after taking 

the appropriate measurements (crown/rump length, heel/toe length), the head 

was severed.

A. Classical Method

The whole fetal head was then immersed in formic acid for decalcification. 

An adult temporal bone required about 10 to 12 weeks for decalcification. 

The amount of ossified bone varies in the fetal head depending on the 

period of gestation. The majority of the heads were between 11 and 18 

weeks gestation. Radiological confirmation of complete decalcification was 

obtained in each specimen using a Faxitron X-ray machine. Because very 

fine particles of calcium may not be seen radio logically the fetal heads 

were left in formic acid for a further week. The solution was changed 

every ten days to two weeks during decalcification and the jar shaken 

gently once a day. After complete decalcification the specimen was
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removed and washed under running tap water for 30 minutes to remove the 

excess acid.

The next step was to dehydrate and embed the specimen. Dehydration 

was carried out in graded alcohol as follows:

50% alcohol for 24 hours

70% alcohol for 24 hours

80% alcohol for 24 hours

90% alcohol for 24 hours

Absolute alcohol for 24 hours

Absolute alcohol for 24 hours

Absolute alcohol/ether for 24 hours

Absolute alcohol/ether for 24 hours

5% low viscosity nitrocellulose for 2 weeks

10%low viscosity netrocellulose for 2 weeks

20% low viscosity nitrocellulose for 2 weeks

Fresh 20% low viscosity nitrocellulose was used to embed the

specimen in a cardboard mould. This was left in a sealed container for 

two days. The lid was then removed periodically so that a skin was formed 

on the block, the block was hardened by pouring chloroform on top of the 

block. This took about three to five days. The cardboard was removed 

from the white opaque block and trimmed. Excess chloroform was removed 

by further immersion in 70% alcohol for about 4 days.

After mounting the block a Base Sledge Microtome with a 300 mm

stellite tipped knife was used to cut 20 mm sections, 1 in 10 sections

being stained. Erlich's haematoxylin was used for 30 minutes and washed 

in tap water. Excess cello id in was trimmed from around the sections. The 

sections were then differentiated in 0.1% acid alcohol and washed in
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running tap water until blue. They were placed in distilled water and 

then counter-stained in eosin and Biebrich scarlet mixture for 40 minutes. 

Further washing in distilled water and rinsing in 70% alcohol removed the 

excess counter-stain. The sections were placed in 96% alcohol and mounted 

on glass slides, blotted with tissue paper soaked in 96% alcohol and then 

into Terpineol. Canada balsam was used to mount the sections.

In all the neonatal deaths and some still births and abortions, one 

or both temporal bones were removed at autopsy as follows:

The petrous temporal bone was removed from the base of the skull by a 

vibrating electric saw by three vertical and one horizontal cuts. The 

first cut was medial to the internal auditory meatus; the second cut was 

parallel to the first, postero-lateral to it; and the third vertical cut 

joined the first two cuts. The horizontal cut was made underneath the

petrous temporal bone, below the line of attachment of the tentorium. The

ligamentous attachments were cut with scissors and by a gentle rocking 

action the temporal bone was removed. This included part of the external 

auditory meatus, tympanic membrane, middle ear, inner ear and the mastoid 

process. The only technique for temporal bone that has been available for 

the past century consisted of fixation, decalcification, dehydration,

embedding in celloidin and then serial sections and staining with

Haematoxylin and eosin.

B. Disadvantages of the Classical Method.

1. This method does not allow gross examination of the middle or inner

ear. With every other organ of the body, when examined by the

pathologist, an initial detailed naked eye examination is made;
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usually a hand lens or dissection microscope is also used. This 

gives useful preliminary information and helps in selecting specific 

areas of the organ for histopathological examination. Radiological 

advances in the form of computerised tomography have enabled 

clinicians and radiologists to study the temporal bone anatomy and 

pathology in patients with considerable accuracy. However, these 

changes have never been observed by gross examination of the tissue, 

which makes accurate interpretation more difficult.

2. Decalcification of the temporal bone by immersion in acid (formic 

acid, nitric or trichloracetic acid) for at least six weeks. Such 

prolonged exposure to acid can cause marked alterations in the 

histological appearance of many tissues. Many of the histological 

alterations ascribed to post mortem auto lysis in serially sectioned 

temporal bones are in fact the result of damage by acid.

3. When the whole temporal bone is prepared in serial sections in 

celloidin, special microscope studies, including histochemistry 

electron microscopy, are not possible.

4. The whole process is slow and on an average takes about 9 months. 

This could be discouraging in maintaining a sustained interest for 

teaching and research.

5. It is a tedious, difficult and very skilled technique.

6. A large number of sections are obtained from each temporal bone 

which may not always be necessary for information sought in a 

particular specimen. Storage can also be a problem.
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C. New Method

The new method consists of removing the temporal bone as previously

described. It is placed in buffered 4V* formaldehyde solution for fixation

for at least four days. It is then trimmed so that it is no larger than

2.5 x 2.5 x 2.5 cm. It is mounted with moulten dental wax on a glass

plate measuring 6 x 2.5 cm with a thickness of approximately 0.5 cm. The 

surface to be presented for slicing is arranged perpendicular to the glass 

plate <Fig. 3.1).

The glass plate, with the surface of the adherent temporal bone that 

is to be cut to the front, is now mounted on the metal plinth attached

with dental wax to the inner end of the lever of the slicing machine

(Microslicing 2 Precision Annular Saw, available from Cambridge Instruments 

Limited, Rustat Road, Cambridge CB1 3QH, England). This is a cutting 

machine with a circular steel blade which is bolted to the machine at 16 

points so that no lateral vibration takes place. Cutting takes place 

around a circular inner opening where the blade is tipped with diamond. 

The cutting edge is lubricated by a continuous jet of cold water. The 

speed of the rotatory motor may be adjusted from low speeds up to 1200

r/min by the left hand knob on the front of the machine. The right hand

knob advances the lever with the specimen by the required length before 

each slice is made so that the thickness of the specimen can be regulated. 

Slices of 1, 2 or 3 mm thickness are used. Slicing is carried out by 

gently lowering the weighted left hand counterpoised end of the lever so 

that the specimen rotates up and is applied against the cutting edge.
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(The first number of each Figure number corresponds to the Chapter 

number.)

Fig. 3.1 Cutting machine with temporal bone in situ on the glass plate 
which is mounted on the metal plinth attached with dental wax 
(red) to the inner end of the lever.

1. Circular blade with diamond tipped rim.
2. Upper tube delivers a continuous flow of water.
3. Lower tube drains the water from the pan beneath the machine (LT).
4. Knob to adjust rotation speed (S).
5. Knob to adjust thickness of the slices (R).
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With this system the specimen backs away from the blade when a 

particularly hard area is encountered so avoiding excessive mechanical and 

thermal stresses. The slices adhere together and are removed from the 

machine after the whole temporal bone has been sliced. Each slice is 

labelled A, B, C, D, and E from above downwards and X-rayed by a laboratory 

X-ray machine (4380 5N X-ray, Faxitron system, made by Hewlett Packard). 

(Fig. 3.2)

After careful examination of the slices with a hand lens and 

dissecting microscope and X-ray examination, selected areas of the whole 

or a single slice may be subjected to cello id in embedding for light 

microscopy, special histological or histochemical procedures (Fig. 3.3) or 

electron microscopy. In specimens which have been perfused through the 

perilymph portions of the basilar membrane or other parts of the 

membranous labyrinth may be removed and subjected to examination by phase 

contrast microscopy or to electron microscopy. (Michaels, Wells, Frohlich, 

1983; Michaels, Gould, Wells, 1985).

Appearances of microsliced temporal bone

Slicing of the temporal bone by this method results in a series of 

specimens in which all the main structures may be examined and any gross 

pathological changes may be detected and delineated. Examples of 

otosclerotic focus in the otic capsule, carcinoma of the auditory nerve, 

tympanosclerosis of the tympanic membrane and cholesteatoma of the middle 

ear are shown (Figs. 3.4, 3.5, 3.6, 3.7). Thus a three dimensional gross 

study of the whole bone may be carried out. Transverse slices are used 

starting from the superior surface routinely for pathological specimens. 

Vertical slices are of value for surgical teaching. Radiography of the
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slices is found to be particularly helpful in a complete investigation. In 

the upper transverse slices gross and radiological inspection allows 

inspection of the deeper portion of the external auditory meatus, the 

tympanic membrane, the whole horizontal course of the facial nerve, all 

three ossicles, the tensor tympani muscle, the Eustachian tube, the

stapedius muscle, the middle ear cleft, the entire cochlea, eighth nerve,

vestibule, superior and lateral semi-circular canals and vestibular 

aqueduct. At lower levels the posterior semi-circular canal and the

carotid canal, the promontory and round window are delineated while at the

lowest parts of the temporal bone the jugular foramen with its enclosed 

structures, the lower part of the facial nerve, the chorda tympani and 

styloid process are seen in horizontal section.
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Fig. 3.2 Showing laboratory X-ray machine (4380 5N X-ray, Faxitron 
system, made by Hewlett Packard).
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Fig. 3.3 Showing imraunoperoxidase staining - metastatic squamous cell 
carcinoma in the auditory nerve, primary tumour was in the
breast.

Fig. 3.4 Microslice showing focus of otosclerosis (arrow) in the otic 
capsule. Cochlea <c>.



Fig. 3.5
Microslice showing 
schwannoma (arrow) of 
the auditory nerve. 
Internal auditory 
meatus (iara).
Cochlea (c).
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Fig. 3.6 Microslice showing tympanosclerosis (arrow) in the tympanic 
membrane <tm). Middle ear (me).

k

Fig. 3.7 Microslice showing cholesteatoma in the middle ear (arrows). 
Cochlea (c), auditory nerve (an).
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The histological appearances of even the most delicate portions of

the temporal bone are comparable to and often superior to those obtained

in the serially sectioned bones. The structures of the membranous

labyrinth, the ossicles and their joints and the various nerves of the 

temporal bone are well displayed. (Figs 3.8 to 3.12)

Advantages

The microslice method is quick - parallel slices throughout the bone

which show no detectable damage to the delicate structures are obtained, 

it allows macroscopic and X-ray examinations of the middle and inner ear 

structures; in cases where the pathology of a specific anatomical 

structure of the ear is required, only a selected slice or slices may be

subjected to serial sections and the remaining slices may be stored in

small jars for future research or study or discarded, thereby reducing 

storage space. For example, to examine the pathology of the tympanic 

membrane only serial sections of the upper slices will be necessary. 

However, for research or where all the structures are to be examined,

serial sections will be performed of all the slices. The microslice method 

possesses advantages which overcome the disadvantages of other techniques. 

However, it has been found that a certain amount of disruption of the

membranous structure occasionally occurs in very small fetal temporal

bones and here the serial section technique is used.
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Fig. 3.8 Showing 3 mm microslice in a 23 week cochlea (c), malleus (m), 
incus (i), lateral semi-circular canal (lsc), basilar membrane 
(arrow), and modiolus (m)

Fig. 3.9 Showing X-ray of the above microslice cochlea (c), malleus (m), 
incus (i), lateral semi-circular canal (lsc)
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Fig. 3.10 Slice B left undersurface showing tympanic membrane <tm), 
incus <i), stapes <s>, facial nerve <fn), vestibule (v) and 
cochlea (c)

Fig. 3.11 Slice C upper surface, showing stapes (s), incus (i), 
embryonic mesenchyme (em), facial nerve Cfn), vestibule (v), 
scala vestibuli <sv) and scala tympani (st)
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Fig. 3.12 X-ray left slice A and B, showing cochlea (c), malleus (m),
incus (i) and stapes <s>

r
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Histological examination of a temporal bone entails a study of about 

40 to 60 serial sections irrespective of the technique used. In this 

thesis a total of 221 temporal bones were examined and as in fetal head 

serial sections, both temporal bones could be examined on the same section, 

approximately 5,300 sections were studied to compile the data. (Figs 3.13, 

3.14, 3.15)

The serial sections of fetal heads and temporal bones were mounted 

on glass slides of 3 inches into 1.5 inches. The temporal bone section 

occupies about two thirds of the slide, therefore 1 objective was used to 

obtain a whole view of the middle and/or inner ear and 2.5, 10 and 40 

objectives were used for detailed study which is noted in all the 

microphotographs. All the sections have been stained with haematoxylin 

and eosin unless otherwise stated.
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Fig. 3.13 Showing serial sections of fetal head at 16 weeks
gestation



- 45 -

Fig. 3.14 Showing serial sections of left temporal bone obtained 
from microslice technique <40 weeks - neonate)
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Fig. 3.15 Showing comparative dimensions of temporal bone section 
(A> 40 weeks; fetal head sections (B) and (C) 16 weeks 
and 10 weeks respectively to a one penny coin
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CHAPTER 4

NORMAL HISTOLOGICAL APPEARANCES IN THE DEVELOPING EAR

In order to establish a base line, normal development of the ear was 

studied in 22 fetuses from legal terminations in healthy mothers up to 22 

weeks' gestation period and from 18 spontaneous abortions, and 10 still 

births and neonatal deaths for later development. The date of onset of 

last menstrual period was obtained from the obstetric notes; crown/rump 

length and foot length were also measured. The youngest specimen was an 

embryo six weeks old. The relevant literature has been reviewed and some 

personal observations have been made.

A. REVIEW OF LITERATURE

The following account of the developing ear is based on the work of 

the following authors - Wilson 1913, Anson 1933 and 1934, Bast, Anson and 

Gardener 1947. Altmann 1950, Streeter 1957, O'Reilly 1963, Spector et al 

1980, Anson and Donaldson 1981.
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Inner Ear:

The membranous labyrinth is the first part of the ear to develop. As 

early as two to three somite stage a thickening of the ectoderm is seen 

on the dorsal side of the head, on either side of a groove which is the 

future hind brain. At three weeks this thickening of the ectoderm becomes 

more prominent and forms the auditory or otic placode, and sinks in the 

surrounding mesenchyme forming a depression or otic pit. The pit soon 

enlarges, becomes vesicular with closure of the mouth and forms the otic 

vesicle. At four weeks (3 mm stage) the otic vesicle is still in 

continuity with the outer surface by a solid epithelial tract. This tract 

soon disappears and the vesicle now enlarges, more in length than width. 

At approximately four weeks the endolymphatic appendage grows out of the 

dorso-cranial part of the otocyst and grows downwards and is delineated 

from the rest of the otocyst by fold I or crevice, the crista arcuata. 

This fold is the first step in the formation of the different components 

of the membranous labyrinth from the otocyst. The endolymphatic appendage 

becomes the endolymphatic duct and sac. The rest of the otic cyst forms 

the utricle and saccule and most caudal part the cochlear duct.

At eight weeks (CR 29 mm) the lining of the proximal part of the 

endolymphatic appendage becomes rugous and remains so throughout fetal 

and post-natal life. Growth continues in a dorso-lateral direction until 

it is in close proximity to the lateral sinus, overlapping it medially at 

10 weeks (CR 50 mm). The growth of the endolymphatic sac outstrips that 

of the duct. This continues throughout fetal and early post-natal life. 

Up to 20 weeks the duct is straight; then it gradually bends during fetal 

and early post-natal life so that the long axis of the sac is directed 

caudally.
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The utricular duct and the saccular duct are formed by the formation

of folds II and III from the already elongated otocyst at about five weeks

of gestation period, Fig. 4.1. The utriculo-endolymphatic fold or valve 

guards the si it-like opening of the utricular duct and projects in the 

utricle. Its relationship with the endolymphatic duct is variable.

The utricle and saccule are the central portions of the otic 

labyrinth - the former being larger and oblong in shape and the latter 

pear-shaped. (Figs. 4.2, 4.3) They are lined by flattened epithelium except

at the maculae where it becomes columnar and cuboidal at the utricular

va lve.
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Fig. A . 1 Diagrammatic representation of the development of the 
membranous labyrinth

Otic pit
2 - 3  weeks

Otic
vesicle

^Vestibular pouch
< Endolymphatic appendage

^--- Cochlear pouch

I
* — Endolymphatic duct 

—  III
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5 weeks

II —

* Cochlear duct

A -/— L  —  S e m i c i r c u l a rcanal
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-a  semicircular canal
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Lateral semicircular 
canal

 Posterior
semicircular canal
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Cochlear duct



Fig. 4.2 Showing saccule (s), utricle (u) and lateral semi-circular 
canal (1) at seven weeks gestation (10)

»'54 r
* ^/■

M  1,
a * A

otc

Fig. 4.3 showing 
(8 week, CR 30 
mm) external 
auditory 
metatus (earn), 
malleus (m), 
incus (i), 
stapes <s), 
saccule (white 
arrow), utricle 
(u), auditory 
tube (at), 
nasopharyngeal 
opening of 
Eustachian tube 
(black arrow), 
otic capsule 
(otc). (1)
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The maculae begin to differentiate between the seventh and eighth

weeks of fetal life. At the point of entry of the saccular and utricular 

nerves the lining epithelium becomes columnar and modifies into two types 

of cells - sensory and supporting cells. At 10-12 weeks' gestation period 

a gelatinous substance is secreted by the supporting cells forming the

otolith membrane which overlies the modified epithelium and becomes 

calcareous deposits or otoconia. (Figs. 4.4, 4.5) Differentiation of the

maculae is complete by the sixteenth week of gestation.

The semicircular canals - At five weeks the otocyst elongates and 

forms a superior vestibular pouch with the endolymphatic appendage and the 

inferior or cochlear pouch. The superior pouch gives rise to the 

semicircular canals, utricle and saccule. A common pouch represents the 

superior and posterior canal with a separate pouch for the lateral

semicircular canal. The walls of the superior pouch become adherent and 

at six weeks, by ingrowth of the mesenchyme, destruction and absorption 

take place in the pouch to form first the superior and then the posterior 

semicircular canal. The peripheral part of the pouch and the region 

between the two areas of absorption remain to form the superior and 

posterior canal, including the ampullae. By a similar process of invasion 

of mesenchyme and destruction of epithelium, the lateral canal is formed 

next. The semicircular canals continue to grow - the superior canal 

reaches adult dimensions at 19 weeks, the posterior at about 20 weeks and 

the lateral at 21 weeks' gestation period.



Fig. 4.4 saccule (40)

Fig. 4.5 utricle (40)

Showing maculae of the saccule and utricle at twelve 
and a half week gestation (CR 98 mm), sensory hair 
cells (white arrow), supporting cells (s) and otolith 
membrane (black arrow)
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The cristae ampullares develop from those portions of the ampullary 

walls where the sensory nerves enter. Differentiation begins at about the 

seventh week and is completed at mid-term. The gelatinous secretions from 

the supporting cells form a mound or cupola unlike the otolith membrane in 

the maculae. (Fig. 4.6)

The cochlear duct (scala media) is ectodermal in origin arising from 

the anteromedial end of the saccular part of the otic vesicle, and appears 

as early as six weeks. The otic capsule, the scala tympani, scala

vestibuli and the modiolus develop from the surrounding mesenchyme. The

short tube at six weeks changes to a curved tube at seven weeks which

constitutes the first or basal turn of the membranous cochlea, at about

eight and a half to nine weeks, the middle turn, nine to ten weeks the 

apical turn develops, constituting the two and a half to two and 

threequarter turns of the adult cochlea. (Figs. 4.7, 4.8, 4.9) The cochlear 

duct is lined by stratified epithelium which at eight weeks gestation is 

thicker in the posterior wall. (Figs. 4.10. 4.11) At the same time

differentiation has also begun to form the scala tympani, scala vestibuli, 

modiolus and otic capsule. The scalae expand and are larger than the

scala media, their growth altering its shape from a circular to a

triangular scala media or cochlear duct, the anterior wall of the triangle 

fuses with the wall of the scala vestibuli to form Reissner's membrane. 

The posterior wall fuses with the wall of the scala tympani to form the 

basilar membrane. As growth proceeds at 11M> weeks the epithelium of

Reissner's membrane becomes columnar and then cuboidal at 14 weeks. At 

15 weeks it flattens to a simple squamous type throughout the rest of 

fetal and adult life.
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Fig 4.6 Showing crista ampullares of the lateral semicircular canal
at twelve and a half weeks gestation (CR 98 mm). Cupola 
(black arrow), sensory cells (white arrow) and supporting 
cells (sc). (40)



Seven week gestation fetal head section, showing cochlear 
duct (c) and otic capsule (oc) (1)

Fig. 4.8 Showing cochlear duct at eight and a half to nine weeks 
gestation (CR 40 mm) (1)



Fig. 4.9 Showing cochlear duct at eight and a half to nine weeks 
gestation <CR 40 mm) (10)

Fig. 4.10 Showing cochlear duct (cd); auditory nerve (an) at eight
weeks gestation (CR 30 ram) (1)



Fig. 4.11 Showing the cochlear duct at eight weeks (CR 30 mm) 
gestation lined by stratified epithelium, which is thicker 
in posterior wall (white arrow) (10)

Fig. 4.12 Showing the future neuro-epithelium (ne) of the organ of
Corti at seven weeks gestation (10)
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Modifications of the epithelium of the basilar membrane form the

organ of Corti. (Fig. 4.12) Differentiation of the organ of Corti occurs 

earliest in the basal turn and last in the apical turn. It begins at 12 

weeks in the basal turn and appears as a thickened pseudostratified

epithelium. (Figs. 4.13, 4.14, 4.15) The tectorial membrane is seen as a 

thin gelatinous layer. The loosening of cells in the epithelium forms the 

future tunnel of Corti. Two layers of nuclei are seen at the outer hair 

cells. The pillar cells are not yet differentiated. These changes are

less marked in the middle and less so in the apical turn. Increased

differentiation occurs at the 15 week stage, but the apical turn lags

behind. At 21 weeks the tunnel of Corti is present in all turns and

shortly afterwards the inner ear has attained its maximum size and is

encased in an ossified otic capsule. (Figs. 4.16, 4.17, 4.18, 4.19, 4.20)

The perilymphatic labyrinth (per io tic labyrinth) consists of the

vestibule, semicircular canals, scala vestibuli and scala tympani.

The otocyst at five weeks is surrounded by primitive mesenchyme from

which the perilymphatic space and otic capsule develop. Condensation of

the mesenchyme at six weeks delineates the future perilymphatic spaces and 

otic capsule from the rest of the mesenchyme. At about seven weeks this 

tissue changes to pre-cartilage. The zone which immediately surrounds the 

membranous ducts differentiates into mesenchymal tissue or reticulum at 

about eight weeks' gestation period. These changes first occur in the

vestibule and scalae of the basal turn of the cochlea and then the 

semicircular canals. The reticulum expands at the expense of the pre

cartilage at 11 to 13 weeks. Vacuolization of the reticulum occurs,

forming the future perilymphatic space. The outer part of the reticulum 

condenses, lining the cartilaginous otic capsule, and changes into fibrous
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Fig. 4.13 (a) (40)

Fig. 4.14 (b) (40)



-  61 -

Fig. 4.15 (c) (40)

Figs. 4.13, 4.14, 4.15 Showing differentiation of the organ of Corti in the
apical (a) middle (b) and basal turns (c) of the 
cochlea at twelve and a half weeks gestation (CR 98 
mm)

Fig. 4.16 Showing organ of Corti at 13 to 14 weeks gestation (CR
106 mm) (10)



Showing organ of Corti at about 15 weeks gestation (CR
129 mm) (10)

F ig. 4.18 Organ of Corti (oc), stria vascularis (stv), scala vestibuli 
(sv), scala tympani (st) at 22 weeks gestation (CR 190 mm)
(25)
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Showing organ of Corti (oc) at 33 weeks gestation
(CR 300 mm) (25)

Fig 4.20 Showing organ of Corti (oc) at 40 weeks (25)
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perichondrium to become the inner periosteal layer of the ossified otic 

capsule. By mid-terra, when the membranous labyrinth has attained its 

maximum size, the reticulum has largely disappeared. A few strands remain 

which support the blood vessels and provide anchorage to the semicircular

ducts.

Otic capsule - Develops from the mesenchyme surrounding the 

membranous cochlear and semicircular ducts. The first change occurs at 

about five weeks when condensation of the fetal mesenchyme delineates the 

future perilymphatic spaces from the future otic capsule. The increased 

condensation at the periphery of this zone will form the inner 

perichondrial and later the inner periosteal layer of the otic capsule. At 

seven weeks pre-cartilage is formed (Figs. 4.21 (a), 4.21), which by eight- 

nine weeks becomes cartilage. (Figs. 4.22, 4.23) The cartilage cells then 

enlarge. (Fig. 4.24) Peripheral to the cartilaginous capsule is the outer 

per ichondr ia 1 layer. (Fig. 4.25) Ossification of the otic capsule is unique 

as compared to the ossification of all the other bones in the human body 

developed from cartilage. Ossification is complete during fetal life and 

there is no rebuilding of primary enchondral bone. The otic capsule begins 

to ossify at 16 weeks, when the membranous structures of the inner ear 

have attained their maximum size. Ossification occurs from 14 centres at 

different times, and is completed by about mid-term, without any suture 

lines or epiphyses. The basic histological changes that occur consist of 

enlargement of the cartilage cells in areas of growth and calcification of 

the matrix. (Fig. 4.26) This allows deposits of an osseous lamina on the 

cartilaginous lacunae. These islands are called intrachondral bone. 

Endochondral bone is deposited on the surface of the intrachondral bone by 

the osteoblasts. (Fig. 4.28) Increased deposition of the endochondral bone
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Fig. 4.21 (a) D i a g r a m m a t i c  r e p r e s e n t a t i o n  of h i s t o l o g i c a l  c h a n g e s  
in the d e v e l o p m e n t  of the otic c a p s u l e

B e f o r e  7 wee ks  

C o n d e n s a t i o n  of m e s e n c h y m e

<-. L)4

7 wee ks  
P r e - c a r t i l a g e

8 week s  (CR 30 mm)
C a r t i l a g e  and c o n d e n s a t i o n  of 
m e s e n c h y m e  forrping o u t e r  and inner 
p e r i c h o n d r e a l  lay e r

15 w e e k s  (CR 100 mm)
E n l a r g e m e n t  of c a r t i l a g e  c e l l s

16 w e e k s  (CR 128 mm)
E n l a r g e m e n t  of c a r t i l a g e  c e l l s  and 
s h r i n k a g e  of c y t o p l a s m  with p y k n o t i c  
nuclei. I n v a s i o n  of os,teogenic bed 
in l a c u n a e  of c a r t i l a g e

O s t e o b l a s t s  
. I n t r a c h o n d r e a l  bone 17 w e e k s  (CR 140 mm)

-J),

st'Jr \
ft E n d o c h o n d r e a l  bone

O u t e r  p e r i o s t e a l  layer

I n t r a c h o n d r e a l  bone 
 V a s c u l a r  c h a n n e l s 22 weeks

E x p a n s i o n  of e n d o c h o n d r e a l  (CR 190 mm)
o^f bone

Inner p e r i o s t e a l  la ye r



- 66 -

Fig. 4.21 Showing otic capsule (pre-cartilage) at seven weeks 
gestation (25)

Fig. 4.22 Showing otic capsule (cartilage) at eight weeks gestation 
(CR 29 mm) (10)
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Fig. 4.23 Showing otic capsule (cartilage) at eight weeks gestation
(CR 29 mm) (40)

€

m

i

4

Fig. 4.24 Showing enlargement of the cartilage cells of the otic
capsule at ten weeks gestation (CR 50 mm) (40)
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Fig. 4.25 Showing cartilage (arrow), inner perichondrial layer (ip) 
and outer per ichondr ial layer (op) of the otic capsule at 
twelve and a half weeks gestation <CR 78 mm) (25)

K,< M

z r

Fig. 4.26 Showing shrinkage of the enlarged cartilage cells on the 
matrix becomes calcified. Otic capsule at 17 weeks' 
gestation (CR 140 ram) (25)
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I  * » ' . AJf* ^  .bnowing otic *capsuie at 21 weens gesti

Fig. 4/27 Showing osteogenic tissue (arrow) including enlarged
cartilage cells (triangle) of the otic capsule at 17 weeks 
gestation (CR 140 ram) (25)

Fig. mm).
Intrachondral bone (ib), endochondral bone (eb) and 
osteoplasts (arrow) (25)
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widens the spicula of the intrachondral bone and reduces the narrow spaces 

to minute vascular channels. The fusion of the spicules corresponds to 

the fusion of the ossification centre - that is without an epiphysis, 

unlike other bones that develop in cartilage. Also the intrachondral and 

endochondral bone remain throughout adult life without any further 

osteoclastic or osteoblastic activity - again not a feature of

cartilaginous bone. The first ossification centre appears in the outer

part of the capsule in the basal turn of the cochlea at about 16 weeks, 

near the round window, and extends upwards and unites with the eighth 

ossification centre in the upper part of the cochlea. The second and third 

centres appear in the outer part of the capsule of the ampulla of the 

posterior semicircular canal and superior and lateral canals respectively. 

The fourth centre lies supero-lateral to the round window and is not in 

close proximity to any nerve, unlike centres two and three. Centre four 

unites with centre one to form the roof of the round window. Between 17 

and 18 weeks the next eight centres appear. The fifth centre is in the

lateral wall of the internal auditory meatus and fuses with centre three, 

thus forming a bony projection for branches of the vestibular nerve. The 

sixth centre appears in the inner wall of the capsule near the branches of 

the cochlear nerve. Part of it contributes to the formation of the medial 

part of the internal auditory meatus. Centre seven arises in the outer 

part of the capsule and together with centres five and six completes the 

bony roof of the internal auditory meatus. Centre eight begins in the

outer part of the capsule on the medial aspect of the cochlear duct and

the ninth in the inferior medial margin of the internal auditory meatus. 

Centre ten arises in the most posterior bend of the posterior semicircular 

canal, centre eleven in the capsule overlying the supero-lateral aspect of 

the cochlea and centre twelve between the cochlea and upper branch of the
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vestibular nerve. Centre thirteen encircles the vestibular nerve and fuses 

with centre two. Fusion of all the centres is complete by mid-term (Bast 

1930, 1932, 1944, Anson and Bast 1958). (Figs. 4.29, 4.30, 4.31, 4.32, 4.33, 

4.34)

Evaginations of appendages of the perilymphatic spaces - are a short 

perilymphatic space around the bone of the endolymphatic duct, the 

vestibular aqueduct, the cochlea aqueduct, the fissula ante fenestram and 

the fossula post fenestram.

The vestibular aqueduct is formed around the endolymphatic duct and 

sac. The cartilaginous otic capsule has four ossification centres at 17 

weeks' gestation period. The cartilaginous part of the otic capsule 

surrounding the aqueduct is invaded by vascular connective tissue from the 

subarcuate fossa and at 21 weeks there is bone formation. Also centres 

two and five fuse over the endolymphatic duct and proximal part of the 

sac.

The cochlear aqueduct - At eight weeks the region of the future 

cochlear aqueduct, on the medial wall of the basal turn of the cochlea, the 

pre-cartilage dedifferentiates into mesenchyme-like tissue. It crosses the 

capsule to the meningeal side on the inferior surface of the pyramid. 

This connective tissue is more reticulate distally and cellular towards the 

scala tympani. At this stage the cochlear vein is embedded in this 

connective tissue and is continuous with the fibrous tissue in the niche 

which will form the future round window. A cartilaginous bar, extending 

from the otic capsule around the posterior ampulla medially between the 

glossopharyngeal nerve and cochlear aqueduct, it also forms part of the 

rim of the round window. At 13 weeks this cartilaginous bar has separated 

the duct from the glossopharyngeal nerve. The cochlea vein is separated



Fig. 4.29 Showing otic capsule (otc) and cochlea. Internal carotid 
artery (ica) at 22 weeks gestation (CR 190 mm) (1)

Fig. 4.30 Showing otic capsule - outer periosteal layer (1), 
endosteal layer (2), internal carotid artery (ica) at 22 
weeks gestation (CR 190 mm)
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Fig. 4.31 Showing otic capsule at 33 weeks gestation (CR 300 mm>.
Endochondral bone (eb), intrachondral bone (ib) (25)

Fig. 4.32 Showing otic capsule (otc) and cochlea (c) at 40 weeks 
gestation (1)
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Fig. 4 .33 Showing 
otic capsule (otc) 
(40 weeks, CR 330 
mm) (25)

Fig. 4.34 
Showing middle 
layer of otic 
capsule at 
40 weeks 
gestation 
(40)

1
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from the duct at about 20 weeks. Ossification is complete at 21 weeks 

when the true cochlear aqueduct is formed.

The fissula ante fenestram develops as an evagination of the periotic 

tissue from the vestibule, extending to the otic capsule and ending in the 

middle ear just in front of the oval window. It first appears at about 

eight weeks soon after the periotic tissue in the vestibule 

dedifferentiates from pre-cartilage to mesenchymal tissue. At ten weeks 

the fissula appears in altered pre-cartilage in the cartilaginous otic 

capsule. By about 14 weeks it has extended to the middle ear. The cells 

in the tympanic end of the fissula are cartilaginous and those at the 

vestibular end are more pre-cartilaginous. The tympanic end of the

fissula is invaded by a vascular bud which destroys the cartilage cells. 

It reaches its maximum size at 21 weeks and consists mainly of connective 

tissue. The size and extent of the fissula ante fenestram is variable, but 

is a constant structure (Anson et al 1947, Anson et al 1938, 1939, 1943, 

1948).

The fossula post fenestram is an outpouching from the vestibule into 

the otic capsule posterior to the oval window. It is not a constant 

anatomical feature. Its histogenesis is much the same as fissula ante

fenestram. It does not always communicate with the vestibule (Bast 1938).

The blood supply of the membranous labyrinth is via the internal

auditory artery which enters the internal auditory meatus from the cranial 

fossa. Its branches supply the whole of the membranous labyrinth and all 

its sensory elements, organ of Corti, cristae of the semicircular canals 

and the maculae of the saccule and utricle. The blood vessels can be 

identified clearly at 16 weeks. The cochlear branches travel in the 

periotic tissue along the walls of the sea la tympani and vestibule and the
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cochlear duct. Similarly the vestibular branches are lodged in the 

connective tissue that anchors the maculae and utricle. As ossification 

proceeds the separate blood supply of the bony labyrinth is seen as 

vascular channels which traverse the mucous membrane of the tympanic 

cavity, outer periosteal layer, middle layer and up to the inner periosteal 

layer, the latter not being penetrated. The stria vascularis is formed by 

the blood vessels around the seala and those from the osseous spiral 

lamina.

The middle ear cavity - The entodermal pharyngeal pouch at four 

weeks flattens antero-poster ior ly towards the epithelium of the first 

branchial groove. At eight weeks the proximal part of the pharyngeal 

pouch becomes narrow and forms the auditory tube. The medial part of the 

auditory tube will form the Eustachian tube and the lateral part the 

tympanic cavity proper, which at this stage occupies the lower part of the 

future middle ear.

At 22 weeks the antrum makes its appearance as a lateral extension 

of the epitympanum and extends in the periosteal bone. The latter fuses 

with the squamous plate at 29 weeks and its growth will form the future 

mastoid process.

The ossicles - malleus, incus and stapes. The malleus develops from 

the cartilage of the first branchial arch, except for the anterior process 

which arises as a membrane bone.

Stapes - Condensation of mesenchymal cells appears at three to four 

weeks at the cranial end of the second branchial arch which is in close 

proximity to the mesenchymal tissue of the future otic capsule. At five 

weeks these condensed mesenchymal cells are more dense and are situated 

lateral to the otocyst but distinguishable from the periotic mesenchyme.
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Further expansion brings the developing stages in close proximity to the 

otic capsule. The stapes has attained an annular form at six weeks and is 

also penetrated by the stapedial artery. At seven weeks the stapes 

consists of pre-cartilage and at eight weeks appears to be pressed against 

the pre-car ti lag inous otic capsule, separated by a thin layer of 

mesenchyme. (Ref. back to Fig. 4.3) The stapedial artery is now only 

rudimentary. Between eight and a half and ten and a half weeks the stapes 

is transformed into cartilage and in the next two weeks becomes stirrup 

shaped. It continues to increase in size; at 13 weeks the bone is convex 

and the head of the stapes is concave. (Figs. 4.36, 4.37) Maximum size is 

attained at 17te to 18 weeks, with a thicker, heavier and convex posterior 

crus. Ossification begins at 18 weeks in the base of the foot-plate and 

extends to the crura, towards the head of the stapes. (Figs. 4.38, 4.39) 

This periosteal bone is continuously being eroded on the obturator surface 

and the foramina are thus formed which are invaded by blood vessels. 

These blood vessels reach the primitive marrow cavity where endosteal bone 

is laid down and remains only on the internal surface of the foot-plate 

and head through the remainder of the fetal and adult life. (Fig.4.40) As 

the marrow cavity expands by reabsorption of the periosteal bone it is 

invaded by the mucous membrane of the expanding cavity. These changes 

alter a rather solid structure into a fragile stapes, each crus consisting 

of periosteal bone, the foot-plate and the head consisting of endosteal 

bone. (Fig. 4.41) The foot-plate or base is a bilaminar structure. The 

retained cartilage across the vestibular surface of the bone extends to 

the margins o f  the oval window a t  the tympanostapedial ju n c tio n . This  

fenestral cartilage continues in the fissula ante fenestram and 

occasionally may persist in adult life. The stapes reach adult structure
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Fi g.  4.35 ' D i a g r a m m a t i c  r e p r e s e n t a t i o n  of the d e v e l o p m e n t a l  
s t a g e s  of the stapes

© 8 w e e k s  (CR 2 9 mm)

o 10 w e e k s  (CR 50 mm)

13 - 14 w e e k s  (CR 82 mm)

16 weekst (CR 128 mm)

O s s i f i c a t i o n  b e g i n s  at 18 w e e k s  (CR 145 mm) 
in the foot p l a t e  and e x t e n d s  to the c r u r a

O s s i f i c a t i o n

40 w e e k s  - s l e n d e r  c r u r a
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I

Fig. 4.36 
Showing the 
stapes (s), 
Malleus Cm), 
incus (i), facial 
nervie <fn), 
embryonic 
mesenchyme (em), 
auditory tube 
(at) at 13 to 
14 weeks 
gestation (CR 
200 mm) (1)

Fig. 4.37 
Show ing 
stapes (s), 
incus (i), 
malleus (m), 
embryonic 
mesenchyme (em), 
vestibule (v) 
at 14 weeks 
gestation 
period
(CR 124 mm) (1)

V
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Fig. 4.38 Showing stapes (s), malleus (m), tympanic ring (tr>, 
stapedial muscle and tendon (arrow) and vestibule (v) at 
20 weeks gestation (CR 180 mm) (1)



Fig. 4.39 Showing stapes at 20 weeks gestation (CR 180 mm) (10)



Fig. 4.40 Showing the footplate (fp) of the stapes, annular ligament 
(al) and facial nerve (fn) at 33 weeks gestation
(CR 300 mm) (10)

Fig. 4.41 Showing the stapes (s), malleus (m), incus (i), facial nerve 
(fn) and tympanic membrane (tm) at 40 weeks gestation (1)
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at 26 weeks of fetal life (Anson 1940, Anson et al 1958, Anson and Bast

1959, Anson and Cauldwell 1942, Anson et al 1943).

The malleus and incus develop from the cartilage of the first

(Meckel's) branchial arch. Person (1984) suggests that the second arch 

also contributes in the development of the malleus and incus. The

anterior process of the malleus develops from membrane bone. At six weeks 

the primordium of the malleus and incus is seen as a condensation of 

mesenchymal cells which is in continuity with the Meckel's cartilage. They 

are more sharply demonstrated at seven weeks. (Fig 4.42) The mesenchymal 

cells become pre-cart ilaginous cells which by about eight weeks are

cartilaginous and soon assume the shape of the adult ossicles. (Figs. 

4.43, 4.44) They attain their maximum size by about 15 weeks. (Figs. 4.45, 

4.46, 4.47, 4.48, 4.49). Ossification begins at about 16 weeks at the

junction of the head and neck of the malleus and the long process of the 

incus. The malleus is still continuous with the Meckel's cartilage. There 

is initial formation of periosteal bone followed by vascular invasion and 

formation of endosteal bone. The cartilage near the surface, where the 

two ossicles are facing, remains to form the articular cartilage. 

