b

University of Nebraska University of Nebraska Medical Center
Medical Center- . .
BREAKTHROUGHS FORLIF DigitalCommons@UNMC
MD Theses Special Collections
5-1-1933

Etiology of otosclerosis

I. H. Heine
University of Nebraska Medical Center

This manuscript is historical in nature and may not reflect current medical research and
practice. Search PubMed for current research.

Follow this and additional works at: https://digitalcommons.unmc.edu/mdtheses

Recommended Citation

Heine, I. H., "Etiology of otosclerosis" (1933). MD Theses. 265.
https://digitalcommons.unmc.edu/mdtheses/265

This Thesis is brought to you for free and open access by the Special Collections at DigitalCommons@UNMC. It
has been accepted for inclusion in MD Theses by an authorized administrator of DigitalCommons@UNMC. For
more information, please contact digitalcommons@unmc.edu.


http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/mdtheses
https://digitalcommons.unmc.edu/spec_coll
https://pubmed.ncbi.nlm.nih.gov/
https://digitalcommons.unmc.edu/mdtheses?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F265&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unmc.edu/mdtheses/265?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F265&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@unmc.edu

OTOSCLERC

SIs

l .H.Heine.




CONTENTS

L1 I 1 T
R DI ARY CAUSES . it iiirressrnsreeranssnosennscorsnssnssnesom=d
CONGIENITAL CONDITICNS IN LABXYNTHINE CAPSULE..............10-18

INFLUENCE OF LOCAL CONDIIONS . v inrevnrennnsrnaseanenssal7=29

.

INFLUENCE COF GENERAL CONDITIONS ettt vnenrrrrrernerennansnes30=52

SUMMAZY AND COBCLUSION . vt iiinrensnsonvonoernsvencssaresessbd=bg

b

s

(]
i
o)
GoD




INTRODUCTION

In writing this sumeary of the literature on the etiology of
otosclerosis it was the hope that a general knowledge of the theories
advanced up to the present might be obtained. That by this means
the progress in this field might be evalulated and that some of the
problems presenting themselves in the treatment of otosclerotic
patients made easier.

Otosclerosig always has been a social problem and sooner or

ater every physician is confronted with the responsibility of
advising some patient suffering from the disease,.

Is the digease inherited? Is treatment therefore of no avail
and sust we look forwsrd to uwnfavorable prognogis in 81l cases?
Should a patient with otosclerosis marry snd heve children?

Would pregnancy incite otosclerosis in the mother? Or if she has

otosclerosis would 1t contribube %o the advancement of the disease?



To what extent are we able to prevent otosclerocsis by eliminating
posgible etiolegical factors?

Yoreover, otosclerosis is charscterized by ceritain psychic
chengesg, noteble mental depression and an sttempt to limit all
soelzl intercourse. Are these changes the result of the condition
of being desaf, or are the changes Jjust as much the part of obosclerc~
glg ag the changes in the labyrinthine capsnle? QJQuestions like
ﬁhe above can only be answered by studying the etlology of the
condition.

The work presented here begins with the earliest work done
on the subject and ag nearly a8 possible each reference ig added
more in itg place in the development of the literature than the
real subject matter 1t containsg,

The work of the "Committee on Obosclerosis™ of the American
Obtologieal Soclety has been used constantly for material, The
manner of presenting the subdbject under Heredity ceuses, Congenital
ceuses, Local causes, and General causes was suggested by this

same work,
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REDITARY CAUSES

In 1880 Toynhee reported two caszes of stapes snkylosis, in
which there was & history of deafness in the feamily,

Keene in 1873 made the statement that is is an "undoubted
fact? that the condition is hereditary,

Von Troeltgceh at aboub the same time said that chronic sural
catarrh ig heredlitary and resulis in the condition known as
otosclerosis,

Hermersgehlag beginning in 1906 reported many genealogies
21l bearing aaf his conbention that the sffection appesrs more or
legs freguestly in certain fsmilies through seversl generations,
He meinbained thet otosclerosis and hereditery deafmubism are
different menifestations of the same process,

1. Degenerabtive~atrophic processes in nerve snd nerve terminals
found in deafmubism sre epntirelry the same 28 those found in
otosclerosis,

2, The characterigtic bone changes of otosclerosis in the
labyrinthine capsule aeé algo found in some cases of congenital
deafness.

3. There are families in which hereditary deafness and

otosclerosis are associated,
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If Siebernmannts interpretation of otosclerosis be correct,
in that i% is 2n sbnormal post embryonic procegs of growth, then
we have & condition definitely favoring the itheory of its hereditary
transmissibility. Any process of growth, normal or sbnormal, must
be provided by & determinant in the germ plosm of the individual
and mugt therefore be transmigsible by heredity. The eggential
efficiency of this determinant and the time of its memnifegtation
are presgumably of intermel or external kind., Thus, pregnancy or
puberty mey become an exciting factor. Perhaps social disesses
may perecipitate the abnormal process of growth in certain cases.

The law of heredity is applicable even to those casess of oto-
sclerosis in whieh no heredity is demonstrated; the apparently
spontaneous cases of otosclerosis are explained simply by latent
inheritance.

We must not lose sight of the fact that the germ plasm of every
human being is very complex in the number of determinants; so that
the germ plasm of every human must conbain the oftosclerosis determi-
nant, which may once again become operative after generstions,

However, the law of heredity explaing the nature of otosclero~
gig only in so far asrit indicates the transmiszidle abnormal pro~
cegs of growth,

Xatz stated he is convinced that the bony chsnges in otosclero-
sis are based upon & constiftutional uwsunlly hereditery disease,
on the btasis of which the temporal bone or auditory organ enclosed
in it represents a point of diminished resistance acted upon by

a series of injurions fachtors.
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Alexsnder and Lindt in 1908 reported some cases of deafrubism
in which otosclerotic foci were found in the labyrinthine capsule.
Alexander claimed that the findings are important in the interpreta-
tion of otosclerosis and meaintained fthat otosclerosis is & heredi-
tery affection which does not develop cliniesl sigms until puberty.
Believing that the otosclerotic patient even as a child, as a fetus,
shows strongly vascularized bone foel in hig petrous bone and that
at the time of puberiy these advence to the labyrinthine endostium
leading Yo fixation of the stapes, changes in the oval window and
the secondary nerve changes.

The evidence is not in favor of otosclerogis &s being a domifi~
ant factor nor is it 2 sex linked factor, nor a pure recessive
factor, but rather the congtitubtional basis represents two recessive

factors,
A review of the evolution of the orgen in vertebrates ghows

that the semicircular csnals and vestibule have reached their frll
devélopment in the figh, The oval and round windows and ossicles
have 21l been evolved gince the amphibians,

Coray said that obosclerosis is a2 blological variastion, and
gtated thet variations are apt to occur in recent biologieal origin,

This wouvld explain the fact that otosclercsis invelves the
foot plate of the stapes, the bony wall of the cochles, while the
other portions of the labyrinth are almost wntouched, Thus we may
have an explanation of the fact that the condition may arise spon-
taneously and yet be transmitted. TFurther consideration of the
theory shows the "primary fault” in otoselerosis is an in herent

defect in the living cells of the organ of hearing,




Anemia, pregnancy, syphilis, toxins, exposure, abnormal
internal secretions, and middle ear conditions are necessary for

its occurrence, However, they mey make manifegt the tendancy

that may otherwise remain lotent.

Gray in a feview of the various theories of the etiology of
deafness, concluded that ¥ otosclerosgis is a definite pathological
change in the bony capsule of the labyrinth, beélaterally symmetrical
making its appearance very gradually and occurring in individuals
who may be in 1ill health from widely different causes, bub often
in those who are in the best of health." The majority of individ-
ualg do not develop otoseclercsis no matber the condition of health
or the occurrence of locel disease in the ear,

Logically the bagic cause of the disease must be foumd in the
organ of hearing itself, and +this cause must be in certain indivi@—
uvalg only, The constant factor being the inborn tendancy.
¥ony conditions may percipitate the digesse, but there is no other
congtant factor,

Albrecht names two possibilities.

2

1. Only the disposition to hardness of hearing is hereditarily

Py

transmitted, and that its development depends upon the acquired
damage,

2+ If the capacity for development is inherited it might e
agssumed that the germ plasm of otosclerosis in a2 very general way
pogsessesy the ability to produce transformation of the bone in

the labyrinthine capsule, but that this transformstion does

not necessariiy develop in localities which lead to the development

of hardness of hearing.
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Therefore, in sporadiec cases of otosclerosis bone foecl had also
developed in the parents, grandparents, sisters, brothers, bub did
not become manifest,

The author however does not believe it is very plausible that
tone focl in one family develop in sreas of any importance,

Concluding that the assumption of a uniform hereditery trans-
mission will have %o be abandoned, it 1s provable that besidss the
dominant type, 2 recessive type of transmission does occur,

Congtitutional sporadic desfmutism shows & monohyhrid recessive

heredity. In hereditary labyrinthine hardness of hearing, s

‘dominant heredity cazn be recogmized,.

From Gradenigo's study we learn that the transmission of

otosclerosis is spparently due to a single factor, and is

tre nsm?tted as & recegsive character., In this type the digeaze

is latent in some members of the family, who may however transmit

The disease becomes manifest on the union of two appurently
healthy transmittors, or on the union of & transmitbor and a
patient in the affected offspring. While & transmitbor and o
h

ndividual produce only trensmittors, the mumber of trans—
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mittors has no tendency to diminish in sucessive generstions.
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That there is a great divergence of opinion as
treonsmission of oftoseclerosis there can be no doubt, Many aubhors
followed genealogles presenting pure evidence of the trait being

present ag & dominenit one, while others presented just as great an

argument Tor the trait being recessive,

v
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The latest work in 1928 by Haike, rather supports the view

that the trailt iz eovparently, monohybrid, =and recessive in meny

Perhaps the chaotic state mey be explained by the fact that

sitions to obosclerosis have different

4

different hereditary disp

]

geogravhical or ethnic distribvubion., Further investigations over
larger material after further conguering the meny trouvblesome
factors influsneing humen heredity must be underteken and may
furnish & gimpler pogsibility of interpretstion, of the apparenti:
gomplicated problem,

Haike referred Lo the work of Hammerschlag and Koemer, from
which we have learned that obtosclercsis appears on a foundation
of poor constitution and is ofter accompanied by other hereﬁit&fy
anomalies and constitutional diseases, Halke's studlies are not
much more that gupport to the foregoing. He likewise nobted that a
peculiarity of otocseclerobic families was longevity., Likewise
he 2izo noted & greal fecundity in these families not so much so
with the otoselerotics themsélves bubt with their relatives.

Be conciunded that otosclerogis iz s recessive and not a dominant
characteristic.

Undritz contributed an zrticle in which he stressed the
frequency of occurrence of other degenerative conditions in various
organs in other members of the ssme families.

Harris 1s of the opinion that far %oo much has been accepted
by tradition of upon the authority of others in the matter of

heredity in otoseclerosis,
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In 1929 ot which time he had concluded two years of careful study
of familial higbories of every case presenting itzelf he stated
that of the casesg referred for study representing all or most of
the cases of progressive deafness presenting themselves during
three days of the week at one of New York's largest hospitald
the number of those with clear history of familial deafnesg is
far below fifty,P°

Fexr to00 many caszes are accedpted ag being familial when closer
exanination would show thaet deafness im the grandpsrents and other
relatives resulted from injuries or other diseases.

Thereby accounting for the preveiling opinion that inheritance
ig a congbant facltor, nesturally such a belisf improves the progno~
gis of those suffering from the disease,

However, when a history is obiained, the prognosis for
recovery is difficult and progress of the deafness is apht to be

enhanced,




CORGENITAL CONDITIONS IN LABRINTHINE CAPSULE

As early as 1872 Wendbt noted that the anatomical condition
of +the niches of the windows of the labyrinth as well as the
distance between the tegmern and head malleus and body of the incus
and the dimensions of the tympanic cavity in general facilitated_
the occurrence of abnormal adhegions.

Especi&llyiin faver of the origin of adhesions of stapes fo
the adjacent bony wall, is an wnusual depth of the niche of the
oval window.

Gradenigo has found that the s%apes ig derived from fusion
of two distinct morphological elements, the stapedial ring being
derived from the second branchial arch, and the stapedial lamina
or foot plate from the labyrinthine capsule, The chief legions of
gclerotic otitis invelve the vestibular wall of the tympenic cav=
ity and the stapes, namely parts which show a complex embryonie
development, the usual site of the lesion therefore is determined
morphologically, Likewise the seme author states that the bands
and membranes in cases of otosclerosis must not be regarded as
newly formed, but simply as a residue of the embryonic gelatinous
tissﬁe. Thig ig found by gpecial study of the arrangement of the
gelatinouns tigssue of the temporal bones in human and memmalian

embryos, 1in new-born infants and in adulis.

=10~




The avthor concludes, that in humen enbryos of a length of
4-4% em., when the process of chendrification of the primitive
skeleton of the ear hasg barely begun, there is 2 true tympanic
cavity, in the form of a narrow glit, along the tympanic membrane,
approximetely at the level of the lower portion of the promontory
and the fosae of the round window, This slit g lined with epithe-
livm and represeﬁts the posterior extremity of the tubo tympanic
canal., It is prolonged backwards ag far as the frontal plane of
the stapes and the posterial border of the tympanic ring.

At thig time, the mesoblastic tissue which fills the internal

ear beging to become absorbed in the vestibule at the level of the
future perilymphatic cistern of the labyrinthine aspect of the
membrane of the round window. In embryos of 7i-8 cm., the
nmegoblagtic tissue of the 1§byrinth is completely absorbed around
the constituents of the vestibule and the gyruvs bvasilaris coch-
learis, persisting in part along the upper turns of the cochlear
canal and the membrancus semlcipcular canals,

Up to birth the ossicles are still surrounded by mesoblastic
tigsue which fills the fossae of the two windéws and covers the
promontory. In man a rapid absorbtion of this tissue does not
take place until after birth, and then is not always complete.

On examination of the tympanic cavities of new born infants
it can be seen that in some cases this absorbtion has been complet
and thet the ossicles, and fossae of the two windows appear clear,
While in others strands of gelatinous Tissue remain in various
configurations. All these bands and membranes show exactly the
same arrangement as the embryo. These remmants mey undergzo
atrophic changes in extra uterine life, but several of the residues

mey be encountered in adults,

-11-




.

The adhesions in the suthor's cases of otitic sclerogis
presented features so much like those in the ewbryonic stages,

that they ghould he considered not ag new formabtions butb as

remnants of Tetal fissue.

of traction and pressure. The regl of the stapes foot »nlate

s

was found to fovor a high degree the formative stimulus for

transformation and formstion of bone. The snatomy whereby the

mugele lies at the anterior circumference of +the gtspes, the Hendon

rmascle, gives rise to

vergistant lrritation of periostium on the bone hetween the
tendon of the muscle and smnular ligeament of the stapes,
Therefore we have an often repested formative stimmli.