Endosteal bone continues to form, narrowing the marrow cavity and leaving 

only vascular channels. (Figs. 4.50, 4.51) At 27 weeks the anterior process 

of the malleus which is formed independently as membrane bone attaches 

itself to the neck of the malleus. At the same time ossification is almost 

complete except for the handle of the malleus which becomes fully ossified 

at about 35 weeks. The Meckel's cartilage regresses at 22 weeks and 

eventually becomes the anterior ligament of the malleus (Anson et al 1946,

1960, Hanson et al 1959, Anson et al 1959).
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Showing malleus <m) and incus (i) at seven weeks gestation 
(2.5)

Fig. 4.43 BE eight and a half weeks gestation showing the malleus 
(m), Incus <i), cochlear duct (cd) and otic capsule (otc)
(2.5)



- 85 -

E

Fig. 4.44 Showing cartilage cells of the malleus and incus at eight 
and a half weeks gestation (10)

m

Fig. 4.45 Nine weeks gestation (CR 45 mm) showing the malleus (m),
incus (i) and head of stapes (s> (2.5)
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Fig. 4.46 Eleven and a half weeks gestation (CR 89 mm) showing the
malleus (m) and the tympanic membrane <tm) (2.5)

Fig. 4.47 Thirteen weeks gestation (CR 96 mm) showing malleus (m), 
incus (i), head of stapes (s) and the chorda tympani nerve
(ctn) (2.5)
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Fig. 4.48 Thirteen to fourteen weeks gestation (CR 120 ram) showing 
malleus (m), incus (i), otic capsule (otc), saccule (s), 
semicircular canal (sc) (1)

Fig. 4.49 Fourteen weeks gestation (CR 140 mm) showing embryonic
mesenchyme (em), malleus (m), incus (i), stapes (s) (2.5)



Fig. 4.50 Twenty two weeks gestation (CR 190 mm) showing malleus 
(m) and incus (i) (1)

Fig. 4.51 Thirty three weeks gestation (CR 300 mm) showing malleus 
(m) and incus (i) (1)



Fig. 4.51 (a) D i a g r a m m a t i c  r e p r e s e n t a t i o n  of the d e v e l o p m e n t a l  
s ta g es  of the m a l l e u s  and incus

Incus

M e c k e l 's 
cart ilage

7 w e ek s

M a l l e u s  is in 
c o n t i n u i t y  w i th  the 
M e c k e l ' s  c a r t i l a g e

M a l l e u s

Incus

M a l l e u s 12 weeks' ( C R : 90 mm) •

C a r t i l a g i n o u s  
m a l l b u s  ahd i n c u s

16 w e e k s  (CR 128 mm)

O s s i f i c a t i o n  c o m m e n c e s  
in the m a l l e u s  a n d ' i n c u s

Body of Incus

^ JHead of M a l l e u s

Periosteal 
layer
E n d o s t e a l  
layer

Head of M a l l e u s

P r i m i t i v e
m a r r o w

17 w e e k s  (CR 135 mm)

22 w e e k s  (CR 190 mm)
The e n d o s t e a l  bone
is r e p l a c e d  by p r i m i t i v e
m a r r o w

He a d  of 
Ma l l e u s

P e r i o s t e a l  
bone

V a s c u l a r  c h a n n e l s  

E nd o s t e a l  bone

33 w e e k s  (CR 300 mm) 
The p r i m i t i v e  m a r r o w  
is r e p l a c e d  by 
e n d o s t e a l  b one ex c e p t  
w h e r e  the re  are 
v a s c u l a r  c h a n n e l s

^ - 1  O s s i f i c a t i o n  
c e n t r e s
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Facial canal - During the cartilaginous stage of the otic capsule 

(ten weeks) the Reichert's cartilage is attached to the cartilaginous otic 

capsule near its tympanic aspect. This forms a portion of a transitory 

wall for the facial canal which contains the facial nerve and blood vessels 

and stapedius tendon. At about 21 weeks, when ossification of the otic 

capsule is nearing completion, a sulcus is formed on the otic capsule, 

posterior to the facial nerve. An ossification centre also appears at the 

same time in the anterior wall of the facial canal. The sulcus widens and 

deepens to form the facial canal. The mesenchyme around the nerve forms 

the sheath of the facial nerce. At 24 weeks bone has formed around the 

facial nerve forming a complete wall and thus separating the nerve, blood 

vessels and the stapedius tendon from the second arch cartilage. 

Periosteal layers will soon grow over the middle layer of the facial canal 

on its deep surfaces. The canal is divided into two compartments by 

ingrowth of periosteal bone at 34 weeks. One forms the canal proper and 

the other forms the perlfacial air cells.

The tensor tympanl muscle is derived from the mesenchyme of the 

first branchial arch. At eight weeks it lies in the mesenchyme lateral to 

the cochlea. The distinction between muscle and tendon is seen at 16 

weeks. The tendon is attached to the malleus handle. At 24 weeks the 

muscle is attched to the wall of the otic capsule. At term a thin plate 

of periosteal bone extends to form the semicanal for the muscle.

The stapedius muscle is derived from the second branchial arch.

The tympanic membrane is a trilaminar structure, the inner or medial 

layer being continuous with the mucosa of the tympanum and arising from 

the entoderm of the first pharyngeal pouch, the middle or fibrous layer 

developing from the mesoderm and the outer epithelial layer from the
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ectoderm of the first branchial groove which is in continuity with the 

ectoderm of the external auditory meatus. As development proceeds the 

rather thick mesodermal layer gradually becomes compressed with the 

growth of the external auditory meatus laterally and the tympanum 

medially. At birth the tympanic membrane is very thin.

The tympanic ring develops as a membrane bone from four centres at 

nine weeks, which fuse at ten weeks. Its anterior limb becomes sulcate at 

20 weeks and the posterior limb at 25 weeks.

Auricle - Develops from the first (mandibular) and second (hyoid) 

branchial arches, around the first branchial groove. These are visible in 

a four week fetus. Each arch contributes three hillocks which appear at 

about five weeks and fuse at seven weeks.

The external auditory meatus arises from the ectoderm of the first 

branchial groove, at four weeks, which is inferiorly in contact with the 

entoderm of the first pharyngeal pouch. This ectodermal groove forms a 

cellular plate which is separated from the entoderm by a layer of 

mesoderm. The ectoderm has already begun to split at 12 weeks and 

eventually becomes a thin epithelium which also forms the outer layer of 

the tympanic membrane.

B. Personal Observations

a) Embryonic Mesenchyme - Middle Ear

a) At eight weeks (CR 30 mm>, the future middle ear is slit-like (Fig. 

4.52), the rest of the middle ear consisting of cellular connective 

tissue - the embryonic mesenchyme, which contains the auditory ossicles. 

This connective tissue or embryonic mesenchyme is similar to the
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surrounding mesenchyme and consists of closely packed round cells. (Figs. 

4.53, 4.54) At the age of ten to eleven weeks (CR 40-50 mm), the cells 

are larger and less densely packed and are separated by vascular channels. 

(Figs. 4.55, 4.56, 4.57) As the cells become less cellular, the appearance 

of the cells changes from round to stellate shaped. These stellate shaped 

cells enlarge and contain granular nuclei. (Fig. 4.58) The vascular 

channels also enlarge as the mesenchyme becomes looser. (Fig. 4.59) This 

process continues until the inner ear and otic capsule have attained their 

maximum size at about 17 to 21 weeks when the embryonic mesenchyme 

becomes vacuolated. (Figs. 4.60, 4.61) Vacuolization is seen initially in 

the area between the otic capsule and the anterior part of the 

hypotympanum below the Eustachian tube region. (Figs. 4.62, 4.63) These 

vacuoles become larger and histocytes appear at he periphery. (Figs 4.64, 

4.65, 4.66, 4.67) This process seems to be preparatory to the

pneumatisation of the middle ear. The slit-like auditory tube expands 

rapidly into the tympanum proper and the ossicles are cleared of the 

mesenchyme. The mesenchyme and the posterior superior region of the 

tympanic cavity is the last to regress. Although the tympanum is aerated 

at 40 weeks (Fig. 4.67), trimming and condensation of the connective tissue 

continues after birth, thus increasing the tympanic space. The clinical 

significance of the persistence of embryonic mesenchyme in neonates in 

association with otitis media is shown in Chapter 5, Section F.
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Fig. 4.52 At eight weeks gestation (CR 29 mm) the middle ear cleft
is slit-like (arrow) surrounded by embryonic mesenchyme
(1)

Fig. 4.53 Showing embryonic mesenchyme (arrow) at eight weeks
gestation (CR 29 mm), stapes (s) (2.5)
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Fig. 4.54 Showing embryonic mesenchyme closely packed with round 
cells at eight weeks gestation <CR 29 mm) (40)

Fig. 4.55 Showing a looser and less cellular embryonic mesenchyme
(em) at ten weeks gestation (CR 500 mm), malleus (m), 
chorda tympani (ct), stapes (s), facial nerve (fn), 
vestibule (v) (1)
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Fig. 4.56 (2.5)

Fig. 4.57 (40)

Figs 4.56 and 4.57 Showing embryonic mesenchyme at ten weeks gestation
(CR 50 mm), vascular channels (arrow) and loosening 
of cells
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Fig. 4.58 The embryonic mesenchyme at ten weeks gestation <CR 50 
mm) is less cellular and contains stellate cells with 
granular nuclei (st) (25)

/

Fig. 4.59 Showing embryonic mesenchyme at twelve and a half weeks
gestation (CR 98 mm) (25)
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Fig. 4.60 <25)

Fig. 4.61 <40)

Figs. 4.60 and 4.61 Showing embryonic mesenchyme at 17 weeks gestation
<CR 140 mm), vacuoles <v)
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Fig. 4.62 Showing vacuoles (v) in the embryonic mesenchyme (em) in
an 18 week fetus (CR 178 mm), middle ear cleft (arrow), 
tympanic ring (tr), malleus (m), otic capsule (otc) (1)

Fig. 4.63 Showing vacuoles (v) in the embryomic mesenchyme (em) in 
the same eighteen week fetus (25)



Fig. 4.64 <25)

Fig. 4.65 (40)

Figs. 4.64 and 4.65 Showing embryomic mesenchyme at 19 weeks gestation
<CR 165 mm), vacuoles (v)
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Fig. 4.66 Showing embryonic mesenchyme in a 21 week fetus with 
larger vacuoles (v) and hystiocytes (h) (25)

Fig. 4.67 
Showing 
embryonic 
mesenchyme 
(era) in a 
41 week old 
neonate, 
facial 
nerve (fn), 
stapes (s) 
(1)

e m
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b) Estimation of Fetal Age from Serial Sections of Selected Microslices.

The criteria taken into account for determining fetal age at autopsy 

include date of onset of last menstrual period (LMP) (obtained from 

obstetric case notes), crown rump (CR> length, crown heel (CH) length, foot 

length (FL>, bi-par ietal diameter of the head, weight, external 

characteristics, and stages of development of organs and skeleton. The 

measurements of fetuses are averages and so may not always apply to 

specific cases. It is known that crown rump measurements obtained by 

using ultrasound closely correlated with the crown rump measurement at 

autopsy. Despite the possibility of error in determining the LMP it is 

commonly used by clinicians to estimate the age of embryos.

Unlike other organs, the development of the ossicles, membranous 

labyrinth and cochlea are of adult dimensions by about 21 weeks <CR 200 

mm). Pneumatisation of the mastoid continues after birth. Histological 

examination of the temporal bones could be a useful additional criteria 

for determining approximate fetal age. In this study temporal bones from 

50 fetuses were examined, in consequence the numbers for each week of 

gestation period were relatively small to determine normal variations in 

development of a given week. However, the development can conveniently be 

divided into three periods to serve as a guide to the histological changes 

in the development of the middle and inner ear. These would include from 

zero to eight weeks, eight to 16 weeks and 16 to 21 weeks and beyond.

Development from Zero to Eight Weeks.

At the three weeks' gestation period the otic placode is formed from 

the ectodermal thickening on either side of the hindbrain. The otic 

placode sinks into the surrounding mesenchyme to form the otic pit which 

soon becomes the otic vesicle. In the following weeks the endolymphatic
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appendage grows from the dorso-cranial part of the otic vesicle and forms 

the endolymphatic duct and sac. The rest of the otic vesicle forms the 

utricle and saccule and most of the caudal part forms the cochlear duct. 

The maculae begin to differentiate between seven to eight weeks.

At about four weeks the otic vesicle elongates into a superior 

vestibular pouch which forms the semicircular canals and an inferior 

cochlear pouch which forms the cochlear duct. The basal turn of the 

cochlea is formed at about eight weeks. The duct is lined by stratified 

squamous epithelium and is thickened in the posterior wall at about eight 

weeks. At about the same time differentiation of the scala tyrapani, scala 

vestibuli takes place and the modiolus and otic capsule are formed. At 

about five weeks the perilymphatic space begins to appear. The

condensation at the periphery of the perilymphatic space is the beginning 

of the inner perichondrial layer of the otic capsule. At seven weeks the 

pre-cartilage of the otic capsule is visible and by about eight to nine 

weeks it becomes cartilaginous. The cochlear aqueduct also begins to 

appear - at eight weeks the region of the future cochlear aqueduct is

seen on the medial wall of the basal turn of the cochlea, and the pre

cartilage differentiates into mesenchyme-like tissue. At the same time an 

evagination of the periotic vestibule extends into the otic capsule ending

in the middle ear layer, which is the future fissula ante fenestram. A

similar posterior out-pouching extends from the vestibule to the otic 

capsule: the fossula post fenestram.

The middle ear cavity is formed from the entodermal pouch of the 

first pharyngeal groove at about four weeks. It gradually elongates and 

at about eight weeks the proximal part of the pharyngeal pouch becomes 

narrow and forms the auditory tube. The medial part of the auditory tube
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forms the Eustachian tube and the lateral part of the tympanic cavity 

proper. The primordium of the stapes is seen in the form of condensation 

of mesenchymal cells at three to four weeks at the cranial end of the 

second branchial arch. There is condensation of these mesenchymal cells 

at about five weeks. The stapes is now annular at about six weeks and is 

also penetrated by the stapedial artery. The mesenchyme cells become pre- 

cartilaginous at seven weeks and at eight weeks appear to be pressed 

against the pre-cartilaginous otic capsule separated by a thin layer of 

mesenchyme. Except for the anterior process of the malleus which develops 

from the membrane bone, the malleus and incus develop from cartilage of 

the first branchial arch. At six weeks the primordium of the malleus and 

incus are seen as a condensation of mesenchymal cells which is in 

continuity with the Meckel's cartilage. At eight weeks the mesenchymal 

cells become pre-cartilaginous and soon assume the shape of the adult 

ossicles. At eight weeks the tip of the flattened tympanic cavity lies 

along the side of the distal end of the first branchial groove or external 

auditory meatus; these two cavities are separated from each other by 

cellular connective tissue which later condenses to form the connective 

tissue layer of the tympanic membrane. Within the cellular connective 

tissue is a mass of condensed mesenchyme which is the primordia of the 

handle of the malleus. At this stage the middle ear consists of cellular 

connective tissue which is indistinguishable from the surrounding 

mesenchyme.

The tympanic ring is cartilaginous up to about eight weeks. The 

auricle develops from the first (mandibular) and second (hyoid) branchial 

arches around the first branchial groove. These are visible in a four to
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five week fetus (5 mm). Each arch contributes to three hillocks which 

appear at about five weeks and fuse at about seven weeks (CR 18 mm).

Nine to 16 Weeks

The endolymphatic appendage continues to grow and at ten weeks is in 

close proximity to the lateral sinus. The utricle and saccule continue to 

grow and differentiation of the maculae occurs into sensory and supporting 

cells and by twelve weeks the otolith membrane is formed which overlies 

the modified epithelium which becomes the otoconia. Differentiation of the 

maculae is complete by the sixteenth week. Similarly growth of the 

semicircular canals and the differentiation of the cristae occurs and 

gelatinous secretions from the supporting cells form the cupola. The two 

and a half to two and three quarter turns of the cochlea as seen in the 

adult are completed by about ten weeks. The stratified epithelium on the 

posterior wall of the cochlear duct soon begins to modify. Gradual 

differentiation occurs from nine weeks onwards starting from the basal to 

the apical turn forming the organ of Corti. At about the same time scala 

tympani, scala vestibuli and scala media are also formed. The Reissner's 

membrane is columnar at about 1 lte weeks (CR 80 mm) and by 14 weeks CR 

120 mm) becomes cuboidal and by about 15 weeks it becomes a simple 

flattened squamous epithelium which remains throughout fetal and adult 

life. The perilymphatic spaces are also formed by about 11 to 13 weeks. 

The cartilaginous otic capsule continues to grow and the outer and inner 

perichondrial layers are formed.

The stapes becomes stirrup shaped by about nine weeks, continues to 

increase in size and at 13 weeks the convexity of shapes is recognisable 

and the head of the stapes is concave. Similarly the pre-cartilage of the
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malleus and incus becomes cartilaginous and they reach the adult size by 

about 15 weeks.

16 Weeks (CR 140 mm) to 21 Weeks (CR 200 mm) and beyond

The membranous labyrinth has reached its maximum size by about 16 

weeks. Ossification of the otic capsule commences at the same time and is 

completed by about 21 weeks. All the structures of the future cochlear 

duct are visible in the basal turn at about 16 weeks. Differentiation 

continues in the subsequent weeks and is complete at about 21 weeks. The 

reticulum surrounding the membranous labyrinth has also largely 

disappeared at about 21 weeks. The semicircular canals have reached their 

adult size and differentiation of the cristae is completed at the same 

time.

Ossification begins in the malleus and incus at about 16 weeks and 

the base of the stapes at 18 weeks (CR 160 mm). At the same time the 

tympanic membrane is well formed.

21 weeks to term

Except for the handle of the malleus the ossicles reach adult 

structure by about 26 to 27 weeks (CR 250 to 260 mm). The mastoid 

antrum begins to form as a lateral extension of the epitympanum at about

22 weeks (CR 210 mm) between the squamous plate and the ossifying otic 

capsule. Invasion of the connective tissue in the newly formed periosteal 

or antral bone continues which expands laterally with the squamous plate 

and fuses at about 29 weeks (CR 275 mm) to form the antrum which 

contains mesenchyme. The progressive development of these two fused 

bones is the origin of the future mastoid bones which grow in childhood. 

The antrum is fully pneumatised at about 34 weeks (CR 320 mm). (Figs.
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4.68, 4.69, 4.70) The handle of the malleus is fully ossified at about 35 

weeks.

b) Recommended Criteria for Determining Fetal Age:

The study of serial sections of selected microslices which would

include ossification of the tympanic ring, auditory ossicles, otic capsules 

and development of the mastoid antrum may be used as an additional 

criterion for determining fetal age. It is best to avoid the membranous 

structures of the labyrinth because of the onset of early post mortem

changes and occasional disruption during processing. Although, ideally, a 

detailed histological study of the whole fetal head and/or temporal bone 

could be used, it would be time consuming, and would have considerable

financial implications. It would also require experience and special

interest in the anatomy and development of the temporal bone. Serial 

sections of selected microslices which would include the above mentioned 

structures and/or serial sections of the head in younger specimens should 

enable the pathologist to study the ossification of these structures.

a) Four ossification centres begin in the tympanic ring at about nine 

weeks and are fused at ten weeks and the tympanic ring becomes 

sulcate between 16 to 17 weeks' gestation period.

b) Various stages of development of the malleus and incus and stapes 

from condensation of the mesenchyme beginning at four to six weeks, 

and commencement of ossification at 16 to 18 weeks; and reaching 

the adult structure by about 26 weeks of gestation.
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Fig. 4.68 (1)

Fig. 4.69 (1)
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Fig. 4.70

Figs. 4.68, 4.69, and 4.70
Showing antrum (a), antral bone (ab), periosteal bone of otic capsule, 
tympanic part of squamous temporal <tp>, middle ear (me) at 22, 29 
and 31 weeks gestation respectively

*
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c) Formation of the otic capsule starting at five weeks, commencement of 

ossification at 16 weeks and completion at 20 to 21 weeks would 

again help to determine the fetal age at these periods of gestation.

d) The mastoid antrum makes its appearance at 22 weeks which could also 

be used as a factor for determining viability of a fetus in medico

legal cases.

Evaluation of the above criteria In determination of fetal age

Determination of the gestational age of a fetus in utero is best 

determined from the date of the last menstrual period provided the latter 

is clearly defined. As previously mentioned it is not always reliable. 

Crown-rump length by ultrasound and height of the fundus of the uterus 

are also taken into account. At autopsy several other criteria besides the 

date of the last menstrual period are taken into account. These include 

crown-rump length, crown-heel length, foot length, head circumference,

ossification of the skeleton and stages of development of various organs. 

Crown-rump length is perhaps the most popular measurement but this has 

many inherent sources of error, including genetic and ethnic differences in

size of fetus and variations depending on whether the measurement is

carried out on a fresh fetus or after preserving in formalin.

50 fetuses were studied in which the date of the last menstrual

period was well defined. One seven week fetus was excluded as crown-rump 

length is generally measured from eight weeks of gestation onwards. In 

younger fetuses the entire length is measured.
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The coefficient of correlation between gestational age as determined 

from the date of the last menstrual period and the crown-rump measurement 

was r = 0.939 and the relationship is shown in Fig. A. Examination of the 

relation' between gestational age and temporal bone observations was 

r = 0.99. Surprisingly observations of the histological stages in the 

development of the middle and inner ear were significantly more reliable 

than the crown-rump measurements. Cx = 4.466 : P < 0.01.) The

relationship is shown in Fig. B.

The significance of the difference between the two coefficients 

of correlation was tested using the z transformation.

The above result demonstrated that the relationship between 

observed temporal bone development and gestational age was 

significantly better than that between crown-rump measurements

and gestational age (P < 0.01).

x Zl - Z2 4.4661 1



Fig. A. Relationship between crown-rump length
and gestational age
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CHAPTER 5 

A. GENETIC

a) Down's Syndrome

Case 1 (M.P.)

This mother had a therapeutic abortion at about 21 weeks as 

amniocentesis confirmed a Down's syndrome.

Post mortem Crown-rump length - 18 cm.

Foot length - 38 mm.

Histopathology (fetal head)

The left external auditory meatus was shorter and narrower than the 

right. (Figs 5.1, 5.2) The meatuses were well canalised. Most of the 

middle ear was full of embryonic mesenchyme. The facial nerve was rather 

forward in position, almost across the stapes. (Fig. 5.3) There was 

deficient coiling of the cochlea which had two turns. The organ of Corti 

was fully differentiated, except in the apical turn. (Fig. 5.4) There was 

degeneration of most of the organ of Corti. The otic capsule was almost 

fully ossified with deficient interscalar septum. (Fig. 5.5) The sensory 

epithelium of the crista and macula were well differentiated. The bony 

and membranous semicircular canals were grossly dilated. (Figs. 5.6, 5.7) 

The endolymphatic sac was not dilated.



Fig. 5.2 
Case 1 MP 
Showing right 
pinna (1)

1
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Fig. 5.1 Case 1 
MP Showing 
left pinna (1)
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Fig. 5.3 Case 1 MP Middle ear showing the facial nerve (fn>
forwards. Footplate of the stapes (fp). Fissula post 
fenestram (fpf), vestibule (1>

Fig. 5.4 Case 1 MP Showing lracomplete differentiation of the organ 
of Corti (arrow) in the (right) apical turn of the cochlea
(40)
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Fig. 5.5 Case 1 
MP Right 
cochlea, two 
turns showing 
def icient 
interscalar 
septum (arrow) 
(1)

Fig. 5.6 
Case 1 MP 
(right) showing 
dilated 
lateral (lsc) 
and posterior 
(psc)
semicircular 
canals (1)

lsc

psc
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Fig. 5.7 Case 1 MP (right) Showing dilated lateral (lsc) and 
posterior (psc) semicircular canals (1)
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Comment

Development of the ears was consistent with 21 weeks gestation 

period. There was deficient coiling of the cochlea and a short right 

external auditory meatus. Sensorineural hearing loss is known to be 

associated with Down's syndrome. These pathological findings in the 

cochlea could explain the pathology of the sensorineural loss. Anomalies 

of the external auditory meatus are also associated with this condition, as 

seen in this fetal head.

Case 2 (Baby H.O.)

The mother, aged 41 years, was diagnosed on amniocentesis to have a 

female fetus with Down's syndrome. The pregnancy was terminated at 21 

weeks gestation using prostaglandin.

Post mortem

Post mortem was performed 48 hours after death. The face was not 

obviously abnormal and the palmar creases were normal. There were no 

external congenital malformations.

Body weight - 410 grams

Crown-rump length - 18 cm

Crown-heel length - 27 cm

Foot length - 4.2 cm

No pathology was seen in any of the organs, including the placenta. 

Both temporal bones were removed after glutaryldehide perfusion through 

the oval window.
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Microslice

There was haemorrhage in the right internal auditory meatus and 

scala vestibuli. The cochlea had two turns. On the left side there was 

haemorrhage in the vestibule and lateral semicircular canal. There were

also two turns of the cochlea.

Histopathology

Left - The tympanic membrane had been partly destroyed during the

perfusion. There was haemorrhage in the middle ear. <Fig. 5.8) The

internal auditory meatus and the scala tympani and vestibuli were full of 

haemorrhage, including the scala media. (Fig. 5.9) There was also 

haemorrhage in the vestibule and perilymphatic space. (Fig. 5.9)

Ossification of the otic capsule was complete. There was degeneration of 

the organ of Corti.

Comment

Extensive haemorrhage may have been due to prostaglandin termination, 

causing raised intrauterine pressure and anoxia.
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F lg. 5.8 Case 2 
HO Left middle 
ear showing 
haemorrhage (h) 
and embryonic 
mesenchyme (em). 
There is also 
haemorrhage in 
the
perilymphatic 
space of the 
lateral 
semicircular 
canal (lsc) (1)

Fig. 5.9 Case 2
HO Left
cochlea showing
haemorrhage
in scala
vestibuli
and tympani (1)

t
k



- 120 -

Case 3 (D.L.)

This term baby was delivered by Simpson’s forceps for distress but 

recovered well and appeared normal initially. On day three abnormal faces 

was noted and Down's syndrome was diagnosed and confirmed by chromosome 

study. On the 17th day the infant was admitted because of Jaundice and 

cyanotic episodes. He was investigated for congenital heart malformations 

but no definite anomaly was detected. A swelling was then noticed on the 

right side of the neck, extending into the mediastinum, and thought to be 

due to a lymphangioma. There was gradual deterioration in the infant's 

condition, probably due to compression of systemic venous drainage by the 

malformation. The infant died at 21 days of age.

Post mortem

Post mortem was performed three days after death. The baby had 

mongolian slant to the eyes and there was a swelling on the right side of 

the face and neck with single promontories bilaterally.

Birth weight - 3760 grams

Body weight - 3150 grams

Crown-heel length - 50 cm

Crown-rump length - 34 cm

Head circumference - 36.5 cm

Foot length - 7.5 cm

Death was due to Down's syndrome. The lymphangioma/haemangioma of 

the neck and thoracic inlet surrounded the superior vena cava, and was 

adherent to the pericardium anteriorly, the medial aspect of both lungs
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and also surrounded the thymus. The right and left temporal bones were 

removed.

Microslice

The external auditory meatus and part of the tympanic membrane were 

not included in the specimen. Dark brown substance was seen in the middle 

ear. The stapes was abnormal.

X-ray

Part of the middle ear was absent. The stapes was abnormal and the 

cochlea showed two turns.

Histopathology

Right - There was considerable embryonic mesenchyme in the middle 

ear associated with moderately severe haemorrhage, inflammation with 

glandular change. (Figs. 5.10, 5.11) The stapes was abnormal. There was 

bowing of the foot plate with the convexity towards the vestibule. (Fig.

5.12) The anterior crus was abnormal and tilted backwards. The posterior 

crus was absent. There was dehiscence of the bony facial canal. There 

were two turns of the cochlea with deficient interscalar septum. (Fig.

5.13) There was considerable degeneration of all the membranous 

structures in the cochlea and vestibule, possibly due to post mortem 

auto lysis. The auditory nerve was normal and there was haemorrhage 

around it in the internal auditory meatus. The endolymphatic sac and duct 

were also normal. (Fig. 5.14) There was branching of the internal carotid 

artery with large thin walled epithelial lined spaces filled with blood. 

(Fig. 5.15)
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Fig. 5.10 Case 3 
DL Right 
middle ear 
mucosa showing 
inflammation and 
glandular change 
(25)

Fig. 5.11 Case 3 DL Showing glandular change in the (right) middle 
ear mucosa (arrow) (25)



- 123 -

Fig. 5.12 Case 
3 DL Right 
middle ear 
showing an 
abnormal 
anterior crus of 
stapes <s> and a 
convex
footplate. The 
posteror crus 
was absent in 
all the 
sections. 
Vestibule (v)
(1)

Fig. 5.13 
Case 3 DL 
Midmodiolar 
section of the 
right cochlea 
showing 
def icient 
interscalar 
septum (arrow) 
(1)



Fig, 5.14 Case 
3 DL Normal 
endolympoha t ic 
sc and duct 
(arrow) (2.5)

Fig. 5.15 Case 
3 DL Right 
internal carotid 
artery (ica) and 
thin walled 
epithelial lines 
blood space (10)
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Comment

The right temporal bone was from the same side as the haemangioma 

in the neck. The internal carotid artery was abnormal and thin walled, 

with blood containing sinuses, which probably represented the feeding 

vessels and possibly a continuation of the haematoma. The stapes was also 

abnormal and the cochlea had two turns. This neonate would have had a 

hearing loss.

Left - The stapes was ossified but grossly abnormal, the foot plate 

was concave towards the vestibule, the anterior crus was thin, fragile, 'S' 

shaped and tilted posteriorly. The posterior crus was small and 'C' shaped. 

<Fig. 5.16) Two thirds of the middle ear was filled with embryonic 

mesenchyme with an abnorml artery in the middle ear. (Fig. 5.16) The 

incudostapedial joint appeared fixed. There were two turns of the cochlea 

and the terminal interscalar septeum was deficient. The otic capsule was 

completely ossified. There was degeneration of the organ of Corti and 

stria vascularis. The ganglion cells were normal. The bony lateral and 

posterior semicircular canals were dilated. All membranous structures 

show moderate degenerative changes. There was dehiscence of the bone 

between the internal carotid artery and the Eustachian tube.

Comment

This infant would certainly have had a conductive hearing loss. The 

dehiscence of the bone around the internal carotid artery may cause 

pulsating tinnitus. It was not possible to assess the sensorineural

component due to extensive post mortem autolysis.
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Fig. 5.16 Case 3 DL Left middle ear showing 'C' shaped post crus 
of stapes large artery (A> in the middle ear and embryonic 
mesenchyme (em) <1)
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Case 4 <B.H.)

This 37 year old mother had a past obstetric history of neonatal 

death due to pulmonary drainage anomaly. Two years later she had a

second neonatal death and the fetus had a partial trisomy skin tags and an

inperforated anus. In the current pregnancy ultrasound showed medical 

cardiac defects with abnormal major vessels. A therapeuutic prostaglandin 

termination was performed at 19 weeks gestation period.

Post mortem

A male fetus weighing 70 grams. External abnormalities included a 

small pre-auricular skin tag on the left, 0.2 cm in diameter, and a smaller 

tag on the right.

Crown-rump length - 15.5 cm

Foot length - 30 mm

The right lung was absent, there was a cardiac defect and anal

stenosis. Part of the fetal head was removed.

Histopathology

Only a small part of the right pinna was included in the specimen. 

Embryonic mesenchyme was present in the middle ear. There was a large 

artery in the middle ear on both sides. (Figs 5.17, 5.18) The interscalar 

septum was deficient between the apical and middle turns. (Fig. 5.19) The 

modiolus was under-developed. The membranous cochlea had two and a 

quarter turns. The right Reissner's membrane was retracted towards the 

scala media. There was haemorrhage in the scala tympani and vestibuli. 

(Figs. 5.19, 5.20, 5.21) The stria vascularis, saccule and utricle were
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Fig. 5.17 Case 4 BH Right middle ear showing a large artery 
(arrow). Stapes footplate (fp), facial nerve (fn) (1)

T- —

W
■ - i i f ,

Fig. 5.18 Case 4 BH Showing large artery (A) in the right middle
ear (10)



Fig. 5.19 Case 4 BH Midmodiolar section of the right cochlea
showing deficient interscalar septum (arrow), haemorrhage 
(h) in the scala tympani (st), scala vestibuli (sv) and 
deficient modiolus (m) (1)
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sv

Fig. 5.20 
Case 4 BH 
Right cochlea 
showing
haemorrhage (h> 
in the scala 
vestibuli <sf), 
scala tympani 
(st) (25)

St

Fig. 5.21 Case 4 BH Showing degeneration of organ of Corti (oc)
and haemorrhage in the scala tympani (st) (10)
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normal. There was also haemorrhage in the perilymphatic space of the 

lateral semicircular canal. The spiral and vestibular ganglion cells were 

present and the auditory nerve was normal and surrounded by haemorrhage 

in the internal auditory meatus. The endolymphatic duct on the left side 

was large.

Comment

Development of the ears was consistent with about 18 to 19 weeks 

gestation period. The haemorrhage may have been due to prostaglandin 

termination of pregnancy.

Discussion

An incidence of one in 600 to 700 births makes trisomy 21 one of the 

most common malformation syndromes. Most cases result from non

disjunction associated with increased maternal age at the time of 

conception. Mental retardation, cardiovascular, gastrointestinal, cranio

facial and oral manifestations are well known features.

Impairment of hearing is seen in about 70% of affected individuals. 

The hearing loss may be conductive or sensorineural. Otitis media occurs 

in the majority of cases with ossicular abnormalities, particularly of the 

stapes, the latter in a small proportion of cases is responsible for the 

conductive hearing loss. The greater tendency to develop otitis media in 

Down's syndrome than in normal children is explained on the basis of 

frequent upper respiratory tract infection, abnormal configuration of the 

palate and Eustachian tube.
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In this study histopathological findings of six temporal bones from 

two therapeutic abortions at 21 weeks and one full term infant who died 

at the age of 21 days is presented. The middle ears of the full term 

infant show persistence of embryonic mesenchyme. Otitis media and 

persistence of embryonic mesenchyme has also been observed in three cases 

(Balkany et al 1979), though no interpretation or significance of this 

observation has been offered. I would suggest that the persistence of 

embryonic mesenchyme in the middle ear has an adverse effect on aeration 

of the middle ear and delay in the resolution of otitis media that is 

commonly seen in these children. Non-absorption of embryonic mesenchyme 

may also enhance the complications of chronic otitis media in causing more 

fibrosis and retraction of the tympanic membrane. In the full term 

neonate the superstructure of the stapes was also malformed in both ears. 

There was a large abnormal artery in the right middle ear. A persistent 

stapedial artery is usually seen between the crura of the stapes, but as 

the superstructure of the stapes was malformed this could have 

represented a persistent stapedial artery. In addition this infant also 

had a haemangioma of the right side of the neck, extending in the superior 

mediastinum. In two out of the three cases the cochlea had only two turns 

and the bony and membranous semicircular canals were dilated. In one case 

the facial nerve was anterior and in another there was dehiscence of the 

bony facial canal. In one case the differentiation of the organ of Corti 

in the apical turn appeared to be delayed. The short cochlea and 

differentiation of delay may partly explain the pathogenesis of 

sensorineural hearing loss in Down's syndrome.
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The clinical significance of this his topatho logical study and previous 

studies is that surgical treatment of conductive hearing loss in Down’s 

syndrome should be approached with extra caution as regards position of 

facial nerve, dehiscence of the bony facial canal. Excessive bleeding

during myringotomy can also occur due to the presence of abnormal vessels 

in the middle ear. In these children, when simple procedures such as 

drainage and insertion of ventilation tubes fail to improve the hearing, 

the possibility of ossicular abnormality particularly of the stapes should 

be considered.

b) . Treacher Collins* Syndrome

Case 5

This fetal head was obtained from a case of therapeutic abortion at 

about 17 weeks. Several members of the family had features of Treacher 

Collins' syndrome.

Histopathology (fetal head)

Both pinnae were absent. There was microtia type III with low set 

ears. The external auditory meatuses were represented by a pit. (Figs. 

5.22, 5.33) The malleus and incus were represented by one cartilaginous 

mass. The foot plate of the stapes, which was cartilaginous, was present 

and there was no differentiation of the annular ligament. (Fig.5.24) There 

was no evidence of any superstructure of the stapes. The tendon of the 

stapes was identified on the right but not on the left side. The 

vestibule, lateral and posterior semicircular canals were dilated. The 

facial nerve was in an abnormal position in the rudimentary middle ear



Fig. 5.22 Showing rudimentary right pinna (arrow). Absent external 
auditory meatus. (Microtia type III) (1)

Fig. 5.23 Case 5 Showing rudimentary left external auditory meatus 
(arrow). Absent external auditory meatus. (Microtia type 
III) (1)
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which was filled with embryonic mesenchyme. (Fig. 5.25) The cochlea had 

two and a half turns. There was complete differentiation of the organ of 

Corti. The otic capsule was partially ossified.

Comment

The development of the ears in this fetal head was consistent with 

first and second arch developmental anomaly. The external ear development 

appeared to have been arrested at about 10 weeks gestation period 

(microtia type III).
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Fig. 5.24 
Case 5
Footplate of the 
stapes <fp) 
without
differentiation 
of annular 
ligament (25)

Fig. 5.25 
Case 5 
Show ing 
footplate (fp) 
of the stapes. 
Absent
superstructure 
of the stapes. 
Bony atretic 
plate (arrow), 
absent tympanic 
membrane. Facial 
nerve (fn) in an 
abnormal 
position (1)

I
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Case 6 (H.A.) (Known case of Treacher Collins' syndrome)

His topatho logy

Right - The rudimentary middle ear contained embryonic mesenchyme 

which was partially absorbed. There were inflammatory changes around the 

facial nerve. There was only one ossicle in a small tympanum fixed to its 

bony wall. (Fig. 5.26) The stapes was absent. The cochlea was normal.

The vestibule and lateral semicircular canal were dilated. The spiral

ganglion cells were scanty. (Fig. 5.27) The auditory nerve was normal.

Left - The tympanic membrane was absent, the middle ear was 

rudimentary and was filled with fibrous tissue. (Fig. 5.28) The ossicles 

were absent. The spiral ganglion cells were present but scanty.

Case 7 (Known case of Treacher Collins* syndrome)

His topatho logy

Left - The external auditory meatus was represented by a rudimentary 

pit. The tympanic membrane was not differentiated. There was a vestigial 

malleus present in the middle ear. The stapes was malformed with fused 

upper third of the crura. (Figs. 5.29, 5.30) The foot plate was partially 

fixed as there was no differentiation of the annular ligament anteriorly. 

The facial nerve was bifurcated. (Fig. 5.31) The cochlea had one and a

half turns. (Fig. 5.32) The otic capsule was not fully ossified. There

were no ganglion cells in the modiolus. (Fig. 5.32) The semicircular canals 

were dilated. Mastoiditis was also present. (Figs. 5.33, 5.34)



Fig. 5.26 Case 6 H.A. showing a small right tympanum with only one
ossicle (arrow) fixed to the bony wall of the tympanum. 
The stapes is absent (25)

Fig. 5.27 Case 6 H.A. Showing right modiolus (m) with scanty spiral
ganglion cells (10)
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m e

Fig. 5.28 Case 6 Showing rudimentary left middle ear (me) filled 
with fibrous tissue. Ossicles are absent. Scanty spiral 
ganglion cells (arrow) (1)
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Fig. 5.29 Case 7 
Showing left 
malformed 
stapes <s) with 
fused upper two 
third of the 
crura, fixed 
footplate (fp) 
and haemorrhage 
(h) in the 
middle ear (1)

Fig. 5.30 
Case 7
Showing partial 
differentiation 
of the annular 
ligament 
(arrow) and 
abnormal 
superstructure 
of stapes. 
Haemorrhage (h) (25)
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Fig. 5.31 Case 7 
Left middle ear 
showIng 
bifurcated 
facial nerve 
(fn), vestigial 
malleus (m) (1)

Fig. 5.32 
Case 7 
Showing left 
cochlea with 
one and a 
half turns 
and absent 
spiral 
ganglion 
ce 1 Is in a 
def icient 
modiolus 
Cm) (1) A



Fig. 5.33 Case 7 Showing left mastoiditis <1>

Fig. 5.34 Case 7 Showing left mastoiditis (25)
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Right - There was no external auditory meatus or tympanic membrane. 

The middle ear was rudimentary. There was an attempt at stapes formation 

which was abnormal and the foot plate was not identifiable. (Figs. 5.35, 

5.36)

Comment

These features were consistent with first and second arch

developmental anomalies. There were also anomalies of the inner ear - one 

and a half turns of the cochlea with absent ganglion cells. The inevitable 

outcome of these anomalies is profound impairment of hearing.

Discussion

His topatho logy of temporal bones in Treacher Collins' Syndrome have 

been described in a few cases.

In this study three cases (six temporal bones) are presented. One of 

the cases was a therapeutic abortion at 17 weeks gestation period. In 

case 5 the pinnae were virtually absent with microtia. In all the cases

there was lack of differentiation of the tympanic membrane with a

rudimentary middle ear filled with embryonic mesenchyme in two cases.