The view is well supported by the fact that otosclerosis is
exceptional in persons who, because of losg of tympanic membrane
and inactivity of tensor tympeni muscle, have wno chronic formative
or gtimulation of =sction on the bone. The rezson why such changes
do not occur in all cases is do to hereditary disposition.

Asuming then a heredits

v factor, various factors can
probably act asg a sbimvlus to new hone Formetion.
Many writers, the most prozific perhaps hei ng Yanagse, revork~

ed cartilage rests in the labyrinthine capsule.

e o




Thege rests can definitely be ftraced back zs far as & three months

embryo. Closely related to these foel are usually found smell

bone foci Iimmature bone, nonosteoid and containing fat marrow

gpaces, The peculiar bone he interprets as pathologicaly incom-
— plete ogsification, the foci as embryonic arrests;

The siﬁe of such foel certainly suggests an etiological
relationship to otogsclerosis, the more go ag heredity is consid-
ered a factor in the digease. Certainly the conclusion that these
cartilage rermants revresent the arrested development of variable
etiology and are a point of diminished resistence to the otescl-
rotic procesgss or even & preliminery stage of this process seems
Justified.

Such an explanation affords support in the uniformity of the
location of the disease, its hereditary character and its associa-
tion with other conditions ag ¢®¥btinism and ebe.

Hayer in a series of articleg, in which he thoroughly sbudies
the embryological development of the labyrinthine capsule;strongly
supports his theory that the otosclerctic foci are to be interpreted
as proliferations that develop from embryonic tissue malformations
and designate them as hamartomas. The otosclerotic foci originate
through proliferation of an embryonic malformed osteoplastic tissue
found as a rule in definite lécalities of the labyrinthine capsule.

Through this proliferation the old bone ig absorbed on the one
hand while on the other, new bone is formed again, the process
keeping to the limits of the old bone, so that a transformetion
oceurs along a pathological course.

Some other factors favor this interprebation:

|
Lo, I

1. Other hyperplastic bone proliferations may be encountered in 5

the petrous bone, that is exostoses, at the posterior pyramidal

~13~ |




surface, in the internal suditory mealt® or in the tywpanic cavity.

-

. Halformations of the cochlear spindle along with deafmubism.

N

All the above have been reported simulbaneously with the finding

of otosclerotic foci. Hayer then says thot is melformation repre-
s gents & positive sign of & change originating in the course of

embryonic development, therefore fhe conclusion isg jughbified that

okosclerotic foel represents malformetion or proliferations de-

rived from such.

[

The otoscleretic Toci form 2 concomiftant phenomenon of severe
levelopmental digturbances of the ear, on the one hand, while on

+the other hand more or legs merked melformetion:
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found in otozclerosiyg,

Attention ig ealled 0 %

ok

he fact that such conditions as
miltiple exostoses are hereditary, These lesions are enterpreted
ag o degenerative sign and are found in individusls who presgent
other degenerative shigmata. The cause of atrophy of the labyrinth
nd inbternal ear usually found in obtosclerosis is also referrable
to a fauldy anlage which menifests itgelf in certain malgformations
and also in a very peculiay tendancy of comnective tissue ossifica~
tion.
Therefore obosclerosis moy alse be grouped under the heading
of hereditary degenerative processes
P The degeneration affecting the entire orgen and manifesting
self by the labyrinthine capsule becoming abrnormally bransformed
on the basis of ewbryonic tissue maleformation.
On this bagis Mayer concludes "Hobt only the histological

-

character of the foei, bub also the mulitiplie

fule

ty, the typical
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localization and symmetry the existence of minubte iglands of aty~
pical tigsue a2t the gites of origin of the foel, furthsrmore alsgo
the gimultaneous occurrence of malfermations in the internal ear
and in other regions of the auditory organ, as well asg the hyper-
plagie of the entire petrous bone, the clinically established
associsation with congenital signs of degeneration and finally
heredity are in favor of the assﬁmptien that the foci are to be
interpreted as tumor, like hyperplasias.,”  Working with such s
theory we place otosclerosis on a bagis of general pathology,

for the author's theory is linked with known procegses in other
systems of the organigm.

Just why large otosclerotic focl develop from embryonic
malformed osteoblastic tisgue in some caseg while in others the
growth advanceé only partially or stops, we can not say.

This question as Lo growth of the foel is the same problem that
confronts us with the growth of tumors and their origin from
tigsue malformations, it is still a general pathologieal problem
ag yet unsolved,

Meyer in a paper on the pathology of obosclerosis gives hig
interpretation of the condition as follows:

"The original bone of the labyrinth capsule becomes absorbed

by osteoclasts and a hone marrow is formed, in which an excessive
number of ostecblasts abound. In this marrow the new bone is forme
ed but it is imperfect, It is reticulsted, stains dark blue with
haemalin and eosin, and containg a nmmber of irregular bone cells.
This imperfect new bone gradually becomes surrounded by more

perfect bone,

-15m
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Such tissue as the blue staining bone is never seen in the normal
labyrinth eapsule or in other pathological conditicns. It is this
fact which give# ug the key to the digease, since it c¢an thus rep-
resent neither a vhysiologleal transformation nor and inflamma-
tory development,

Physiologicael transformation and regenerstion vnrocesses of
hone develop in guite & differernt way. Uever, in disereet foci,
but always in irregularly dispersed ocanal systems. In
physiological transformations aadbinflammaﬁery conditions, new
Plood vessels enter the censls of the o0ld bone, Further ih olbo-
selerogisg there is no exudation sueh ag occursg in cases of

inflammation, and the bone spaces contalin not granulation

Guggenh eim in 1921 studied the orgsn of hearing from the

lowest vertebrate to man. From this v he makes the following

b

conclusion:

"That certaln chromosomes trangmit a something which caumes the
éval window to close width bone., The typical gite is just anterior
to the foot plate of the gtapves. The new bone is a Tlbre or web
bone. It obliterates the oval window by replacing the foot plate
and ammular ligement, The labyrinth becomes shut off as far ag its
primitive portion {vestibniqr spparatus) is concerned: just as

it is shut off in the lower vertebrates.!

"May we not, therefore, look upon otosclerosis as a regression

rather than a disease process?’

-
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INFLUENCE OF LOCAL CONDITIONS

Toynbee in his studies concerning the pathology of oto-
sclerosis, notes as a rule that the mucous membrane of the tympanic
cavity is thickensd and that the tympanic membrane is often opaque
and some what thickened.

Thus suggesting some chronie initating factor: that is,
inflammation which if net removed may cause some varieties of
stapes ankylosis,

Morphologically there is a close relationship between the
tympanic mucosa and the adjacent portion of the petrous bone.
Moreover, the vascularization of these parts is closely connected
80 that any disease of the mucosa or nutritional disturbance would
react upon the closely conncscted periostium and bone itself.

Middle ear catarrh may be a frequent cause of stapes
enkylosis. 1In this diéease the entire mucous covering of the stapes
and annular ligament is involved. In severe cases a deposit of
calcium salts itakes place so that the tympanic membrane and stapes
becomes rigid and immovable. Likewise there may be the formation of
adhesive bands between the erura of the stapes and especislly
the niche of the oval window. Many cases of stapes ahkylosis have
been reported as due to secondary catarrh from the naso pharyn¥x ex-

tending up the Hutachisn tube.

-l7=
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Steinbrugge is of the opinion that permanent changes in the
tympanic mucosa may result from freguent recurrence of catarrhal
inflemmation, as well as in consequence of chronic hyperemia.

The comnective tissue fibers become denser and contain cal-
cium concretions; and deposits form on the labyrinthine walls,
often as circumscribed hyperostotic formations.

These sclerotic changes may also develop without preceding
inflammatory processes. The tympanic mucosa may not be envolved
or only to a slight degrees. However, there is often congestion of
the vessels in the handle of the malleus and a chronic hyperemisa
of the mucosa of the labyrinthine wall.

Grunert in 1903 and 1904, believed that otosclerosis as a
sequel to middle ear disease was unsupported and that the nuecleus
of the disease comsisted of very definitely circumscribed
pathological foci extending deeply into the petrous bone and
not in immediate contact with middle ear mmcosa. In some
cases however a nreceding otitis media may have besn a causative
factor in eliciting the charsecteristic bone disease in the
presence of an inherited predisposition.

Nevertheless acute purulent otitis media, usually extends to
the esllular spaces, pneumatic and marrow spaces adjoining the
middle ear, while the lsbyrinthine capsule presents slight changes
88 a result of congestive hyperemis and eventually becomes envolved
either by way of middle ear or cellular spaces.

Gray stated in 1906, that the circulation in the minute
vessels of the bone in the labyrinthine capsule is very apt to

become sluggish or to cease altogether, for a tims;

-18-
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thrombosis may occur in the blood vessels or capillaries and the
portion of bone supplied by these vessels, would dlie. HNot being
infected the dead plece of bone would be surrounded by a line of
demarcation and be absorbed, followed by a laying down of new bone.

The ecirculation in the labyrinthine capsule is particularly
prone to 3stasis, since the walls of vessels in bone cannot
collapse and when the force of circulation is not sufficient to
force blood through, the latter must stagnate. RBecause of the
narrowness of the Haversien canals in the temporal bone the force
required to drive the blood through is much greater due to the great
amount of friction to be overcome. The fixation of ithe stapes in
the oval window is easily explained by this hypothesis. Certain
local and general conditions favor these pathological changes.
Certain individuals or families may have narrower capillaries
in the bone than others. There may be differences in the
viscosity of blood. It is quite possible that afieetion of the
muco-periostium with cicatricial contraction of the tissue might
act on the smaller arteries before they peneirate bone and diminish
the foree of the blood eurrent.

Bryant's e¢linical observation and laboratory studies, have led
him t0 conclude, the pathology of this condition depends upon
vascular disturbances, confined to one or more of the following
regionsg: the drum membrane, the major ossicles, the stapes and
labyrinthine walls. The trophle changes resultiing are, congestion,
vascular preoliferation, infiltiation, interstitial inflammation,
hyperphlaéia, constraction, compresion of blood vessels, anemia, de=~
generation, calcification, vaseculsr ostitis or osteoporosis, and

hyperostosis.

-]lOm




He concludes that the condition may be hereditary since it depends
upon nervous instability and merphologieal irregularities, qualities
which are hereditary to a degree.

The etiology of these mucous membrane disturbances is varied,
the chief etiology factor is reduced patency of the Hustachian tube
causing cireulatory disturbance in the tympanum; next are inflammatory
changes in the tympanic mucosa with fibrosis. Less freguent is
altered vaso moter action in the middle ear due %o impaired function
of the general or sympathetic nervous system, from genersl or nervous
exhaustion.

In a later paper the same author ¢lassified chronic catarrhal
otitis media and otoselsrosis in iwo groups on tﬁe basis of etiology
and pathology:

(1) catarrhal and (2) trophotoxie. Group I includes cases caused by

disturbances of the mucous membrane of the upper air tract, which

affects the middle ear either by loesl inflesmmation or improper drain-
age and ventilation through the auditory tube. Group II includes

cases caused by trophic and toxic disturbances affecting the mucous.
membrsne and subjacent portions of the middle ear. The etiology
factor in group I may be, inflammatory lesions spreading thrcugh
the suditory tube o the tympanum or obstructi ve lesions; that is,
tonsils, adenoids, and ete. OGroup II may be general or locsl in the
ear, naso pharynx, in sympathetic nerves or in unbzlanced internal
secretions. Pathologieally they are about the same. One exeeption
being neoted in the catarrhal group fibrous hypertrophy of the mucous
membrane is more marked: in the tropho-toxic cases, bone changes and
atrophy are the most marked.

Mayer, like Bryant strongly supports the view that the eondition

is one of local vascular disturbance. A local circulatory disturbance
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will also account for another fact, that ceritain sharply outlined
portions of the boney capsule of the cochlea remain permanently
free from disease. Assuming that the bone of the petrous bone
is changed becaﬁse of poor nourishmen:, portions having a better
blood supply should escape this change. This is probably why
spongy bene is never found disessed in otosclerosis, the process
always being found in compact bone. Another indication of
eirculatory disturbance is the presense of hemorrhages in the
foci, and the often deseribed hyperemia of definite portions of the
éi seased bone.

The deficient local blood supply may be due to vaso moior
di sturbances or organic changes in the blood vessles,'which may
result from general conditions or from inflammations of the
middle ear. A very surprising statement is made by Gradengo, who
stated that his elinical studies had led him to the conclusion that
tuberculosis was ususlly present in families of otoselerotie
patients, although evidence of the disease is rerely found in the
patients themselves. This tuberculosis diathes¢s leads to diminshed
resistance of the upper air passages as illusirated by the frequency
of adenoids, The author diétinguishing three types of asdenolds with
reference to their relation &6 the ear:
1. Adenoids, which have merely a local sction on the lower nassl
pessages.
2. Adenoids, which nasopharyngeal changes envolve the tympanum and
niddle ear giwing rise to dry or purulent inflammstions with out
extension to the labyrinthine windows.
3. Adenoids, whieh affeet the middle ear so as to extend to the

labyrinthine windows and often result in otosclerosis.
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This view is supported by the repeated c¢linical finding of adenoids,
in adult ;atients, with otosclerosis. There are of course cases of
otosclerosisg which neither histological examination nor elinical
findings indicate inflammatory lesions of the mucosa. Catarrhal and

inflammatory conditions leading from early childhood may leave no

macroscopic or mieroscopic changes in the labyrinthine capsule.

In order %o consider a catarrhal affeetion of the middle ear as &n
etiologieal factor, this disturbance need not be of any cgnsiderable
degree. - It is probably that in certain cases, relatively unimportant
changes of tas tympanic mucosa, vascular or itrophic in character
favor the,daéelopment of the otosclerotic bone lesions in

@

predisposed individuals. According to some scientists ofosclerosis

represents a different disease thaf chronic otitis media, to others

~they are the one and same thing. While Gradeningo points out that

altnough otosclerosis is something different from earonic otitis

they are closely related, the 0titis representing the "preperation

and requisite basis for the ultimate development of otasélarosis.”
Reoult in 1912 found neuritis of the peripheral nerves and of

the éighth pair, and atrophy of the musclses of the ear, in otosclerosis.

He is of the opinion that in otosclerosis there is usually a neuritis

of the sensory otitie plexus of motor branches and of the terminations

of the auditery nerve, especially of the vaso motor fibers.

Whenever one or the other of these nerve elements is affected,

. funetion is disturbed, in regard to transmission and accomodation

to sounds and auditory receiving apparatus.

Neuritis of sensory and trophic nerves results in anemia of the
middle ear and tympanic membrane., There follows then all the tropiie
changes of otosclerosis, Neuritis of the motor nerves immobilizes
the muscles of accommodation resulting in ankylosis of the osiceles
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and in the diminuation of the cireculation and the resulting trophic
changes mentionad above.