Malformation of ossicles was seen in all the three cases, absent 

superstructure of the stapes and tendon of the stapedius muscle. An 

anterior facial nerve and a bifid facial nerve were also seen. Dilated 

lateral and posterior semicircular canals were seen in two cases. These 

findings are similar to findings in other temporal bone studies and explain 

the pathology of the conductive hearing loss. However, sensorineural 

hearing loss is an infrequent, but recognised, feature for which no 

explanation has been offered because of the paucity of human histological
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Fig. 5.35 Case 7 Showing right vestigial malformed stapes (s).
Vestibule (v) (1)

Fig. 5.36 Case 7 Showing right vestigial malformed stapes (s). 
Vestibule (v) (25)
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studies, also pre-operative tomography of petrous temporal bone for 

correction of ossicular abnormalities will not identify very fine anomalies 

of the cochlea and cellular changes. In two cases there were scanty 

spiral ganglion cells with one and a half turns of the cochlea in one case. 

These changes may account for the sensorineural hearing loss in Treacher 

Collins' syndrome. The first fetal temporal bone in Treacher Collins' 

syndrome has been presented.

Clinical significance: surgical correction of atresia of the external

auditory meatus and ossicular chain is fraught with problems, and the 

results are variable. Abnormalities of the cochlea as seen in two cases 

should be identified radio logically in these children; this would preclude 

unnecessary surgical intervention.

c) Edward's Syndrome - Trisomy 18

Case 8 (E.P.)

This 32 year old mother had a termination of pregnancy at 18-19 

weeks gestation period for trisomy 18 - Edward's syndrome.

Post mortem Body weight - 275 grams

Crown-heel length - 22 cm

Crown-rump length - 14.5 cm

Foot length - 32 mm

The cardiovascular, genito-urinary and respiratory systems were 

normal. The left and right temporal bones were removed.



- 146 -

His topatho logy (serial sections)

Left - Unfortunately, the pinna, external auditory meatus, the

tympanic membrane and part of the middle ear were not included in this 

specimen due to difficulties during removal. The remaining middle ear was 

filled with embryonic mesenchyme. The interscalar septum between the

basal and middle turn had not differentiated into cartilage. (Fig. 5.37) 

The tectorial membrane was oedema tous. There was haemorrhage in the

utricle and lateral semicircular canal. (Fig. 5.38) There were cystic

spaces between the marginal and peripheral cellular layer of the stria 

vascularis. The other membranous structures were normal. The cochlear 

aqueduct was wide and contained fibrous tissue. (Fig. 5.39)

Comment

The development of the ear was consistent with about 18 weeks 

gestation period. There was haemorrhage in the lateral semicircular canal 

and utricle which may have been secondary to termination of pregnancy. 

There were no congenital abnormalities in the left temporal bone.

His topathology

Right - The pinna, tympanic membrane and part of the middle ear had 

not been included in this specimen due to difficulties during removal. The 

remaining middle ear contained embryonic mesenchyme with some 

haemorrhage. The malleus and incus were partially ossified. Although the 

stapes was stirrup shaped the crura were still thick but entirely 

cartilaginous. The facial nerve was normal. The tendon of the stapes was
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Fig. 5.37 Case 8 
EP Show ing 
interscalar 
septum between 
basal and middle 
turn has not 
differentiated 
into cartilage 
(arrow) (1)

Fig. 5.38 Case 
8 EP Showing 
haemorrhage (h) 
in membranous 
semicircular 
canal (1)
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Case 8 EP Showing wide cochlear aqueduct (arrow) (1)
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identified. The otic capsule was partly ossified. There were two and a 

half turns of the cochlea. The cartilaginous interscalar septum between 

the basal and middle turn of cochlea had not differentiated into cartilage. 

<Fig.-5.40> There were some degenerative changes in the organ of Corti in 

the outer and inner hair cells. (Fig. 5.41) The tectorial membrane was 

oedema tous. There were degenerative changes in the stria vascularis. 

There was haemorrhage in the scala vestibuli and tympani of the middle 

turn and the utricle. There were three divisions of the auditory nerve, 

two cochlear and one vestibular. (Fig. 5.42) The vestibular ganglion cells

were normal. The spiral ganglion cells were scanty.

Comment

Development of the ear was consistent with 18 weeks gestation period. 

The three divisions of the auditory nerve is an anatomical variation. The 

haemorrhage in the scala vestibuli and tympani and in the middle ear may 

have been secondary to raised intrauterine pressure due to the

prostaglandin termination. The scanty spiral ganglion cells and

degeneration of the hair cells of the organ of Corti would cause a 

sensorineural hearing loss.

Discussion

Although abnormalities of the external ear have been associated with 

Trisomy 18 and inner ear abnormalities have been mentioned, no 

his topatho logical studies of the temporal bones nor clinical and/or 

audio logical assessment of the hearing of these children has been made. 

It is known that abnormalities of the external ear may be associated with 

middle and inner ear abnormalities. In this study scanty spiral ganglion
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I M A

Fig. 5.40 Case 8 PL Showing absence of cartilaginous interscalar
septa (arrow) between the middle and basal turns of the 
cochlea (1)

t c m

-

Fig. 5.41 Case 8 
PL Showing 
degeneration of 
the organ of 
Corti (oc). 
Tectorial 
membrane (tcm) 
(10)
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Fig. 5.42 Case 8 EP Showing right cochlea with deficient
interscalar septum (arrow). Internal auditory meatus with 
three divisions of the auditory nerve (an). The 
interscalar septum between the basal and middle coil is 
not cartilaginous (double arrow) <1)
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cells and degeneration of the hair cells of the organ of Corti would cause 

a sensorineural hearing loss. A feature of note was that the interscalar 

septum between the basal and middle turn of the cochlea which normally 

develops from cartilage is absent. Instead this is represented by

mesenchyme as seen in the development of the interscalar septum between 

the apical and middle turn. <Fig. 5.40) Three divisions of the auditory 

nerve is an anatomical variation. As these children usually die young and 

have other generalised severe problems, detailed otological study would 

take a low priority. Nevertheless where feasible this should be

considered, for the overall well being of these children.

d) Potter's Syndrome

Case 9 (A.C.)

The 29 year old mother of this fetus was delivered at 35 weeks 

gestation period. During pregnancy intrauterine growth retardation was 

noted, probably due to placental insufficiency. Oligohydramnios was also 

present. The baby was intubated and ventilated a few hours after birth. 

A right pneumothorax occurred which was drained. Following investigations 

and clinical assessment a diagnosis of Potter's syndrome was made and the 

baby died at one day.

Post mortem

Post mortem was performed four days after death. There was abnormal 

facies which included prominent epicanthic fold extendintg into the cheeks 

and a rather squashed, pinched nose. There was microanathia and low set

ears.



- 153 -

Body weight 1220 grams

Crown-heel length 37 cm

Crown-rump length 24.5 cm

Head circumference 26 cm

Foot length 5.7 cm

The size was consistent with approximately 29 to 30 weeks gestation 

period and illustrated the degree of growth retardation.

This neonate with Potter's syndrome died of bilateral renal aplasia, 

pulmonary hyperplasia and hyaline membrane disease. The right temporal 

bone was removed.

Microslice and X-ray did not reveal any abnormality.

Histopathology

The external auditory meatus was rather tortuous. Most of the 

middle ear was filled with embryonic mesenchyme with some harmorrhage 

medial to the malleus. (Fig. 5.43) There was a small dehiscence of the 

bony facial canal. The Eustachian tube was rather wide at the tympanic 

opening and there were increased mucosal folds throughout its length. The 

antrum was filled with embryonic mesenchyme. There was considerable post 

mortem autolysis of the membranous structure. There was minimal 

haemorrhage in the internal auditory meatus (Fig. 5.44) and saccule (Fig

5.45).

Microslice
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Fig. 5.43 Case 9 AC Showing embryonic mesenchyme (em) in the 
right middle ear, malleus (m), tympanic membrane (tm), 
footplate <fp> of stapes. Facial nerve (fn) (1)
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SC

Fig. 5.44 
Case 9 AC 
Showing
haemorrhage (h) 
in the internal 
auditory meatus 
and saccule (sc) 
(1)

Fig. 5.45 Case 9 AC Showing haemorrhage (arrow) in the saccule 
(10)
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Comment

Development of the ear was consistent with 35 weeks gestation period. 

Intrauterine growth retardation had not affected the development of the 

ear, except that the antrum which should have been pneumatised by 34 

weeks still contained embryonic mesenchyme. There were no congenital 

anomalies.

Discussion

Histopathological study of one temporal bone from a case of Potter's 

syndrome did not show any significant pathology. The external auditory 

meatus was somewhat tortuous, and the tympanic end of the Eustachian tube 

was wide. Intrauterine growth retardation had not affected the 

development of the ossicles or cochlea.

e) Osteogenesis Imperfecta

Case 10 (T.R.)

This mother had a therapeutic prostaglandin induced abortion at 26 

weeks gestation period for osteogenesis imperfecta. Her obstetric history 

consisted of having had a previous breech delivery at term - the baby was 

born with multiple fractures and died after ten hours. There was no other 

significant family history. An X-ray of the full length of the fetus 

showed fractures, callus formation and osteoporosis in the long bones.

Post mortem

Osteogenesis imperfecta was diagnosed. Both temporal bones were 

removed.
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Microslice

The embryonic mesenchyme was partially absorbed. All the ossicles 

were present and the cochlea appeared normal.

X-ray

There was marked contrast between the bone and soft tissues. Very 

fine lines of ossification were seen, partticularly in the cochlea. (Fig.

5.46) In a normal neonate the contrast was much less marked. The stapes 

appeared normal on the right side but on the left side only one crus was 

seen with concavity towards the cochlea.

Histopathology

Left - Two thirds of the middle ear still contained embryonic

mesenchyme with minimal haemorrhagic areas. The malleus and incus were 

normal in shape with thin periosteal bone. (Figs. 5.47, 5.48) The stapes 

was abnormal. The crura were thin and malformed. (Figs.5.49, 5.50) The

tendon of the stapes was present but in relation to the stapes it was 

forward in position. The round window niche contained embryonic

mesenchyme. The bony cochlea had two turns. Ossification of the otic 

capsule was complete but there was scanty endosteal bone. Figs. 5.51, 5.52, 

5.53) There was considerable degeneration and disruption of all the 

structures of the membranous labyrinth, including the organ of Corti and 

stria vascularis and ganglion cells. Development of the ear was consistent 

with 26 weeks gestation period. Degeneration and disruption of the 

membranous structures may have been due to post mortem auto lysis and the 

microslice technique. The most interesting feature of this bone was that 

the otic capsule, although completely ossified, had a scanty endosteal 

layer, which was very vascular. The outer periosteal layer was thin, the
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Fig. 5.46 Case 10 TR X-ray of microslice showing scanty endosteal
layer (arrow) of otic capsule

Fig. 5.47 Case 
10 TR Showing 
left middle ear 
filled with 
embryonic 
mesenchyme (em). 
Malleus (m) and 
incus (i) with 
thin periosteal 
bone (arrow)
(1)
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Fig- .48 Case 10 TR Showing malleus (m) and incus (i) with thin
periosteal bone <p). Embryonic mesenchyme (em) (10)

Fig. 5.49 Case 
10 TR Left 
middle ear 
showing anterior 
crus of stapes 
(s> and 
dehiscence of 
the bony facial 
canal (fc> (1)



. *
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Fig. 5.50 Case 
10 TR Left 
middle ear 
showing thin 
malformed 
posterior crus 
of stapes (s) 
<1>

Fig. 5.51 Case 
10 TR Showing 
left otic 
capsule with 
scanty endosteal 
layer and thin 
periosteal layer 
(1)



Case 10 TR Showing scanty vascular endosteal layer of 
the otic capsule < 1 0 )   __

Fig. 5.53 Case 10 TR Showing scanty vascular endosteal layer of 
the otic capsule (25)
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usual thickening of this layer of the otic capsule was deficient. The 

crura of the stapes were thin and of abnormal architecture.

Histopathology

Right - Two fifths of the middle ear was filled with embryonic 

mesenchyme. There were haemorrhagic areas in it. The malleus and incus 

were normal. The crura of the stapes were rather thickened but obliquely 

placed, tilting forwards towards the promontory. (Figs. 5.54, 5.55) There 

was an artery in the middle ear which may be an abnormal stapedial artery. 

There was considerable disruption of the membranous structures. There was 

some haemorrhage in the modiolus.

Comment

Development of the ear was consistent with the period of gestation. 

The stapes was abnormal with abnormal architecture of the otic capsule. 

Degeneration of the membranous structures may have been due to post 

mortem auto lysis with micros lice technique.

Discussion

The his topatho logical findings of one case (two temporal bones) of 

osteogenesis impeerfecta from a 26 week therapeutic abortion are 

described. Abnormality of the stapes and the architecture of the otic 

capsule are distinct from that seen in otosclerotic bone in this specimen. 

There were no deeply stained 'blue mantles' of Manasse and endosteal bone. 

This case supports the hypothesis that histologically osteogenesis 

imperfecta is a separate entity from otosclerosis.



Case 10 TR 
Right middle 
ear showing 
anterior 
crus of 
stapes (s) 
and
dehiscence of 
the bony 
facial canal 
<fc> (1)
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f) Alport's Syndrome

Case 11 (M.B.)

The left temporal bone was removed at post mortem.

Histopathology (serial sections)

There was haemorrhage in the mastoid air cells (Fig. 5.56) and the 

middle ear. There was dehiscence of the bony facial canal. The cochlea 

had two and a half turns with a deficient interscalar septum. (Fig. 5.57) 

There was complete degeneration of the organ of Corti and stria 

vascularis. (Figs. 5.58, 5.59, 5.60)

Case 12 (B.D.)

Histopathology (serial sections)

The interscalar septa of the cochlea were deficient. (Fig. 5.61, 5.62) 

There was atrophy of the stria vascularis and degeneration of the organ of 

Corti and spiral ligament. (Fig. 5.63)

Case 13 (R.E.)

Histopathology

Left - There was a bony exostosis encroaching on the footplate 

anteriorly. (Fig. 5.64) The cochlea had two and a half turns. There was 

atrophy of the stria vascularis and spiral ligament more marked in the 

basal coil. There was degeneration of the outer and inner hair cells of 

the organ of Corti. (Fig. 5.65)

Similar changes were seen in the right temporal bone. (Fig. 5.66)
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Fig. 5.56 
Case 11 MB 
Showing 
haemorrhage in 
the mastoid air 
cells (arrow)
(1)

Fig. 5.57 
Case 11 MB 
cochlea showing 
def icient 
terminal 
interscalar 
septum (arrow) 
(1)



Fig. 5.58 Case 11 MB Showing atrophy of the stria vascularis (small
arrow) and degeneration of the organ of Corti (large 
arrow) (10)
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Case 11 MB Showing degeneration of the organ of Corti 
(arrow) (40)

Fig. 5.60 Case 11 MB Showing degeneration of stria vascularis
(arrow) (40)
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F ig. 5 .6 i 
Case 12 BD 
Show ing 
def icient 
interscalar 
septa (arrow) 
(1)

Fig. 5.62 Case 12 BD Showing deficient interscalar septum (arrow)
(25)
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Fig. 5.63 Case 12 BD Showing degeneration of the organ of Corti
(arrow) (10)

Fig. 5.64 Case 
13 RE Show ing 
bony exostosis 
above the 
footplate of the 
stapes (arrow). 
Facial nerve 
(fn) (1)
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Fig. 5.65 Case 13 RE Showing degeneration of the outer and inner 
hair cells of the organ of Corti (arrow) (25)

Fig. 5.66 Case 13 RE Midmodiolar section of the right cochlea
showing deficient terminal interscalar septum (arrow), 
atrophy of stria vascularis, spiral ligament and
degeneration of outer and inner hair cells (1)
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Case 14 (S.L.)

This neonate died at the age of three months. Both temporal bones 

were obtained at post mortem.

Histopathology

There were inflammatory changes in both middle ears. (Fig. 5.67) 

There was degeneration of the spiral ligament, stria vascularis and hair 

cells of the organ of Corti with deficient modiolus. (Fig. 5.68) On the 

right side there was a basophilic deposit in the stria vascularis of the 

apical and basal coil. (Fig. 5.69)

Discussion

In this study his topatho logical findings in six temporal bones from 

four cases of Alport's syndrome have been presented.

The histopatho logical changes consisted of degenerative changes in 

the outer and inner hair cells in all the cases. In two cases there was 

associated atrophy of the stria vascularis and spiral ligament. In one 

case there was basophilic deposit in the stria vascularis in the apical and 

basal coil of the cochlea. These changes are similar to those seen by 

other investigators, and could explain the pathology of deafness in 

Alport's syndrome. Advances in immunology have shown a common antigen 

between the renal tubular cells and the stria vascularis. (Quick et al, 

1973) It would be logical to postulate that the same cause which is 

responsible for causing renal disease also affects the stria vascularis. 

Pathological changes in the stria vascularis, as seen in these temporal 

bones, in turn cause degeneration of the hair cells of the organ of Corti, 

thus producing a progressive hearing loss.
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Fig. 5.67 Case 14 SL Showing right otitis media. Exudate (ex), 
stapes (s), tympanic membrane (tm) (1)
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m

Fig. 5.68 Case 
14 SL
Midmodiolar 
section of the 
left cochlea 
showing 
def icient 
modiolus (m) 
and interscalar 
septum (arrow) 
(1)

Fig. 5.69 Case 14 SL Right cochlea showing degeneration of the 
spiral ligament (si) and stria vascularis (stv) with 
basophilic deposit (Iarrow) (40)
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B. NON-GENETIC

a) Oculo-Auriculo-Vertebral Dysplasia

Case 15 (K.A.)

A female infant was born full term to a 29 year old primigravida. 

The pregnancy was normal. Lower Caesarian section was performed because 

of failure to progress. The birth weight was 400 grams. The infant was 

intubated and oxygenated for two minutes. Multiple congenital anomalies 

were noted which included a hypoplastic left mandible, a shallow pit 

represented the left external auditory meatus and an inferior fold of skin 

the left pinna. The left nostril was totally obliterated, the neck was 

short and the left eye was small. (Fig. 5.70) There was no perception of 

light on the left side and the baby was thought to be partially sighted. 

Chromosome analysis was normal. Limited radiological investigations were 

undertaken a few days after birth. The overall size of the mandible was 

smaller on the left side than on the right.

Multidirectional tomography of the petrous temporal bones showed 

that the right petrous bone was normal with normal ossicles, oval window 

and cochlea. On the left side there was dilatation and dysplasia of the 

lateral semicircular canal with absence of the oval window. The left 

internal auditory meatus was narrower than the right. There was a small 

opaque middle ear cavity but no ossicles could be identified. There was a 

thin bony atretic plate. The facial nerve was probably anteriorly 

situated. There was no fallopian canal or pyramidal eminence demonstrated. 

The infant had frequent cyanotic attacks and died at the age of 14 weeks.



- 175 -

Fig. 5 .70 Case 15 KA Hemifacial microsomia with under-development of 
the left side of the mandible, small orbit shallow pit 
representing the left external auditory meatus, an inferior fold 
of skin for the pinna and total obliteration of the left nostril
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Post mortem

Post mortem was performed soon after death and there was a massive 

collapse of the lungs with haemorrhages. The right ventricle was 

hypertrophied with a high septal defect measuring about 1.5 cm. The 

pulmonary arteries were hypoplastic with a bicuspid valve. The base of 

the skull was asymmetrical with a hypoplastic left petrous temporal bone. 

This was removed for histopathological studies.

Histopathology

Left - Atresia of the external auditory meatus was found. The 

middle ear was hypoplastic. <Fig. 5.71) The malleus, incus and stapes were 

absent. The round window was present but the oval window was absent. 

The facial nerve was bifurcated with an anterior course. The Eustachian 

tube was present but medially it did not communicate with the rudimentary 

tympanum. It was also surrounded by chronic inflammatory tissue with 

neutrophils in the lumen. Mastoid air cells were not present. The bony 

cochlear duct was shortened, consisting of two turns. (Fig. 5.72) The 

organ of Corti and spiral ligaments were normal. The stria vascularis was 

degenerate and there was minimal hydrops in the middle turn with 

ballooning of the Reissner's membrane. A short dysplastic semicircular 

canal was present. (Fig. 5.73) There was mesenchymal tissue present 

between the membranous and bony canals. A very short and dilated lateral 

semicircular canal was also seen with a malformed crista. The posterior 

semicircular canal was present. The auditory nerve was present but the 

spiral ganglion cells were absent. (Fig. 5.74)



Fig. 5.71 Case 15 KA Hypoplastic left middle ear cleft (raec) filled 
with embryonic mesenchyme. The malleus, incus and stapes 
are absent (10)

Fig. 5.72 Case 15 KA Midmodiolar section of the left temporal bone 
showing shortened cochlea consisting of two turns. 
Internal auditory meatus <iam) (1)
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Fig. 5.73 Case 15 KA Showing facial nerve (fn) which is anterior.
The lateral semicircular canal (lsc) is short and dilated
(10)

Fig. 5.74 Case 15 KA Showing absent ganglion cells in the modiolus 
(m) (40)
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Discussion

His topatho logical findings are presented in a case of oculo-aur icu lo

ver tebral dysplasia which differ from previous studies. The prominent 

features in this case are a small middle ear cleft, absence of ossicles, an 

aberrant facial nerve, and dysplastic short lateral and superior 

semicircular canals, a narrow internal auditory meatus, short cochlea and 

absent ganglion cells. These features would not be compatible with any 

hearing. (Wells, Phelps, Michaels, 1983)

b) Anencephaly and Spina Bifida

Case 16 (P.K.)

This neonate had spina bifida and hydrocephalus. He was in intensive 

care, intubated and ventilated. A clinical diagnosis of 'brain damage' was 

made and he died at the age of five days.

Post mortem

Post mortem was performed 12 hours after death. Both temporal bones 

were removed.

Microslice and X-ray

These showed a well-aerated middle ear, two and a half turns of the 

cochlea and an abnormal stapes.
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Histopathology

Right - The middle ear cavity was lined with embryonic mesenchyme 

which showed inflammatory changes which also extended into the antrum. 

The stapes was abnormal - the anterior and posterior crus were close 

together with an anterior concavity and inclined anteriorly. There was a 

large artery in the middle ear which could have been a persistent 

stapedial artery. The terminal interscalar septum was absent. There was 

degeneration of the organ of Corti and haemorrhage was noted in the spiral 

ligament, mainly seen in the apical and middle turns. Congestion and 

degeneration of the stria vascularis was present together with 

inflammatory cells in the scala tympani at the level of the round window. 

Degenerative changes were observed in the peri lymph tic spaces of the 

semicircular canals, which contained inflammatory cells.

Comment

Development of the ear was complete. This was in all probability a 

full term birth as the malleus was completely ossified. The stapes was 

abnormal. There was an otitis media and mild labyrinthitis. Haemorrhage 

was noted in the spiral ligament, an unusual pathological feature.

Histopathology

Left - The changes were almost identical to those seen on the right 

side but the tympanic membrane and part of the middle ear had not been 

included, because of difficulties in removing the temporal bone at autopsy.
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Case 17 (S.W.)

This mother had an amniocentesis performed at the 20 weeks gestation 

period which showed raised alphafetal protein and acetylcholinesterase, 

preceded by a raised serum alphafetal protein.

Post mortem

Post mortem was performed five days after termination. There were 

no external abnormalities. The defect in the sacral region measured 4 cm 

and was probably a meningocoele.

Body weight - 340 grams

Crown-heel length - 27 cm

Crown-rump length - 17.5 cm

Foot length - 34 mm

The measurements were consistent with the gestation of 20 to 21 

weeks. Both temporal bones were removed.

Microslice

There was myxoid tissue on the right side in the middle ear with 

haemorrhage in the cochlea. Only one crus of the stapes was seen. On the 

left side there was myxoid tissue in the middle ear with haemorrhage. 

There was haemorrhage in the cochlea and the stapes appeared abnormal.

X-ray

The middle ear was shown to be translucent. The interscalar septa 

could not be identified in the cochlea.
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Histopathology

Left - The tympanic membrane had been destroyed during removal. 

There was embryonic mesenchyme in the middle ear. The malleus was 

normal. The stapes was abnormally large with very thick crura. (Fig. 5.75) 

The cochlea showed one and three quarter turns. There was haemorrhage in 

the sea la vestibuli, tympani and modiolus. (Fig. 5.76) The organ of Corti 

was well differentiated. The membranous structures were shrunk and 

distorted as these were paraffin sections.

Right - There were similar changes except the stapes only showed one 

large anterior crus. (Fig. 5.77) There was haemorrhage in the middle ear, 

sea la tympani, vestibuli, internal auditory meatus and vestibule. (Figs. 

5.78, 5.79) There was no bony canal for the facial nerve (normal at 20 

weeks). The cochlear aqueduct was wide with haemorrhage. (Fig. 5.80)

Comment

Development of the ears was consistent with 20 weeks gestation 

period. The stapes was abnormal. There was haemorrhage in the cochlea 

and middle ear. The haemorrhage may have been due to the therapeutic 

abortion, with raised intrauterine pressure causing anoxia.



- 183 -

Fig. 5.75 Case 
17 SW Showing 
thickened left 
posterior crus 
of the stapes 
(s>. Facial 
nerve <fn) (1)

Fig. 5.76 
Case 17 SW 
Left 
cochlea 
showing 
haemorrhage 
<h) in the 
sea la 
vestibuli, 
sea la
tympani and 
internal 
auditory 
meatus (1)
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Fig. 5.77 Case 
17 SW Showing 
abnormal 
anterior crus of 
the right stapes 
(s>, malleus (m). 
Haemorrhage (h) 
in the
vestibule, and 
middle ear (me)
(1)

Fig. 5.78 
Case 17 SW 
Right 
cochlea 
show ing 
haemorrhage 
(h) in the 
sea la 
vestibuli 
and tympani 
<1)
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Fig. 5.79 Case 
17 SW Showing 
haemorrhage (h) 
in the right 
cochlea (2.5)

Fig. 5.80 
Case 17 SW 
Showing 
haemorrhage 
<h)in wide 
right 
cochlear 
aqueduct 
<aq) and 
sea la 
tympan i 
<st> (1)
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Case 18

No maternal history was available on this specimen.

Histopathology (serial sections - left temporal bone)

The external auditory meatus and most of the tympanic membrane had 

not been obtained in the specimen because of difficulties while removing 

the temporal bone. The remaining middle ear was filled with embryonic 

mesenchyme and amorphous pinkish material and showed some inflammatory 

changes. The facial nerve was in a normal position but the stapes was 

abnormal - the posterior crus forming part of the bony facial canal. (Fig. 

5.81) The chorda tympani was normal. The tendon of the stapedius was 

absent. There was some degeneration of the tensor tympani muscle. The 

interscalar septa between the apical and middle turn were deficient. The 

outer and inner hair cells of the organ of Corti were replaced by a few 

red cells. The tectorial membrane was swollen, the sea la tympani and

vestibuli were filled with amorphous pink material. There was hydrops of 

the scala media in the basal turn. The stria vascularis showed cystic

spaces. The ganglion cells were scanty in the modiolus. All the

semicircular canals were present but the lateral semicircular canal was 

grossly dilated. (Fig. 5.82) The cristae were differentiated but the cupola 

was abnormally large. There was pinkish material throughout in the

endolymphatic and perilymphatic spaces. The cochlear aqueduct was patent. 

(Fig. 5.83)

Right - The following abnormalities were seen in this ear: hydrops

of the basal turn, a dilated lateral semicircular canal with an abnormally 

large cupola and cystic spaces in the stria vascularis.
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t Fig. 5.81 Case 
18 Showing 
malformed 
posterior crus 
of stapes (s). 
Facial nerve 
(fn) (1)

I sc

Fig. 5.82 
Case 18
Showing dilated 
lateral 
semicircular 
canal (lsc). 
Malleus (m), 
incus (i) (1)
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Fig. 5.83 Case 18 Showing patent cochlear aqueduct (aq) (1)



- 189 -

Case 19 (S.G.)

This mother had a therapeutic prostaglandin termination of pregnancy 

for an anencephalic fetus.

Post mortem

The fetus weighed 75 grams. Anencephaly was present. The left 

pinna was low set and only partly present in the specimen. The right 

pinna was not included in the specimen.

Histopathology

The tympanic membrane was not seen. The malleus and incus were 

cartilaginous, lateral to which there was a bony plate. (Fig. 5.84) The 

external auditory meatus was not identifiable. The middle ear was full of 

embryonic mesenchyme. The auditory tube was dilated but had not reached 

the malleus. The stapes was cartilaginous and had not quite reached its 

stirrup-shaped appearance. The otic capsule was cartilaginous and the 

configuration of the whole cochlea was compressed sagittally. (Fig. 5.85) 

There were two and a half turns of the cochlea present. There was 

haemorrhage in the scala vestibuli and tympani with separation of the 

spiral ligament from the cartilaginous otic capsule. (Fig. 5.86) There was 

hydrops in the middle turn of the cochlea. The vestibule, utricle and 

lateral semicircular canal were dilated. There was haemorrhage in the 

internal auditory meatus. The ganglion cells were not identified. There 

was partial differentiation of the organ of Corti. (Fig. 5.87)
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Fig. 5.84

Fig. 5.85

Case 19 SG Showing cartilaginous malleus (m), incus <i) 
and stapes (s). There is a bony lateral plate (arrow). 
There is no tympanic membrane (1)

Case 19 SG Showing a longitudinally oval cartilaginous 
otic capsule (otc) (1)
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Fig. 5.86 Case 
19 SG Showing 
incomplete 
differentiation 
of the organ of 
Corti,
haemorrhage (h) 
in the sea la 
vestibuli and 
tympani and 
separation of 
the spiral 
ligament (arrow) 
from
cartilaginous 
otic capsule 
(otc)

Fig. 5.87 
Case 19 SG 
Showing 
partial
differentiation 
of the organ 
of Corti, 
lifting off 
of the 
tectorial 
membrane 
(arrow) and 
haemorrhage 
(h) in the 
seala tympani 
and 
sea la 
vestibuli 
(10)
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Comment

Development was consistent with 10 to 12 weeks gestation period. 

There was sagittal compression of the otic capsule. The tympanic membrane 

and external auditory meatus were present. There was haemorrhage in the 

scala tympani and vestibuli, with dilatation of the vestibule and lateral 

semicircular canal.

Case 20 (S.Me.)

This 19 year old mother had a therapeutic extra-amniotic 

prostaglandin termination of pregnancy at 21 weeks gestation by dates due 

to a positive scan, and amniocentesis confirmed the presence of an 

anencephalic fetus. This was her first pregnancy and throughout the 

pregnancy she had severe headaches and vomiting. Her sister and first 

cousin both had anencephalic births, aged 21 years. Her mother had two 

miscarriages, one still birth and four normal deliveries with healthy 

ch ildren.

X-ray

X-ray of the fetus showed that the limbs were present. There was 

soft tissue and bone present between the external auditory meatus and the 

middle ear. The ossicles could not be identified radio logically. The 

outline of the cochlea was just seen.

Histopathology

The tubercles were fused in the pinna. The external auditory meatus 

was canalised. The tympanic membrane was not identifiable, there was a
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bony plate at the lateral wall of the middle ear. (Figs. 5.88, 5.89) There 

was a si it-like tympanum at the medial end of the auditory tube, just 

approaching the cartilaginous handle of the malleus. The rest of the 

ossicles were surrounded by embryonic mesenchyme which in part showed a 

hyaline appearance. The stapes was entirely cartilaginous, and was stirrup 

shaped but the crura were still thickened. The annular ligament was not 

differentiated. There was an artery present in the embryonic mesenchyme 

anterior to the stapes. (Figs. 5.90, 5.91, 5.92) There was incomplete 

ossification of the otic capsule. The bony configuration of the cochlea 

appeared compressed in the sagittal plane, more so on the left side than 

on the right. The interscalar septum on the left side was deficient 

between the apical and middle turn. The position of the internal carotid 

artery with its accompanying nerves was abnormal in that it was resting 

against the medial side of the otic capsule. The ganglion cells appeared 

scanty. The organ of Corti was fully differentiated but degenerative 

changes were seen in the outer and inner hair cells. The tectorial 

membrane had been lifted away from the hair cells. There was homogeneous, 

pinkish precipitate seen in the scala vestibuli, tympani and scala media. 

The utricle and vestibule were dilated. The cochlear aqueduct was patent. 

(Fig. 5.93)

Comment

Development of the ear was consistent with about 17 weeks gestation 

period. There was no tympanic membrane, and there was a bony plate 

limiting the lateral part of the middle ear. The abnormal artery in the 

middle ear may have been the stapedial artery. The internal carotid 

artery was abnormal in position. The ganglion cells were reduced.
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i earn

Fig. 5.88 Case 20 SMc Showing left middle ear with bony plate 
laterally (arrow). External auditory meatus (earn) (1)

7
earn

Fig. 5.89 Case 20 SMc Showing right middle ear with bony plate 
laterally (arrow). External auditory meatus (earn) (1)



Fig. 5.90 Case 20 SMc Showing a large artery (a) in the left middle 
ear. Auditory tube (at), malleus (m), head of stapes (s), 
tendon of stapedius (ts), facial nerve (fn) (1)

Fig. 5.91 Case 20 SMc Showing a large artery (a) in the right
middle ear (1)
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Fig. 5.92 Case 20 SMc Showing large artery (a) in the middle ear
(10)

Fig. 5.93 
Case 20 SMc 
Showing wide 
patent cochlear 
aqueduct (aq) 
scala tympani 
(st) (1)
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Case 21 (H.E.)

A fetal head was examined from an anencephalic Siamese twin. This 

was a monster with a large right pinna.

Histopathology (fetal head - serial sections)

The fetal head had a vestigial pharynx. There was no brain in the 

anterior cranial fossa. The posterior cranial fossa was absent. The 

pinnae were large (Fig. 5.94), and the external auditory meatus was 

completely canalised but there was no continuity towards the middle ear 

and the tympanic membrane was absent. (Figs. 5.95, 5.96) The middle ear 

contained embryonic mesenchyme with red and white cells, few histiocytes 

and squamous epithelium. There was no Eustachian tube. There was some 

evidence of absorption of embryonic mesenchyme. The malleus, incus and 

stapes were abnormal in shape and ossified. The stapedius muscle tendon 

was not seen extending to the stapes. There was no footplate of the 

stapes but the fissula ante fenestram was much more prominent and larger 

than usual. (Fig. 5.97) A "mirror— image" of the tympanic membrane, 

external auditory meatus with ossicles was seen medial to the middle ear. 

(Figs. 5.98, 5.99) The facial nerve was present. The tympanic ring was 

seen adjacent to the "mirror" image of the external auditory meatus and 

tympanic membrane. The otic capsule was ossified. There were one and a 

half turns of the cochlea on the right side. There were two and a half 

turns of the cochlea on the left side. (Fig. 5.100) The organ of Corti was 

differentiated but there were considerable degenerative changes. The 

spiral and vestibular ganglion cells were scanty. The vestibule and the 

lateral and superior canals were dilated. (Figs. 5.101, 5.102) There were 

degenerative changes in the macula of the saccule and utricle. The 

endolymphatic sac and duct were absent. The cochlear aqueduct was patent. 

(Fig. 5.103)



Fig. 5.94 Case 21 HE Showing large right pinna <p) (1)

Fig. 5.95 Case 21 HE Showing abnormal ossicles and bony lateral 
wall (b). Absent tmpanic membrane. External auditory 
meatus (earn) (1)
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Fig. 5.96 Case 
21 HE Left 
middle ear 
show ing 
abnormal 
ossicles and 
bony lateral 
wall <b>.
Absent tympanic 
membrane <1)

Fig. ,5.97
Case 21 HE
Showing
malformed
superstructure
of left stapes.
Absent
footplate
(arrow).
Facial 
nerve <fn>
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•*>

-md*

Fig. 5.98 Case 
21 HE Showing 
"mirror image" 
medially (right). 
Malleus (ra). 
External 
auditory meatus 
(arrow) (1)

Fig. 5.99 
Case 21 HE 
Showing 
"mirror image" 
medial to 
otic capsule 
(left).
Malleus (ra), 
tympanic 
membrane (tra). 
External 
auditory meatus 
(earn) (1)

©are

*v  v



Case 21 HE Showing left cochlea two and a half turns <1)

Fig. 5.101 Case 
21 HE Show ing 
right vestigial 
stapes <s). 
Dilated 
semicircular 
canal (sc) and 
vestibule (v). 
One and a 
quarter turn of 
cochlea (c). 
Internal carotid 
artery (ica)
(1)
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Fig. 5.102 Case 
21 HE Show ing 
left vestigial 
stapes (s), no 
footplate, 
fissula ante 
fenestrara (faf) 
dilated 
vestibule (v) 
and semicircular 
canals (sc), and 
one turn of 
cochlea (1)

Fig. 5.103
Case 21 HE
Show ing
patent
cochlear
aqueduct
(aq). Internal
carotid
artery
(ica) (1)
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Comment

The absent tympanic membrane and external auditory meatus and their 

"mirror image" medially could be explained on the basis that this specimen 

was from an anencephalic Siamese twin. All the ossicles were abnormal in 

shape and position. The tendon of the stapes was absent. The cochlea had 

one and a half turns. The vestibule, superior and lateral semicircular 

canals were dilated. The ganglion cells were scanty.

Case 22 (AL.)

This was an anencephalic head at 18 weeks. Therapeutic abortion was 

performed at 18 weeks gestation for anencephaly.

Histopathology

Left - The incus was abnormal. The stapes was monopod (one crus) 

and the footplate was deficient posteriorly. (Fig. 5.104) The stapedius 

muscle was abnormal in shape. The cochlea had one and a half turns. (Fig 

5.105) The organ of Corti was 'cone-like' with minimal ballooning of the 

Reissner's membrane. The vestibule, utricle, and lateral semicircular 

canals were dilated. The cochlear aqueduct was dilated.

Comment

Development was consistent with about 18 weeks gestation period with 

abnormalities of the stapes and cochlea.

Histopathology

Right - Two thirds of the middle ear contained embryonic mesenchyme. 

The cells of the embryonic mesenchyme were rather small and deeply 

stained. There was a small haemorrhage around the incus. The annular
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Fig. 5.104 Case 22 AL Showing a monopod left stapes <s> with
deficient footplate (fp). Embryonic mesenchyme (em) from 
middle ear (arrow) extending into vestibule (v). Facial 
nerve (fn) (1)

Fig. 5.105 Case 22 AL Showing left cochlea one and a half turns (1)
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ligament was not differentiated. The facial nerve was present. There was 

no bony facial canal. The middle ear was slit-like with some exudate and 

squamous cells. The in ter scalar septa between the apical and middle turn 

was deficient. The partition between the basal and middle turn was not 

ossified. There was pinkish amorphous material in the scala media. There 

was degeneration of the outer and inner hair cells of the organ of Corti. 

There was also vacuolization of the stria vascularis. The spiral ganglion 

cells were scanty. The lateral and posterior semicircular canals, utricle 

and saccule were dilated. The cochlear aqueduct was dilated.

Discussion

In the present study nine temporal bones from five anencephalics have 

been studied. Temporal bones from two cases of spina bifida were also 

included. One anencephalic fetal head was from a Siamese twin.

There was no haemorrhage in the scala tympani and scala vestibuli in 

any of the temporal bones from the anencephalic cases. This may have been 

due to absence of anoxia and raised intrauterine pressure in an 

anencephalic fetus, although two cases had haemorrhage in the internal 

auditory meatus. Dilatation of the vestibule and semicircular canals, in 

particular the lateral canal, was a frequent finding in these cases. 

Moderate hydrops seen as ballooning of the Reissner's membrane in one or 

more turns of the cochlea, was also a common observation. Three out of 

five cases of anencephaly showed this abnormal finding. There was an 

abnormal artery in the middle ear (stapedial artery?) in one anencephalic 

and one spina bifida case. The otic capsule was oval (sagittally 

compressed) in two anencephalic fetuses. Reduced turns of the cochlea 

were seen in one spina bifida and one anencephalic - one and a half turns.
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Ossicular anomalies, atresia of the bony external auditory meatus were 

also seen. An interesting h is topatho logical appearance was seen in the 

fetal head of the anencephalic Siamese twin when the external auditory 

meatus, tympanic menbrane and handle of the malleus were seen medial to 

the middle ear cleft.

The question that has to be addressed is what is the embryo logical, 

pathological and clinical significance of these temporal bone findings in 

cases of spina bifida and anencephaly described - anencephaly is 

incompatible with life. Differentiation of the ear continues despite 

severe defective development of the brain. However the incidence of 

abnormalities of membranous and bony labyrinths are frequent. Spina 

bifida is compatible with life depending on the severity of the defect. In 

90% it affects the lumbo-sacral region and in about 5% the lower cervical 

region. Hydrocephalus and meningocoele may be associated abnormalities in 

spina bifida. Impairment of hearing is not a handicap which is usually 

associated with spina bifida. This may be due to the fact that other 

serious anomalies overshadow deafness and also any associated mental 

retardation may obscure otological problems.