Jenkins in 1913 stated that he had found cases with typical
symptoms of octosclerosis that disclosed no evidence of fixation
of the stapes: also that cases of post suppurative fixation do
not show paracusis as é rule. He has concluded that changes in
the labyrinthine fluid are responsible for the c¢linical features
of otoselerosis and that changes of ihe foramen ovale and else-
whers are léter and.secondary changes.

Suppese this fluid to become of increased specific gravity,
then the enertia might be so grest as to cause defective hearing
of sounds through the middle ear, while the more dense fluid would
favor bone conduction. The lncreased density would likewise,
explain the symptom of paracusis. An increased noise would set
this denser fluid in increased molsculasr motion, rendering it
more suitable for the transmission of the wice vibrations.

The suthor has found that if water is rumn into the external
meatus first at body temperatare and gradually iﬂcreasing up to the
limit of the patients endurance and continued for five minutes taat
hearing was imnmediately improved but only temporarily. The hot
water diminishing the density and increasing the molecular movement
of the labyrinthine fluid.

Wittmaack in 1919 on the basis of his pathology studies con-
¢luded that venous stasis originating in the venous sinus near the
labyrinthine capsule produced tae pathological changes. For years
he endeawred 1o produce the condition by animal experimentation.
First he attempted to injure the trovhic nsrwves, supplying the bone

substance, but all these experiments gave negative results.
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Much by accident he observed that when he attempied to injeet
Chinese ink into the semicircular canals of fowls, that hie missed the
canal and injured the venous blood sinus which passes in a bony
channel near the semicircular canal. 1In these cases microscopic

examination showed changes entirely similar to otoselerosis. There
followed then a long series of experiments in which variocus methods
were used to produce venous sinus injury. Most of the experiments
eonfirmed Wittmaack's early ovservations. Other invesiigators were
able to produce much: the same result and for the most part gave
suppors to Wittamaack's view,

The siriking difference on comparison of the experimentally
produced bone process with the oitoseclerotic process conéderped the
extent of the pathological process. Whereas the otuseleroiic¢ process
is confined to cireumserived foel, restricted to definite areas of
prediléction, the experimentally preduced process is much more diffused.
However, such a difference c¢an be explained by the uniform vascular
supply ih the labyrinthine capsule of the chickens as compared o the
heavy bony capsule, snd meager supply in man.

The cause which gives rise to the é% 3is in human otosclerosis
mizt exert an essentially more perisitant and prolonged aetion than
the transitory traumatic obstruetion produced in the experimenté.

Heber in 1930 stated, "Ctoselerosis represents a definite
pathologieal bone pieture and from the features peculiar to this
picture certain conclusions can be drgwn as to its experimental
production." There are five time phases in the developmeni of bone.
1., Hundamental sbtage: that is mesemchymal tissue.

2. The stage of increase and differentiation of intercellular sub-

stance and differentiation of cells surrounding the latter.
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3, The stage of nucleus formation, that is the stage of hardening
of the various differentiéted intercellular substances by lime
impregnation, forming centers for subsequent dépostion of the

next stage. i ’ ’ *
4. Stage of shell, bone fermatieﬁ. This bone appears in the
presence of osteoblasts in epithelioid arrangement. Mostly of
lamellar type but as Max Mayer points out there exists a lamellar,
free type within the labyrinthine eapsule.

5 The stage of resorption, either direectly by means of vessels or
osteoclasts.

These five stages form the bone forming system. This harmonious
combination within the organism comprises the bone picture.

The bone picture of an indi vidual depends upon his age and the
place from which the material is taken. Furthermore these are verisnces
in the individual species. But for sll normal healthy individuals there
is a "normal bone picture.m

Pathological changes of bone are expressed in alterations of the
time phases of the normal bone picture. ‘These factors may be con-
ditioned by factors of time, place, quanity and quality. |

This is the "pathological bons pieture.” (Qtosclerosis is a
pecuiiar foezl envelvemant of the bony labryinthine capsule whieh-
may lead te ankylosis of the stapes, but noi necessarily. -

Manasse, VonRecklinghausen, C. Mayer and now Weber notice the
similiarity of otoselerosis with the bone pieture of osteodysirophia
fibrosa. Only however in the loealiéed form. DBoth diseases may dev-
2lop aleong the same course, but it is not essential for ﬁhem to have

the same pathogenesis in order o present the same end picture.
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Both may represent a degenerative, reactive, reparative process.
A dystrophy, probably thirough action of the blopd vessels, causes de-
generation of bone or cartilage, leading to irriﬁation of the bone
forming system.
This manifests itself in resorption and in the appearance of
young mesencaymal tissue, which is the first stage in bone formation.

Then féllows the differentiation of fibrous marrow, fibroblastic
osteoid, and fibroblastic nucleus (plexus like bone). The higher
unit of bone formation namely *shell bone® does not develop. Re-
gressive ehanges now interfere, the maldifferentiations have been
called harmatomias, by Weber.

In a hyperplastic form this particular harmat oplasis represents
a pseudc tumor, with the bone picture of osteo dystrophia fibrosa.
Intra-osseous epulis and "brown tumors" are remarkably similar to these
pseudo-tumors.

%e have mentioned the bone changes in regard to time, space,
gquantity, end quality. Let us now analyze tiue bone changes of the
otoseclerosis in that fegard.

1. 7Pime:

Just when the disesse begins, we do not know. It may begin in
utero, however, we are certain that the bone pleture reachies its
completion some time in the postfeetal period.

2. GConcerning the element of space, otosclerosis is limited to
definite locations in the labyriath@ne capsule. The peculiar blood
supply 3o these regions has great significance és to the loealization.
3., Quanity:
Figure I. Reveals displacement to the left. Ihe earlier stauges
of differentiation are increased in quanity. Indicating an irritation of

the fundamental stage of the bone forming system and of a consequent

T
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progression.

However, the highest unit, bone formméd in the presence of osteoblasts

in epethelial arrangyement is absent, which might be a sign of regression.

I the total amount of apposition exceeds the limit of normal
appostion with displacement to the left-- Weber speaks of "Absolute®
displacement, (hyperplastic formj. If the total apposition doss not
excead the normal limit, he speaks of it as relative displacement.
4, Qality:

Halformation as a result of a faulty differentiation of the bone
forming systen.

The fundemental problem then is, how can this bone picture be
reproduced experimentally?

(1) according to 0. Hayer, atesclaroéis is a tumor like hypertrophy
a hyperplasia originating from a primarily faulty anlage. Wittmaaek
states that otosclerosis is the end product of éystrophy caused by
venous stasis.

#nile ¥Weber takes the intermediate road, regarding otoselerosis as

a pseudo tumor, resulting from a maldifferentiation, which may
originate from a faulty anlage bu% not of mecessity. He is of the
ginien that a secondary dystrophic disturbanee, appearing very
early, may lead to the same morpholoeical end-picture as a primarily
faulty anlage.

Since the possibility of experimentally producing otosclerosis
from a primary faulty anlage is still remote, the author chose the
possibility of the synthesis of the bone picture of otosclerosis, by
a secondary dystrophy.

Prineiple postulsate.
(1) An irritation of the bone forming system must be produced, wiich
attacks the areas of predilection te a local progression.

27~
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Progression must be arrested and a tendency to faulty defferentiation
be produced.
What are the possibilities for fulfilling the above?

Not infrequently, otosclerosias appears either in connection with
ostengenesis imperfection with generalized osteodystrophia fibrosa.
Assuming that the bone picture of these diseases c¢an be grbdueed
experimentally.

1. Osteodystrophia can be produced by disturbances in metabolism,
Dr. A, F. Morgen and Dr. H. Beck producing the disease in degs by

a purified diet loew im calecium and completely lacking in vitamine D.
How might the bone picture of otosclerosis by superimposed upon such
aﬁ experimental result?

In the experiments otosclercsis probably did not eccur because
cartilagnous remnents had already disappeared by the time the diet
was begun. iHowever typical osteodystiropia fibrosa was produced in the
epiphyseal line of the long bones., Therefore if such femnants had
been present in the labyrinthine capsule it would be the first to
suffer dystrophy, with regeneration and resorption.

The bresk down products leading to a loeal irritation giving rise
to a pseudo tumor. Thus producing otosclerosis as a pseﬁde tumor in
generalized Von Recklinghausen's disease.

Experminental production of osteogenesis imperfecta. The bone
picture of this disease shows a relative displaeément to the left.
The condition seems to be the result of intra uterine seurvy. The
prevailing theory however being that the disease as a generalized
fauliy anlage of the entire supporiing tissue of the body. However
why not produce the same end resuli by producing scurvy. The bone
picture must be the samé, for in scurvy as in osteogenesis imperfecta
a pseudo tumor appears in the vicinity of fractions and hemorrhages.
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Therefore in order to produce otosclerosis in intra uterine seurvy,
providing cartilaginous remnants are presen’t one must have some
form of irritation. Venous stasis according to Wittmaack seems well
adopted to tuis.

This time producing otosclerosis as a pseudo #fumor in osteogenesis
imperfecta.

It is guestionable whether or not otosclerosis can be produced
without some accompanying disturbance of metabolisim for Blochemistry
has taught us that all cases of otosclerosis are accompanied by a
generalized disturbance in metabalem. However, these disturbances

may not have the ssme biochemieal aspscts.
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Again we must refer to the early writings of Toynbee, who in
1857 advanced the theory that shapes snkylosis was o form of
Yrheumatic gout™ of the stapedio~vestibular point. His theory is
immensely interesting. Gout, he states, 1s assoclated with &
excegs of albumin in the blood and envolves vesiculsr tissue.

Bheumatiom ig agsociated with an excess of fibrin in the blood =

jadd
o
[a ]

involves, fibrous tlssue, muscle Tibers, tendons, syrovial and

other serocus membranes.

ey

Hheumatic gout affects both fidbrous and vesicular structures

and consequently the gshtapedio~vestibular Joint., Toynbee poinbed
out that patients with rheumatic goul of the stapedio-vestibular

&

Joint weually showed uric acid diathesi

m
p
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Erhard nobted that this form of deafness was more common in

- Y

women who had had children, there being a decreased achivity

&

in the hearing following each pregnsncy. Te algo noticed thaj

e D8 8 wWag m QT 3 women LThan oomen ang

oy this form of deafness wag more common in women than in men, an
thaet the majority of hig patients resided near the sea shore
and that the advance of the process was favored by cold.

Gradenigo in 1893 found that the diseasge iz seriously

T, -
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aggravated by each pregnancy and the puerperium so th

g
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ehild birth is followed by & definite diminution of hearing,

In both sexes conditlons are uwsually Tound that indicate
vageular irritability, that is rise of blood to the head, vertigo,
eirculatory disturbances, edems etc.

Later the zame author shated that he had studed a new geries
of sclerotic otitis based on hereditery syphilis. Regarding the
gclerosis as an abtenuated form of the ear disease of hereditery

syphilis of Hutchinson, "Every case of progressive deafness
developing in s young person without a hisbory of hereditsry
deafness or tuberculosis should be regarded as supisclous
or gyphilig,®

One of the most complete studies was done by Helot in 1900
in which he exsmined 885 pregnant women. Finding that in some
casss the hearing was diminished during pregnency, but returns to
normal after delivery. However he states that these cases shounld
not be confused with those caseg of middle ear sclerogis in which
a permanent diminution of hearing follows pregnancy and becomes
worse Tollowing delivery, in other cases hearing may be normal
before pregnancy. Should there be several pregnancies at shord
intervals with long periods of lactation, thers seems to be &
marked progression in deafness if sclerosis is present.

The author's opinion as to the cause of sclerosis following
pregnancy is: that during pregnancy there is a congestion of the

Eogtachian tube and middle ear that is eufficlently prolonged

iiferom

fode
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to cauge changes in the structure of the mucosa o
tion of connective btissue which hecomes fibrotic and which results
in compression of the nerve fibers producing a2 trophic lesion

terminating in & sclerosis of the tympanic cavity.
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Dicke im 1903 goes back to Toynbee's original theory and he-
lieves that the condition igs a uric acid toxemia, atbtacking the
individual at his "mogt vulnerable point, the labyrinth.®

Dovmer at the same time expressed the opinion that in oto-

sclerosis the patient will be found to be a "quinine devoiee.”
guinine, he clalims, produces intenge congestion of a long lashing
type which grafted on the uric acid or catarrhal type leads to s
chroniec condition.

Hoberman in 1903 becomes quite radical and bheliesves the
caugse of otosclerosis to be specific and regards syphilis asg the
cause. In his geries of 30 cases, b were definitely syphilitic
and syphilis though not demongirated could not be excluded in the
gthers.

Another factor suggestive of gyphilis ig the onset of obto~
sclerosis during the twentleth to fiftieth year of life, the Time
when syphilig is most commonly acquired. Likewise the histologleal
findings in the bone are guite in accord with the histologilcal
findings in syphilis.

“

However several lnvestigetors can not agree with Habeman's

view and produce rather conclusive evidence to support thelr view
point,

In view of the wide spresd inecidence of syphillis, Tixation of
the stopes would occur much more frequently thean it does as a
secondary condition.

The incidence of syphilis isg highest in men, that of otosclero-

been excluded definitely in a large

e

glg in women. Syphilis has
mumber of cageg gtudied by Denker.
Cornet in 1908 in a very interesting study of 19 cases was

able 4o make a complete ex@mination
BT
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of 18 of the cases., OFf these & were elderly patients of arterio=-

geclerosis or high blood pressure, Of the 10 remaining there were,

one renal insufficiency and alcoholisim, dne hepatic insufficiency,
: |

two dyspepsia with gastro~integtinal atony, Tour gastro inteétinal
disturbances of various types with toxemis shown by stherzl sulphates
in the urine. One cage had repested pregnancies in addition %o
gastro intestinal toxemis.
The author's conclusions, though nnable to definitely

egtablish gastro intestional toxemia as an etioclogical factor in
otogclerosis, do glve some support bo this hypothesis.
1. 1Its hereditary character, for the toxemiag are algo hereditary
and probadbly act upon tﬁe suditory orgsn rendered vulnerable by
hereditary conditions,
2. Its insidious development in young subjects in whom chronic
toxemias are often latent,
3. Its frequent development ot the time of pregmancy which resgults
in special modifications of metaboligin,

Ferreri in 1910 made the shabement that the theory that
otosclerosis is due to suto intoxiecsltion has galned ground. In

3

certain counties in England and Italy where gout and gouty diathesis

jie]

are Treguent obtosclerosisg ig algo freguent.

o
4]
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The majority of cases of otoscler

not due to gout but to a metabolic failure, Such auto intoxicatlons
|

are hereditary and latent so that otosclerosig does not occur until
|

7

a period of gpecial gbtrain on the orgenism,
He believes that the cause is attributable to circumstances

that affect the general nervous system or the alterations ofi%Lé

normal condition of the blood and circulatory system,
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He believes that the cavse is attribubable H¢ circumstances
that affect the general nervous system or to alterations of the

ition of the bloed and circulatory system.