Four temporal bones from two cases with spina bifida showed 

abnormalities which would have resulted in conductive and sensorineural 

hearing loss. One infant who died at the age of five days had 

hydrocephalus associated with spina bifida, had a malformed stapes and an
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abnormal artery in the middle ear. The second case had associated 

meningomylocoele for which a therapeutic abortion was performed, the 

cochlea had one and three quarter turns only.

Conclusion

These findings should alert clinicians to the possibility of deafness 

in children with spina bifida and timely and appropriate therapy by 

otologists should help their rehabilitation.
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c) Maternal Rubella

Case 23

A therapeutic abortion (via a hysterotomy) at the 16 weeks gestation 

period was performed in a 37 year old mother (first pregnancy) who 

contracted rubella during the first eight weeks of the pregnancy. Rubella 

HA I antibody titre was not available.

Histopathology (fetal head)

The cochlea had two and a half turns. Development of the organ of 

Corti was consistent with nine to 12 weeks gestation period, as the 

differentiation of the organ of Corti was incomplete. The ossicles and 

otic capsule were cartilaginous and appeared normal.

Comment

Differentiation of the organ of Corti was delayed (nine to 12 weeks) 

which is soon after the time of maternal infection. (Figs. 5.106, 5.107) 

Therapeutic abortion was performed at the gestation period of 16 weeks.

Case 24 (T.B.)

This 30 year old mother was confirmed to have a rubella infection at 

16 weeks gestation period. Initially her rubella HAI antibody titre was 

1/8 and at 14 weeks gestation titre rose to 1/1024. Two weeks later she 

had a therapeutic abortion. Culture of the products of conception failed 

to confirm a rubella infection.
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Fig. 5.106 Case 23 Showing the cochlea with differentiation of the
organ of Corti consistent with about 12 weeks gestation. 
Mother had rubella at eight weeks and therapeutic abortion 
was at 16 weeks gestation (1)

Fig. 5.107 Case 23 Showing the organ of Corti basal turn (10)
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Histopathology (fetal head)

The external auditory meatus was normal, the middle ear was full of 

embryonic mesenchyme; the ossicles were normal and cartilaginous. (Fig. 

5.108) The chorda tympani nerve and the facial nerve were normal. The 

otic capsule was completely cartilaginous. (Fig. 5.109) The cochlea had 

two and a half turns with some haemorrhage in the scala tympani and scala 

vestibuli (Fig. 5.110) The internal auditory meatus had minimal 

haemorrhage. The stria vascularis was normal while the tectorial membrane 

was lifted off the hair cells and there was degeneration of the outer and 

inner hair cells of the organ of Corti. (Fig. 5.111) The cristae and 

maculae were well preserved and the saccule and the utricle were normal. 

The cochlear aqueduct was dilated and contained some fibrous tissue. (Fig. 

5.112) There was no haemorrhage in the cochlear aqueduct. The changes 

were more marked on the right side than on the left.

Comment

Development of the fetus was less than 16 weeks as the otic capsule 

and ossicles were cartilaginous. Ossification commences in the malleus and 

incus and otic capsule at about 16 weeks gestation when the membranous 

labyrinth has attained its full dimensions. Also differentiation of the 

organ of Corti was less advanced for a 16 week fetus. It was more in 

keeping with 12 weeks.
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Case 24 TB Left middle ear showing cartilaginous 
footplate (fn), facial nerve (arrow) (1)

.‘V'{ »\ H

Fig. 5.109 Case 24 TB Showing cartilaginous otic capsule (25)



- 212 -

/
Fig. 5.110 Case 24 TB Showing cartilaginous otic capsule with

haemorrhage in the scala tympani (st) and scala vestibuli 
(sv) (1)

tc

Fig. 5.111 Case 24 TB Showing degeneration of organ of Corti and
lifting off of the tectorial membrane (tcm) (10)
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Fig. 5.112 Case 24 TB Right scala tympani <st> with haemorrhage and
wide cochlear aqueduct (arrow) (10)
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Case 25 (T.G.)

A six year old West Indian child was subnormal because of maternal 

rubella in early pregnancy. He also had iron deficiency anaemia and had a 

right iridectomy, capsulectomy and a left cataract extraction. He had a 

hearing aid on the right side. The maternal history consisted of an 

antepartum haemorrhage at 33 weeks gestation period; the labour was

premature and the delivery was normal. His birth weight was 2211 grams. 

He had a patent ductus arteriosus murmur. There were petachiae all over 

his body and the liver and spleen were palpable. His platelet count was 

less than 10,000 per cubic millimetre. No platelet antibodies were

detected. His haemoglobin dropped steadily from 12.2 G/L to 7.4 G/L. 

There was no family history of any blood dyscrasia. The platelet count 

rose to normal after Prednisolone therapy. He had micro-oxycephaly, and 

had not acquired speech at three and a half years and was in a world of 

his own. He had spontaneous nystagmus and was a deaf mute.

Histopathology

Right - The tympanic membrane was thickened in the squamous and

connective tissue layers. There was exudate in the middle ear. The

handle of the malleus was surrounded by fibrous tissue. <Fig. 5.113) The 

ossification of the ossicles was complete. There was total degeneration 

of the organ of Corti <Figs. 5.114, 5.115) while semicircular canals and the 

ganglion cells were normal. There was minimal haemorrhage around the 

auditory nerve and internal auditory meatus. There was degeneration of 

the stria vascularis.



Fig. 5.113 Case 25 TG Right middle ear showing thickened squamous
layer of the tympanic membrane (tm), necrosed handle of 
malleus (m) surrounded by fibrous tissue and exudate (ex)
(1)

Fig. 5.114 Case 25 TG Right cochlea showing complete degeneration of
the organ of Corti (1)
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Case 25 TG Right cochlea showing complete degeneration of 
the organ of Corti (arrow) (10)

Fig. 5.116 Case 25 TG Left middle ear showing dehiscence of bony 
facial canal (arrow) (1)
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Left - The tympanic membrane was thickened with exudate and 

inflammatory changes in the middle ear. The malleus and incus were 

normal. <Fig. 5.116) The footplate of the stapes was normal but the 

superstructure was in the form of an inverted "C". There was hydrops in

all the turns. (Figs. 5.117, 5.118) There was degeneration of the spiral

ligament and stria vascularis and complete degeneration of the organ of 

Corti. The spiral ganglion cells and the vestibular ganglion cells were 

normal. The saccule was dilated and the semicircular canals were normal. 

The auditory nerve was normal and was surrounded by a very small amount 

of red blood cells.

Comment

Complete degeneration of the organ of Corti and stria vascularis is 

consistent with clinically profound deafness.

Case 26 AE

A 24 year old woman who contracted rubella early in pregnancy. The 

maternal rubella titre was initially less than 1/8 and a week later was

greater than 1/2048. A therapeutic abortion was performed at the 18

weeks gestation period. The fetus had widespread purpura involving the 

skin, being particularly marked around the external auditory meatuses. The 

rubella virus was isolated from the placenta and the fetus.

Histopathology (fetal head)

The external auditory meatus and pinna were normal. The stapes, 

malleus and incus were cartilaginous. There was an abnormal vessel in the 

middle ear on both sides. (Figs. 5.119, 5.120, 5.121) Embryonic mesenchyme 

occupied the whole of the middle ear. The otic capsule was cartilaginous.
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Fig. 5.117 Case 25 TG Left cochlea showing ballooning of the
Reissner's membrane (hydrops) (arrow) and complete
degeneration of the organ of Corti (1)

Fig. 5.118 Case 25 TG Left basal turn of the cochlea showing
hydrops and complete degeneration of the organ of Corti 
(2.5)



Fig. 5.119 Case 26 AE Right middle ear showing a large artery (a),
stapes <s), facial nerve (fn) <1)

Fig. 5.120 Case 26 AE Left middle ear showing a large artery Ca),
stapes <s), facial nerve (fn) (1)
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Fig. 5.121 Case 26 AE Left middle ear showing a large artery (a)
(10)

:

Fig. 5.122 Case 26 AE Left cochlea showing cartilaginous otic 
capsule and degeneration of the organ of Corti 
therapeutic abortion was performed after 18 weeks (1)
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(Fig. 5.122) The semicircular canals were normal. There was early

differentiation of the cartilage cells of the bony lateral semicircular 

canal with degeneration of the outer and inner hair cells of the organ of 

Corti and lifting off of the tectorial membrane. (Fig. 5.123)

Comment

Therapeutic abortion was performed at 18 weeks. The absence of

ossification in the otic capsule (ossification usually commences at 16 

weeks) also the ossicles were cartilaginous, suggested that the ear had 

developed normally to the 15 week gestation period.
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Fig. 5.123 Case 26 AE Left basal coil of the cochlea showing 
degeneration of the organ of Corti and lifting off of the 
tectorial membrane (arrow) (25)
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Case 27 <M.A.)

This child aged 16 years died 18 hours after cardiac surgery for 

aortic stenosis. He was a known case of maternal rubella syndrome with 

profound sensorineural hearing loss and cleft palate.

Post mortem

Post mortem was performed a few hours after death. Abnormal 

location of lung and bronchi, a single right hydronephrotic kidney, right 

undescended testis, a large pancreatic head and body without a tail and a 

left superior vena cava drawing into an enlarged coronary sinus were 

found. Death was due to post-operative complications of cardiac surgery. 

Both temporal bones were removed.

Microslice

There was bilateral deficient coiling of the cochlea with abnormal 

stapes. X-ray confirmed the microslice findings.

Histopathology

Left - There was submucosal haemorrhage in the middle ear with 

hypertrophy of the epithelial cells in localised areas. The malleus and 

incus were normal, but the stapes was abnormal. The head was identified 

and the posterior crus was represented by a fibrous band (Fig. 5.124) - 

there was no evidence of a footplate. The stapedius muscle was absent. 

The facial nerve was in an intact bony canal but had three divisions. (Fig. 

5.125) The chorda tympani nerve was present. The cochlea showed one and 

a quarter turns. Cystic formation had occurred in the superior wall of 

the scala vestibuli and a large cochlear aqueduct was present. The macula 

of the saccule and utricle were present, as were all the semicircular 

canals. The internal auditory meatuses, auditory nerve, spiral ganglion
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Fig. 5.124 Case 27 MA Left abnormal stapes, the posterior crus
consists of a fibrous band, absent footplate and stapedius 
tendon

Fig. 5.125 Case 27 MA (Left) showing three divisions of the facial
nerve (fn), one turn of the cochlea (c), internal auditory 
meatus (iam) and saccule (sc)
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cells and Scarpa's ganglion cells were normal. There was degeneration of 

the organ of Corti. (Fig. 5.126)

Right - Part of the middle ear had not been included in this specimen 

because of destruction during removal. The tympanic membrane, malleus and 

incus were present. There was a vestigial posterior crus of the stapes 

and absence of the footplate of the stapes. (Fig. 5.127) The stapedius 

tendon was also present. There were two divisions of the facial nerve in 

the bony facial canal (Fig. 5.128) while the chorda tympani nerve was 

normal. Cystic degeneration of the stria vascularis cells in the basal 

turn had occurred and there was a large cochlear aqueduct. The spiral and 

Scarpa's ganglion cells were present. The auditory nerve and internal 

auditory meatus were normal.

Comment

The cochlea in both temporal bones showed one and a half to one and 

three quarter turns of the cochlea. The degree of hearing loss is 

determined by the length of the basilar membrane rather than the number 

of turns of the cochlea. This case despite a very short cochlea had

residual hearing.
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Fig. 5.126 Case 27 MA Left cochlea showing degeneration of organ of
Corti (arrow), spiral ganglion cells <sg) (10)

Fig. 5.127 Case 27 MA Right abnormal stapes, represented by a 
posterior crus only which is fibrous, absent footplate and 
tendon of stapedius. Facial nerve (fn), cochlea (c) (1)



- 226 -

,a jSiK'-n

Fig. 5.128 Case 27 MA (Right) showing two divisions of the facial
nerve (fn), one turn of the cochlea (c), internal auditory 
meatus (iam) and saccule (sc)
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Case 28 (M.O'S)

This mother contracted rubella for which a therapeutic abortion was 

performed by abdominal hysterotomy at 18 weeks gestation. Rubella HAI 

antibody titres were not available.

Histopathology

The external auditory meatus was normal, the malleus and incus were 

cartilaginous, the stapes was not visible in the sections available. The 

facial nerve was normal. The otic capsule was completely cartilaginous 

<Fig. 5.129) and the membranous cochlea had two and a half turns. There 

was a pinkish amorphous precipitate in the scala vestibuli, scala tympani 

and cochlear duct. Some differentiation of the organ of Corti in the basal 

turn had occurred but much less in the middle and apical turns. The 

Reissner's membrane was retracted in the basal turn while the stria 

vascularis appeared normal. The saccule, utricle and semicircular canals 

were normal.

Comment

The development of this ear was not consistent with about 18 weeks 

gestation as there was arrested development of the organ of Corti as seen 

by the differentiation of the hair cells which was consistent with 12 

weeks gestation (Figs. 5.130, 5.131), and the otic capsule. The ossicles 

were cartilginous. There were no other abnormalities.
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Fig. 5.129 Case 28 MO'S Showing the cochlea with cartilaginous otic
capsule

Fig. 5.130 Case 28 MO'S Showing differentiation of organ of Corti
(arrow) is consistent with approximately 12 weeks. 
Therapeutic abortion was performed at 18 weeks gestation. 
Scala vestibuli (sv), scala tympani <st> with haemorrhage 
(10)
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Fig. 5.131 Case 28 MO'S Showing organ of Corti (arrow) (25)
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Case 29

The mother had rubella during pregnancy. Obstetric details were not 

available.

Histopathology (fetal head)

The ossicles were normal. The cochlea had two and a half turns. The 

stria vascularis was atrophied and consisted of only one layer of cuboidal 

cells. Reissner's membrane was retracted and adherent to the tectorial 

membrane. There was degeneration of the outer and inner hair cells. (Figs. 

5.132, 5.133) There was haemorrhage in the scala tympani and internal 

auditory meatus. ((Fig. 5.134)

Comment

Atrophy of the stria vascularis and degeneration of hair cells would 

cause sensorineural hearing loss.

Case 30

This mother was known to be immune to rubella before conception and 

was in contact with rubella at about 16 weeks gestation period. This was 

followed by some vaginal haemorrhage on two occasions. The rubella HA I 

was initially 1/64 and subsequently 1/256. Previous pregnancies were 

normal. Tests for rubella specific IgA were performed but the result was 

equivocal. Therapeutic termination of pregnancy was performed at about 20 

weeks gestation.



Fig. 5 .132 Case 29 Showing cochlea with degeneration of organ of
Corti <1)
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Fig. 5.133 Case 29 Showing basal turn of cochlea with retraction of 
the Reissner's membrane <Rm) on the swollen tectorial 
membrane (tcm) and degeneration of hair cells <10)
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Fig. 5.134 Case 29 Basal turn of cochlea showing haemorrhage in 
the scala tympani (st) and haemorrhage in the internal 
auditory meatus <iam) <10)
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Post mortem

Weight 284 grams

Crown-rump length 14 cm

Crown-heel length 19 cm

Foot length 2.5 cm

Head circumference 68.5 cm

Findings showed a relatively large brain suggesting growth 

retardation. No histological lesions were shown to support the finding of 

congenital rubella. There was bruising of the anterior part of the neck 

and cortical haemorrhages were present in the adrenal glands which could 

have been a terminal event. There were no other malformations seen.

Histopathology (fetal head)

The pinna, externa auditory meatus and tympanic membrane were 

normal. The middle ear was filled with embryonic mesenchyme. There was 

some haemorrhage in the left middle ear. Ossification of the head of the 

malleus and footplate of the stapes had occurred. The cochlea had two and 

a half turns, and ossification had begun in the otic capsule. The stria 

vascularis showed cuboidal epithelium. The right Reissner's membrane was 

retracted on the tectorial membrane in the middle turn. There was 

moderate degeneration of the outer and inner hair cells of the organ of 

Corti; the supporting cells were present. Haemorrhage (with some white 

cells) was noted in the scala tympani in all the turns of the cochlea. 

There was similar haemorrhage in the internal auditory meatuses. The 

spiral ganglion cells and Scarpa's ganglion cells were normal. The cristae 

and maculae were normal and the cupola of the cristae were well defined. 

There was mesenchyme present in the perilymphatic spaces of the 

semicircular canals which were all normal.
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Comment

The development of this fetus was consistent with about 18te weeks 

gestation period as ossification had begun in the stapes, and was more 

advanced in the malleus and incus. The otic capsule had also begun to 

ossify and early vacuolization of the embryonic mesenchyme in the middle 

ear. The haemorrhage in the middle and inner ear may have been associated 

with anoxia. This is not a pathological feature which is consistent with 

rubella infection. However, retraction of Reissner's membrane on the 

tectorial membrane has been describned as a pathological finding in 

fetuses whose mothers have been infected with rubella.

Case 31 <C.L.)

Mother had rubella at eight weeks gestation period. The auditory 

reflexes of the child were tested in utero and were considered to be 

"normal". Shortly after birth the infant developed a petechial rash and 

slight jaundice and later died.

Post mortem

No obvious cause for the death was found. Tests for toxoplasmosis 

were negative.

The left temporal bone was removed.

Histopathology

Left - The tympanic membrane and part of the middle ear had not been 

included in removal of the specimen. The malleus and incus were present. 

The stapes was abnormal in that the crura were thickened. There was 

evidence of fluid and inflammation in the middle ear. The cochlea had two
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and a quarter turns. The otic capsule was fully ossified. Degeneration of 

the outer and inner hair cells had occurred and the tectorial membrane was 

rather wide. Degeneration of the stria vascularis was noted together with 

a small 'granulomatous mass' in the scala media of both middle ears. 

There was dehiscence of the bony facial canal.

Comment

As this was a live birth near term, the development of the inner ear 

would have been completed as it was in this case. There was full 

development of the inner ear. Degeneration of the organ of Corti was 

observed together with an epithelial mass in the scala media which may 

have been a malformed stria vascularis. (Fig. 5.135)

Case 32 (D.S.)

The mother had rubella at the six weeks gestation period and father 

had had rubella 20 days earlier. A therapeutic abortion was performed at 

16 weeks gestation period.

Histopathology (fetal head)

The external auditory meatus was partially canalised. The connective 

tissue layer was thickened in the intact tympanic membrane. Ossification 

centres had fused in the tympanic ring. (Fig. 5.136) The middle ear was 

filled with embryonic mesenchyme. The ossicles were cartilaginous, and the 

facial nerve and chorda tympani were in a normal position. The otic 

capsule was completely cartilaginous. (Fig. 5.137) The cochlea had two and 

a half turns. Differentiation of the organ of Corti was incomplete. (Fig. 

5.138) The tectorial membrane was identified only in the basal turn. The
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Fig. 5.135 Case 31 CL Scala media showing a clump of epithelial 
cells, and no stria vascularis. This may represent a 
malformed stria vascularis (str) (10)



Fig. 5.136 Case 32 DS Showing the tympanic ring - the ossification 
centres have fused (10)

Fig. 5.137 Case 32 DS Cochlea showing cartilaginous otic capsule
with differentiation of the organ of Corti consistent with 
about nine weeks gestation. Mother had rubella at six 
weeks and therapeutic abortion was performed after 16 
weeks (1)
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Fig. 5.138 Case 32 DS Basal turn of the cochlea showing 
differentiation of the organ of Corti consistent with about 
10 weeks gestation (10)
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stria vascularis and spiral ligament were not completely differentiated. 

The saccule and utricle were normal. There was some haemorrhage in the 

perilymphatic spaces. The semicircular canals were normal.

Comment

The development of the ear was consistent with about ten weeks 

gestation, as the ossification centres of the tympanic ring had fused and 

it had begun to acquire a sulcate appearance, although therapeutic 

abortion was performed at 16 weeks.

The otic capsule consisted of well formed cartilage cells. At 16 

weeks the tympanic ring is more sulcate, cartilage cells of the otic 

capsule are large with onset of ossification.

Case 33

Mother had rubella at 12 weeks gestation period. Her son had rubella 

two to three weeks before mother's infection. A therapeutic abortion was 

performed by an abdominal hysterotomy at 16 weeks gestation period.

Post mortem

Crown-rump length - 9 cm

Histopathology (fetal head)

The tympanic membrane was still a thickened connective tissue layer. 

Ossification centres had fused in the tympanic ring. The ossicles were 

cartilaginous and the middle ear was full of embryonic mesenchyme. The 

otic capsule was also cartilaginous. The organ of Corti was almost fully 

differentiated but showed degenerative changes (Figs. 5.139, 5.140) and 

the tectorial membrane was present in all the coils. The stria vascularis
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Fig. 5.139 Case 33 WH Cochlea showing degeneration of the organ of
Corti (1)

/
tern

Fig. 5.140 Case 33 WH Basal turn of cochlea showing degeneration
of the hair cells of the organ of Corti and lifting off of 
the tectorial membrane (tcm) <10>
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and spiral ligament were normal. An adequate number of ganglion cells was 

noted.

Comment

Development of the ear was consistent with about 16 weeks gestation 

period. The organ of Corti showed some degeneration.

Case 34 (S.D.)

This 24 year old woman had a rubella infection at 12 weeks gestation 

period. The rubella HAI titre was 1/256 initially and a few days later it 

had risen to 1/1024. A therapeutic abortion was performed at the 16

weeks gestation period. The virus was isolated from the fetus.

Histopathology (fetal Head)

There were some autolytic changes in the organ of Corti, but the

•differentiation was not consistent with 16 weeks. Some haemorrhage was 

present in the internal auditory meatus, scala tympani and scala vestibuli 

and also in the perilymph and endolymph leading to the destruction of the 

cupola of the lateral semicircular canal.

Comment

The development of the organ of Corti was less than 16 weeks

gestation period which may have been due to the arrest of development

after the infection.
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Case 35 (M.W.)

This was the mother's first pregnancy. She contracted rubella 

infection at 13 weeks and a therapeutic abortion was performed by an 

abdominal hysterotomy at 16 weeks gestation period.

Histopathology (partial fetal head)

The specimen only included the cochlea. The otic capsule was 

cartilaginous. The general configuration of the otic capsule was circular. 

The cochlea had two and a half turnsbut there was gross deficiency of the 

interscalar septa. There was haemorrhage in the scala tympani and scala 

vestibuli with considerable disruption and degeneration of the organ of 

Corti.

Comment

There was degeneration and disruption of the organ of Corti which 

may have caused impairment of hearing. A circular otic capsule was an 

unusual abnormal anatomical finding.

Case 36 (W.O.)

This child was the product of a fourth pregnancy which was normal. 

His three other siblings were healthy. The onset of labour was 

spontaneous at 31 weeks followed by a breech delivery. The baby was 

anoxic at birth and was nursed in an oxygen tent for 24 hours.

Impairment of hearing was suspected by his mother at the age of 

eight months and it was subsequently confirmed that he had a bilateral 

sensorineural hearing loss of 75 to 80dB. He had required bilateral hearing
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aids. His I.Q. was normal. He died at the age of seven and a half years 

from acute nephritis.

Post mortem

The major pathological findings were acute nephritis, congenital
J

cystic hyperplasia of the right kidney, the absence of falxcerebri and a 

patent ductus arteriosus and a ventricular septal defect (Rubella 

Syndrome). The rubella antibody titre was > 1/512. Both temporal bones 

were removed.

H is topa thology

Left - The cochlea had two and a half turns with a deficient terminal 

in ter scalar septum. The stria vascularis showed granulation in the middle 

turn while in other coils it had degenerated. (Fig. 5.144) Degeneration of 

the organ of Corti was noted (Fig. 5.145) but the spiral ganglion cells 

were normal. There was a small haemorrhage in the internal auditory

meatus.

Right - Due to difficulties in removing the specimen at autopsy the

middle ear was not included. The cochlea had two turns with deficient

interscalar septum. (Fig. 5.141) The stria vascularis had a 'granular' type 

of degeneration. There was haemorrhage on the Reissner's membrane, the 

organ of Corti, modiolus, and in between the fibres in the auditory nerve. 

Degeneration of the inner and outer hair cells was noted. (Figs. 5.142, 

5.143) The spiral ganglion cells were present and appeared normal in

number.

Comment

Degeneration of the organ of Corti and stria vascularis may have been 

responsible for the hearing loss. The haemorrhage on the Reissner's
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Fig. 5.141

If
Case 36 WO Right cochlea showing two turns and
deficient interscalar septum (arrow). Internal auditory 
meatus (iam) (1)

Fig. 5.142 Case 36 WO Right cochlea showing degeneration of the
organ of Corti in the basal turn and haemorrhage on the 
Reissner's membrane (arrow). Scala vestibuli (sv), scala 
tympani (st) (10)
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Fig. 5.143 Case 36 WO Right modiolus showing haemorrhage and spiral
ganglion cells (sg) (10)

R m
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Fig. 5.144 Case 36 WO (Left) showing degeneration of stria
vascularis (stv). Spiral ligament (si), Reissner's membrane
(Rm) (10
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Fig. 5.145 Case 36 WO 
(10)

(Left) showing degeneration of organ of Corti
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membrane could have been caused by a persistent rubella infection, but 

anoxia cannot be ruled out. The high rubella titre could have been 

acquired during life.

Case 37

This mother had a therapeutic abortion at the 11 weeks gestation 

period as it was thought she had rubella.

Post mortem

Crown-rump length - 8 cm

There were no external congenital anomalies. The placenta was 7 cm

in diameter and had intervillus fibrin deposits.

Histopathology (fetal head)

Except for haemorrhage in the scala tympani of the basal turn and 

modiolus on the left side, no abnormality was seen.

Case 38

This mother had a therapeutic abortion for a rubella infection.

Rubella virus was not isolated.

Histopathology (fetal head)

The middle ear contained a large artery. (Fig. 5.146) The cochlea had 

two and a half turns but the differentiation of the organ of Corti was 

incomplete. The tectorial membrane was identified. Haemorrhage was

present in the left spiral ligament and minimal haemorrhage in the scala
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tympani and scala vestibuli. (Fig. 5.147) Clumps of epithelial cells were 

noted in the scala tympani. (Fig. 5.148)

Comment

The development was consistent with 12 weeks gestation.

Case 39

The mother of this fetus had a therapeutic abortion performed at 13 

weeks due to presumed contact with rubella at the nine weeks gestation 

period.

Histopathology

There was some haemorrhage in the embryonic mesenchyme of the 

middle ear. The cochlea had two and a half turns. The organ of Corti had 

minimal differentiation and the tympanic ring was not fully ossified. 

There was also minimal haemorrhage present in the scala vestibuli of the 

basal turn.

Comment

Normal development had progressed to the nine weeks gestation period 

as the ossification centre of the tympanic ring had not completely fused 

and there was minimal differentiation of the sensory epithelium.

Case 40 (D.B.)

This 25 year old woman had a rubella contact at about six weeks 

period of gestation. The rubella virus was isolated from her nose and 

pharynx. The antibody titres had risen from 1/16 to 1/1024. There was no
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Fig. 5.146 Case 38 Showing large artery in the middle ear (10)

Fig. 5.147 Case 38 Basal turn of the cochlea showing degeneration of
the organ of Corti and a clump of epithelial cells (ec) 
below in the scala tympani. There is also haemorrhage in 
the spiral ligament (si) (10)
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Fig. 5.148 Case 38 Showing clump of epithelial cells (ec) in scala
tympani <40)
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clinical evidence of rubella. A therapeutic abortion was performed by

hysterotomy at 16 weeks gestation period.

Histopathology (fetal head - serial sections)

Development of the ear was consistent with nine weeks gestation 

period. No other abnormality was seen.

Discussion

Congenital hearing loss due to maternal rubella in early pregnancy is 

a well recognised entity. It is one of the most common sequelae of the 

rubella syndrome. The fetus is most vulnerable in the first trimester of 

pregnancy, the risk being greater in the first month of pregnancy. There 

is clinical evidence in the literature to suggest that rubella infection 

contracted immediately before conception can produce an infant with the 

stigmata of rubella. The disease may not always have clinical 

manifestations in the mother (Karmody 1969).

The incidence of hearing loss varies from 9 - 19 per cent. In the 

majority of patients the hearing loss is sensorineural, but in a small 

proportion - about a quarter - a mixed hearing loss also occurs. The 

degree of hearing loss varies from moderate to profound and is not 

necessarily symmetrical in both ears. The pattern of the audiogram is 

variable, ranging from straight, sloping to right, sloping to left and
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trough shaped. There is no consistent audiological pattern which could be 

designated as diagnostic of rubella (Barton et al 1970).

Pathology of congenital deafness following maternal rubella has been 

described by a few investigators. Each report consists of one to five 

cases, making a total of about 25 cases. Their pathological findings in 

the temporal bones have been variable, and because of limited numbers in 

each series a broadly consistent pathology specific to the virus infection 

has not been established.

The histopathological findings in the present study of 17 cases (33 

temporal bones) show that in six cases of therapeutic abortion the mother 

had rubella between the sixth and 12th weeks of pregnancy, and in these 

cases the differentiation of the organ of Corti has been delayed. In fact, 

the stage of the differentiation approximately corresponds to the time of 

maternal infection. The question arises that had the pregnancies been 

allowed to continue, would the differentiation of the sensory epithelium 

have proceeded normally although delayed, or would the differentiation have 

persisted in the arrested state? It is suggested that there is indeed an 

arrest of differentiation. This can be seen in T.G. (Case 25), a deaf mute, 

victim of maternal rubella in very early pregnancy who died at the age of 

six years. In this case there was virtually no differentiation of the 

cells of the organ of Corti. Similar pathological findings in the cochlea 

have been reported in the very first temporal bone study of maternal 

rubella (Carruthers). However, in one further live birth (Case 31) whose 

mother had rubella at eight weeks gestation period, there was normal 

development of the hair cells but gross abnormality of the stria 

vascularis, showing degeneration and displacement. This may be explained 

on the basis that the virulence of the virus and the vascular changes were
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not sufficiently severe to arrest the differentiation of the cells. One 

child who had the rubella syndrome developed acute nephritis and died at 

the age of seven and a half years. Although he had high rubella antibody 

titres, his mother had sub-clinical rubella as she had no symptoms or 

signs of infection during pregnancy. He was born at 33 weeks, from a 

breech delivery and was anoxic at birth. This makes the interpretation of 

these temporal bone findings somewhat difficult (Case 36). He had an 80 

dB bilateral sensorineural hearing loss. Haemorrhage in the scala media, 

with degeneration of the outer and inner hair cells of the organ of Corti 

and lifting off of the tectorial membrane from the hair cells are the 

his topatho logical changes which explain the hearing loss. B.M., a 16 year 

old teenager, died during the immediate post-operative period after cardiac 

surgery. He had several stigmata of maternal rubella including a bilateral 

60 to 70 dB sensorineural hearing loss. His mother had rubella very early 

in pregnancy, but the exact date was not known. A very short cochlear 

duct (one and a half turns), and an abnormal stapes (a fibrous band

representing the crura, an absent footplate and stapedius tendon) are the 

salient findings in this case. In five cases where the mother had rubella 

between 13 to 16 weeks of gestation the differentiation of the organ of 

Corti corresponded with the dates of gestation at the time of the

therapeutic abortion. Therapeutic abortion was performed in two cases 

where mother had been in contact with rubella. The rate of 

differentiation of the organ of Corti in these cases was consistent with 

the age of the fetus. Mixed hearing loss is known to occur in subjects

whose mothers had rubella during pregnancy (Richards 1963, 1964).

Surgical exploration of the middle ear in three children showed a fixed 

footplate. In this study of 17 cases (33 ears) bilateral abnormality of
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the stapes was found in three cases, which included abnormality of the

superstructure and footplate of the stapes.

Nystagmus is one of the anomalies associated with congenital rubella.

Its pathology has not been described. The left cochlea of Case 25, T.G.,

who had marked nystagmus, shows hydrops of the scala media in all the 

turns with considerable ballooning of the Reissner's membrane. In the

middle ear of Case 26 (A.E.), an abnormal artery is seen in the embryonic 

mesenchyme of the middle ear. This is not necessarily the result of the

rubella syndrome as it has also been observed in Down's and other

syndromes. Its significance is discussed in other parts of this thesis. 

Pathological changes of the stria vascularis include a single cuboidal 

layer structure with displacement which is in the form of a collection of 

epithelial cells giving it a "granulomatous" appearance.

Conclusion

Some histopatho log leal findings are similar to those observed by 

other workers. However, they could only hypothesize as to the specificity

of the lesions in relations to the rubella virus as the total number of

cases in each author group was small. This is the largest single study, 

consisting of 17 cases (33 ears). The main specific his topatho logical 

change that produces sensorineural hearing loss is arrest of 

differentiation of the organ of Corti, if maternal infection has occurred 

in the first 12 weeks of pregnancy. The developmental arrest 

approximately corresponds to the time of maternal infection. This is seen 

in six cases and confirmed with histological data in two children. Thus 

profound hearing loss in the fetus is to be expected in maternal rubella 

infection if it occurs in the first 12 weeks of pregnancy. Infection after
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12 weeks produces histopathological changes which are also seen in other 

causes of sensorineural hearing loss which include degeneration of hair 

cells, stria vascularis, detachment of tectorial membrane from the hair 

cells and retraction of the Reissner's membrane on the tectorial membrane. 

In the case with nystagmus there was hydrops of the endolymphatic system 

with considerable ballooning of the Reissner's membrane in all the turns of 

the cochlea. Abnormalities of the stapes were seen in three cases, and 

this is the main feature of the conductive element in mixed hearing loss 

due to maternal rubella.

d> Congenital Syphilis

Case 41 (M.A.)

The mother of this baby had an amniocentesis at 32 weeks of 

gestation. At 35 weeks she was found to have gestational diabetes

mellitus and syphilis. She was treated with Insulin and Penicillin. At 36 

weeks full diabetic control was achieved but a week later she could not 

feel the fetal movements. An emergency ultrasound showed no fetal heart 

sounds. Labour was induced and the baby was delivered at 37 weeks 

gestation.
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Post mortem

Post mortem was performed two days after death. There were no 

external congenital anomalies.

Birth weight - 2970 grams

Crown-heel length - 59 cm

Crown-rump length _ 35.5 cm

Head circumference _ 33 cm

Foot length - 76 mm

Bilateral lung abscesses were present due to intrauterine pneumonia. 

Microslice

The tympanic membrane and middle ear appeared congested. All other 

structures were normal. X-ray showed no abnormality.

Histopathology

The connective tissue layer of the tympanic membrane was congested 

with dilated blood vessels. There was considerable embryonic mesenchyme 

present, particularly in the epitympanum. Acute inflammatory changes in 

the mucosa of the middle ear were seen. There were dilated blood vessels 

around the mucosal folds of the malleus and incus with a leucocytic 

infiltration. The anterior crus and head of the stapes were surrounded 

and invaded by granulation tissue. <Fig. 5.149) The antrum was filled with 

pink amorphous material and with red cells and lymphocytes. (Fig. 5.150) 

The inflammatory cells were also seen in the Eustachian tube. The cochlea 

showed two turns; the interscalar septum between the middle and apical 

turn was deficient. The organ of Corti showed degenerative changes and 

there was granulation tissue in the inter periosteal layer of the scala
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Fig. 5 149 Case 41 MA Left middle ear showing acute
inflammatory changes - exudate <ex> granulations (gr) 
around the stapes <s) and haemorrhage (h) (1)

Fig. 5.150 Case 41 MA Showing inflammatory changes in the left
mastoid antrum (10)
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vestibuli. (Fig. 5.151) The spiral ganglions also showed degenerative 

changes.

Comment

Development of the ear was consistent with the 37 weeks gestation 

period. As the Eustachian tube was not unduly inflamed acute inflammatory 

changes in the middle and inner ear were considered to be due to a 

haematomotous spread.

Discussion

Only one temporal bone (left) from a 37 week still birth whose 

mother had syphilis which was untreated until 35 weeks gestation was 

available for study. There was otitis media perilabyrinthitis and round 

cell infiltration around the organ of Corti. The absence of treatment for 

the mother's syphilis until after the development of the inner ear, 

together with the inflammatory changes, suggest that the changes in the 

inner ear could have resulted from a syphilitic infection. The otic 

capsule was normal. A few excellent temporal bone histopatho logical 

studies (Mayer 1936, Karmody and Schuknecht 1966) of congenital syphilis 

have been described in thre literature. These authors have found 

involvement in the otic capsule in all the cases and labyrinthitis is 

considered secondary to endosteitis. In this case, which may be considered 

as a very early inner ear manifestation of congenital syphilis, there was 

round cell infiltration which was confined to the perilymphatic space. 

Therefore endosteitis is a feature which follows labyrinthitis in 

congenital syphilis. Inflammatory changes were also seen in the middle 

ear. At post mortem multiple lung abscesses were present. There was no
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Fig. 5.151 Case 41 MA Showing granulation tissue (arrow) on the 
inner periosteal layer of the scala vestibuli (40)
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evidence of syphilitic infection in other organs. This may be yet another 

example of the vulnerability of the developing inner ear to noxious 

stimuli, in this case a specific infection. Clinically impairment of 

hearing may be the only manifestation in congenital syphilis and maternal 

rubella. Late onset of deafness in congenital syphilis cannot be easily 

explained on this basis. It is also recognised that the use of steroids 

with penicillin in certain cases can halt the progress and in rare 

instances improve the hearing. A breakdown in the natural immunity of 

congenitally infected invididuals may account for the late onset of sudden 

progressive, profound and bilateral hearing loss by activating an hitherto 

dormant infection.

e) Maternal Chlckenpox

Case 42 (C.O.)

The mother of this fetus was well until about 20 weeks of 

gestational age, as estimated by the patient, when she had sudden 

spontaneous rupture of the membranes and regular contractions. She was 

admitted through Casualty and aborted the following day. The mother had 

chickenpox in the first trimester.
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Post mortem

There were no external congenital malformations or evidence of 

maceration.

Body weight - 650 grams

Crown-heel length - 32 cm

Crown-rump length - 22 cm

Head circumference - 22 cm

Foot length - 46 mm

These measurements are consistent with a fetus of 26 weeks of 

gestation. There was severe chorioamnionitis which may have precipitated 

the labour. Acute hypoxic changes of haemorrhage and petechia were 

present in the liver and thymus. Both temporal bones were removed.

Microslice

There was considerable myxomatous tissue in the middle ear. Ossicles 

and cochlea were normal. X-ray of the microslice did not show any 

abnormality.

Histopathology

Right - The middle connective tissue layer of the tympanic membrane 

showed dilated blood vessels. Two thirds of the middle ear was filled 

with embryonic mesenchyme with small haemorrhages and a few inflammatory 

cells. (Figs. 5.152, 5.153, 5.154) There were also red and white cells 

present in the tympanum proper. The acute inflammatory changes were less 

on the left side than on the right side.
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Case 42 CO Left middle ear showing acute otitis media. 
Stapes (s) (1)_____

Fig. 5.153 Case 42 CO Showing acute inflammatory changes in the 
middle ear. Red cells (r), white cells (wc) (10)
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Fig. 5.154 Case 42 CO Showing haemorrhage (h) in the internal
auditory meatus (10)

L
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Comment

Development of the ears was consistent with about the 26 weeks 

gestation period. Acute otitis media could be secondary to

chorioamnionitis. Haemorrhage in the internal auditory meatus and

conductive hearing loss would certainly have occurred with possible 

sensorineural hearing loss.

Discussion

There are no his topatho logical temporal bone studies reported in the 

literature with maternal chickenpox. In this study both temporal bones 

were obtained from a 26 week spontaneous abortion whose mother had 

chickenpox in the first trimester of pregnancy. The main histopathological 

findings consisted of inflammatory changes in the middle ear. There were 

no congenital anomalies.
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f) Postnatal Infection and Role of Embryonic Mesenchyme

Case 43 (M.S.)

This baby was born at 25 weeks of gestation (by dates) to a 24 year 

old mother. He died at 32 days of age with obstruction of the bowel and 

acute renal failure.

Post mortem

A post mortem examination of male neonate showing normal development 

was performed 48 hours after death.

Birth weight -

Crown-heel length -

Crown-rump length -

Head circumference -

Foot length -

Death was due to neonatal 

temporal bone was removed.

Microslice

There was myxoid tissue in the middle ear. The ossicles appeared

normal and the cochlea showed two and a half turns. X-ray confirmed the 

microslice findings.

H is topa thology

Left - Most of the middle ear contained embryonic mesenchyme and

bone formation. (Figs. 5.155, 5.156) The stapes was abnormal with a very 

thin posterior crus and a curved foot plate. (Fig. 5.157) The interscalar

850 grams 

36 cm 

24 cm 

24.5 cm 

53 mm

necrotising enterocolitis. The left
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Fig. 5 .155 Case 43 MS Left middle ear showing bone formation
(arrow) in the embryonic mesenchyme (em). Malleus (m) 
tympanic membrane (tm) (1)

Fig. 5.156 Case 43 MS Showing bone formation (arrow) and
inflammatory changes in the embryonic mesenchyme (em) 
(10)
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septa between the apical and middle turns was deficient, and there were 

degenerative changes in the outer and inner hair cells and stria 

vascularis. The Reissner's membrane had collapsed on the tectorial 

membrane in the middle turn. The tectorial membrane appeared oedematous 

and there was also some round cell infiltration in the scala vestibuli. 

The spiral ganglion cells in the modiolus were scanty. (Fig. 5.158) The 

internal auditory meatus was wide.

Comment

Development of the ear was consistent with the age of the neonate. 

The stapes was abnormal although it appeared normal in the microslice. 

Scanty ganglion cells may have resulted in deafness had the neonate 

survived.

Case 44 (D.P.)

This baby (birth weight 975 grams) was born by breech delivery at 28 

weeks of gestation (by dates). On the previous day the mother had a small 

antepartum haemorrhage. Initially the baby was moderately well but then 

her condition deteriorated and Penicillin and Gentamicin were given 

parenterally. At the age of four days, this neonate was jaundiced and 

subsequently was found to have perforated her small bowel. Despite 

surgery her condition continued to deteriorate a month later. E coli was 

cultured from the blood contributing to her to death.

Post mortem

Body weight - 1020 grams

Crown-heel length - 37 cm

Crown-rump length - 25 cm

Head circumference - 25 cm



Case 43 MS Left middle ear showing abonrlam stapes <s> 
with thin posterior crus and small footplate (fp) <1)

Case 43 MS Midraodiolar section of the cochlea showing 
scanty spiral ganglion cells <sg> and degeneration of organ 
of Corti (arrow) (1)
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Foot length - 15 mm

The baby died of septicaemia caused by spontaneous perforation of 

the small bowel. She also had pyloric stenosis and jaundice. The left 

temporal bone was removed.

Microslice

There were greenish discolourations of the temporal bone. There was 

dark meatal material in the attic.

His topa tho logy

Left - There was considerable destruction of the tympanic membrane 

and part of the cochlea was not included in the specimen due to 

difficulties at the time of removal of the temporal bone. The tympanic 

cavity was partially filled with embryonic mesenchyme and contained 

polymorphs, lymphocytes and eosinophils. (Figs. 5.159, 5.160) The anterior 

cruse of the stapes was distorted. There was dehiscence of the bony 

facial canal and the membranous cochlea was disrupted. The stria 

vascularis was detached from the spiral ligament while the spiral ganglion 

cells were deeply stained - basophilic and pyknotic. There was some 

greenish pugmentation in the perilymphatic space of the superior 

semicircular canal.

Comment

Development of the ear was consistent with the age of the neonate. 

The pigmentation of the bone and the perilymphatic space may have been 

due to jaundice. There was evidence of inflammation in the middle ear 

leading to conductive hearing loss. Disruption of the membranous 

structures was due to removal and processing by microslice technique.
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Fig. 5.159 Case 44 DP Left middle ear showing inflammation (lnfl)
and dehiscence of bony facial canal <fc). Stapes footplate
(fp) (1) I # \• ♦ ••• • • V i
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Fig. 5.160 Case 44 DP Left otitis media showing lymphocytes (1) and 
eosinophils <e) (25)
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Case 45 (C.J.)

This baby was born at 26 weeks of gestation by dates to a 23 year 

old primiparous mother. The prgnancy had been uncomplicated until one day 

prior to delivery when there was a rise in the maternal blood pressure 

indicating pre-ec lamp tic toxaemia. Labour was induced and although the 

baby was initially well it suffered from hyaline membrane disease, 

necessitating the transfer of the baby to the Neonatal Unit at a few hours 

of age. On day one the baby suffered a right sided pneumothorax and on 

day two there was evidence of an infection. The baby continued to be ill 

and there was a gradual deterioration until ten days of age when there 

was a distended abdomen which looked grey and the possibility of an 

ischaemic gut was considered. The baby died the following day, aged 11 

days.

Post mortem

Birth weight - 960 grams

Crown-heel length - 28 cm

Crown-rump length - 25.5 cm

Head circumference - 24 cm

Foot length - 57 mm

Death was due to perforation of the ileum and generalised and chest 

infection. The temporal bone was removed.

Microslice

The middle ear was full of embryonic mesenchyme. The cochlea had 

two turns. X-ray corresponded with the microslice findings.



- 272 -

Histopathology

The tymnpanic membrane was intact and normal. There was a moderate 

amount of embryonic mesenchyme in the middle ear with aggregation of 

lymphocytes. (Fig. 5.161) The stapes was abnormal and both crura were 

seen bound together and tilted towards the promontory. (Fig. 5.162) There 

was no bony partition between the bony canal of the stapedius muscle and 

the facial nerve while the lateral semicircular canal appeared dilated. 

The cochlea showed two turns and the differentiation of the organ of Corti 

in the apical turn was incomplete. The interscalar septum was deficient. 

(Fig. 5.163)

Comment

Development of the ear appeared less than that at 26 weeks as there 

was incomplete ossification of the malleus and incus. This would suggest 

a 23 week gestation period. The stapes was abnormal and the cochlea had 

two turns.

Case 46 (D.S.)

This child died at the age of six months. She was mentally 

deficient, had spastic quadriplegia and convulsions. She was investigated 

for failure to cry and laryngoscopy showed a normal larynx and trachea. 

All the investigations, including a full blood count, urea and electrolytes, 

serum calcium etc., failed to show any abnormality. At the terminal stage 

of her illness she also had bronchopneumonia and mucupurulent otitis 

media.
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Fig. 5.161 Case 
45 CJ Left 
middle ear 
showing 
embryon ic 
mesenchyme (em) 
and aggregation 
of lymphocytes 
(1) (25)

Fig. 5.162 
Case 45 CJ 
Left middle 
ear showing 
embryonic 
mesenchyme 
(em),
inflammation 
(inf 1)
and abnormal
stapes
(s) (1) \
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Fig. 5.163 Case 45 CJ Midraodiolar section of left cochlea showing 
deficient interscalar septum (1)
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Post mortem

Post mortem was performed 80 hours after death.

This mentally deficient infant died of bronchopneumonia, and 

convulsions. There was obstruction of the cerebrospinal fluid flow to the 

foramen magnum by the cerebellar tonsils. Both temporal bones were 

removed.

H is topa thology

Right (Serial sections) - Part of the middle ear and tympanic 

membrane were not included in the specimen during removal of the temporal 

bone. The incus and stapes were surrounded by inflammatory cells, 

haemorrhage and cholesterol granuloma. The posterior crus was destroyed 

by the inflammatory process while the mastoid was cellular and filled with 

exudate and the lining of the mastoid cells showed inflammatory changes. 

Embryonic mesenchyme was present in the middle ear at the age of six 

months. Large degenerative, foamy cells were also seen in the middle ear. 

The terminal interscalar septum was deficient. The membranous cochlea was 

well preserved and there was some degeneration of the spiral ligament and 

stria vascularis. In the middle turn the Reissner's membrane was adherent 

to the tectorial membrane and some degeneration of the inner and outer 

hair cells was noted.

Comment

There were no obvious congenital anomalies. The appearances were 

those of seromucinous otitis media with cholesterol granuloma with 

destruction of the posterior crus of the stapes and the stapedius tendon. 

There was also some evidence of perilabyrinthitis. A feature worth noting
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is the presence of embryonic mesenchyme in the middle ear and mastoid at 

the age of six months.

Histopathology

Left (serial sections) - This bone had been removed medial to the 

tympanic membrane hence the tympanic membrane was absent. Embryonic 

mesenchyme was noted in the middle ear with inflammatory changes with an 

associated mastoiditis. (Fig. 5.164) The malleus, incus and stapes were 

surrounded by inflammatory mucosa and cholesterol granuloma with 

destruction of the posterior crus of the stapes and degenerative foamy 

cells. (Figs. 5.165, 5.166, 5.167, 5.168) There was a small dehiscence of 

the bony facial canal. The membranous cochlea was well preserved with 

only minimal degenerative change in the organ of Corti. All other

structures were normal.

Comment

Development of the ear was consistent with the age of six months. 

Embryonic mesenchyme was present. There was cholesterol granuloma and 

seromucinous otitis media.

Case 47 (B.F.)

This baby was admitted after being delivered by elective, lower 

segment Caesarean section at 24 weeks of gestation. The baby had some 

hyaline membrane disease and initially responded to therapy but at

approximately ten days of age it was noted that he had a heart murmur

suggesting a patent ductus arteriosus. Despite Metacine, the ductus

arteriosus remained patent and the baby's condition gradually deteriorated 

and terminally suffered from distension of the abdomen and oliguria - the 

baby died at 48 days of age.
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Fig. 5.164 Case 
46 DS 
Showing left 
mastoiditis 
(arrows)

Fig. 5.165 Case 
46 DS Left 
otitis media 
showing 
cholesterol 
granuloma (eg) 
with destruction 
of the posterior 
crus of the 
stapes (s) (1)
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Fig. 5.166 Case 
46 DS Showing 
cholesterol 
granuloma (eg) 
and destruction 
of the posterior 
crus of the 
stapes <s). 
Facial nerve 
(fn)

t

Fig. 5.167 
Case 46 DS 
Show ing 
cholesterol 
granuloma 
(eg) (10)
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Fig. 5.168 Case 46 DS Showing large degenerative foamy cells (fc)
with cholesterol granuloma <cg> (25)
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Post mortem

Post mortem was performed 48 hours after death. Death was due to 

bilateral bronchopneumonia and extreme prematurity. Both temporal bones 

were removed.

Microslice

There was abundant myxoid tissue in the middle ear on both sides. 

The cochlea showed deficient coiling - bilaterally. (Fig. 5.169) On the 

right side there was a small haemorrhage in the epitympanic region. On 

the left side there was haemorrhage around the stapes. (Fig. 5.170)

X-ray

There was partial aeration of both middle ears with a normal 

ossicular chain. (Fig. 5.171) There was deficient coiling of the cochlea.

Histopathology

Left - Two thirds of the middle ear was filled with embryonic 

mesenchyme with some haemorrhage. The crura of the stapes were still 

thickened with complete ossification. There was haemorrhage around the 

stapes but the cochlea had none. There was considerable disruption of the 

membranous structures caused during microslicing.

Comment

Development was consistent with 31 weeks gestation period. There 

were no congenital abnormalities. A feature worth note was the absence of 

haemorrhage in the cochlea despite prematurity which could be explained on 

the basis of perhaps a timely elective Caesarean delivery.



- 281 -

Fig. 5.169 Case 47 BF Left microslice C undersurface showing
embryonic mesenchyme, incus (i), malleus (m), stapes (s), 
auditory nerve (an), vestibule (v), cochlea (c) and lateral 
semicircular canal (1)

Fig. 5.170 Case 47 BF Left microslice C showing haemorrhage (h) 
around the stapes. Cochlea (c), vestibule <v> and lateral 
semicircular canal (1)
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Fig. 5.171 Case 47 BF X-ray left microslice B, showing cochlea (c), 
lateral semicircular canal (1), stapes (s), incus (i)f 
malleus (m) and vestibule (v)
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Histopathology

Right - The changes were identical to those on the left side.

Case 48 (M.A.)

The mother of this baby was admitted in spontaneous labour at 24 

weeks of gestation by dates. The baby was born by an assisted breech 

delivery. The baby was ventilated but due to increased ventilatory 

requirements was transferred to the Special Baby Unit. The baby was 

suffering from severe hyaline membrane disease and despite ventilation 

died at 14 hours of age.

Post mortem

Birth weight - 760 grams

Body weight - 720 grams

Crown-heel length - 33 cm

Crown-rump length - 22 cm

Head circumference - 22 cm

Foot length - 5 cm

Death was due to hyaline membrane disease, pulmonary haemorrhage and 

extreme prematurity. The left temporal bone was removed.

Histopathology

Left (serial sections) - A perforation was noted in the pars tensar 

of the tympanic membrane which was probably not pathological. Dilated 

blood vessels were present in the connective tissue layer of the tympanic 

membrane and two thirds of the middle ear was filled with embryonic 

mesenchyme. Haemorrhage filled the epitympanum and the stapes was
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surrounded by acute inflammatory cells and haemorrhage. The Eustachian 

tube contained debris, possibly amniotic cells, exudate and inflammatory 

cells. The cochlea had two and a half turns and the preservation of the 

membranous structures was good. There was minimal ballooning of 

Reissner's membrane. The apical coil and the tectorial membrane showed 

minimal oedema. The outer and inner hair cells of the organ of Corti and 

the stria vascularis showed degenerative changes. There was massive 

haemorrhage in the internal auditory meatus, between the cochlear and 

vestibular divisions of the auditory nerve.

Comment

Development of the ear was consistent with the 24 weeks gestation 

period. Otitis media was present which may have been related to 

aspiration of amniotic fluid. The haemorrhage in the middle ear and 

internal auditory meatuses may have been secondary to anoxia.

Case 49 (H.A.)

This infant was born at 26 weeks of gestation as the second twin. 

Delivery was a routine breech. The infant was in a poor condition on 

admission and was difficult to ventilate. There was a left pneumothorax 

which was drained. The baby died at eight hours of age.

Post mortem

Post mortem was performed four days after death. The body was that 

of a small female infant with bilateral talipes equinovarus, probably of 

positional aetiology.
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Birth weight 463 grains

Body weight 420 grams

Crown-heel length 28 cm

Crown-rump length 19 cm

Head circumference 20.5 cm

Foot length 4.2 cm

The measurements indicated intrauterine growth retardation for an 

infant of 26 weeks gestation. The size of the infant was consistent with 

about 23 to 24 weeks.

Death of this second twin was due to extreme prematurity, hyaline 

membrane disease and intrauterine growth retardation. The right temporal 

bone was removed.

Histopathology

Right - Development of the ear was consistent with 23 to 24 weeks 

gestation period as the ossification of the otic capsule was complete 

(about 21 weeks) and the malleus, incus and stapes were partially ossified, 

which is complete by 26 and 28 weeks of gestation respectively, which was 

consistent with the intrauterine growth retardation. The Eustachian tube 

and middle ear contained homogeneous pinkish material which may have been 

exudate. Haemorrhage was seen within the embryonic mesenchyme and in the 

internal auditory meatus. Degenerative changes of the outer and inner 

hair cells of the organ of Corti were due to post mortem auto lysis which 

was performed four days after death. This neonate would have had a 

conductive hearing loss.
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Case 50 (I.H.)

This baby was admitted after the mother had presented in 

spontaneous, premature labour at 29 weeks of gestation. Emergency lower 

Caesarean section was performed for breech presentation. The baby had 

severe hyaline membrane disease and septicaemia. The lung disease 

progressed to chronic bronchopulmonary dysplasia. The other major problem

was post-haemorrhagic hydrocephalus which did not respond to lumbar

punctures but required ventricular taps. The baby died at 40 days of age.

Post mortem

Post mortem was performed at three days after death. The body was 

that of a male infant showing normal development with an enlarged head 

and cleft lip but there was no cleft palate.

Birth weight - 1121 grams

Body weight - 1880 grams

Crown-heel length - 44 cm

Crown-rump length - 30 cm

Foot length - 6.3 cm

Death was due to prematurity, post-haemorrhagic hydrocephalus and 

bronchopulmonary dysplasia. The right temporal bone was removed.

Histopathology

Right (serial sections) - The external auditory meatus was normal.

The squamous layer of the tympanic membrane had a few ingrowing tongues

of squamous epithelium. (Figs. 5.172, 5.173) Two thirds of the potential 

middle ear was filled with embryonic mesenchyme. There was haemorrhage 

and pus anterior to the malleus in the mesenchyme. Haemorrhage was also 

present in the internal auditory meatus and around the auditory nerve.
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(Fig. 5.174) The tympanum proper contained exudate lymphocytes and red 

cells. The handle of the malleus was still cartilaginous while the incus 

was ossified. The stapes was abnormal; the posterior crus was bowed 

anteriorly. (Fig. 5.175) There was dehiscence of the bony facial canal. 

Exudate and inflammatory cells were also seen in the Eustachian tube. The 

cochlea had two turns and the otic capsule was fully ossified with 

deficient interscalar septum. (Fig. 5.176) Moderate degeneration of the 

outer and inner hair cells of the organ of Corti due to post mortem 

auto lysis was observed. Similar changes were seen on the left side but 

the stapes was normal.

Comment

Development was consistent with 35 weeks of gestation. This neonate 

would have had conductive hearing loss.

Case 51 (S.S.)

This 30 year old Caucasian mother, who was previously investigated 

for infertility, was booked at 19 weeks gestation period. She had bleeding 

from the genital track on two occasions. She was admitted at 25 weeks 

gestation with leaking liquor and prolonged rupture of the membranes. 

This was followed by easy spontaneous unassisted vaginal delivery. The 

liquor was foul smelling. The baby had respiratory distress and appeared 

infected at birth and was treated with Penicillin and Gentamicin. Initially 

the baby responded well to treatment but at approximately 36 days of age 

the infant collapsed with an infection which was Staphylococcal in origin. 

Over the following weeks the neonate's condition fluctuated, the major 

problems being the development of left bronchopleural fistula and renal 

failure. The infant finally died at 62 days of age.
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F

4
Fig. 5.172 Case 
50 IH Show ing 
congested 
(right) tympanic 
membrane (tm) 
and ingrowth of 
squamous 
epithelial layer 
(sq) (1)

• ■vi

Fig. 5.173 
Case 50 IH 
Show ing 
congested 
<r ight) 
tympan ic 
membrane. 
Ingrowth of 
squamous 
epithelial 
layer (sq), 
blood vessels 
(bv), connective 
tissue 
layer (25)

sq

i
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Fig. 5.174 Case 50 IH Showing haemorrhage (h) in the internal
auditory meatus (25)

Fig. 5.175 Case 50 IH Showing (right) malformed stapes (s) -
posterior crus bent forwards. Embryonic mesenchyme (em), 
malleus (m), incus (i) (10)
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Fig. 5.176 Case 50 IH Midmodiolar section of right cochlea showing
two turns and deficient interscalar septum (arrow) (1)
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Post mortem

Post mortem was performed 24 hours after death.

Birth weight 935 grams

Body weight 1460 grams

Crown-heel length 38.5 cm

Crown-rump length 27 cm

Head circumference 27 cm

Foot length 5.5 cm

Death was due to extreme prematurity, septicaemia, bronchopleural 

fistula, adrenal haemorrhage, bacterial endocarditis and cytomegalovirus 

infection. Both temporal bones were removed.

Microslice

There was a greenish appearance around the periphery of the bone and 

mucoid tissue was seen in the middle ear. X-ray showed the middle ear to 

be partially aerated with a normal ossicular chain, cochlea and 

semicircular canals.

Histopathology

Left - There were no obvious cytomegalovirus inclusion bodies seen. 

Haemorrhage and inflammatory changes were observed in the middle ear 

secondary to generalised infection. Degeneration of the organ of Corti may 

have been due to Gentamicin ototoxicity but as the temporal bone was fixed 

48 hours after death, post mortem autolysis cannot be ruled out. This 

infant would have a conductive and probably sensorineural hearing loss had 

he survived.
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Histopathology

Right - The lateral part of the temporal bone was lost in trimming. 

There was metaplasia of squamous epithelium. Considerable embryonic

mesenchyme together with haemorrhage and lymphocytic infiltration was

observed in the middle ear. Bone formation in the middle ear mucosa may 

have been a response of the embryonic mesenchyme to inflammation. (Figs.

5.177, 5.178, 5.179) The malleus was normal but the tip of the handle was 

still cartilaginous. The connective tissue layers were infiltrated with 

lymphocytes and dilated blood vessels. There was dehiscence of the bony 

facial canal. The cochlea had two and a half turns and the terminal 

interscalar septa was deficient. Inflammatory changes were seen in the

scala vestibuli, especially in close proximity to the stria vascularis. (Fig.

5.180) There was degeneration of the outer and inner hair cells in the

organ of Corti. (Fig. 5.181) Some inflammatory changes were noted in the

Eustachian tube but there were no inclusion bodies indicative of

cy tomega lov irus.

Comment

This neonate, had he survived, would certainly have had a moderate 

conductive hearing loss as a result of otitis media and probably a 

sensorineural loss as well due to degeneration of the outer and inner hair 

cells of the organ of Corti.
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Fig. 5.177 Case 51 SS Showing (left) otitis media with inflammation
around anterior crus of stapes (arrow). Embryonic 
mesenchyme (em), malleus (m), tympanic membrane (tm).

. V r r

M
Fig. 5.178 Case 51 SS Showing inflammation (arrow) in the right 

Eustachian tube and bone formation (b) (10)
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Fig. 5.179 Case 51 SS Showing haemorrhage (h) and inflammation 
(infl) in the right Eustachian tube (25)
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Fig. 5.180 
Case 51 SS 
Show ing 
inflammatory 
changes in sea la 
vestibuli and 
media, in close 
proximity to the 
stria vascularis 
(arrow) (1)

Fig. 5.181 Case 51 SS Showing degeneration of the (right) organ of
Corti (oc) (25)
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Case 52 (L.C.)

The mother of this baby entered spontaneous labour at 29 weeks of 

gestation following rupture of her membranes at home. At birth the baby 

required intubation and was initially moderately well. However, after a 

few hours the baby collapsed and though there was initial response to 

some alteration in ventilator therapy, subsequently the baby deteriorated 

and died at one day of age. The previous medical history of the mother 

included treatment for round cell tumour of the ileum with radiotherapy 

and cytotoxics.

Post mortem

Post mortem was performed four days after death. The baby had no 

external congenital abnormalities.

Body weight - 1400 grams

Crown-heel length - 41 cm

Crown-rump length - 28 cm

Head circumference - 28 cm

Foot length - 60 mm

Death was due to Group B streptococcus pneumonia, septicaemia, 

hyaline membrane disease and prematurity. The left temporal bone was 

removed.

Microslice

There was some myxoid tissue in the epitympanum seen in the X-ray 

as a translucent shadow in. the attic.

Histopathology

Left - The middle connective tissue layer of the tympanic membrane 

had dilated blood vessels. There was considerable embryonic mesenchyme
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present in the epitympanum and also around the ossicles and the lateral

wall of the middle ear. The mesenchyme also had dilated blood vessels. 

The stapes was abnormal, and the posterior crus was in an inverted 'J'

shape. (Fig. 5.182) The handle of the malleus was cartilaginous. The 

cochlea had two and a half turns and the terminal interscalar septum was 

deficient. Considerable disintegration and disruption of the membranous

structures was present, with degeneration of the spiral ganglion cells.

Comment

The development of the ear was consistent with 29 weeks gestation 

period as ossification of the stapes was complete (28 weeks) and the

handle of the malleus was partially cartilaginous which is fully ossified 

at about 35 weeks of gestation. The stapes was abnormal. There were no 

obvious ill effects on the development of the ear of the fetus despite

maternal radiotherapy and cytotoxic drugs. Comment on the membranous

structures cannot be made due to post mortem autolysis.

Discussion

a) Post-natal Infection

Generalised upper respiratory tract infection in the neonatal period 

can result in death. This is more frequent in pre-term neonates who also 

have hyaline membrane disease. Thirteen temporal bones from ten such 

neonates were removed at post mortem. They were born between 24 and 29 

weeks of gestation and survived from a few hours to six months.

Histopathological changes in the temporal bones consisted of inflammatory

changes in the middle ear in five out of ten cases. One case which

survived for six months also had cholesterol granuloma. Four of these 

cases also had haemorrhage in the middle ear. There was no haemorrhage
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Case 52 LC Showing left abnormal 'J' shaped positions of
stapes (s). Tympanic membrane (tm), malleus (m>
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in the cochlea in any of these cases. Only three cases had haemorrhage in 

the internal auditory meatus and they were all breech deliveries. Post 

mortem was performed after 24 hours in nine cases which would preclude 

any comments on the sensory epithelium. In one case a post mortem was 

performed at 24 hours after death, and there were considerable 

degenerative changes in the cochlea. This neonate also had Gentamicin 

therapy, consequently the degenerative changes may have been associated 

with Gentamicin which is an ototoxic drug. Abnormal anatomical and other 

findings in this group included a malformed stapes in five cases, absent 

bony partition between the facial nerve and stapedius muscle, two turns of 

the cochlea and dilated lateral semicircular canal in one case, scanty 

spiral ganglion cells in one case and dehiscence of the bony facial canal 

in five cases.

Clinical significance - This study shows that otitis media occurs in 

50 per cent of neonates who have generalised and upper respiratory tract 

infection. All these neonates were also premature births. Hence the 

importance of clinical examination and timely treatment of these neonates 

in the hope of preventing chronic otitis media.

b) Secretory otitis media, prematurity and embryonic mesenchyme

The medical history of 370 children (1977 - 1984) who had

ventilation tubes inserted for secretory otitis media were reviewed. The 

age of onset of the first aural symptom or sign and the recurrence of 

secretory otitis media indicated by re-insertion of ventilation tubes was 

noted. The gestation period at birth was determined from the obstetric 

records of the mother. It was found that 28 (7.5%) out of 370 children 

were born pre-term (less than 37 weeks gestation period) as opposed to 44
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children (4.4%) out of 1000 in a survey of live births in 1984 from the 

same district (Wells 1986).

Increased incidence of otitis media in premature births is also 

supported by histological evidence of otitis media. There were a total of 

32 neonatal deaths due to various causes in this entire study. Of these 

32, 14 cases had otitis media, ten of which were premature births. Only 

three of these cases had survived for less than a day. The other 12 cases 

had survived between three and 180 days. There was evidence of 

labyrinthitis in three cases. Haemorrhage in the tympanum was found in 16 

cases and only five of these cases were associated with otitis media.

The average age of onset of the first aural symptoms and signs in 

children born at term was four years and in those at pre-term was three 

years and one month. In those children born at 35 weeks of gestation 

period or below, the average age of onset of aural symptoms and signs was 

two years and five months (Table 2). Of the 342 children born at term 

113 (33%) had re-insert ion of ventilation tubes. Of the 28 children born 

at less than 37 weeks gestation period nine (32 %) had re-insertion of 

ventilation tubes (Table 3).
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TABLE 2

GESTATION PERIOD AND AGE OF ONSET OF FIRST AURAL SYMPTOMS

Number of children Gestation period 
in weeks

Age of onset of 
first aural 
symptoms

342 37 and > 4 years

28 < 37 3 years and
1 month

16 of the 28 < 37 35 and < 2 years and
5 months

TABLE 3

RE-INSERT ION OF VENTILATION TUBES IN TERM AND PRE-TERM CHILDREN

Term Pre-term
37 and > weeks < 37 weeks

Total number
of children 342 28

Re-insertion of
ventilation tubes 113 (33%) 9 (32%)
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Discussion

As early as 1934 the adverse effect on infections of persistent 

embryonic mesenchyme in the middle ear producing scar tissue and 

preventing adequate drainage after myringotomy in premature infants was 

noted by Wolf. The presence of otitis media in the newborn associated 

with aspiration of amniotic debris, intubation and generalised infection 

has also been observed at autopsy. <De Sa 1973) Some of these children 

are born pre-term. Clinical observations in neonates also confirm the 

presence of otitis media in the newborn. It seems likely that as the 

embryonic mesenchyme is only completely absorbed by the age of two to

four years, the younger the child, the smaller the aerated space of the 

tympanum due to the presence of embryonic mesenchyme and the less 

favourable would be the response of any infection in terms of drainage, 

scar tissue formation and chronicity.

It has been confirmed in this study that the embryonic mesenchyme is 

not completely absorbed at term. Otitis media was found in 14 of the 32 

neonates (43%). All of them had been seriously ill and had multiple 

problems; ten out of these 14 neonates were born pre-term (76.9%). The 

frequency of otitis media in these patients may be related to greater

amounts of embryonic mesenchyme in the middle ear and its adverse 

reaction to infection. Although haemorrhage was noted in small quantities 

in the embryonic mesenchyme and tympanum in 16 out of the 32 cases, only 

five of these were associated with otitis media. Haemorrhage was also a 

common finding in still births and abortions and it is suggested that this

is secondary to anoxia, rather than a factor associated with otitis media.

In a retrospective study of 370 children who had ventilation tubes 

inserted for secretory otitis media the age of onset of first aural
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symptoms was earlier in pre-term children than in full term children.

There was no significant difference in the proportion of children with re

insertion of ventilation tubes in those that were born pre-term as

compared with those born at full-term. However, the proportion of pre

term children with secretory otitis media (7.5%) was considerably higher

than the number of children (4.4%) born pre-term in the general population. 

It was also significant that those children born at less than 37 weeks 

gestational age had an earlier onset of aural symptoms which may also be 

related to the unfavourable effect of unabsorbed embryonic mesenchyme 

associated with otitis media. (Wells 1986)

Conclusion

Longer survival, generalised infection and illness appear to be pre

disposing facotors in the causation of otitis media in these neonatal 

deaths. Amniotic aspiration and haemorrhage did not appear to be a 

significant factor in these cases. In conclusion it may be said that the 

presence of unabsorbed embryonic mesenchyme may be important in the 

prevalence of secretory otitis media as shown by the early onset of aural 

symptoms and higher incidence of this condition in children born below 37 

weeks gestation period. Also the frequency of secretory otitis media is 

considerably less in older children and adults.
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g) Anticonvulsant Drugs

Case 53 (A.L.)

The mother of this baby was unbooked, but presented at Casualty with 

a spontaneous rupture of her membranes. She also had polyhydramnios and 

because of this the labour was accelerated. The medical history of this

mother revealed that she was an epileptic and was on Phenobarbitone and

Phenytoin. Her past obstetric history consisted of a normal live birth

four years before this present pregnancy.

At birth this baby was noted to have multiple congenital anomalies. 

It was felt that these were incompatible with life. Although the baby was 

initially given oxygen the respiration gradually fell and the baby died.

Post mortem

Post mortem was performed 48 hours after death. The face was rather 

flat in appearance with a large filtrum, the nose was flat and the mouth 

was small. The tongue was normal. There was no evidence of cleft palate. 

There was no choanal atresia. Although the thorax and abdomen were 

normal there were severe fixed flexion deformities of the knees, hips and 

severe bilateral talipes equinovarus. The fingers showed fixed flexion 

deformities with ulnar deviation and the palmar creases were absent. The

eyelids were fused.

Body weight - 950 grams

Crown-heel length - 32 cm

Crown-rump length - 22 cm

Head circumference - 26 cm

Post mortem diagnosis of congenital arthrogryposis was made although
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the appearance of the face was not consistent with this diagnosis. The 

left temporal bone was removed.

Microslice

The middle ear was shown to be well aerated. The coiling of the 

cochlea was deficient in the apex. The stapes was normal. X-ray 

confirmed the microslice findings.

Histopathology

Left - Although the middle ear was reasonably well aerated there was 

a considerable amount of embryonic mesenchyme present. There was some 

degeneration of the organ of Corti, stria vascularis, spiral ligament, 

crista and macula. The spiral ganglion cells were normal. The internal 

auditory meatus was very wide and short. (Fig. 5.183) The endolymphatic 

duct and sac was normal.

Comment

Development of the ear was consistent with about 28 weeks gestation 

period. Although there was no cleft palate the face was abnormal. As 

post mortem was performed 48 hours after death degeneration of the 

membranous structures cannot be attributed to anticonvulsant drugs during 

pregnancy.

Case 54 (J.T.)

A 24 year old nother had been an epileptic from the age of nine 

years and had been on various anticonvulsants. Her present medication

consisted of Phenytoin 100 mg t.d.s., Epilim 500 mg 2 tablets mand. Her
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first pregnancy was terminated at ten weeks by vacuum curettage. The 

second pregnancy (present) was uneventful but unwanted and the serum AFP 

levels were raised. A prostaglandin termination of pregnancy was 

performed at 11 weeks gestation period.

Post mortem

Crown-rump length - 121 mm

There was a compression deformity of the skull on the left side in

the occipital region. The cerebellum was very small on the left side, as

compared to the right side.

Histopathology (fetal head)

The external auditory meatuses were partially canalised. The three 

layers of the tympanic membrane were identified with a rather thickened 

connective tissue layer. The malleus, incus and stapes were normal and 

cartilaginous. Chorda tympani nerve was normal. The facial nerve was 

bifid. (Fig. 5.184) The otic capsule was cartilaginous. The organ of Corti 

was partially differentiated. There was heamorrhage in all the coils of

the cochlea in the sea la media and only in the basal coil in the sea la

vestibuli.

Comment

Development of the ear was consistent with the period of gestation. 

The facial nerve was bifid. Haemorrhage in the sea la media would have 

modified further differentiation of the organ of Corti. Other anomalies 

included a small left cerebellum and a compression deformity of the skull.
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Fig. 5.183 Case 53 Showing short wide internal auditory meatus
(arrow) (1)

Fig. 5.184 Case 54 Showing bifid facial nerve (arrow) (2.5)
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Raised AFP, deformity of the skull and brain may have been the 

teratogenic effect of anticonvulsant therapy. Haemorrhage in the scala 

media could have caused sensorineural deafness; the latter may have been 

secondary to anoxia, caused by prostaglandin termination of pregnancy.

Discussion

Histopathology of three temporal bones from two cases whose mothers 

were epileptics and were on anticonvulsant drugs throughout pregnancy have 

been presented. No significant abnormalities were found. A short wide 

internal auditory meatus in one case and bifurcated facial nerve in the 

second case are normal anatomical variations. Although facial and other 

teratogenic effects of anticonvulsant therapy are known to occur, on the 

basis of these three temporal bone studies it appears that no specific 

abnormalities occur in the ear.

h> Non-specific Conditions

78 temporal bones were obtained from 54 cases in whom congenital 

abnormalities of the middle and inner ear would not be suspected in 

relation to the cause of death. Neonatal deaths, stillbirths and 

spontaneous abortions were due to various causes which included hypoxia, 

bleeding during the first and second trimester of pregnancy, antepartum 

haemorrhage, intraventricular haemorrhage, rhesus incompatibility, pregnancy 

induced hypertension, non-specific maternal and intrauterine infection.

Congenital abnormality of the stapes was seen in eight cases. This 

included distorted footplate of the stapes, a single posterior crus of the 

stapes in the centre of the footplate, fragile posterior crus with a bowed
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Raised AFP, deformity of the skull and brain may have been the

teratogenic effect of anticonvulsant therapy. Haemorrhage in the scala 

media could have caused sensorineural deafness; the latter may have been 

secondary to anoxia, caused by prostaglandin termination of pregnancy.

Discussion

Histopathology of three temporal bones from two cases whose mothers 

were epileptics and were on anticonvulsant drugs throughout pregnancy have 

been presented. No significant abnormalities were found. A short wide 

internal auditory meatus in one case and bifurcated facial nerve in the

second case are normal anatomical variations. Although facial and other 

teratogenic effects of anticonvulsant therapy are known to occur, on the 

basis of these three temporal bone studies it appears that no specific 

abnormalities occur in the ear.

h) Non-specific Conditions

78 temporal bones were obtained from 54 cases in whom congenital

abnormalities of the middle and inner ear would not be suspected in 

relation to the cause of death. Neonatal deaths, stillbirths and

spontaneous abortions were due to various causes which included hypoxia, 

bleeding during the first and second trimester of pregnancy, antepartum 

haemorrhage, intraventr icular haemorrhage, rhesus incompatibility, pregnancy 

induced hypertension, non-specific maternal and intrauterine infection.

Congenital abnormality of the stapes was seen in eight cases. This 

included distorted footplate of the stapes, a single posterior crus of the 

stapes in the centre of the footplate, fragile posterior crus with a bowed
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footplate, forward tilted stapes resting on the promontory, a small 

deformed footplate with a vestigial crus from the centre of the footplate 

and very slender posterior crus with a small and thickened footplate. 

(Figs. 5.185 to 5.192) In four cases there were only one and a half turns 

of the cochlea. (Figs. 5.193 to 5.198) A reduced number of spiral ganglion 

cells were seen in two cases. In two cases there were two turns of the 

cochlea. (Fig. 5.199) Other normal anatomical variations included 

dehiscence of the bony facial canal in seven cases and a bifid Vllth nerve 

in two cases. A wide modiolus and internal auditory meatus were also 

observed. (Fig. 5.200) Deficient interscalar septa were present in six 

cases. There was embryonic matrix present between the cochlea and 

vestibular divisions of the VUIth nerve in one case. (Figs. 5.201, 5.202)

Comment

Although sensorineural hearing loss is associated with some of the 

causes of death in these cases, congenital abnormalities of the ossicles or 

cochlea are not usually suspected. Therefore in such cases it would be 

reasonable to investigate these children for congenital abnormalities, for 

better management and rehabilitation.
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Fig. 5.185 Left 
middle ear 
show ing
haemorrhage (h>, 
monopod stapes 
(s) with a small 
footplate. 
Malleus <ra) and 
facial nerve 
(fn) (1)

Fig. 5.186 
Showing left 
raonopod stapes 
<s)f small 
footplate (fp) 
surrounded by 
haemorrhage 
<h) (2.5)

■

Sk



Fig. 5.187 Microslice showing stapes <s) with fused crura, tilted
towards the promontory

% S

cr

Fig. 5.188 Left 
middle ear 
showing an 
abnormal stapes 
(s) with thin 
fused crura (cr) 
and a small 
footplate <fp). 
Vestibule (v), 
facial nerve 
<fn> (1)



Fig. 5.189 Left microslice B undersurface showing embryonic
mesenchyme <em> and haemorrhage (h) in the middle ear. The 
stapes (s) with abnormal superstructure <3.8)

Fig. 5.190 Showing the right stapes (s) tilting on the promontory (1)
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Fig. 5.191 Left 
middle ear 
show ing the 
posterior crus 
of the stapes 
(s) tilted 
towards the 
promontory. 
Embryonic 
mesenchyme (em), 
malleus (m) <1)

Fig. 5.192 
Left middle 
ear showing 
anterior 
crus of 
the stapes 
(s) with 
narrow ing 
at the 
lower
third (arrow), 
normal 
anatomical 
variation. 
External 
auditory 
meatus (earn). 
Malleus <m>, 
incus (i), 
chorda tympani 
nerve (cn), 
facial nerve 
(fn), embryonic 
mesenchyme (em) 
(1)



Fig. 5.193 Left microslice A showing cochlea (c) and stapes <s) (3.8)

Fig. 5.194 
X-ray of 
left
microslice 
A (above) 
and B (below), 
showing superior, 
lateral and 
posterior 
semicircular 
canals (s)(l) 
and (p), 
cochlea (c) 
and internal 
auditory 
meatus (iam)
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Fig. 5 .195 Micros lice B undersurface showing one and a half turns of
the cochlea, external auditory meatus (earn), tympanic 
membrane (tm> and stapes (s)

Fig. 5.196 X-ray of microslice B showing cochlea <c), lateral (1) and
posterior (p) semicircular canals
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Fig. 5.197 
Midmodiolar 
section of the 
left cochlea (c) 
showing one and 
a half turns of 
the cochlea and 
scanty spiral 
ganglion cells 
(sg) (1)

Fig. 5.198 
Midmodiolar 
section of 
the right 
cochlea (c) 
showing two 
turns of the 
cochlea and 
scanty spiral 
ganglion cells 
(sg) (1)
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Fig. 5.199 Midmodiolar section showing two turns of the left cochlea
and deficient interscalar septum (arrow) (1)

’m l  • •

■am

Fig. 5.200 
Showing wide 
right modiolus 
(m) and internal 
auditory meatus 
(iam) (1)

I
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' M m  ■njgp
Fig. 5.201 
Showing the 
left internal 
auditory meatus 
(iam) with 
redundant 
embryonic tissue 
(arrow) between 
the cochlear and 
vestibular 
divisions of the 
auditory nerve 
and amorphous 
pink precipitate 
(pp) in the 
scala tympani 
and vestibuli 
<1>
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Fig. 5.202 
Showing 
redundant 
embryonic 
tissue 
between the 
vestibular
and cochlear 
division

*of the 4 ■ • . & iauditory 
nerve (1)
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CHAPTER 6 

CONCLUSIONS

The subject matter of this thesis falls conveniently into three parts.

1. A new technique for the histological processing of temporal bones has 

been described.

2. Normal histological stages in the development of the ear.

3. A temporal bone histological study of fetuses and neonates with 

genetic and non-genetic causes of hearing loss.