&

nor mal con

The author refers its onsget Ho sudden grief, ghock, frighik,

453
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prolonged mental anxiety, affecting the general nervous sysbten

‘or 1t may be associated with chlorosis, anemis, severe hemorrhag

o

and partnition. (General febrile conditione especially influenza

Heiman in 1209 believes that a very common Tactor in the
eblolegy of obogclerosig is represented by anemia snd chlorosis,
He noted that in his series of cases thirty-five per cent could
e traced to these conditions, Anemia seems to be a posgitive
factor ezxclusive in women. Ferhape a certsin part is played by
menstrustion which temporiarly increases the anemia, and also
temporarily induces congestion of the head.

Pregnancy wag found to be a factor in six per cent of the
author's patients., Here agaln the obosclerosls is the result of
some change in the blood which exerts o deleteriousg influence
upon the organ of hearing in particular

Bryant in 1913 came to the conelusion that fthe pathological
chenges noted in otosclerosis were the exact covnbter parts of other
non—~guppurative processes in the bone slsewhere in the Dhody.

Yor example, osteltis, rachitis, osteommlacia, syphilis, tubereculosis
arthritis, deformsns, osteitis fibrosa, ete,

He helds that otogelerosis is a dystiophic procegs related

to tateo palacia,
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The author nelieves the causes to be manifold in cha rwcter differ-

in no way from the causes of other non-su ppurative bone

lesions outside the temporal bone. He is among the first to mention
@ossible endocrine dyserasis as a likely etiol ogical factor. Like-
wise he sgain mentions trophic and toxic causes and helieves the
hereditary factor lies in o diminished resistance of the autono-
mous and sympathetic nervous systen.

Weyer points oub that the disease ig characterized by pro-
liferation of the fibrous marrow and therefore resembles the

diseasse described by Eeckllnbh sen. HMoreover Fayer states that

b

jsease ig due to local cireculatory described disturbances,

]

he

and therefore agrees with the etiologlcal faetor de geribed by

¢

2

Recklinghaugen a5 being the result of irrit tation to vasomotor
nerves leading to repeated congestion of the bone marrow.
Aside from functional disturbsnces, orgsnic chenges in the

plood vessels mey also be = basis for sclerotic changes,

-

Autopsy findings show arferiosclerosis to be an scoompaniment of

hr

obosclerosis in many ceses, Therefore such general diseases czusing
arteriosclerosis mey also cause otosclerosig, that is, sc wrlet
fever, typhoid, diphtheria and influenza,

To more ﬁhorov@hly egtablish his theory the author presemts
s case of Recklinhausen's osteitis localized in the skull who was
hard of hearing., The patient had eight children and four abertions
and for three yesrs had nobticed and increase in the size of the
head, pains in the occiput and increasing deafness, The Xray

examinstion shows typical changes of Hecklimghausen's disease in

the ekull,

e B




whe hearing test though not definitely showing otosclerctic changes
could not definitely exclude ithe presence of osteitis fibross of the
labyrinthine capsule.

Denker in 1912 believes in the heredity disposition Lo the
digease. The predisposition being the foundation upon which the
disease ariges under influence of certain irritants, Among
those irritants are: increased bone formation during puberty, bony
chenges during pregnancy and circulatory disturbances guch as are
pregsent in arteriosclerosig, vasomobor neuritis and syphilis.

fwo years later the same aubthor enlarged upon his theory of
hypohoreal changes, It iz well known that dysfunction of hyper-
Tunction of the hyphphysis may cause bone changes, a8 in acromegaly.

Though the bone changes of otosclerosis are not comparable to

those of acromegaly the freouent onset of otoseclerosis during

o]

pregnency concomittant with changes in the hypevhysis ig suggestive
of an etioclogical factor, To Turther his gtundies Denker employed
Lbderhalden’s dialysis test for protective ferments againgt hypo-
physeal products in the bloed of twenbty~two otosclerotic cases and
thirteen conbrol cases. Of the twenty-two cases of obosclerosis
seven teen sghowed anti-hyvhphyseal ferments while control cases
ghowed only four.

In 1214 Bauer and Stein in s most exhausting gtudy of the

constitubional factor in the ebiology of obosclerosis ghudied

o

twenty-six cages, eighteen women elizbt men., The following is the
ligt of sympboms supposed to be indicative of an abnormel

congtitution, arranged in order of frequency.

shism of varisble inten-—

fhs

Anomalies of the vasomobtors (dermogra

gity.) Dability of heart sction, as well as respiratory
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irregnlarity of pulse, Agchners bulb pressure reflex (retards

ulse by pressure upon cloged eve balls), Erben

0
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ena {reterdation of pulse by flexion of legs or sbooping.)

Exaggerated tendon and periostial reflexes, latersl differences in

reflexes of the abdomen,

entirely abs ent Anomalie

onset of mengtruation, irregularity of mengtrustion, dymmenonhesz,

e

hypoplasgtic genifalg, anomalies in the halry covering of the trunk

{female %type of vubic hair in men- male type in women), absence of

£ the l*muhﬂﬁic pharyngeal ring and many other zigns

snd symptoms to numerous to be ligbed in full.
The explanstion of such =n smazing amount of meterisl had pro-

be done in the nuther's own words. "Probsbly there harde

note worthy

Teature in the cages

gbigmata found in the

and explain the abrnormal reactlon of the orgenisim of such persons
toward irritants of all kinds,™

The cumulation of degenerstive slgns, observed by the

authors, with otosclerosis is thought to exclude accidental colin-

the origin of otosclercsis.
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After a brief summary of sge and sex incidence: heredity and
course of otocloserosis snd arthritis deformans, O'Malley concludes
that:

Chronic adhesive process of the esar is a rhemmatoid arthritis
alfecting the organ of hearing.

The two diseases are frecuently associated in the same individual
and occuﬁrence of osteocarthritis in the female progenitors of many
of the subjects of otosclerosis have been noted. Developmentally,
anatomically and physiologically, the affected structures are all
alike, considering then fdentical types of destructive and reparative
changes occuring in these similar struetures, the inference would be
that tibe processes are the result of a common pathogenesis.

Further similarity lies in the itwo conditions, for example, there
is a striking analogy between the two disesases in age, sex, race, and
hereditary incidence, symmetry of lesion, trophic changes, cause,
associated disesses and conditions said $0 influence onset and ex-

acerbations. Two ouistanding features run side by side throughout
the whole process, Ayperirophy and atropiy.

In 1917 a valuable contribution was added to the work being done
in the field of otoseclerosis. At this time Frey and Orzechowski found
that in latent tetany there was frequently asscciated deafness. In
five unselected cases of otosclerosis they were able to show definite
gvidence of latent tetany, in three cases and in the oither two, less
definitie symptoms of latent letany.

e authors then note the following characteristics of otosclerosis,
and conelude from them that otoselerosis is not merely a biolegical
process but is dependanf upon general changes in ths organism:

1. Pemily heredity, important.

2., Bilsteral occurrence almosi exclusively.
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3. Freqpenf beginning of the process seon after puberty second or

third decade at the least.

4, Frequent onset of the process in women during pregnancy or
immediately after delivery, aggravation of otesclerosis by pregnancy.

5. Freguent presence of various vasomotor disturbances.

6. Occurrance or aggravation after gave psyechic trauma.

7. Peculisr body type of otosclerotic, not yet analyzed, but definite
enough in that many otologists recognize otosclerscsis before examination.