In each aspect the author has contributed to contemporary knowledge.

The development of new histological processing technique and the study of 

the normal histological stages of development of the temporal bone were 

essential to facilitate the c 1 in ico-pathological study of temporal bone 

anomalies associated with hearing loss in fetuses and neonates.

1. The microslice method of processing temporal bones was found to be 

quick and efficient. The new technique has been used for the first time 

for fetal and neonatal temporal bones. It is suggested that due to 

minimal calcification and the small size of the temporal bones in fetuses 

up to 17 to 18 weeks of gestation serial sections of the whole fetal head 

should be used, while in older fetuses and neonates the temporal bone 

should be removed and processed by the new microslice method. 

Occasionally disruption of the membranous structures occurred in very
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small temporal bones in fetuses at 18 to 20 weeks of gestation period due 

to the impact and subsequent vibration of the microslice. In selected 

cases where information was sought on specific membranous structures in 

very small temporal bones, serial sections should be used.

2. Histological changes in the normal development of the fetal ear were

consistent with studies of the previous workers. Stemming from this study 

the author has suggested simple reliable criteria for determining 

approximate fetal age from histological stges in development of the 

tympanic ring, ossicles, mastoid antrum and otic capsule. Histological 

sections of fetal heads and temporal bones of 50 cases were studied

blindly (i.e. without obstetric and post mortem data) and the observed

fetal age compared with the gestational age as determined subsequently

from the data of the last menstrual period. The coefficient of correlation 

was significantly improved from that of the relationship between 

crown-rump length and gestational age which have their own self evident 

inherent inaccuracies. Where feasible the fetal age can more precisely be 

determined by studying differentiation of the membranous structures.

However, the latter is dependent on considerable expertise of temporal 

bone pathology, the absence of post mortem changes which particularly

affect the membranous structures, and the time required to examine all the 

sections of the temporal bone.

3. A cl in ico-pathological study of hearing loss

Although the above observations are important the raison d'etre of this 

thesis is:

A To confirm and extend the observed histological changes in genetic

and non-genetic clinical conditions of hearing loss that have and
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have not been previously studied, and where possible to increase 

current knowledge on the mechanism of hearing loss.

B To shed further light on deafness due to various non-specific causes 

previously studied, e.g. maternal rubella, and those not previously 

studied, e.g. anticonvulsant drugs during pregnancy, and the relevance 

of persistence of embryonic mesenchyme in otitis media.

The principal observation of the above clinico-pathological studies is that 

with one exception (i.e. Osteogenesis imperfecta), the histological 

abnormalities are not specific to any genetic or non-genetic condition. 

The pathological findings may be classified as:

(i) anatomical, (ii) inflammatory, (iii) degenerative, (iv) haemorrhage, (v) 

delayed differentiation, (vi) hydrops of the endolymphatic system.

A summary of the above anomalies in relation to various clinical 

conditions associated with hearing loss is outlined below:

(i) Abnormal anatomical findings include anomalies of the pinna and 

external auditory meatus, middle and inner ear anomalies.

a) Anomalies of the pinna and external auditory meatus

In this study low-set ears were seen in one case of anencephaly, and 

one case of Treacher Collins syndrome. Pre-auricular skin tags were 

seen in one case of anencephaly. A tortuous right external auditory 

meatus was seen in the case with pre-auricular skin tag. Microtia 

type III was also seen in the Treacher Collins syndrome. In the 

anencephalic cases the external auditory meatus ended in a bony 

atretic plate.

b) Middle Ear Anomalies

Ossicular abnormalities occur in isolation or may be associated with
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abnormalities of the external ear. The type and extent of ossicular 

abnormalities are variable. The malleus, except for the anterior 

process, is developed from the mesenchyme of the first arch. The 

anterior process develops from membrane bone. The incus,

superstructure of the stapes and part of the footplate develops from 

the second arch and the medial surface of the footplate of the 

stapes develops in the otic capsule. The ossicles are fully ossified 

and are of adult size by mid-term. Congenital unilateral ossicular 

abnormalities may not be detected early and may be diagnosed on 

routine school audiometry.

In this study abnormalities of the stapes were more frequent than 

those of the malleus and incus. In six cases out of 108, 

abnormalities of the malleus and incus were identified. The majority 

of them were associated with known syndromes. In 29 cases the 

stapes was abnormal - this was more common in the genetic, spina 

bifida and anencephaly case. The anomalies included fusion of the 

incus and stapes, absent ossicles, thin compressed crura of stapes, 

forward tilting of the stapes towards the promontory, monopod stapes 

and small, fixed and absent footplates. The stapes is the most 

commonly affected ossicle clinically and was confirmed in this study. 

The dual embryonic origin of the stapes may make it more vulnerable 

to congenital abnormalities. (Wells, Michaels, 1982)

A large artery in the middle ear, anterolateral to the stapes was 

seen in four cases; these include one case of maternal rubella, 

osteogenesis imperfecta, spina bifida and Down's syndrome. In all 

cases there were abnormalities of the superstructure of the stapes. 

The first two cases had therapeutic abortions performed at 18 and 26
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weeks respectively. The case of spina bifida was born at 23 weeks 

gestation period and died at the age of five days and the Down's 

syndrome case was born at 38 weeks and died at the age of 21 days.

All the surgical and h is topatho logical descriptions of the 

persistent stapedial artery in the middle ear have consisted of a 

larger artery traversing between the crura of the stapes. During the 

branchial stage of development each branchial arch corresponds with 

its aortic arch artery. The stapedial artery develops from the

proximal part of the hyoid artery at about five weeks, arising from

the internal acrotid artery. After traversing the floor of the middle

ear it pierces the blastema of the stapes which produce the foramen 

in the stirrup shaped stapes. It then enters the fallopian canal at

the level of the processus cochlear if orm is, leaving the canal it

passes anteriorly and superiorly in the middle cranial fossa. After 

shedding the supra-orbital branch the remainder forms the mandibular 

branch, which becomes vestigial by the seventh week.

It is significant in these four cases in which an abnormal

artery is seen in the middle ear, that there are also associated 

abnormalities of the superstructure of the stapes. The abnormal 

artery may be a remnant of the stapedial artery and there may be

other associated arterial abnormalities. The incidence of a

persistent stapedial artery varies from 1 in 5000 to 1 in 10,000 

(Davies 1967, Steffan 1968). This particular arterial anomaly as seen 

in these four cases has not been described previously.

Facial nerve anomalies consisted of an anteriorly situated facial 

nerve in one case of maternal rubella and in one case of Oculo- 

auriculo-vertebral dysplasia. A bifid vertical (middle ear) segment
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of the facial nerve was seen in five cases. The clinical significance 

and dangers of such anomalies are well recognised when surgical 

procedures in the middle ear are performed.

The stapedius muscle was absent in one case of anencephaly and one 

case of Treacher Collins syndrome.

b) Inner ear anatomical anomalies have consisted of reduced turns 

of the cochlea, dilated semicircular canals and vestibules - these 

would be consistent with Mundini type of dysplasia. The reduction in 

cochlea turns varied from two to one and a half turns. Sixteen out 

of 108 cases had a shortened cochlea. In five cases there were two 

turns and the rest had one and a half turns. Associated dilatation 

of the semicircular canals, mainly the lateral semicircular canal, was 

found in 13 cases and in one case the canals were small. Six cases 

also had dilated vestibules. This anomaly is not associated with a 

hearing loss. (Valvassori 1969) The spina bidif a, anencephaly and 

genetic groups were predominantly associated with inner ear 

anomalies. It is recognised that the length of the basilar membrane 

determines the hearing loss rather than the number of turns of the 

cochlea. Normal hearing has been demonstrated with two cochlear 

turns (Polvogt 1937). Thus two cochlear turns are not considered to 

be clinically significant and are to be regarded as a normal 

anatomical variation.

Deficient interscalar septum were seen in 18 cases. This is due 

to over-differentiation of the mesenchyme and is a normal variation 

and has no functional significance. In bony cochlear anomalies the 

basal turn is always present. This may be explained on the basis 

that the interscalar septum between the basal and middle turn is
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developed from the cartilage of the otic capsule and unlike the 

remaining interscalar septa which are formed by condensation and 

ossification of the mesenchyme. In one case three full turns of the 

cochlea were seen which is also a normal anatomical variation.

A large patent cochlear aqueduct was seen in four cases with 

reduced cochlea turns. Cerebrospinal otorrhea can occur

spontaneously in these cases via a fistula in the oval window 

membrane.

The surgical importance of dehiscence in the bony facial canal 

is all too familiar to otologists. This anatomical variation is seen 

in 17 cases near the oval window. After excluding the younger 

specimens, the bony facial canal was fully developed in 57 cases. 

Thus in only 30% there is dehiscence of the bony facial canal which 

is less frequent than seen by other investigators (Baxter 1971, 

Fowler 1961).

Other normal anatomical variations consisted of a laterally 

placed basal turn of the cochlea with a wide modiolus. Dehiscence of 

the bony carotid canal was also seen in two cases which may be of 

significance in squamous cell carcinoma of the middle ear (Michaels, 

Wells 1983). It is possible that this may also cause a pulsatile 

tinnitus in some patients where there may not be any other obvious 

aetiology.
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<ii) Inflammatory Changes

Otitis media is more frequent in neonates who are born pre-term. In 

this study 14 of the 32 (55%) neonates who died of various causes

had otitis media. Ten (80%) of these 14 cases were born pre-term. 

In a clinical study of 370 children with secretory otitis media it 

has been shown that the age of onset of first aural symptoms in 

these children was significantly earlier than in children born at 

term. It is suggested that persistence of embryonic mesenchyme in 

the middle ear may be a factor causing diminished aeration of the 

middle ear and thereby preventing drainage and ultimately delaying 

the resolution of otitis media. Therefore frequent examination of 

the ears in these children may result in early diagnosis and 

treatment of otitis media. Increased incidence of secretory otitis 

media in Down's syndrome among other factors may also be due to 

persistence of embryonic mesenchyme in the middle ear which causes 

reduced aeration and chronic secretory otitis media.

<iii) Haemorrhage

Haemorrhage in the middle ear, sea la vestibuli, sea la tympani and 

internal auditory meatus was a frequent finding. Haemorrhage in the 

middle ear was seen in 34 out of 108 cases (31%), in the scala 

vestibuli and tympani in 29 cases <27%) and in 40 cases (37%) in the 

internal auditory meatus. In five cases (5%) there was haemorrhage 

in the scala media. Only eight (7.4%) of the total 108 cases were 

born at 37 weeks or more, thus the majority of the specimens were 

from premature births. Only one of the eight term births had 

haemorrhage in the scala tympani and internal auditory meatus (12.5%)
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and two (25%) haemorrhage in the middle ear. Haemorrhage in the 

middle ear and inner ear is more frequent in the premature infant.

(iv) Degenerative Changes

Degenerative changes in the hair cells of the cochlea are always 

interpreted with caution in preparations for light microscopy. In 

this study only those cases where the specimens were fixed within 24 

hours of death have been taken into consideration. In cases where 

haemorrhage in the scala media was associated with degeneration of 

the hair cells of the organ of Corti, these changes are also 

considered to be of pathological significance. Cases in which there 

was obvious disruption due to slicing or other artefacts have been 

excluded. After exclusion of all the above categories only 55 cases 

qualified for interpretation of the state of the hair cells of the 

organ of Corti. Of these, 25 cases showed degeneration of the hair 

ce 1 Is.

(v) Delayed Differentiation of Middle and Inner Ear

Early maternal infection by rubella virus, that is in the first 12 

weeks of pregnancy, produces pathological lesions in the cochlea 

causing delay and/or non-differentiation of the organ of Corti 

resulting in profound deafness. The developmental delay appears to 

correspond with the time of maternal infection. Infection after 12 

weeks causes degenerative changes in the cochlea. Abnormalities of 

the stapes is the main feature of the conductive element in mixed 

hearing loss due to maternal rubella.
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(vi) Hydrops of the Endolymphatic System

Hydrops of the endolymphatic system seen as the ballooning of the 

Reissner's membrane was seen in five cases, with rupture of the 

endolymphatic sac and duct in one case. One child in the maternal 

rubella group had hydrops in all the turns of the cochlea. According 

to Schuknecht, hydrops is characteristically absent in viral 

infections. This child had nystagmus and imbalance during his life 

and endolymphatic hydrops was seen at post mortem.

Anencephaly is incompatible with life. Differentiation of the middle 

and inner ear continues despite the lack of differentiation of brain 

tissue, but abnormalities of the bony amd membranous labyrinth are 

significantly high. "Mirror image" development of the ear occurs in 

Siamese twins, which has an interesting histological appearance. 

Spina bifida is compatible with life. Impaired hearing is not a 

feature associated with spina bifida, but two cases presented in this 

study show an abnormal stapes in one case and a cochlea with one and 

a half turns, which may result in a conductive and sensorineural 

hearing loss. It is therefore suggested that it would be appropriate 

to ascertain the hearing threshold at a very early age in children 

with spina bifida.

Non-specific conditions

Congenital impairment of hearing is associated with hypoxia in the pre

natal period, pregnancy induced hypertension, rhesus incompatibility, 

intraventr icular haemorrhage, bleeding during the first and second 

trimester of pregnancy, antepartum haemorrhage and non-specific maternal
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and intrauterine infection. Although the pathogenesis of the hearing loss 

is not clear congenital abnormalities of the middle and inner ear are not

suspected as a possible associated factor of deafness. 78 temporal bones

from 54 such cases were examined.

Abnormal stapes were observed in eight cases. In two cases, where 

death was due to anoxia at borth in one case, and intraventr icular 

haemorrhage in the other, the cochlea had one and a half turns with 

reduced number of spiral ganglion cells. These observations should alert 

clinicians to exclude bony cochlea abnormalities by computerised 

tomography before ascribing the semicircular canal hearing loss to anoxia. 

This may be of significance in medico-legal cases.

Congenital conditions in which the temporal bone pathology has not

previously been studied include Edwards' Syndrome, Potter's Syndrome, 

Treacher Collins Syndrome, anencephaly and spina bifida.

Edwards' Syndrome - malformed pinna with paper-thin cartilage, atresia of 

the external and internal auditory meatus have been mentioned by one

previous worker as a feature of this syndrome. In this first histological 

study of the temporal bone the only significant pathology was scanty 

spiral ganglion cells and degeneration of the hair cells of the organ of 

Corti which may cause impairment of hearing. The interesting histological 

observation was that the interscalar septum between the basal and middle 

turn of the cochlea which is developed from cartilage, consisted of 

mesenchyme as in the development of the interscalar septum between the 

middle and apical turn. While this is of no clinical significance, its 

association with paper-thin cartilage of the pinna, the possibility of a
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defect in the development and maturation of cartilage may be an additional 

feature of this syndrome.

Potter's Syndrome - Floppy pinnae with ossicular abnormalities may be

associated with this syndrome, in this first histological study of the

temporal bone no significant abnormalities were seen.

Abnormalities of the pinna, external auditory meatus, ossicles and facial

nerve which explain the conductive hearing loss in Treacher Collins

Syndrome are consistent with the range of deformities observed in previous 

studies. The pathogenesis of the infrequent association of sensorineural 

hearing loss in these cases may be explained for the first time by the

scanty spiral ganglion cells observed in two cases in this study and one

of these also had one and a half turns of the cochlea.

Finally investigations to exclude congenital abnormalities in all the

known or suspected non-specific cases of congenital sensorineural hearing 

loss should help in better management and rehabilitation of these children.

Profuse haemorrhge in all the turns of the cochlea with degeneration

of the organ of Corti was observed in one case where death was due to

pre-eclampsia. To the author's knowledge this is the only temporal bone 

study. These changes may explain the pathology of hearing loss in these 

children.

No significant abnormalities were seen in histopathology of two cases 

whose mothers had had anticonvulsant drugs throughout pregnancy.

Although facial and other teratogenic effects are known to occur, in this



study no adverse effects were noted in the developing ear due to 

anticonvulsant therapy during pregnancy.

It is hoped that this thesis will contribute to an increased 

awareness and understanding of the pathogenesis of congenital hearing loss 

and may help to prevent it, particularly in the non-genetic group. Early 

detection and rehabilitation of other groups is important. There still 

remains a small group in whom there is no obvious aetiology; 

nevertheless, follow-up of these cases is important to ensure that at 

least their offspring should be included in the 'at risk' register should 

they be born with a hearing loss as they may well eventually be shown to 

be autosomal recessive genetic disorders.
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SUMMARY

1. A new histological processing technique for the study of temporal 

bone pathology has been described.

2. Histological stages in the normal development of the ear have been 

described, using the new technique and serial sections of the fetal 
head.

3. Ossification of the auditory ossicles, otic capsule and development of 

the mastoid antrum may be used as an additional criterion for 

determining fetal age at autopsy.

4. Normal absorption of the middle ear embryonic mesenchyme during 

development is presented; its persistence in early post-natal life is 

adduced as a factor in secretory otitis media in neonates, 

particularly in pre-term children and in Down's syndrome.

5. A histopatho logical study of 108 cases (171 temporal bones) from 

therapeutic and spontaneous abortions, still births and neonatal 

deaths, together with the obstetric and medical history and post 

mortem findings, have been studied. These included known non-genetic 

and genetic causes of congenital hearing loss.

With the exception of osteogenesis imperfecta the abnormalities noted 

are not specific to any condition. The main pathological changes consisted 

of: i) Abnormal anatomical findings - normal anatomical findings have also 

been noted; ii) inflammation; iii) degenerative changes in the organ of
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Cortland stria vascularis; iv) haemorrhage in the middle and inner ear 

and internal auditory meatus; v) delayed differentiation; vi) hydrops of 

the endolymphatic system. The temporal bone pathology has been described 

in several genetic and non-genetic conditions for the first time.

Based on these changes, an attempt has been made to explain the 

pathophysiological basis of congenital hearing loss in cases where the 

aetiology is not clear.

This is the first and to date the largest fetal temporal bone study 

in the United Kingdom. It is hoped that this thesis will generate further 

interest and research in the understanding of diseases of the ear.
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C O N T R I B U T I O N S

1. This is the first comprehensive fetal temporal bone study in the 

United Kingdom.

2. A new histological processing technique for the study of the temporal

bone has been described and used in this study. The merits of this

technique include i) reduction in processing time from nine months to

a few days, ii> allows both macroscopic and radiological examination 

of aural pathology for the first time, iii) it also allows surface 

preparation and other staining techniques to be made in the same 

specimen.

3. The rapidity and simplicity of the new method may also encourage 

general pathologists to include examination of the temporal bone at 

routine autopsy.

4. H is topatho logical changes in the normal developing ear have been

studied using the above processing technique which confirms the 

findings in previous studies in the United States. As far as the

author knows this is the first such study in the United Kingdom.

5. Absorption of emmbryonic mesenchyme in the middle ear is studied in

detail and its persistence is adduced as a factor in chronic

secretory otitis media especially in pre-term and Down's syndrome 

children.

6. Examination of the ossification of the auditory ossicles, otic 

capsules and mastoid antrum may be used as an additional factor in 

determining the fetal age at autopsy.
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7. New temporal bone studies that have been added to the literature

include cases of Potter's Syndrome, Edwards' Syndrome, Spina Bifida, 

anencephalic Siamese twins and fetuses whose mothers had

anticonvulsant therapy during pregnancy. New histopathological 

findings described include those seen in a case of oculo-auriculo- 

vertebral dysplasia.

8. The thesis includes the largest single temporal bone study of fetuses

with maternal rubella. These observations suggest that infection up 

to the first twelve weeks of pregnancy may cause delay in

differentiation and/or development of the ear while infection in the 

latter weeks predominantly causes degeneration.

9. Congenital anomalies of the cochlea and ossicles may be an additional

cause of impaired hearing in children in whom the cause of hearing 

loss is associated with non-specific conditions such as hypoxia, 

intraventr icular haemorrhage, bleeding during pregnancy, rhesus

incompatibility and non-specific intrauterine infections. Such 

anomalies would be relevant in medico-legal cases particularly in 

children who have had hearing loss and other defects such as mental 

retardation due to anoxia at birth and rhesus incompatibility.



- 337 -

REFERENCES

ADAIR-DIGHTON C.A., 1912. Four generations of blue sclerotics.
Opthalmoscope 10: 188-189.

ALBRIGHT F., REIFENSTEIN E., 1948. The parathyroid glands and metabolic 
bone diseases. Baliere, Tindall & Cox, London.

ALPORT A., 1927. Hereditary familial congenital haemorrhagic nephritis. 
British Medical Journal (London) 1: 504.

ALTMANN F., KORNFELD M., 1967. Osteogenesis imperfecta andotosclerosis:
new investigations. Annals of Otology, Rhinology and Laryngology (St 
Louis) 76: 89-104.

AMES M.D., PLOTKIN S.A., WINCHESTER R.A., THOMAS A.E., 1970. Central
auditory imperception - A significant factor in congential rubella 
deafness. Journal of the American Medical Association (Chicago) 213: 
419-421.

ANDERSON H., WEDENBERG E., 1970. Genetic disposition - A prerequisite
for maternal rubella diseases, Archives of Otolaryngology (Chicago) 
91: 141-147.

ANSON B.J., 1933. The distant projection of the endolymphatic sac in human 
embryos. Anatomical Record (New York) 57:53-58.

ANSON B.J., 1934. The early development of the membranous labyrinth in
mammalian embryos, with special reference to the endolymphatic duct 
and the utriculo-endolymphatic duct. Anatomical Record (New York) 
59: no. 1, 15-25.

ANSON B.J., 1940. Major features in the developmental history of the human 
stapes. Quarterly Bulletin of the Northwestern University Medical 
School 14: 250257.

ANSON B.J., BAST T.H., 1946. The development of the auditory ossicles and
associated structures in man. Annals of Otology, Rhinology and 
Laryngology (St Louis) 55: 467-494.

ANSON B.J., BAST T.H., 1958. Development of the otic capsule of the human
ear. Quarterly Bulletin of Northwestern University Medical School 32: 
No. 2 157-172.

ANSON B.J., BAST T.H., 1958. Anatomical structure of the stapes. Annals 
of Otology, Rhinology and Laryngology (St Louis) 67: 390-399.

ANSON B.J., BAST T.H., 1959. Development of the stapes of the human ear.
Quarterly Bulletin of Northwestern University Medical School 33: 44- 
59.

ANSON and DONALDSON, Third Edition 1981. Surgical Anatomy of the temporal 
bone. W.B. Saunders Company, Philadelphia, London.



- 338 -

ANSON B.J., CAUDWELL M.D., BAST T.H., 1947. The fissula ante fenestram
of the human otic capsule. Development and normal adult structure. 
Annals of Otology, Rhinology and Laryngology (St Louis) 56: 957-985.

ANSON B.J., CAULDWELL E.W., 1942. The developmental anatomy of the human
stapes. Annals of Otology, Rhinology and Laryngology (St Louis) 
LXXXII 51: 891-904.

ANSON B.J., CAULDWELL E.W., 1943. Stapes, fissula ante fenestram and
associated structures in man from fetuses 75 to 150 mm. in length.
Archives of Otolaryngology (Chicago) 37: 650-671.

ANSON B.J., CAULDWELL E.W., REIMANN A.F., 1944. Terminal stages in the
development of the human stapes. Annals of Otology, Rhinology and
Laryngology (St Louis) 53: 42-53.

ANSON B.J., HANSON J.S., CHAN S.F., 1960. Early embriology of the auditory
ossicles and associated structures in relation to certain anomalies 
observed clinically. Annals of Otology, Rhinology and Laryngology (St 
Louis) 69: 428-447.

ANSON B.J., KARABIN J.E., MARTIN J., 1938. Stapes, fissula ante fenestram
and assocated structures in man. I. from embryo to seven weeks to
that of twenty one weeks. Archives of Otolaryngology (Chicago) 28: 
667-697.

ANSON B.J., KARABIN J.E., MARTIN J., 1939. Stapes, fissula ante fenestram
and associated strucures in man. II. From the foetus at term to the
adult of seventy years. Archives of Otolaryngology (Chicago) 29: 
939-973.

ANSON B.J., MARTIN J., Jr., 1948. Fissula ante fenestram. Its form and
contents in early life. Archives of Otolaryngology - (Chicago) 48 No 
3: 303-323.

BALKAN I T.J., MISCHKE R.E., DOWNS M.P., JAGEK B.W., 1979. Ossicular
abnormalities in Down's syndrome, Otolaryngology - Head and Neck 
Surgery (St Louis) 87: 372-384.

BAST T.H., 1930. Ossification of the otic capsule in human foetuses. 
Contributions to Embryology (no. 121) 21: 53-82.

BAST T.H., 1932. Development of the otic capsule. Archives of 
Otolaryngology (Chicago) 16: 19-38.

BAST T.H., 1938. Development of the otic capsule. The fissula post 
fenestram. Archives of Otolaryngology (Chicago) 27: 402-412.

BAST T.H., 1944. Perichondreal ossification and the fate of the
perichondrium with special significance to that of the otic capsule. 
Anatomical Record (New York) 90: 139-148.

BAST T.H., ANSON B.J., GARDNER W.D., 1947. The developmental course of
the human auditory vesicle. Anatomical Record (New York) 90: 55-69.



- 339 -

BAXTER A., 1971. Dehiscence of the fallopian canal. An anatomical study. 
Journal of Laryngology and Otology 85: 587-594.

BENDA C.E., 1960. The child with mongolism. Grune and Stratton, New York.

BERGSTROM L., JENKINS P., SANDOL, ENGLISH G.M., 1973. Hearing loss in
renal diseases: clinical and pathological studies. Annals of Otology, 
Rhinology and Laryngology (St Louis) 82: 558-577.

BERRY G., 1888. Note on Congenital Defect (coloboma) of the lower lid.
Royal London Ophthalmology Hospital, Rep. 12: 254-257.

BIRD A.V., 1969. Anticonvulsant drugs and congenital abnormalities.
Lancet (London) 1: 311.

BLANC W.A., BEANS G., 1960. Ear malformations, abnormal facies and
genitourinary tract anomalies. American Journal of Diseases of 
Children (Chicago) 100: 781-782.

BORDLEY J.E., BROOKHOUSE P.E., HARDY J., 1968. Prenatal rubella. Acta 
Oto-Laryngolica (Stockholm) 66: 1-9.

B0RT0N T.E., START E.W., 1970. Audio logical findings in hearing loss 
secondary to maternal rubella. Pediatrics 45: 225-276.

BRETLAU P., BALSLEU JORGENSEN M., JOHANSEN H., 1970. Osteogenesis
imperfecta. Light and electron microscopic studies of the stapes. 
Acta Oto-Laryngolica (Stockholm) 67: 269-276.

BROOKS D.N., W00LEY H., KANJILAL G.C., 1972. Hearing loss and middle ear
disorders in patients with Down's syndrome (mongolism). Journal of 
Mental Deficiency Research (London) 16: 21-29.

BRYAN E.M., NICH0LAS0N E., 1981. Congenital Syphilis, A Study of
Physical and Biochemical Aspects (PHILA). Clincial Pediatrics
(Philadelphia) 20: (2) 81-87.

CARRUTHERS D.G., 1945. Congential deaf-mutism as a sequelar of rubella
like maternal infections during pregnancy. Medical Journal of
Australia (Sydney) 1: 315-320.

CARTER C.O., 1974. Clues to the aetiology of neural tube malformations.
Developmental Medicine and Child Neurology (London) 16, Suppl. 32: 3- 
15.

COLLINS J. Treacher, 1900. Case with symmetrical congenital notches
in the outer part of each lower lid and defective development of the 
malar bones. Transactions of the Ophthalmological Societies of the 
United Kingdom 20: 190-191.

CONVERSE J.M., C0CCAR0 P.J., BECKER M., W00D-SMITH D., 1973. On
hemifacial microsomia, the first and second branchial arch syndrome. 
Plastic and Reconstructive Surgery (Baltimore) 51 No. 3: 268-279.



- 340 -

CONVERSE J.M., McCARTHY J.G., COCCARO P.J., WOOD-SMITH D., 1979.
Clinical aspects of cranio-facial microsomia. Symposium on Diagnosis 
and Treatment of Craniofacial Anomalies. C.V. Mosby Co., T. Louis: 
461-488.

CRAWFORD M., TOGHILL P., 1968. Alport's Syndrome of Hereditary Nephritis
and Deafness. Quarterly Journal of Medicine (Oxford) 37: 563-576.

DALSGAARD-NIELSEN E., 1938. Correlation between syphilitic interstitial
keratitis and deafness. Acta Ophthalmologica (Copenhagen) 16: 635- 
647.

DAVIES D.G., 1967. Persistent stapedial artery: a temporal bone report.
Journal of Laryngology and Otology (Ashford) 81: 649-660.

DE SA D.J., 1973. Infection and amniotic aspiration of middle ear in still
births and neonatal deaths. Archives of Disease in Childhood (London) 
48: 872-880.

DUBACH U., MINDER F., ANTNER I., 1966. Familial nephropathy and deafness,
first observation of a family and close relations in Switzerland. 
Helvetica Medica Acta (Basel) 33: 36-43.

EDWARDS J.H., HARNDEN D.G., CAMERON A., CROSSE V.M., WOLFF O.H., 1960. A 
new trisomy syndrome. Lancet (London) 1: 787-789.

ENGFELDT B., ENGSTROM A., ZETTERSTROM R., 1954. Biophysical studies of the
bone tissue in osteogenesis imperfecta. Journal of Bone and Joint
Surgery (Boston) 36B: 654-662.

EVANS M.W., 1947. Further observations on dental defects. Medical Journal 
of Australia (Sydney) 1: 280.

FITCH H., LACHANCE R.C., 1972. The pathogenesis of Potter's syndrome of
renal agenesis. Canadian Medical Association Journal (Ottawa) 107: 
653-656.

FOLEY J.O., 1931. Cytological processes involved in the formation of the
scalae of the internal ear. Anatomical Record (New York 49: 1: 1-11.

FOWLER E.P., 1949. The incidence and degrees of blue sclera in
otosclerosis and other ear disorders. Laryngoscope (St Louis) 59:
406-416.

FOWLER E.P. Jr., 1961. Variations in the temporal bone course of the 
facial nerve. Laryngoscope (St Louis) 71: 937-946.

FOX M.J., KRUMGIEGEL E.R., TEVESI J.L., May 15 1948. Maternal measles,
mumps and chickenpox as a cause of congenital anomalies: Lancet
(London) 1: 746-749.

FRANCHESCHETTI A., ZWAHLEN P., 1944. Un Syndrome Nouveau: la Dyostose
Mandibulo-faciale. Bulletin der Schweizerischen Akademie der 
Medizinischen Wissenschaftern (Basel) 1: 60-66.

FRIEDMANN I., 1972. Pathology of the ear. Blackwell, Oxford.



- 341 -

FRIEDMANN I., WRIGHT J.L.W., PHELPS P.D., 1980. Temporal bone studies in
anencephaly. Journal of Laryngology and Otology (Ashford) 94: 929- 
944.

FRIEDMANN I., WRIGHT M.I., 1966. Histopathological changes in the foetal
and infantile inner ear caused by maternal rubella. British Medical 
Journal (London) 2: 20-23.

FUJITA B., HAYDEN R., 1969. Alport's Syndrome. Temporal bone report. 
Archives of Otolaryngology (Chicago) 90: 453-466.

FULTON T., GIFFIN C.S., 1967. Audio log ical-o to logical considerations
with the mentally retarded. Mental Retardation (Washington) 5: 26-31.

FULTON R.T., LLOYD LL., 1968. Hearing impairment in a population of
children with Down's syndrome. American Journal of Mental Deficiency 
(Washington) 73: 298-302.

GERMAN J.A., KOWAL, EHLERS K.H., 1970. Trimethadione and human 
teratogenesis. Teratology (New York) 3: 349-362.

GLAUSKY L., 1966. Audiological assessment of a mongoloid population.
Tran. Sch. Bull. 33: 27-38.

GOLDENHAR M., 1952. Associations des malformations de l'oeil et de
l'oreille en particulier le syndrome dermoide epibulbaire - appendices
auriculaires - fistula auris congenita et ses relations avec la
dystosa mandibulo-fasciale. J. Genet, hum. 1: 243.

G00DHILL V., 1939. Syphilis of the ear, a his topatho logical study.
Annals of Otology, Rhinology and Laryngology (St Louis) 48: 676-706.

GORLIN R.J., JUE K.L., JACOBSEN U., GOLDSCHMIDT E., 1963. Oculo-auriculo- 
vertebral dysplasia. Pediatrics 63: 991-999.

GORLIN R.J., PINDB0RG J.J., 1964. Syndromes of the head and neck.
McGraw-Hill Book Co. Inc., New York.

GRUBB W.C., 1965. The first and second branchial arch syndrome. Plastic and 
Reconstructive Surgery (Baltimore) 36: 485-491.

GRAY J.E., 1959. Rubella in pregnancy - foetal pathology in the inner ear.
Annals of Otology, Rhinology and Laryngology (St Louis) 68: 170-174.

GREGG J., BECKER S., 1963. Concomitant progressive deafness, chronic
nephritis and occular lens disease. Archives of Ophthalmology
(Chicago) 59: 293-299.

GREGG N.M., 1941. Congenital cataract following german measles in the 
mother. Opthal. Soc. Australia, 3: 35-39.

HALL J.G., and ROHRT T., 1968. The stapes in Osteogenesis Imperfecta.
Acta Oto-Laryngolica (Stockholm) 65: 345-348.



- 342 -

HANSON J.R., ANSON B.J., BAST T.H., 1959. The early embyrology of the
auditory ossicles in man. Quarterly Bulletin Northwestern University 
Medical School 33 No. 4: 358-379.

HARRISON M.S., 1957. The Treacher-Collins-Francheschetti Syndrome.
Journal of Laryngology and Otology (Ashford) 71: 597-604.

HENAWAY J., WELSH G., 1970. Anencephaly: A Review and Interpretation in
Terms of Modern Experimental Embryology. Diseases of the Nervous 
System 31: 527-533.

HERBERTS G., 1962. Otological Observations on the Treacher-Collins 
Syndrome. Acta Oto-Laryngolica (Stockholm) 54: 457-465.

HILSON D., 1957. Malformation of ears as a sign of malformation of
genitourinary tract. British Medical Journal (London) 2: 785-789.

HUTCHINSON J., 1863. A Clinical memoir of certain diseases of the eye 
and ear consequent on inherited syphilis. J. Churchill, London.

IGARASHI M., TAKAHASTI M., ALFORD B.R., JOHNSON P.E., 1977. Inner ear
morphology in Down's syndrome. Acta Oto-Laryngolica (Stockholm) 83: 
(1-2) 175-181.

JACOBS P., BA IK IE A., COURT BROWN W., STRONG J., 1959. The somatic 
chromosomes in mongolism. Lancet (London) 1: 710.

JETT S., RAMSER J.R., FROST H.M., 1966. None turnover and osteogenesis 
imperfecta. Archives of Pathology (Chicago) 81: 112-116.

JOHNSON L.G., 1971. Degenerative changes and anomalies of the
vestibular system in man. Laryngoscope (St Louis) 81: 1682-1694.

JOHNSON L.G., AVENBURG K., 1981. Cochlear abnormalities in Alport's 
syndrome. Archives of Otolaryngology (Chicago) 107: 340-349.

KARM0DY C.S., SCHUKNECHT H.F., 1966. Deafness in congenital syphilis. 
Archives of Otolaryngology (Chicago) 83: 44-53.

KARM0DY C.S., 1969. Asymptomatic maternal rubella and congenital 
deafness. Archives of Otolaryngology (Chicago) 89: 720-726.

KELEMAN G., G0TTLIB B.N., 1959. Pathology of foetal ears after maternal 
rubella. Laryngoscope (St Louis) 6: 385-397.

KERR A.G., SMYTH G.DL. LANDAU H.D., 1970. Congenital syphilitic
labrynthitis. Archives of Otolaryngology (Chicago) 91: 474-478.

KERR A.G., SMYTH G.D.L., CINNAM0ND M.J., 1973. Journal of Laryngology and 
Otology (Ashford) 87: 1-12.

LINDSAY J.R., CARRUTHERS D., HEMENWAY W., HARRISON S., 1953. Inner ear
pathology following maternal rubella. Annals of Otology, Rhinology 
and Laryngology (St Louis) 62: 1201-1218.



- 343 -

LIVINGSTONE G., 1959. The establishment of sound conduction in
congenital deformity of the external ear. Journal of Laryngology and 
Otology (Ashford) 73: 231-241.

LLOYD AYCOCK W., 1946. Maternal diseases as a principle in the
epidemiology of congenital anomalies with a review of rubella. 
American Journal of the Medical Sciences (Thorofare NJ) 212; 306; 319.

LONGENECKER C.G., et al., 1965. Malformation of the ear as a clue to
urogenital anomalies. Plastic and Reconstructive Surgery (Baltimore) 
35: 303-309.

MANASSE P., 1917. A Hanbuch der pathologischen anatomie des menschliehen. 
Ohres. Atlas. Wiesbaden; J.R. Bergmann. Cited in Schuknecht 1987.

MAYER 0., FRASER J.S., 1936. Patholgical changes in the ear in late
congenital syphilis. Journal of Laryngology and Otology (Ashford) 51: 
683-755.

Me INTIRE M.S., MENOLASCINO F.J., WILEY J.H., 1965. Mongolism - some
clinical aspects. American Journal of Mental Deficiency (Washington) 
69: 794-800.

McMULIN G.I., 1971. Teratogenic effects of anticonvulsants. British 
Medical Journal (London) 2: 430.

MEADOW S.R., 1968. Anticonvulsant drugs and congenital abnormalities.
Lancet (London) 2: 129.

MEADOW S.R., 1970. Congenital abnormalities and anticonvulsant drugs. 
Proceedings of the Royal Society of Medicine 63: 12-13.

MERKIN B.L., 1971. Placental transfer and neonatal elimination of
dephenylhydantoin. American Journal of Obstetrics and Gynecology (St 
Louis) 109: 930-933.

MICHAELS L., GOULD S.J., WELLS M., 1985. The microslicing method in the
study of temporal bone changes in the perinatal period. Acta Oto- 
Laryngolica (Stockholm) (Suppl.) 423: 9-14.

MICHAELS L., WELLS M., FR0HLICH A., 1983. A new technique for the study of 
temporal pathology. Clinical Otolaryngology (Oxford) 8: 77-85.

MOORE L.K., 1988. The developing human - clinically orientated embryology.
Fourth Edition - 87.

MYERS G., TYLER H., 1972. The aetiology of deafness in Alport's syndrome.
Archives of Otolaryngology (Chicago) 96: 333-340.

NAGER F.R., 1952. Microscopic studies of ears of rubella infants. Pract. 
Otolaryngology (Basel) 14: 337-341.

NORTHERN J.C., DOWNS M.P., 1984. Hearing in children, 3rd edition, 67-68.

NORTHERN J.C., DOWNS M.P., 1984. Hearing in children, 3rd edition, 78.



- 344 -

OGILVIE R., HALL I., 1962. On the aetiology of otosclerosis. Journal of 
Laryngology and Otology (Ashford) 76: 841-889.

OPENHEIM 0., 1968. The stapes in osteogenesis imperfecta. Acta Oto- 
Laryngolica (Stockholm) 65: 345-351.

O'RAHILLY R., 1963. The early development of the otic vesicle in staged
human embryos. Journal of Embryology and Experimental Morphology 
(Cambridge Eng.) 2: 4; 741-758.

PASHAYAN H.D., PRUZANSKY AND PRUZANSKY S., 1971. Are anticonvulsants 
teratogenic? Lancet (London) 2: 702-703.

PATTERSON C.N., STONE H.B., III 1970. Stapedectomy in van der Hoeve's 
Syndrome. Laryngoscope (St Louis) 80: 544-558.

PERLMAN M.D., LECK J.H., 1952. Late congenital syphilis of the ear. 
Laryngoscope (St Louis) 62: 1175-1196.

PHELPS PD.f P0SWILL0 D„ LLOYD G.A., 1981. The ear deformities in
Mandibulofacial Dyostosis, Treacher Collins' Syndrome. Clinical 
Ophthalmology 1981, 6, (!): 15-28.

P0LV0GT L.M., CROWE S.J., 1937. Anomalies of the cochlea in patients with
normal hearing. Annals of Otology, Rhinology and Laryngology (St 
Louis) 46: 579-591.

P0SWILL0 D., 1974. Otomandibular deformity. Pathogenesis as a guide to
reconstruction. Journal of Maxillofacial Surgery (Stuttgart) 2: 64- 
72.

P0SWILL0 D., 1975. Haemorrhage in development of the face. Birth defects: 
Original Article Series XI, 7: 61-81.

POTTER E.L., 1946. Facial characteristics of infants with bilateral renal
agenesis. American Journal of Obstetrics and Gynecology (St Louis) 
51: 885-888.

QUICK C.A., FISH A., BROWN C., 1973. The relationship between cochlea and 
kidney. Laryngoscope (St Louis) 83: 1469-1482.

RAPIN I., RUBEN R.J., 1976. Patterns of anomalies in children with
malformed ears. Laryngoscope (St Louis) LXXXVI, 10: 1469-1502.

REES D.O., C0LLUM L.M.T., BOWEN D.I., 1972. Radiological aspects of oculo-
auriculo-vertebral dysplasia. British Journal of Radiology (London) 
45: 15-18.

RIGR0DSKY S., PRUNTY F., GLAUSKY L., 1961. A study of the incidence, types
and associated aetiologies of hearing loss in an institutional 
mentally retarded population. Tran. Sch. bull. 58, Vinaldn 30.

RINTELMANN W.F., 1976. Auditory manifestations of Alport's Disease
Syndrome. Transactions of the American Academy of Ophthalmology and 
Otolaryngology 82: 375-387.



- 345 -

RUBEN P.C., GRAIG G.F., GAVIN K., SUMMER D., 1986. Propsectlve survey of use 
of therapeutic drugs, alcohol and cigarettes during pregnancy. 
British Medical Journal (London) 292: 81-83.

SALMON M.A., 1978. H.M. & M. Publisher. Development defects and syndromes,
, Chap. 14: 338-341.

SCHUKNECHT H.F., 1974. Pathology of the ear. A Commonwealth Fund Book.
Harvard University Press, Cambridge, Massachusetts: 178-179, 181, 201.

SCHUKNECHT H.F., GULYA J.A., 1986. Anatomy of the temporal bone with 
surgical implications. Lea and Febiger, Philadelphia.

SCHUKNECHT H.F., 1987. Temporal bone collection in Europe and the United
States. Observations on a productive laboratory, pathologic findings 
of clinical relevance, and recommendations. Annals of Otology,
Rhinology and Laryngology, Supplement 130, Vol. 96, No. 3 Part 2, 3- 
19.

SHAMBAUGH G.A., Jr., 1959 edition. Surgery of the ear. W.B. Saunders Co., 
Philadelphia: 481.

SHEA J.J., SMYTH G.D.L., ALTMANN F., 1963. Surgical treatment of the hearing 
loss associated with osteogenesis imperfecta tarda. Journal of
Laryngology and Otology (Ashford) 77: 679-690.

SMITH D.W., THERMANN E., PATAU K., INHORN S.L., 1962. The no. 18 trisomy 
syndrome. Pediatrics 60: 513-527.

SPECTOR G.J., LEE D., CARR C., DAVIS G., SCHNETTGOCCHE, STRAUSS M., ST LOUIS
M.O., RAUCHBACH E., 1980. Later stages of development of the periotic 
duct and its adjacent area in the human fetus. Supplement No. 20 XC 
No. 5, part 2: 1-31.

STEFFEN T.N., 1968. Vascular anomalies of the middle ear. Laryngoscope 
(St Louis) 78: 171-197.

STREETER G.L., 1957. On the development of the membranous labyrinth and
the acoustic and facial nerves in the human embryo. American Journal 
of Anatomy (New York) 6: 139-165.

SWAN S., 1944. Congenital defects and maternal rubella. Trans. Ophthal.
Soc. Australia 4: 136.

TAMARI M.J., ITKIN P., 1951. Penicillin and syphilis of the ear. Eye 
Ear and Nose Monthly 30: 252-261, 301-309, 358-366.

TAYLOR W.C., 1965. Deformity of ears and kidneys. Canadian Medical 
Association Journal (Ottawa) 93: 107-110.

VALVASSORI G.E., NAUNT0N R.F., LINDSAY J.R., 1969. Inner ear anomalies:
clinical and histopathological considerations. Annals of Otology, 
Rhinology and Laryngology (St Louis) 78: 929-938.



- 346 -

VINCENT R.W. et al, 1961. Malformation of ear associated with urogenital
anomalies. Plastic and Reconstructive Surgery (Baltimore) 28: 214- 
218.

WALEY A.P., SCHUKNECHT H.F., 1984. Concomitant occurrence of
cochleosaccular dysplasia and Down's syndrome. Archives of
Otolaryngology (Chicago) 1984 110: (7) 477-479.

WEINBAUM P.J., et al, 1986. Prenatal detection of a neural tube defect
after foetal exposure to Valporic Acid, Journal of Obstetric, 
Gynecologic and Neonatal Nursing (Philadelphia) 67: 31(S)-33(S).

WELLS M.D., 1986. The role of persistent embyronic mesenchyme in the
development of secretory otitis media. Proceedings of the 
International Conference on Acute and Secretory Otitis Media. Part I. 
Jerusalem, Israel. 17-22 November 1985. Kugler Publications 
Amsterdam.

WELLS M.D., MICHAELS L., 1982. Congenital abnormalities in perinatal 
deaths. Clinical Otolaryngology (Oxford) 7: 107-119.

WELLS M.D., PHELPS P.D., MICHAELS L., 1983. Oculo-auriculo-vertebral
dysplasia. A temporal bone study of a case of Goldenhar's Syndrome. 
Journal of Laryngology and Otology (Ashford) Vol. XCVII No. 8: 689- 
696.

WILSON J.G., 1977. Present status of drugs as teratogens in man.
Teratology (New York) 7: 3-16.

WILSON J.T., 1913. Observations upon young human embryos. Journal of 
Anatomy and Physiology (London) 48: 315-354.

WINTER J.S. et al, 1968. A familial syndrome of renal, genital and middle
ear anomalies. Pediatrics 72: 88-93.

WINTER L., CRAM B., BENOVETS J., 1968. Hearing loss in hereditary renal 
disease. Archives of Otolaryngology (Chicago) 88: 238-241.

WOLF, MAUGHAN A., 1967. Microcoscopic observations of temporal bones from 
the stillborn anencephalic of seven months. Review of Panamerican 
Otolaryngology and Bronchoesophagology 1: 54-58.

WOLFF D., 1934. Significant anatomic features of the auditory mechanism
with special reference to the late fetus. Annals of Otology,
Rhinology and Laryngology (St Louis) 43: 193-247.

WRIGHT J.L.W.,PHELPS P.D., FRIEDMANN I., 1976. Temporal bone studies in
anencephaly (1). Journal of Laryngology and Otology (Ashford) 90: 
919-927.

WULLSTEIN H., OGILVIE R., HALL, 1960. Van der Hoeve's Syndrome in mother
and daughters. Journal of Laryngology and Otology (Ashford) 74: 67-
83.



The Microslicing Method in the Study of Tem pora l  
Bone Changes  in the Perinatal Period: 
an Interim Report

L. M ICH A E L S, S. J. G O U L D  and M. W E L L S

From  the D epartm ent o f  P a tho logy, In stitu te  o f  Laryngology and  O tology and  
the D epartm en t o f  M orbid  A n a to m y, S choo l o f  M edicine, U niversity 
College H ospita l, L ondon , U nited  K ingdom

M ichaels L , G ould SJ, W ells M. T he m icroslicing m ethod in the study o f tem poral bone 
changes in the perinatal period: an interim  report. A cta O tolaryngol (Stockh) 1985; Suppl.
423:9-14.

The m icroslicing m ethod was used to  study  the tem poral bones o f 49 perinatal deaths in the 
gross. X ray o f the tem poral bones was an im portant part o f the investigation. The principle 
pathological changes w ere clearly  observed. They were: acute otitis media in two cases; an 
an terio r crural deform ity  o f the stapes in four infants and haem orrhage o f the apex o f the 
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rhage.
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Very low birth weight (VLBW) infants are known to be at an increased risk of sensori
neural hearing loss. This has been found in from 4 to 18% of such babies (1, 2, 3) as 
compared with an incidence of sensorineural hearing loss in children in general of 0 .5%  
(4). At University College Hospital,  London, almost all of the babies discharged from the 
neonatal unit between 1966 and 1977 have been studied for possible hearing loss. Of the 
366 children on whom auditory assessments were made, a total of 33 (9%) had some 
detectable hearing loss, although only in 13 (3%) was the deficit severe enough to require 
special educational provision. In pari icular, evoked response audiometry and elec trococh- 
leography have proved valuable methods o f  detecting hearing loss in VLBW  survivors and 
the study of this group of patients by such means is continuing at University College 
Hospital, London (5).

There has been little postmortem study on the hearing organ in perinatal deaths; thus the 
pathological basis for the hearing loss in V LBW  survivors is not known. In cases of 
hyperbilirubinaemia it is well known that the cochlear nucleus may be damaged by the 
toxic effect o f unconjugated bilirubin. The use of anti D prophylaxis has greatly reduced 
the incidence of this complication. There is little or no pathological evidence of cochlear 
damage in other conditions.

Pathological evidence of otitis media has been observed frequently in neonatal deaths (6, 
7). This is in keeping with a high incidence of conductive hearing loss in some surveys of 
neonatal cases (5, 8).

Spector et al. (9) studied the temporal bones of 52 neonatal infants of whom 28 had 
respiratory distress. They found that haemorrhage had extended from the subarachnoid 
space into perilymph spaces of the inner ear in 23 of these cases by a variety of pathways 
including the internal auditory meatus and cochlear aqueduct.

We present here a preliminary study of the temporal bone findings in 49 perinatal



Fig. I . M icroslice o f tem poral bone from new born infant o f 27 w eeks gestation. The middle ea r cavity 
contains a prom inent deposit o f prim itive m esenchym al tissue (outlined by arrow heads). N ote slit-like 
space adjacent to and surrounding stapes (.v). T he tym panic m em brane is seen as a fine dark  line 
betw een the two upper left a rrow heads. E xternal to this (i.e. above in the illustration) there is a white 
deposit o f vernix caseosa . x !3 .

deaths, as part of an ongoing project at University College, London, to ascertain the 
possible pathological changes which might be the basis of hearing loss in infants. The 
s tu d y  in c lu d e d  low birth weight infant deaths and those o f  normal birth weight. A  wide 
variety of pathological changes were associated with the deaths and there were some 
stillbirths. The temporal bones were all examined by the method of Michaels, Wells & 
Frohlich (10). This report provides us with an opportunity to assess the value of the 
method as a tool in the autopsy examination of the temporal bone for pathological 
changes.

MATERIALS A ND  M E T H O D S

A total of 49 cases have been examined up to the time of presentation of this report. In 
each case a full post-mortem examination was carried out in the course of which the 
temporal bones were removed. They were fixed in 10% formaldehyde solution and then 
subjected to microslicing by the method of Michaels et al. (10). Slices were cut at 3 mm 
thickness in each case. Each slice was examined and photographed under magnification 
using a dissecting microscope, subjected to X ray with a Faxitron laboratory X ray 
machine and examined for pathological changes. At the time of writing about one quarter 
o f the temporal bone slices have been so prepared and histological sections examined.



Fig. 2. M icroslice o f tem poral bone from new born infant o f 35 weeks gestation. The lower half o f the 
an terio r crus o f the stapes (S ) is m arkedly concave in its ou te r surface, the concavity appearing to fit 
the bulge o f the prom ontory  (F). The space betw een the two c ru ra  o f the stapes is occupied by red 
(dark) bone marrow. The footp late o f the stapes is m arkedly narrowed. x l3 .

RESULTS

Primitive m esenchym al tissue in m iddle ear cleft

The majority of specimens showed the middle ear cleft to be filled with primitive mesen
chymal tissue. This appeared as dark grey or reddish translucent material which filled the 
whole middle ear cleft up to about 25 weeks gestation. After that an opening develops in 
the mesenchyme at about the level of the stapes which is in continuity with the lumen of 
the Eustachian tube. This opening widens until by the fortieth week the whole of the 
middle ear cleft is free from primitive mesenchyme. An opaque white deposit is frequently 
seen external to the tympanic membrane. This is vernix caseosa which has entered the 
external auditory meatus from the amniotic fluid during foetal life (Fig. 1).

A cute otitis media

In two cases there was gross evidence of acute otitis media in that the mucosa of the whole 
middle ear cleft and osseous portion of the Eustachian tube was thickened, markedly 
congested and mucopurulent material was seen in the middle ear cavity. It is possible that 
histological examination will reveal the presence of acute inflammation of the middle ear in 
further cases.

D eform ity o f  stapes

In four cases direct and X ray examination of the stapes showed a distinct deformity. In 
each case the deformity possessed the following characteristics: (a) The lower half of the



Fig. 3. M icroslice o f newborn infant tem poral bone showing haem orrhage (dark) into apex of fundus 
o f internal auditory m eatus and adjacent m odiolus. The haem orrhage has separa ted  the fibres o f the 
cochlear division o f the 8th nerve, x 13.

anterior crus was markedly concave in its outer surface. This concavity appeared to fit 
into the bulge of the adjacent promontory, (b) Obturation of the stapes had not taken place 
and the space between the crura was occupied by red bone marrow, (c) As a result of the 
abnormal shape of the anterior crus the footplate was markedly narrowed (Fig. 2). The 
stapes in th e s e  c a s e s  appeared mobile when the fixed specimen was pushed to and fro.

H aemorrhage into the eighth nerve

In 12 cases haemorrhage was observed within the eighth nerve. This was always com
posed of bright red blood which had exuded at the apex of the fundus within the cochlear 
division of the nerve. No haemorrhage was seen in these cases within the subarachnoid 
space or within the internal auditory meatus external to the fundus region (Fig. 3). In three 
cases the vestibular division of the eighth cranial nerve was also affected by haemorrhage. 
There was also haemorrhage within the modiolus and the perilymph spaces of the cochlea 
in two cases. In those cases with haemorrhage in which histological preparations have 
been prepared the haemorrhage is seen to be composed of fresh blood only. Perl’s stain 
does not reveal haemosiderin in the area of haemorrhage or adjacent areas.

Extent o f  cochlear coiling

We have observed that a full degree of cochlear coiling is attained by the 13th week of 
foetal life. Deficient coiling of the cochlea of various degrees has, however, been frequent 
in serial sections of the temporal bone of perinatal deaths (11). When the slices of temporal 
bone in the present series were first observed it was felt that some of the cochleas had



deficient coiling. This was negated on X ray examination of a proportion of these by 
demonstration o f  the full two and one half turns; in other cases it was not certain even after 
X ray examination whether slightly deficient cochlear coiling was present or not.

DISCUSSION

The use of the microslicing method for examination of the 49 temporal bones has allowed a 
reliable gross pathological assessment to be made. This would not have been possible with 
the serial sectioning method. Processing of the microsliced specimens for histology is in 
progress. The resulting sections demonstrate cellular preservation which is superior to that 
seen in the products o f the serial sectioning method, because the microsliced specimens 
are subjected to a shorter period in acid for decalcification.

The use of the serial section method permitted Wells & Michaels (11) to detect minor 
deficiencies in cochlear coiling in their cases. With the microslicing method in the present 
study, detection of such abnormalities has proved difficult even with X ray examination. 
This may be because ossification of the interscalar septae has not yet taken place in some 
of the infants of early gestational age.

It is possible that the further histological examination may be of assistance in this 
respect. It may be helpful for semiserial sections of the cochlear portions of the micro
slices to be carried out in temporal bones in which there is a suspicion of deficient cochlear 
coiling on gross and X ray examination of the microslices.

The observation of as many as four cases with the same form of anomaly of the stapes is 
o f  interest. Many of the perinatal deaths in the study of Wells & Michaels (11) showed a 
deformity of the stapes, including the one described here. It is not known whether this 
present anomaly would be associated with a conductive hearing loss or whether, since 
mobility appears to have been retained, hearing would have been normal, had these babies 
survived.

The most frequent pathological change in this series was haemorrhage into the cochlear 
division of the eighth cranial nerve. In some cases haemorrhage involved also the vestibu
lar division, the modiolus and the perilymph cavities, but in no case was there the 
appearance of extension of haemorrhage from the subarachnoid space into the perilymph 
spaces described by Spector et al. (9). Haemorrhage into perilymph has often been 
observed at surgery, e.g. for otosclerosis, but significant numbers o f  cases developing 
sensorineural hearing loss subsequently have not been described.
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Congenital abnormalities of the ear in perinatal deaths

A study of temporal bone history was carried out on 15 cases of perinatal deaths. 
Specimens included cases of general abortion, abortion due to rubella, still births and 
postnatal deaths. In one case that survived for 7 years with congenital hearing loss 
the clinical and audiological findings were available as well as the temporal bone 
histology. Ten of the cases had abnormal stapes and 5 had a cochlear duct 
abnormality ranging from absence of one turn to complete distortion of the normal 
configuration. The possible role of maternal factors in the production of these 
abnormalities is discussed.

Keywords temporal bone congenital anomalies

died at the  age o f  7  years. H e had  o th e r  
associa ted  congenita l a bn o rm ali t ie s  an d  his 
tem po ra l  bones were availab le  for 
h is topa tho log ica l  exam ina tion .  The 
findings o f  the cochlear duct were s im ilar  to 
those foun d  in the perinata l  an d  in the 
rubella  g roups . We present here a 
histological s tudy  o f  the tem po ra l  bones o f  
this series o f  pa tients  and  the clinical and  
audiological findings o f  the child w ho  
survived until 7  years.

M ater ia ls  and methods

The tem pora l  bones were o b ta in ed  within 
24 h af te r  dea th  and  fixed in fo rm al saline 
for 2 weeks. T he  bones were decalcified in 
10°,, formic acid, deh yd ra ted  in a lcoho ls  
an d  em b edd ed  in low viscosity n i t ro 
cellulose. T w en ty  m icron  sections were cut 
and  every tenth section was s ta ined  with 
H & E.
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In a recent review on congenita l hearing  
loss1 the a u th o rs  have reviewed 108 articles 
on  inner  ear  anom alies  and  diseases 
associa ted  with inner ea r  anom alies  a nd  an  
a t tem p t  has  been m ade  to  in troduce  a new 
classification on labyrin th ine  anom alies .  
Nevertheless, little is kn ow n  o f  the 
p a tho lo gy  o f  congenital anom alies  o f  the 
tem p o ra l  bone o r  their frequency. F o r  this 
reason  it was felt w orthw hile  to exam ine the 
tem pora l  bones o f  a consecutive series o f  six 
perina ta l  d ea ths  from an obstetrics hospita l .

In teresting  findings were seen in this 
s tudy  in the  form o f  a b n o rm a l  an d  
incom plete  developm ent o f  the s tapes an d  
also o f  the cochlear duct. These unexpected  
findings p ro m p ted  the s tudy o f  the te m po ra l  
bones o f  8 cases w ho had  therapeu tic  
ab o r t io n s  for suspected or confirm ed 
rubella. A high p ro p o r t io n  ha d  an  
a b n o rm a l  stapes and  one case h ad  a 
shor ten ing  o f  the cochlear  duct. O ne  pa tien t 
with congenita l  sensorineural hearing  loss
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Results

C A S E S  O F  G E N E R A L  A B O R T I O N ,  S T I L L  

B I R T H S  A N D  P E R I N A T A L  D E A T H S  

( T A B L E  1 )

C ase I M a te rn a l  his tory. T his  consis ted  o f  2 
prev ious sp o n ta n e o u s  abo r t io n s .  A t 7 
weeks' gesta tion  she h ad  a b ro w n  sho w  
which was trea ted  with p roges te rone .  A t 13 
an d  14 w eeks’ ges ta tion  there  was vaginal 
bleeding. A t 24 weeks, a n te -p a r tu m  
h ae m o rrh ag e  was followed by s p o n ta n e o u s  
labour .  A p re m a tu re  m ale  in fan t,  weighing 
720 g was delivered. H e  was in tu b a te d  a n d  
ven tila ted  an d  died 10 h af ter  b ir th .  A t pos t  
m o r tem  there  was cerebra l  in fa rc t io n  
associa ted  with hyaline m e m b ra n e  disease. 
S imilar h is topa tho log ica l  findings were seen 
in bo th  tem po ra l  bones. T he  b o n y  p a r t i t io n  
between the middle  tu rn  a n d  ap ica l  tu rn  
was absent .  T h e  m o d io lu s  was 
underdeve loped  with dep le t ion  o f  g ang lion  
cells (F igure  1).

C ase  2 M a te rn a l  h is to ry . T h e  first 
p regnancy  ended  with a sp o n ta n e o u s  
a b o r t io n  a t  10 weeks. T h ere  was vag inal 
bleeding at 24 weeks d u r ing  the second  
preg nan cy  for which she h ad  a cervical 
su ture .  A t 25 weeks, p re m a tu re  s e p a ra t io n

o f  the  p lacen ta  caused  a co m ple te  a b o r t io n .  
Iden t ica l  h is topa tho log ica l  ch ang es  were 
seen in the right an d  left te m p o ra l  bones. 
T h e  d ev e lo pm en t o f  the s tapes  was 
incom ple te .  T he  head  an d  p o s te r io r  crus  
were absen t .  T he  a n te r io r  c rus  was 
rep resen ted  by a small bo ny  s tu m p .  T he  
foo t p la te  was n o rm al  (F ig u re  2). T h e  
m alleus  was ro ta ted  ho rizon ta l ly  an d  was 
large a s  c o m p a re d  with the incus (F igure  3).

C ase  3 M a te rn a l  h is tory. A t 12 w eeks’ 
g es ta t io n  p a t ien t  h ad  pa in  in the  right iliac 
fossa fo llow ed a week la ter  by a th rea tened  
a b o r t io n .  A t 16 weeks the  cervix was 
su tu red .  T h e  m e m b ra n e s  ru p tu re d  a t  30 
weeks, followed by a breech delivery. T he  
in fan t  co llapsed  3 0 m in  a f te r  bir th .  
D esp i te  in tu b a t io n  a n d  ven ti la t ion ,  dea th  
occ u r red  14 h later. Subep ica rd ia l  
h a e m o r rh a g e ,  cerebra l  in fa rc t ion ,  an d  
in t rau te r in e  p n e u m o n ia  were seen a t  po s t  
m o r te m .  H is to pa tho lo g ica l  findings o f  the 
tem p o ra l  bones  were identical on  b o th  
sides. T h e  stapes w as a b n o rm a l .  T h e  c ru ra  
a n d  h ead  o f  the stapes were absen t .  T he  
a n te r io r  p a r t  o f  the  foot p la te  w as displaced 
in the  m idd le  ea r  cleft (F igu re  4). T h e re  was 
com p le te  absence  o f  the  n o rm al 
c o n f igu ra t ion  o f  the co ch lea r  duc t with  no

F ig u re  I M id m o d io la r  
section o f the cochlea (24 
weeks). The bony partition 
between the middle and 
apical turns is absent 
(Arrow). The modiolus is 
underdeveloped with
depletion o f ganglion cells. 
M =  modiolus. H & E. 
x 10.5.
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Figure 2 (Case 2) (25 weeks) The develop
ment o f the stapes is incomplete. The 
head and posterior crus are absent. The 
anterior crus is represented by a small bony 
stump. M =  malleus; I =  incus; 
ME =  middle ear; FN =  facial nerve; 
FP =  foot plate; AC =  anterior crus; 
V =  vestibule. H & E. x 10.5.

bony  part i t ions (Figure 5). T here  was 
h aem orrhag e  in the basal tu rn  o f  the 
cochlea and  the internal aud ito ry  meatus.  
The  ganglion cells were depleted in num ber .

Case 4 M aternal  history. There  was a 
previous his tory o f  salmonella infection 
with ulcerative colitis, treated with steroids, 
this was followed by infective hepatitis. At 
17 weeks' gestation she had  shigella 
infection. At 37 weeks spon tan eou s  labour 
com m enced  and  in tram uscular  steroids 
were given. The fetal heart stopped  after  9 h 
followed by still birth. R etroplacenta l b lood 
clots were present.  D ea th  was due  to 
in t rapa r tum  hypoxia o f  u n kn ow n  cause 
associated with m aternal ulcerative colitis.

H is topa tho log ica l  changes in bo th  tem poral 
bones were identical. T he  m iddle  ear 
m ucosa  was oedem atous .  T he  incus and 
stapes were m alform ed.  T he  c ru ra  were thin 
an d  d is torted . The an te r io r  crus was no t in 
con tac t  with the foot plate (F igure  6). The  
coch lear  duct was shor tened . T he  hair  cells 
o f  the O rg an  o f  C o r t i  were degenerated. 
Reissner 's  m e m b ran e  was collapsed and  the 
stria vascularis was de tached  from the spiral 
ligament (F igure  7).

Case 5 M ate rna l  history. F irst p regnancy 
was a forceps delivery because o f  fetal 
distress.  At the second pregnancy , labour 
was spon taneous ,  at 39 weeks. Because o f  
ab n o rm a l  pelvimetric m easurem en ts  and  a

Figure 7 The cochlear duct is shortened (37 weeks)— 2 turns. The hair cells o f the Organ of C orti are degenerated. 
Reissner's membrane is collapsed and the stria vascularis is detached from the spiral ligament (Arrows). 
M =  modiolus; BC =  basal coil; I AM =  internal auditory m eatus; AC =  apical coil; MC =  middle coil. H & E.
x 7.5.
Figure 8 (Case 5) Horizontal section o f the middle ear (39 weeks). The stapes is malformed with an incomplete head 
and posterior crus. The whole stapes is tilted on the facial nerve, which is displacing the foot plate in the vestibule 
(Arrow). S =  stapes; V =  vestibule; AC =  anterior crus; FN =  facial nerve; ME -  middle ear. H & E. x 7.5
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Figure 3 (Case 2) Horizontal section o f the middle ear (25 weeks). The malleus is rotated horizontally and is large as 
compared with the incus. M =  malleus; I =  incus; ME =  middle ear. EAM =  external auditory meatus. H & E.
x 7.5.
Figure 4 (Case 3) the crura and head of the stapes are absent. The anterior part o f the foot plate is displaced in the 
middle ear cleft (30 weeks). M =  malleus; I =  incus; ME =  middle ear; FN =  facial nerve; V =  vestibule; 
LSC =  lateral semicircular canal. H & E. x 7.5.

Figure 5 M idm odiolar section o f the cochlea showing abnorm al configuration o f the cochlear duct with shortening 
and incomplete bony partitions (30 weeks). M =  m odiolus; C =  cochlea; I AM =  internal auditory meatus. H & E.
x 7.5.
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W J L

breech presentation  a caesarean  section 
was performed. R espira tory  efforts ceased a 
few m inutes  after birth, an d  in term it ten t  
positive pressure venti la tion was 
com m enced . G enera l cond it ion  o f  the 
neona te  gradually  deter io ra ted  a n d  death  
occurred  shortly  afterwards. H e ha d  low set 
ears , with w idespread hypodeveloped  
nipples, a single p a lm ar  crease an d  
undescended testes. C h ro m o so m e  analyses 
were norm al.  D ea th  was due  to  h ea r t  failure 
associated with hyaline m em b rane  disease 
an d  renal hypoplasia. H is topa tho log ica l  
changes in bo th  tem pora l bones were

similar. T h e  middle  ea r  m ucosa  was 
o ed em a to us .  T h e  stapes was m alfo rm ed  
with an  incom plete  head  an d  pos te r io r  crus. 
T he  w hole s tapes was ti lted on  the facial 
nerve, which was displacing the  foot p la te  in 
the  vestibule (F igure  8). T h ere  was 
ab n o rm a l  f ixation o f  the s taped ius  muscle. 
T h e  m iddle  tu rn  o f  the cochlear  duc t was 
absen t a n d  the  semi-circular cana ls  were 
d ila ted  (F igure  9). T he  O rg a n  o f  C o r t i  was 
degenera ted . T h e  spiral ligament an d  stria 
vascularis  were degenera ted  a nd  there  were 
basophilic  deposi ts  in the stria vascularis  
(F igure  10).

Figure 9 (Case 5) Shortened cochlear duct (39 weeks)—2 turns. AC =  apical coil; BC =  basal coil; M C =  middle 
coil; IAM =  internal auditory meatus. H & E. x7.5.

Figure 10 (Case 5) The Organ of Corti is degenerated (39 weeks). The spiral ligament and stria vascularis are 
degenerated and there are basophilic deposits in the stria vascularis (Arrow). SV =  scala vestibuli; ST =  scala 
tympani; RM =  Reissner's membrane. H & E. x7.5.

Figure 11 (Case 6) Horizontal section o f the middle ear with oedematous and haemorrhagic mucosal lining (40 
weeks) (Arrows). The crura o f the stapes are malformed. M =  malleus; I =  incus; ME =  middle ear; FN =  facial 
nerve; S =  stapes; V =  vestibule. H & E. x 7.5.

Figure 12 (Case 10) Horizontal section o f  the cochlea showing a completely abnorm al configuration o f the cochlear 
duct. Mondini-type (16 weeks). C =  cochlea; OC =  otic capsule. H & E. x 7.5.
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Case 6 M ate rna l  history. First p regnancy  
and  delivery were norm al.  S po n tan eo u s  
a b o r t io n  occurred  at 27 weeks du r ing  the 
second pregnancy. At the th ird  p regnancy ,  
she had minimal vaginal d ischarge an d  
d ia r rhoea  5 days before the onset o f  
spo n taneo us  labour.  A t 40 weeks fetal heart  
sounds  were heard  with difficulty an d  a 
dead male was delivered with forceps. 
D ea th  was due  to in t rap a r tu m  hypoxia  with 
entanglem ent and  co rd  com press ion .  
M econium  was present th ro u g h o u t  the 
airway. T he  umbilical co rd  was unusual ly  
long (91cm ) and  a small per ivascu lar  
haem orrhage  was present. Both small toes 
were dorsally  placed. H is topa tho log ica l  
changes o f  b o th  tem pora l  bones show  
similar changes. The tym pan ic  m e m bran es  
were haem orrhagic .  The m iddle  ea r  m ucosa  
was o edem a tous  and  h aem orrhag ic .  T h e  
c rura  o f  the stapes were m a lfo rm ed  
(Figure 11). T he  ou te r  an d  inner h a i r  cells o f  
the O rgan  o f  Corti  were o edem atous .  T here  
was part ia l  degenera t ion  o f  the ganglion  
cells.

C A S E S  O F  A B O R T I O N  F O R  M A T E R N A L  

R U B E L L A

Eight cases (Table  2) o f  suspected a n d /o r  
confirm ed rubella were studied. F o u r  o f  
these cases (11-14) h ad  an  ab n o rm a l  stapes 
a n d  o ne  case had  a m ondin i- type  
configu ra t ion  o f  the cochlear  duct 
(F igure  12). In case 11 therapeu tic  ab o r t ion  
was pe rfo rm ed  at 16 weeks. T he  c rura  and  
sup e rs tru c tu re  o f  the s tapes was absen t and  
the  foot p la te  was represented by a 
th ickened  unossified cartilage (F igure  13). 
C ase  12 was also a b o r ted  a t  16 weeks. 
Identical h is topa tho log ica l  changes were 
seen in b o th  tem p ora l  bones with a 
th ickened  unossified foot p late  (F igure  14). 
In case 13 therapeu tic  a b o r t io n  was 
p erfo rm ed  a t  18 weeks. Identical h is to
p a tho log ica l  changes were seen in bo th  
tem p ora l  bones. O nce  again  the 
sup e rs tru c tu re  o f  the s tapes was absen t with 
a th ickened  foot plate (F igure  15). In case 
14 there  was m aterna l  rubella a t  8 weeks 
with a live b ir th  at 40 weeks. T h e  infant died

Figure 13 (Case 11) Horizontal section o f the 
middle ear (16 weeks). The crura and 
superstructure o f the stapes is absent and the 
foot plate is represented by a thickened 
unossified cartilage. M =  malleus; I =  incus; 
ME =  middle ear; FN =  facial nerve; 
FP =  foot plate; V =  vestibule. H & E. 
x 10.5.
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Figure 14 (Case 12) Horizontal section o f fetal head showing left middle ear (16 weeks). M =  malleus; I =  incus; 
ME =  middle ear; FN =  facial nerve; S =  stapes; V =  vestibule; P =  pinna. H & E. x 7.5.

Figure 15 (Case 13) Horizontal section o f fetal head showing right middle ear (18 weeks), the stapes being represented 
by a thickened foot plate. M =  malleus; I =  incus; M E = m idd le  ear; S =  stapes; V =  vestibule. H & E. x7.5.

soon  after  birth. At post m or tem  the  cause  
o f  d ea th  was no t know n. Identical 
h is topatho log ica l  changes were seen in b o th  
tem p ora l  bones. The c rura  and  the stapes 
were ossified and  thickened. T he  head  o f  the 
s tapes was detached from the crura ,  
p ro bab ly  due to dam age  during  rem oval o f  
the tem po ra l  bones at post m o r tem . T he  
foot p la te  was represented by primitive 
mesenchym e in which there was evidence o f  
som e differentia tion into fibrous connective  
tissue an d  cartilage (F igure 16).

A C A S E  OF C O N G E N I T A L  H E A R I N G  LOSS  

W H I C H  S U R V I V E D  S E V E N  Y E A R S  

( C A S E  1 5 )

This is no t  a case o f  per ina ta l  death . It was 
felt necessary to include the  clinical and  
tem pora l  b o n e  h is top a tho lo g ica l  findings to  
d e m o n s tra te  the clinical significance o f  such 
anomalies .

M a te rn a l  h is tory . N o rm a l  four th  
pregnancy , sp o n tan eo u s  la b o u r  com m enced  
at 33 weeks an d  a four  p o u n d  m ale  was

Figure 16 (Case 14) 
Horizontal section of 
middle ear (40 weeks). The 
crura and the stapes are 
ossified and thickened. The 
head o f the stapes is 
detached from the crura 
(Arrows), probably due to 
damage during removal of 
the temporal bones at post 
mortem. FN =  facial nerve; 
S =  stapes; V =  vestibule. 
H & E. x 10.5.
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Figure 17 (Case 15) Audiogram of case o f congenital hearing loss which survived 7 years.

delivered by breech. There  was considerab le  
anoxia  at bir th  and  the infant was nursed  in 
an  incuba to r  for 24 h. Jaund ice  was present 
for a week. Paediatric deve lopm ent was 
reasonably  no rm al  except for delayed 
speech. He a ttended  the Nuffield Speech 
an d  H earing  C en tre  from the age o f  tw o 
an d  a h a l f  years an d  m ad e  good  progress .  
A n au d io g ram  (F igure 17) show ed a 
sensorineural hearing  loss o f  8 0 - 9 0 dB in all 
frequencies in the left ea r  a n d  a 90 dB 
hearing  loss a t  500, 2000 a n d  4000 H z in 
the right ear. This patient died at the  age o f  
7 years, 8 m on th s  d ue  to multiple  congenita l  
deformities. These deformities include 
absence o f  part  o f  the falx cerebri,  cysts in 
the floor o f  the fourth  ventricle, ven tr icu la r  
septal defect, pa ten t  duc tus  a rteriosus, 
left ureteric hypoplas ia ,  right acu te  
g lom erulonephrit is  an d  p u lm o n a ry  
hypertension. H istopatho log ical  changes  in 
the tem pora l bones consist o f  a dysplastic  
cochlear duct with degenera t ion  o f  the 
ou te r  and  inner  cells o f  the O rg an  o f  C o r t i  
(F igure 18). Reissner 's m e m b ran e  is 
collapsed an d  adheren t to the tectorial 
m em brane .

Discussion

a T im e o f  developm ent o f  the coch lear  duct 
and  the frequency o f  coch lear  abnorm ali t ies  
in perina ta l deaths.

b Freq uen cy  o f  an a b n o rm a l  s tapes in 
perina ta l  deaths.
c Role o f  m ate rna l factors in these 
anom alies .
d  Clinical significance o f  these anomalies .  
F o u r  out o f  the six cases in the  perinata l 
g ro u p  (Table  1) showed an  a b n o rm a l  
coch lear  duct. In cases 1. 4 an d  5 it is 
sho r tened  by one tu rn  and  in case 3 there  is 
a lm os t  a com plete  absence o f  norm al 
configura t ion . In all these cases there  is also 
degenera t ion  and  m a l fo rm atio n  o f  the 
O rg an  o f  C orti .  H ad  any  o f  these cases 
survived they would  u n d o ub ted ly  have no 
useful hearing.

A ccord ing  to A nson  & D o n a ld s o n 2 at 
app rox im a te ly  the 8 week stage the cochlea 
has fo rm ed one turn , at 10 weeks tw o turns, 
a n d  a t  the 25-week stage the coch lear  duct 
has  described a lm ost two an d  one  h a l f  tu rns  
an d  has virtually ob ta in ed  the form 
charac ter is t ic  o f  the adult .  H ow ever  it is not 
qu ite  c lea r exactly when the final tu rn  o f  the 
coch lear  duct is com pleted  between the 10 
a n d  24 weeks stage. The epithelium o f  the 
O rg a n  o f  C or t i  does not differentia te  into 
the definitive parts  in all tu rns  af ter  m id 
term . D ifferen tia tion  is m ore  rap id  in the 
basal tu rn ,  slowest in the apical turn . A t 21 
weeks the  tunnel o f  C orti  is present in all the 
tu rns  an d  at 25 weeks the O rgan  resembles 
th a t  o f  an  adult .
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Figure 19 (Case 7) M idm odioiar section o f 
the cochlea showing all the tw'o and a half 
turns o f the cochlear duct (13 weeks). 
AC =  apical coil: BC =  basal coil;
MC =  middle coil: OC =  otic capsule. H & 
E. x 10.5

Figure 18 (Case 15) Dys- 
plastic cochlear duct 
seen wath degeneration of 
the inner and outer hair cells 
o f  the Organ o f Corti (age 7 
years). M =  modiolus; 
BC =  basal coil;
MC =  middle coil;
IAM =  internal auditory 
meatus. H & E. x 10.5.

We have observed tha t  a t  13 weeks all the 
two an d  one  h a lf  tu rns o f  the  coch lear  duct 
are  seen as in case 7 (F igure  19). This 
show s tha t  as early as 13 weeks tw o and  a 
h a l f  tu rns  o f  the coch lea r  duc t are  
com ple ted .

In case 1 there  was vaginal bleeding a t  12, 
13 and  14 weeks a nd  a n te p a r tu m  
h a e m o rrh ag e  a t  24 weeks. In case 3 there  
was th rea tened  ab o r t io n  at 13 weeks an d  
cervical su tu re  inserted at 16 weeks. In case 
4 there  was severe Shigella D oydii infection
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at 17 weeks. In these three cases there  were 
abnorm ali t ies  o f  the cochlea. This  w ould  
suggest tha t  m ate rna l illness such as vaginal 
bleeding o r  severe infection m ay play  an 
im p o r ta n t  role in the a b n o rm a l  
developm ent o f  the cochlea duct an d  O rgan  
o f  C orti .

In the rubella g roup  (Table  2) only  o ne  o f  
the eight cases studied has an  a b n o rm a l  
configura tion  o f  the coch lear  duc t 
(Case 10). Perhaps a n te p a r tu m  
h aem orrh age  plays a m ore  im p o r tan t  role 
th an  virus infection in coch lear  duct 
abnorm alities.

The  clinical significance o f  the coch lear  
change in terms o f  hearing  loss is sh ow n  in 
case 13. A dysplastic cochlear duct show s a 
p ro fo u n d  sensorineural hearing loss. In  case 
14 (Table 2) the absence o f  an  ossified foot 
plate  m ay  be o f  clinical significance in tha t  
pa tients  m ay  be m ore  sensitive to acoust ic  
t r au m a  in the presence o f  a non-ossif ied 
foot plate.

In the g roup  o f  perina ta l dea ths  (T able  1) 
five ou t o f  six cases show  a m alfo rm ed  
stapes. Only case 3 has an  associa ted  
ab n o rm a l  incus. In the rubella g ro u p  
(Table  2) five out o f  eight cases also sh ow  an  
ab n o rm a l  stapes.

The stapes was the most co m m o n  ossicle 
affected. Its greater vulnerability  cou ld  be 
explained on the basis o f  its dual em bryon ic  
origin. The stapes is developed m ainly  from 
the second arch or Reichert 's  cartilage. T h e  
foot plate o f  the stapes is formed b o th  by 
the second arch cartilage and  the otic 
capsule. At 8 weeks the cartilage s tapes is 
ring shaped. At 16 weeks it has ch ang ed  its 
an n u la r  form to stapedial form. Ossification 
begins at 18 weeks in the stapes, the 
ossification centre is established on  the 
o b tu ra to r  surface o f  the stapes. At the 30 
week stage adult configura tion  is achieved, 
cartilage remains only on  the head  a n d  the 
base. At 9 weeks the fu ture  site o f  the 
vestibular w indow is indicated by the area  
in the lateral wall o f  the pre-osseous otic 
capsule  where the basal part  o f  the an n u la r  
stapes impinges on the wall o f  the vestibule. 
T h ro u g h  the a lteration  o f  its p recarti lage

the p o r t ion s  o f  the capsule  against which 
the s tapes now  rests i.e. the lam ina 
s taped ius  becomes p a r t  o f  the base o f  the 
ossicle. Peripheral to the oval zone thus 
dem arca ted ,  the tissue undergoes fur ther  
change  to  becom e the an n u la r  ligament.

Associa tion  o f  o th e r  congenita l 
abno rm ali t ie s  in this s tudy  was relatively 
in frequent .  Only two o f  the six cases show  
abnorm ali t ies  o f  this type (Table  1) case 5- 
h ad  low set ears, w idespread 
hypodeve loped  nipples, single p a lm a r  
crease a n d  undescended  testes an d  case 6 
had  dorsally  placed small toes. T he  specific 
vulnerabil ity  o f  the inner a n d  middle  ear 
m ay  be due  to the highly com plex  an d  early 
com plete  developm ent o f  the o rgan  o f  
hearing. This is also seen clinically where 
the sole a b n o rm ali ty  in m an y  children  with 
congenita l  hearing  loss is m o d e ra te  to 
severe sensorineura l hearing  loss.

W ith  m o dern  radio logy m any  
abnorm ali t ies  o f  the m iddle  an d  inner  ear 
can  be dem on s tra ted .  G ro ss  abnorm ali t ies  
o f  the coch lear  duct can  be seen on 
to m o g ram s  as in M ondin i- type  o f  
m a lfo rm a tio n .  This is associated with 
severe hearing  loss. T he  abo ve  s tudy shows 
various  degrees o f  coch lear  duct 
m a lfo rm a tio n  a n d /o r  incom plete  
deve lopm en t o f  the O rgan  o f  C orti .  H ad  
these cases survived they w ould  certainly 
have severe hearing  loss. T herefore  we 
suggest tha t  it m ay  be w orthw hile  
subjecting all patien ts  with congenita l 
sensorineura l  hearing  loss to  to m o g ra p h y  to 
corre la te  fu r ther  the degree o f  hearing  loss 
with the type o f  coch lear  abn o rm ali ty .  The  
la tter  m ay  also help in choosing  patients  for 
their suitability  for coch lear  im plants.  A 
better  u nd ers tand in g  o f  hearing  loss in 
re lation to  the abnorm ali t ies  o f  the inner 
an d  m iddle  ear  can  only  be achieved by 
h is topatho log ical  studies o f  the tem pora l 
bones o f  these patients.

Conclusion

This s tudy  has show n tha t coch lear  duct 
abnorm ali t ies  are  not u n co m m o n  in
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p er ina ta l  d ea th s  a n d  n o t  in f requen t ly  are  
associa ted  w ith  ab n o rm a l i t ie s  o f  the 
ossicles, in p a r t icu la r  th e  s tapes.  It w ould , 
therefore,  be rea so nab le  to  suggest th a t  cases 
o f  congen ita l  severe senso r ineu ra l  hea r ing  
loss are  a lso  associa ted  with oss icu la r  
abnorm ali t ie s .  T h e  im p o r ta n c e  o f  m a te rn a l  
fac tors  in c au sa t io n  o f  these  ab n o rm a l i t ie s  
has  been discussed. It is poss ib le  th a t  m o re  
aw areness  a n d  effort  in reduc ing  the  
m a te rn a l  ‘at r i sk ’ fac to rs  m ay  be beneficial 
in p reven t ing  these ab n o rm a li t ie s .  In view 
o f  the  clinical significance o f  this  w ork  
fu r th e r  h is to p a tho lo g ica l  stud ies  o f  
tem p o ra l  bones  from  p e r in a ta l  d e a th s  a re  
essential.
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Oculo-auriculo-vertebral dysplasia
A temporal bone study o f a case o f Goldenhar’s Syndrome

by

M e h e r  D . W e l l s ,  P . D . P h e l p s  and L. M i c h a e l s  (London)

H.K., a female infant, was born full-time to a 
29-year-old primigravida. The pregnancy 
was normal. Low Caesarian section was per
formed because of failure to progress. Birth 
weight was 400 g. The infant was intubated 
and oxygenated for two minutes.

Multiple congenital anomalies were noted 
(Fig. 1). These included a hypoplastic left 
mandible, a shallow pit representing the left 
external auditory meatus, and an inferior fold 
of skin for the left pinna. The left nostril was 
totally obliterated, the neck was short, and

the left eye was small. There was no percep
tion of light on the left side and the baby was 
thought to be partially sighted. Chromo
some analysis was normal.

Limited radiological investigations were 
undertaken a few days after birth. These 
showed hypoplasia of the whole of the left 
side of the face. The orbit and the ramus of 
the mandible in particular were smaller on 
the left side than on the right.

Multi-directional tomography of the 
petrous temporal bones showed that the right 
petrous bone was normal with normal 
ossicles, oval window and cochlea. On the 
left side there was dilatation and dysplasia of 
the lateral semi-circular canal and absence of 
the oval window (Fig. 2). The left internal 
auditory meatus was narrower than the right. 
There was a small, opaque middle ear cavity, 
but no ossicles could be identified. There was 
a thin, bony atretic plate. The facial nerve 
was probably anteriorly situated, as no 
Fallopian canal or pyramidal eminence was 
demonstrated.

The infant had frequent cyanotic attacks 
and died at the age of 14 weeks.

Post Mortem
At post-mortem examination, there was 

massive collapse of the lungs with sub-pleural 
haemorrhages. The right ventricle was hyper
trophied, with a high septal defect measuring 
about 1.5 cms. The pulmonary arteries were 
hypoplastic, with a bicuspid valve. The 
trachea and main bronchus contained 
inhaled food. The digestive tract, liver, 
spleen, adrenals and kidneys were normal.

Fi g . 1

Hemifacial m icrosom ia  with underdevelopm ent o f  the 
left side o f  the mandible and small orbit.

6 8 9
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F ig . 2

C o ro na l  section to m o g ra m  at the level o f  the vestibules show ing  a no rm al oval w indow  on the right. O n the left 
there  is no  oval w indow  and  the middle ea r  cavity  is small (arrow), with no ossicles.

The base of the skull was asymmetrical, with 
a hypoplastic left petrous temporal bone. 
This was removed for histopathological 
study as well as the globe o f  the left eye.

Temporal Bone Findings
There was atresia of the external auditory 

meatus. The middle ear was hypoplastic. The 
malleus, incus and stapes were absent (Fig. 
3). The round window was present but the 
oval window was absent (Fig. 4). The facial 
nerve was bifurcated and ran anteriorly (Fig. 
5). The eustachian tube was present, but 
medially it did not communicate with the 
rudimentary tym panum  (Fig. 6). It was also 
surrounded by chronic inflammatory tissue 
with neutrophils in the lumen. Mastoid air 
cells were not present. The bony cochlear 
duct was shortened (Fig. 7), consisting of one 
and three-quarter turns only. The organ of 
Corti and spiral ligaments were normal. The 
stria vascularis was degenerate (Fig. 8). 
There was minimal hydrops in the ‘middle 
turn’, with ballooning of Reissner’s 
membrane. A short, dysplastic superior semi
circular canal was present. There was 
mesenchymal tissue present between the 
membranous and bony canal. A very short 
and dilated lateral semi-circular canal was 
also seen, with a malformed crista (Fig. 9). 
The posterior semi-circular canal was 
present. The eighth cranial nerve was

present, but the spiral ganglion cells were 
absent (Fig. 10).

Pathology o f the Eye
Macroscopic examination: There was 

some opacification of the cornea and slight 
bulging of the sclera in the post-temporal 
region. The opened globe showed 
depigmentation in the macula region with 
some further scattered areas of pigment 
dispersion in the choroid and iris. There was 
persistence of the hyaloid artery and some 
apparent cupping of the optic disc.

Microscopic examination: The cornea 
showed an apparently complete absence of 
Bowman’s membrane, with mild atrophy of 
the overlying epithelium. The iris appeared to 
be incompletely developed, being adherent to 
the back of the cornea and represented 
centrally by pigment epithelium alone. There 
was no sign of trabecular meshwork and the 
long-drawn-out ciliary processes extended on 
to the back of the lens. The peripheral retina 
also extended across the posterior chamber 
to reach the lens. The lens itself had changes 
consistent with an early cataract, with spread 
of epithelium posteriorly, where there was 
also an apparent deficiency of the capsule. In 
the sections studied there was no marked 
abnormality of the retina or choroid, 
although there was definite cupping of the 
optic nerve head.
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E A M

Fig . 3

T em pora l  bone section showing atresia  o f  the external aud ito ry  m eatus  (E A M ) and hypoplas tic  middle ear  cleft 
(M E C )  filled with m esenchym al tissue. The malleus, incus and s tapes are absent. H aem atoxylin  and Eosin

(H E ) x 10.

Fig . 4

T em pora l bone section showing the scala  vestibuli (SV), scala  tym pan i (ST) and round  window m e m bran e  (RW).
T he  oval w indow  is absent. (H E  x 10).
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MEC

Fig . 5

T em pora l  bone section showing the middle ea r  cleft (M E C ) and the facial nerve (F N )  which is anterior and 
bifurcated. The lateral semi-circular canal (L SC ) is short and dilated. The utricular m acula  (U M ) is also seen. (H E

x 10).

F ig . 6
Tem pora l  bone section showing the eustachian  tube (ET). Medially it does not com m unica te  with the rud im entary

ty m p an u m . Facial nerve (FN ). (H E  x 10).
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Fig . 7

Mid m odular section o f  the tem poral bone showing a shortened bony cochlear duct consisting o f  one and three- 
quarter  turns only. Internal auditory meatus (IAM). (H E  x 10).

Fig . 8

Tem pora l bone section showing the cochlea. The stria vascularis (SV) is degenerate. The spiral ligament (SL), 
organ o f  Corti  (O C ) and Reissner’s m em brane  (R M ) are normal. (H E  x 40).
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Fig . 9

T em po ra l  bone  section showing m alform ed crista  o f  the lateral semi-circular canal. (H E  x 40).

Fig . 10

T em po ra l  bone section showing the modiolus (M). T he  spiral ganglion cells are  absent.  (H E  x 40).
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Discussion
A term introduced by Gorlin and 

Pindborg (1964) to encompass closely 
related syndromes that comprise anomalies 
of the first and second branchial arch 
derivatives, hemifacial microsomia consists 
essentially of unilateral (a) microtia, (b) 
macrostomia, and (c) some failure of forma
tion of the mandibular ramus or condyle 
(Fig. 1). The distinguishing feature, there
fore, is underdevelopment of one half of the 
face. Occasionally this condition is bilateral, 
when the term cranio-facial microsomia is 
used, but there is always considerable 
dyssymmetry between the two sides. This 
dyssymmetry distinguishes the syndrome 
from mandibulo-facial dysostosis (Treacher- 
Collins Syndrome), with which it has often 
been confused in the past. There is no 
hereditary factor. In animal models of 
hemifacial microsomia, Poswillo (1975) has 
shown that focal haemorrhages in utero 
cause local destruction of differentiating 
tissue, which is followed by ‘catch up', but 
inadequate repair. A similar pathogenesis is 
believed to occur with lesions due to 
Thalidomide.

The ear lesions in cranio-facial 
microsomia are often bizarre and severe. All 
parts of the ear from the pinna to the internal 
auditory meatus may be affected. The pinna 
is often represented by just a deformed 
lobule, as in our case (Fig. 1). Meatal atresia 
and middle ear abnormalities are almost 
constant findings, and there may be gross 
descent of the tegmen to the level of the 
lateral semi-circular canal. Occasionally 
some degree of hyperplasia of external ear 
structures may occur. Dysplasia of the 
lateral semi-circular canal and an abnormal 
direction of the internal auditory meatus, 
which tends to run somewhat upwards and

backwards, are quite frequent findings, but 
more significant deformities of the inner ear 
may also occur, particularly a narrowing of 
the internal auditory meatus.

Goldenhar (1952) described a syndrome 
characterized by pre-auricular tags and 
sinuses, and in 1963 Gorlin et al. described 
epibulbar dermoids and coloboma of the 
upper lid, as in hemifacial microsomia and 
other congenital abnormalities, including 
spinal segmentation defects. The eye 
anomalies may be more severe and involve 
the globe.

In the case described there were severe 
deformities of one half of the face, including 
the orbit and globe. The ear lesions were also 
severe, affecting mainly the external and 
middle ear, but also the inner ear. There was 
a minor anomaly of the thoracic spine and a 
congenital heart deformity, but the kidneys 
appeared to be normal.

Summary
A case of oculo-auriculo-vertebral dysplasia 
is presented, with histopathological findings 
in the temporal bone and eye, and some 
radiological features. The syndrome consists 
of anomalies of the first and second branchial 
arch derivatives associated with ophthalmic 
and vertebral anomalies. Although clinical 
features and radiological findings of oculo- 
auriculo-vertebral dysplasia are documented 
in the literature, there have been very few 
reports of the histopathological findings of 
abnormal temporal bones. These vary from 
our own findings. The prominent features in 
our case are: a small middle ear cleft, an 
absence of ossicles, an aberrant facial nerve, 
and dysplastic, short lateral and superior 
semi-circular canals, as well as a narrow 
internal auditory meatus.
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A new technique for the study o f temporal bone pathology

A new technique for the study of the temporal bone at autopsy is presented in which 
thin slices of the fixed bone are prepared on a special cutting machine which 
preserves the configuration of the delicate anatomical structures. Selected areas are 
then processed for light microscopy. There is thus opportunity for gross examination, 
only a short period for immersion in acid for decalcification if required, and special 
histological procedures may also be carried out. The method is quick and technically 
easier than serial sectioning and storage of the smaller numbers of sections from each 
case is less of a problem. Temporal bones which have been perfused through the 
perilymph within 3 h of death may also be cut in the same way in order to 
allow removal of samples of membranous labyrinth for surface preparation or 
electron microscopy, avoiding the need for drilling to reach the membranous 
labyrinth, and being quicker and less damaging.

Keywords temporal bone pathological examination

A project was established in 1980 by the 
Commission o f the European Community 
for the purpose o f  the co-ordination o f  
morphological research on the hearing and 
equilibrium organ in European countries 
and the correlation o f  this research with 
clinical and physiological studies. Two basic 
methods o f preparation are at present in use 
for the study o f  the temporal bone at 
autopsy and the preliminary treatment o f  
the temporal bone for examination in each 
o f  these ways is described in a Manual 
produced as a result o f the EEC project.1 In 
the first, fixation o f  the whole bone with 
formaldehyde is carried out for light 
microscopical study. The only technique 
available at present for subsequent 
examination is by decalcification and 
embedding o f the whole bone in celloidin 
followed by serial section.2 In the second

method fixation o f  the membranous laby
rinth is carried out by perfusion with a 
glutaraldehyde containing solution within 
3 h after death. The structures o f  the inner 
ear are thereby available for surface 
preparation followed by electron micro
scopical study. The only technique available 
up to now to obtain samples for these 
examinations requires skilled drilling pro
cedures to expose inner ear structures.3

Both o f the above techniques possess 
serious disadvantages.

DISADVANTAGES OF SERIAL 
SECTIONING OF CELLOIDIN EMBEDDED 
WHOLE TEMPORAL BONE AFTER 
FIXATION IN FORMALDEHYDE 
SOLUTION
(1) This method has for many years been 
the only one for pathological examination

Correspondence: Professor L. Michaels, Institute of Laryngology and Otology, 330 Gray’s Inn Road, London 
WC1X 8EE, UK.
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o f the temporal bone. There has, in 
consequence, been no opportunity for gross 
study o f  the pathological anatomy o f the 
structures o f  the middle and internal ear. 
Gross examination is an essential pre
requisite in the analysis o f  pathological 
changes in all other organs. The pathologist 
first inspects the exterior and interior o f the 
organ minutely with the naked eye and 
then, often with the aid o f  a hand lens or 
dissecting microscope, selects areas for 
microscopical examination. By taking the 
whole temporal bone in serial section in all 
cases, ear pathology has lacked an 
important dimension which may have 
impeded its development. Radiological 
detection o f changes in living temporal 
bone structures has now reached a high 
degree o f refinement, particularly with the 
use o f  computerized tomography.4 Most o f  
these changes in X-ray structure have, 
however, never been observed by gross 
examination o f  the tissue, which makes 
their accurate interpretation more difficult.

(2) Before histological examination o f the 
temporal bone a decalcifying procedure 
must be carried out so that sectioning is not 
disturbed by the presence o f bony masses. A  
weak solution o f an acid, formic, nitric or 
trichloracetic acid, is used. When whole 
temporal bone is placed in this acid at least 
6 weeks exposure is required before 
decalcification is complete. Marked altera
tions in the histological appearances o f  
many tissues take place as a result o f this 
prolonged exposure. We believe that many 
o f  the histological alterations ascribed to 
post mortem autolysis in serially sectioned 
temporal bones are in fact the result o f  
damage by acid.

(3) An adjunct o f the gross preliminary 
examination o f  all other organs is the ability 
to carry out not only routine histological 
sections, but also special microscopical 
studies including histochemistry and 
electron microscopy and also certain bio
chemical investigations on selected areas. 
These special studies are not possible when 
the whole temporal bone has been sacrificed 
to serial sections in celloidin.

(4) Processing o f the whole temporal 
bone in toto is extremely slow since not only 
decalcification but also dehydration and 
embedding each require a long exposure. It 
takes at least 9 months from the autopsy for 
the stained serial sections to become 
available. This is discouraging in maintain
ing a sustained interest for research and 
teaching.

(5) Serial sectioning o f the embedded 
whole temporal bone is tedious and 
technically difficult. It demands a high 
degree o f skill on the part o f the histological 
technician to cut sections o f  continuously 
high quality through the whole o f this 
structure which is both tough and at the 
same time contains fragile tissues.

(6) Large numbers o f  serial sections are 
produced from a single temporal bone. 
Sometimes the serial examination o f a 
specific portion o f  the temporal bone is 
useful, but more often most o f  the sections 
are not required, the changes being clearly 
observed in a few areas. Storage o f all these 
sections is a serious problem, inexorable 
expansion o f containers filled with sections 
taking over more and more o f  the available 
space o f the temporal bone laboratory and 
threatening completely to overwhelm it.

PISADVANTAGES OF REMOVAL OF OTIC 
CAPSULE BY DRILLING PROCEDURES 
AFTER PERILYMPHATIC PERFUSION

(1) The only method so far available to 
expose portions o f  the inner ear for surface 
and electron microscopical studies is by 
drilling away the bony labyrinth. This 
method is difficult, requiring special 
training and a detailed knowledge of 
temporal bone anatomy. Because o f its 
difficulty, damage to membranous laby
rinth is likely until the operator has 
acquired a high degree o f  skill in the 
procedure.

(2) Exposure o f the inner ear by the 
drilling method requires many hours o f  
work even when it is performed by the most 
skilled operator.

(3) In order to expose the membranous
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labyrinth in this procedure it is necessary to  
dfcstroy other parts o f  the m iddle and inner 
ear. Thus these parts-cannot by subjected to  
routine m icroscopical m ethods.

The need o f  the ‘European C om m unity  
project’ for a technique in which large 
numbers o f  tem poral bones could be 
studied in a standard fashion by both  
m ethods w ithout these disadvantages 
stim ulated us to develop a process in which  
the fixed w hole tem poral bone is cut with a 
special slicing m achine into parallel slices, 
which could be exam ined grossly. W e 
describe this process here.

The new method

The tem poral bone is removed at post 
mortem in the usual w ay .1 I f  perilym phatic 
perfusion has been carried out it is placed in 
‘reduced K arnovsky’ solution, the fluid also  
recom m ended for the perfusion process.1 If  
destined for celloidin em bedding it should  
be placed in buffered 4% form aldehyde 
solution. In the former case osm ic acid  
fixation and removal o f  sam ples o f  m em 
branous labyrinth for surface preparation  
and electron m icroscopy may be carried out 
after 12 h. In the latter case fixation should  
take place for a minim um  o f  4 days. The 
bone is then trimmed so that it is no larger 
than about 2.5 x 2.5 x 2.5 cm. It is then  
m ounted with m olten dental wax on a glass 
plate measuring 6 x 2.5 cm with a thickness 
o f  approxim ately 0.5 cm. The surface to be 
presented for slicing is arranged perpen
dicular to the glass plate.

The glass plate, with the surface o f  the 
adherent tem poral bone that is to be cut to  
the front, is now  m ounted on the metal 
plinth attached with dental wax to the inner 
end o f  the lever o f  the slicing m achine 
(M icroslice 2 Precision Annular Saw*). This 
is a cutting m achine with a circular steel 
blade which is bolted to the m achine at 16 
points so that no lateral vibration takes 
place. C utting takes place around a circular

* Available from Cambridge Instruments Ltd, 
Rustat Road, Cambridge, CB1 3QH, England.

inner opening where the blade is tipped with  
diam ond. The cutting edge is lubricated by 
a continuous jet o f  cold water. The speed o f  
the rotatory m otor may be adjusted from  
low  speeds up to 1200 r/min by the left hand  
knob on the front o f  the machine. The right 
hand knob advances the lever with the 
specimen by the required length before 
each slice is m ade so that the thickness o f  
the specimen can be regulated. W e use slices 
o f  1, 2 or 3 mm thickness. Slicing is carried 
out by gently lowering the weighted left 
hand couterpoised end o f  the lever so that 
the specimen rotates up and is applied  
against the cutting edge (Figure 1). With 
this system the specimen backs away from  
the blade when a particularly hard area is 
encountered so avoiding excessive 
mechanical and thermal stresses. The slices 
adhere together and are removed from the 
machine after the whole temporal has been 
sliced. Each slice is X-rayed by a laboratory  
X-ray m achine (4380 5N X-ray, Faxitron  
system, m ade by H ewlett Packard).

After careful exam ination fo the slices 
with a hand lens and dissecting m icroscope  
and X-ray exam ination, selected areas o f  the 
w hole or a single slice may be subjected to  
celloidin em bedding for light m icroscopy, 
special histological or histochem ical pro-

Figure 1 Cutting machine with temporal bone in situ 
on glass plate mounted on to chuck ready to be 
sliced by inner diamond tipped rim of circular blade. 
The upper tube delivers a continuous flow of water 
on to the blade and the lower tube drains the water 
from the pan beneath the machine.
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be removed and subjected to examination 
by phase contrast microscopy or to electron 
microscopy.

Figure 2 Slices of temporal bone from a case of 
jugular paraganglioma. The slices have been cut 
horizontally in sequence at 3 mm thickness 
commencing with the left hand slice in (a). This is the 
uppermost slice of temporal bone and has been 
photographed from its inferior surface. All the other 
slices have been photographed from their superior 
surface. The slice on the right in (c) is the lowermost 
slice of the temporal bone. Paraganglioma is 
identified as dark material (appearing red in the 
original) in the middle ear cleft in the first two slices 
and spreading through the petrous bone and around 
the internal carotid artery from the region of the 
sigmoid sulcus in the lower slices.

cedures or electron microscopy. In speci
mens which have been perfused through the 
perilymph portions o f  basilar membrane or 
other parts o f  membranous labyrinth may

APPEARANCES OF MICROSLICED 
TEMPORAL BONE

Slicing o f the temporal bone by this method 
results in a series o f specimens in which all the 
main structures may be examined and any 
gross pathological changes may be detected 
and delineated. Thus a three dimensional 
gross study o f the whole bone may be 
carried out. We use transverse slices starting 
from the superior surface routinely for 
pathological specimens. Vertical slices are 
o f value for surgical teaching. We find the 
X-ray o f the slices to be particularly helpful 
in a complete investigation. In the upper 
transverse slices gross and radiological 
inspection allows inspection o f the deeper 
portion o f the external auditory meatus, the 
tympanic membrane, the whole horizontal 
course o f the facial nerve, all three ossicles, 
the tensor tympani muscle, the Eustachian 
tube, the stapedius muscle, the middle ear 
cleft, the entire cochlea, eighth nerve, 
vestibule, superior and lateral semicircular 
canals and vestibular aqueduct. At lower 
levels the posterior semicircular canal and 
the carotid canal, the promotory and round 
window are delineated while at the lowest 
parts o f the temporal bone the jugular 
foramen with its enclosed structures, the 
lower part o f the facial nerve, the chorda 
tympani and styloid process are seen in 
horizontal section. (Figures 2-5, 10).

The histological appearances o f even the 
most delicate portions o f the temporal bone 
are comparable to and often superior to 
those obtained in the serially sectioned 
bones. The structures o f the membranous 
labyrinth, the ossicles and their joints and 
the various nerves and nerve cells o f the 
temporal bone are all well displayed (Figures 
6-9). Surface preparations and electron 
microscopical studies o f  the cochlear struc
tures in perfused specimens reveal 
characteristic appearances.
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Figire 3 (a) Radiograph of the right hand slice in Figure 2a. Note ossicles, cochlea, vestibule and upper part 
of vestibular aqueduct, (b) Radiograph of the left hand slice in Figure 2b. Note tympanic membrane, lower 
part of malleus, basal coil of cochlea, lower part of vestibular aqueduct, and round window niche. S = stapes; 
C=cochlea; R = round window' niche; A = vestibular aqueduct. Tumour is seen in the middle ear as a faint 
opacity.
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Figure 5 Tumour tissue covered by middle ear 
epithelium from same celloidin block as above. The 
tumour cells are small and regular and situated in 
clusters separated by a capillary network. The 
appearances of individual cells are compatible with 
paraganglioma but the clusters are less cellular than 
is usual in that tumour. Haematoxylin & eosin; x 
250.

Figure 4 Photomicrograph of part of celloidin 
embedded histological section of block of tissue 
shown as right hand slice in Figure 2a and radiograph 
Figure 3a. Tumour tissue surrounds the posterior crus 
of the stapes and infiltrates beneath the epithelium of 
the middle ear. Haematoxylin & eosin x 100.

Figure 6 Electron micrograph of formaldehyde fixed 
tumour from temporal bone slice in case of 
paraganglioma shown above. Membrane bound 
granules of about 120 nm diameter are present in the 
cytoplasm confirming the diagnosis of 
paraganglioma, x 120 000.

Discussion

ADVANTAGES OF THE NEW METHOD

The microslicing technique leads to parall 
slices throughout the bone which show n 
detectable damage to the delicate stru 
tures. The method possesses advantag 
which negate the disadvantages o f the othei 
techniques.

Figure 7 Normal scala media from celloidin 
embedded slice of temporal bone obtained by 
microslicing technique. Note good preservation of 
organ of Corti, Reissner’s membrane and stria 
vascularis. Haematoxylin & eosin; x 100.

FORMALDEHYDE FIXED TEMPORAL 
BONE

(1) A complete gross 
possible, amplified 
examination.

examination 
by minute

is no 
X-ra



L.  M I C H A E L S ,  M E H E R  W E L L S  &  A.  F R O H L I C H

FlCve 8 Microsliced 1 mm thick slice of temporal bone showing acoustic neuroma arising from vestibular 
division of eighth cranial nerve. The cochlear division is stretched over the surface of the tumour. Note 
nigged deposit in walls of scala tympani, a proteinaceous deposit usually seen in acoustic neuroma.

Figure 9 Microsliced 3 mm thick temporal bone showing area of otosclerosis anterior to the footplate of the 
stapes to left of cochlea and in front of vestibule.
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Figure 10 Higher magnification of above. Note prominent vascularity of otosclerotic bone.

(2) The thin slices are subjected to a 
decalcification process which requires only  
about 4 days using careful X-ray control for 
the end point. With such a short period o f  
exposure to acid there is a marked 
improvem ent in the histological appear
ances.

(3) Special biochem ical, histochem ical, 
light and electron m icroscopical procedures 
may now  be carried out on selected areas o f  
the temporal bone.(4) The m ethod is quick; only a few  
weeks is required from the time o f  the 
autopsy exam ination to the production o f  
stained sections o f  celloidin embedded  
slices o f  the temporal bone, since not only  
decalcification, but also dehydration and 
embedding are much more rapidly effected 
on the thin slices.

(5) H istological section o f  the embedded  
thin slices does not present such a problem  
as with that o f  the w hole bone. Serial 
sectioning is usually not required. When 
needed it may be carried out only on the 
selected slice or slices.

(6) Small numbers o f  sections only are 
produced in m ost cases. The storage o f

these sections and that o f  the celloidin  
blocks is less o f  a problem than with the 
serial sections.

TEMPORAL BONE FIXED BY 
PERILYM PHA TIC PERFUSION

(1) Exposure o f  the membranous labyrinth 
is simply carried out by the microslicing 
m ethod. N o  drilling is required and there is 
but very slight damage to inner ear 
structures.

(2) The whole inner ear is exposed within 
minutes by this procedure.

(3) Exposure o f  the membranous laby
rinth by this m ethod does not result in 
destruction o f  the rest o f  the ear. Thus after 
portions o f  the inner ear have been selected 
for special m icroscopical procedures the 
rest o f  the temporal bone may be put 
through for routine histological study.

References
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THE ROLE OF PERSISTENT EMBRYONIC MESENCHYM E IN THE  
DEVELOPMENT OF SECRETORY OTITIS M EDIA

MEHER D. W E L L S

Institute o f  Laryngology and Otology, University o f  London, England

Abstract

A histopathological study o f  160 middle ears from  eight weeks gestation period to six months o f  
neonatal life was made, which confirmed that the embryonic mesenchyme is not completely absorbed at 
term. Otitis media was found in 14 o f  the 32 neonates (43.7%). A survey o f 370 children with secretory 
otitis media who had insertion o f  ventilation tubes in relation to gestation period, age o f  onset o f  first 
aural symptoms and/or signs, and re-insertion o f  ventilation tubes was carried out. Secretory otitis media 
is more prevalent in children who are born pre-term. The age o f  onset o f  secretory otitis media was early 
in children born at less than 37 weeks gestation period (pre-term). There was no significant difference in 
recurrence o f  secretory otitis media as indicated by re-insertion o f  ventilation tubes in pre-term and term 
children.

Introduction

Primitive mesenchyme slowly clears from the middle ear cleft during development, but is 
still present, mainly in the epitympanic region by full-term. Hemorrhage into the primitive 
mesenchyme is frequent and may give rise to inflammatory change. Otitis media probably  
related to amniotic aspiration is also known to occur. It is possible that excess o f  primitive  
mesenchyme may pre-dispose to the development o f  otitis media or m ay enhance its severity. 
In an attempt to assess the role o f  persistent embryonic mesenchyme in secretory otitis media  
an investigation was carried out in two parts. In the first part 160 middle ears were studied  
histologically with regard to the fate o f  the embryonic m esenchym e in normal development  
and presence o f  pathological changes. In the second part a retrospective survey o f  370 children 
who had insertion o f  ventilation tubes for secretory otitis media was made.

Material an d  m e t h o d s

Middle ear histopathology: The majority o f  the younger specimens, that is up to 22 weeks  
gestation period, were legal terminations o f  pregnancy, spontaneous and therapeutic abor
tions. These comprised a total o f  119 middle ears from 65 fetuses. In these cases the whole  
fetus was fixed in form ol saline. The fetal head was severed after fixation, decalcified in 10% 
formic acid, dehydrated in alcohols and embedded in low viscosity nitrocellulose; 20 pm  sec
tions were cut and every tenth section was stained with hematoxylin and eosin. For all the 
neonatal deaths after 22 weeks except two, the temporal bones were removed and the 
microslice technique was used1. It was thereby possible to study the gross appearance o f  the 
middle ear in these cases. Serial sections o f  the slices were then made in the same fashion as 
the whole head sections. Forty-one temporal bones from 32 neonatal deaths were studied. The  
age range at birth extended from 24 to 41 weeks gestation period, the average being 29 weeks 
and six days. The survival period ranged from a few minutes to six m onths, the average age 
of survival was 11.7 days and one infant aged six m onths.

main text continued p. 313

Acute and Secretory Otitis Media
Proceedings o f  the International Conference on Acute and Secretory Otitis Media, Part 1 
Jerusalem, Israel, 17-22 November 1985, pp. 309—318 
'& Kugler Publications, Amsterdam 1986
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Fig. 1. * At eight weeks the middle ear cleft (arrow) is slit-like, surrounded by embryonic mesenchyme 
(em). x 6 Hematoxylin and eosin (H & E).
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Fig. 2. Showing highly cellular embryonic mesenchyme (em) in the same 8 week fetus, x 160 (H & E). 

* All illustrations reduced 40%.
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Fig. 3. Showing a looser and less cellular embryonic mesenchyme (em) in a ten-week fetus. Malleus (m). 
Incus (i). Stapes (s). Middle ear cleft (arrow). Facial nerve (0- Otic capsule (oc). x 6 (H & E).
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F/g. 4. The embryonic mesenchyme (em) at ten weeks is less cellular, contains stellate cells with granular 
nuclei (st). x 160 (H & E).
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Fig. 5. Showing vacuoles (v) in the embryonic mesenchyme (em) in an 18-week fetus. Middle ear cleft (ar
row). Tympanic ring (tr). Malleus (m). Otic capsule (oc). x 6 (H & E).

Fig. 6. The vacuoles are larger in the embryonic mesenchyme (em) in the 18-week fetus. Histiocytes (h). 
x 160 (H & E).
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Fig. 7. Embryonic mesenchyme in a 21-week fetus. Vacuoles (v). Histiocytes (h). x 160 (H & E).

Clinical secretory otitis media: A  retrospective study of 601 children who had insertion of 
ventilation tubes was made. Of these 370 children with pre-natal, natal and post-natal medical 
histories were reviewed. The age of onset of the first aural symptom or sign and the persistence 
or recurrence of secretory otitis media indicated by re-insertion of ventilation tubes, in relation 
to the gestation period at birth, was determined from the records.

Results

Middle ear histopathology: At eight weeks the future middle ear cleft is slit-like, the rest of 
the middle ear consisting of cellular connective tissue — the embryonic mesenchyme which is 
very cellular and contains the malleus and incus (Figs. 1 and 2). At 10 to 11 weeks the e m 
bryonic mesenchyme consists of stellate cells with granular nuclei (Figs. 3 and 4), which 
gradually become larger up to the 16 to 17 weeks gestation period. W h e n  the inner ear and 
otic capsule have attained their m a x imum size at about 18 to 21 weeks, vacuoles are seen in 
the embryonic mesenchyme initially in the area between the otic capsule and the anterior part 
of the hypotympanum below the Eustachian tube region (Figs. 5 and 6). These vacuoles 
become larger and histiocytes are seen at their periphery (Fig. 7). The cavity of the slit-like 
auditory tube expands rapidly into the tympanum proper and ossicles are cleared of mesen
chyme. The mesenchyme in the postero-superior region of the tympanic cavity is the last to 
regress (Fig. 8). Although the tympanum is well aerated at 40 weeks, thinning and condensa
tion of submucous connective tissue continues after birth thus increasing the tympanic space.

In the 12 neonatal deaths 14 cases had otitis media. Only three of these cases had survived 
for less than a day. The other 12 cases had survived between three and 180 days. There was 
evidence of labyrinthitis in three cases. This has not been noted in other studies. Hemorrhage 
in the tympanum was found in 16 cases and only five of these cases were associated with otitis 
media.



314 M.D. Wells

<TiWxr̂m

Fig. 8. Embryonic mesenchyme (em) in a 41-week neonate. Stapes (s). Facial nerve (f). x 6 (H & E).

The severity o f  otitis m edia has varied from  mild to m oderate consisting o f infiltration of 
lym phocytes, plasm a cells and exudate particularly  in the mesenchyme around the ossicles 
(Figs. 9 and 10).

In one case w ho was born  at 32 weeks gestation period and survived for 180 days the middle 
ear m ucosa was lined with colum nar epithelium  and was filled with lym phocytes, granulation 
tissue and cholesterol granulom a (Figs. 11 and 12).

Clinical secretory otitis media: In the district from  which this survey was m ade, in 1984 of 
1000 live births 44 children (4.4% ) were born  pre-term . In the study o f 370 children with 
secretory otitis m edia (from  1977—1984) 28 children (7.5% ) were born  pre-term  (less than 37 
weeks gestation period) and 342 were born at 37 weeks and later (full-term ). The average age 
o f  onset o f the first aural sym ptom s and signs in children born at term was four years and in 
those at pre-term  was three years and one m onth and in those children born at 35 weeks gesta
tion period or below the average age o f onset o f aural sym ptom s and signs was two years and 
five m onths (Table 1). O f the 342 children born  at term  113 (33% ) had re-insertion o f  ventila
tion tubes. O f the 28 children born at less than 37 weeks gestation period nine (32% ) had re
insertion o f  ventilation tubes (Table 2).
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F ig . 9. Otitis media and h e m o r r h a g e  ( h m )  in a neonate born at 24 weeks gestation period. Exudate (ex). 
E m b r y o n i c  m e s e n c h y m e  (e m ) .  x  6 (H &  E ) .

F ig. 10. S h o w in g  re d  cells  ( r ) ,  l y m p h o c y te s  (1) a n d  e x u d a t e  (ex) in t h e  2 4 -w e e k  n e o n a t e .  E m b r y o n i c  m e s e n 
c h y m e  (e m ) .  x  160 (H & E).



Fig. 11. Showing otitis media (om) in the middle ear of a neonate born at 32 weeks gestation period and 
survived for 180 days, x  6 (H & E).

TABLE 1
GESTATION PERIOD AND AGE OF ONSET OF FIRST AURAL SYMPTOMS

Number o f  children Gestation period 
in weeks

Age o f  onset o f  
first aural symptoms

342 37 and > 4 years
28 <  37 3 years and

1 month
16 of the 28 <  37 35 and < 2 years and

5 months
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Fig. 12. Cholesterol granuloma (eg) in the middle ear of the neonate born at 32 weeks gestation period 
and survived for 180 days, x 6 (H & E).

TABLE 2
RE-INSERTION OF VENTILATION TUBES IN TERM AND PRE-TERM CHILDREN

Term
37 and >  weeks

Pre-term 
<  37 weeks

Total number of
children 342 28
Re-insertion of
ventilation tubes 113 (33%) 9 (32%)

Discussion

As early as 19342 the adverse effect on infections o f persistent embryonic mesenchyme in 
the middle ear producing scar tissue and preventing adequate drainage after myringotomy in 
premature infants was noted. The presence o f otitis media in the newborn associated with 
aspiration o f amniotic debris, intubation and generalized infection has also been observed at 
autopsy3. Some o f these children are born pre-term. Clinical observations in neonates also 
confirm the presence o f otitis media in the newborn. It seems likely that as the embryonic 
mesenchyme is only completely absorbed by the age o f two to four years4 the younger the child 
the smaller the aerated space o f the tympanum due to the presence o f embryonic mesenchyme 
and the more favorable would be the response o f any infection in terms o f  drainage, scar tissue 
formation and chronicity.
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It has been confirm ed in this study th a t the em bryonic mesenchyme is not com pletely ab
sorbed a t term . O titis m edia was found in 14 o f the 32 neonates (43.7% ). All o f them  had been 
seriously ill and had m ultiple problem s, 10 ou t o f  these 13 neonates were born  pre-term  
(76.9% ). The frequency o f  otitis m edia in these patients m ay be related to greater am ounts 
o f  em bryonic m esenchyme in the m iddle ear and its adverse reaction to infection. A lthough 
hem orrhage was noted in small quantities in the em bryonic mesenchyme and tym panum  in 16 
ou t o f  the 32 cases, only five o f  these were associated with otitis m edia. H em orrhage was also 
a com m on finding in stillbirths and abortions and it is suggested tha t this is secondary to anox
ia ra ther than  a facto r associated with otitis m edia.

In a retrospective study o f  370 children who had ventilation tubes inserted for secretory otitis 
m edia the age o f onset o f  first aural sym ptom s was earlier in pre-term  children than in term 
children.

There was no significant difference in the p roportion  o f children with re-insertion o f ventila
tion tubes in those th a t were bo rn  pre-term  as com pared with those born  at full-term . 
H owever, the p ropo rtion  o f  pre-term  children with secretory otitis m edia (7.5% ) was con
siderably m ore than  the num ber o f  children (4.4% ) born  pre-term  in the general population. 
It was also significant th a t those children born  at less than  37 weeks gestational age had an 
earlier onset o f  aural sym ptom s which m ay also be related to  the unfavorable effect o f unab
sorbed em bryonic m esenchym e associated with otitis m edia.

Conclusion

Longer survival, generalized infection and illness appear to be pre-disposing factors in the 
causation  o f otitis m edia in these neonatal deaths. A m niotic asp iration  and hem orrhage did 
not appear to  be a significant facto r in these cases. In conclusion it may be said tha t the 
presence o f unabsorbed  em bryonic m esenchym e m ay be im portan t in the prevalence o f secre
tory  otitis m edia as show n by the early onset o f  aural sym ptom s and higher incidence o f this 
condition in children born  below 37 weeks gestation period. Also the frequency o f secretory 
otitis m edia is considerably less in older children and adults.
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