In 1920 the same authors reporied ten additional cases of oto-
sclerosis examined for latent tetany. Of these ten cases, five showed
evidence of latent tetany, four, less definite evidence, but a probable
diagnosis of tetany could readily be made, the last case showed no
signs but was not examined campletely.

At the same time Roeh studied eighieen cases of otesclerosis for

tetany and failed to ellicit a symptom suggestive of the disease. He
concluded therefore that Frey and Orzechowski used pétients coming
from tetany districts.
Frey, in responding to Roch's criticism of his work, notes that the
patients studied by him were not of a limited territory but wers
soldiers from various regions of AustriasHungary.

He then makes the statement, "Should the foregoing experiences
on the occurrence of léﬁent tetany in ctosclerosis be confirmed in
a larger material, a possible, perhaps complicated, dependence of
otosclerosis on latent tetany, namely parathyroid insuffiencency
would zave to be taken into consideration.

Throughout the literature constant reference is made to the
association of otosclerotics and blue scleroties.

Fraser, probably gives us the most iikely explanation. He notes

—%0w




o,

A,

that fragilitas ossuim has been atiributed w hereditary inferiorty

of the mesenchyme, the labyrinthine cepsule is a mesenchymal structure,

Through the association of otosclerosis with defects of mesenchymatous
structures seems 10 be of importance Fraser does not beliewe

that oteseclerosis can be entirely explained this way. He believes
there is %00 gfeat a tendancy to try to link otosclerosis with a
single cause, wiile it seems more probable that it is a resuli of
several causes combined. Heredity, endoerine dysfunction, toxemias
and loss of nerve influence are all important, he declares.

Hig conelusions are: that an attack of otitis media may be compared
to "the mateh that fires the magazine", hereditary tendaney corresponds
to the "powder", the loss of nerve influence end disorders of the
ductless glands compared to a “want of water with which to extinquish
the flames."

Pratt in 1819 is convinced that duetless gland dysfunction is
the underlying etiological factor. Since the hypophysisg and adrenals
influence bone growth he believes that these two glands are chiefly
responsible. |

Callison 1921 found that otoselerotic patients showed evidence
qf glandular deficiency as messured by conditions of the skin, hair,
lability of cardio vascular system, etec. There is some inerease in
the elimination of both ¢caleium and phosphorous in the urine.

He includes in those glands responsible, those glands that control
caleium metabolism and those that control the oxidation of the bedy,
first is the thyroid, whiech not only céntrols~eellular metabolism, but
caleium and phosphorous metabolism as well, combined with the tﬁyreid
are the interstitual cells of the sex glands. Since definite profif of
their effect upon bony changes has Been proven by changes in castrated

animals. The influence of the parathyreid, thymus, pituritary and
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suprarenals is still problematical.

Escat disregards all theories excepting that of endocrine
dysfunction. He mentions the interelationship of the endoerine
glands and imporiance played by the ovaries in the female sex. The
progress of the disease process is acceleratsd at two poles of
sexual life, puberty and the menopause, it is also accelerated by
pregnancy and lactation. When the menopause is over the process is
arrested.

To support his contention he reports the following case: A woman
thirty-two years of age, in whom a total hysterectomy was performed
was followed not only by the arrest, but by partial regression of
typical otoselerosis with ankylosis of the stapes.

In 1922 EKauffman points out the similarity of the bone changes
in the temporal bone in rickets, and otosclerosis. Rickets is a
defiéiency disease. He therefore forms the hypothesis that it seems
reasonable that a similar deficlency acting throughout different
periods of life may produce not infantile rickets, but Eony changes,
é¢lsewhere, as in otoselerosis.

Worxing on this suppostion Keuffman and sis associates, made
experiments on young rats fed on two types of deficiency diets. The
rats were killed at the end of three months and a study made of the
labyrinthine capsule.

It will suffice here to state that they found changes in the temporal
bone entirely analogoug to those in the long bones. Since other
investigators have demonstrated that healing processes take place in
the long bones in experimehtal rickets the authors believe it is
possible that similar healing processes would take place in the
temporal bones and give a picture identiaal with that in advanced
ctoseclerosis. Indieating that otosclerosis may be a result of rickets

or a dietary dediciency similar to that which causes, rickets, still
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existant during adult life.

In 1922 the study of blood chemistry again leads the field of
investigation. At that time Leicher reporited the determination of
the calciﬁm content of the blood serum in thirty-two cases of oto-
selerosis. In twenty~four cases the calcium was found to be diminished
below the normal limits of variation., Six of the eight cases with
apparentdy normal figures showed evidence of abnormal caléium
metabolism as sihown by the fact that after administration of primary
sodium phosphiate for two weeks, there was a definite lowering of the
caleium content of the serum, where as twenty normal persons under the
same conditions showed no change. In the remaining two cases the test
eould not be made., In view of the periodieity of the remissions and
exacerbations in otosclerosis one might expect to £ ind nermal blood
calcium at times., The diminished ecalcium ions leads to sn increased
neuromuscular irritability which manifesis itself in the symptoms of
tetany.

For an etiological explanation of these findings the author turns
to the endoerine glandé.

The author's summarﬁ is as follows:
1. The calcium content of %the blood serum in 70-80C per cent of oto-
scierosia patients is definitely diminished.
2. In apparentl& normal otosclerotic patients the blood demonstrates a
1ability upon the administration of primary sodium phosphate.
3. The determination of calcium content in the spinal fluid of two
patients showed normazl values.
4., Cliniecally this clacium deficiency may manifest itself by (a) the
phencmens of Chvostek, Zrb, Trousseasu; {b) by disturbances on the part
of the vegetative nerwus system (nerwus gastrointestinal disturbances,)
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eireculatory irregularities (disturbance: of heat regulation).
5 The ecause is presumably endocrine or constitutional anomalies.

In 1924 Drury reported forty-four cases of otosclerosis studied
specifically for endocrine disturbances. The basal metabolic rate,
vital capacity alveolar C O, blood’chemistry, blood counts, urine
chemistry and sugar tolerance were destermined, and special eys,
neurologiecal and ﬁpeﬁtgenreﬁn1studies made. Sixteen caseé showed no
evidence of glandular dysfuntion; two were syphilitic; twenty-six had
evidence of glandular dysfunection; nine of these showed pituritary
dysfuntion, six gonad dysfunction, three thyroid dysfunction, in eight
the gland could not be determined., From these series of cases the author
coneludes that the endocrines are important etiologically and that the
findings indiecated a lowered rather than an increased glandular function.

Manasse, who made exhaustive studies of tae cholesterol content of
the blood, coneludes that the deposit of cholesterin not only depends
upon the %ypereholesterenemia but upon loecal tissue conditions. Though
he reporfs both a hypo and hypercholesterinemia in these cases, the
latter seems concomittant with pregnancy.

He 5elieves the cause of the metabolic cholesterin disturbance is
endoerine in origin.

Stern in 1926 reported the effect of the blood serum of patients
with etosclerosis on the growth of ssedlings of Lupenus Albus. In
twenty cases the seedlings not only showed definite inhibition of growth
but also evidence of atrophy as compared o normal serum.

Leicher later extended the work of Sfern and recorted not only the
gserum exerted a toxic effect on wegetable cells but also to a lesggr
degree, the urine, the saliva and the sweat‘of otescleroties.

This toxie subsftance was demonstrable in the alcohal,‘éﬁﬁ@r@ﬁ@mm,
ether, and acetone sxtracts of these body fluids. The author considers,
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the phosphatides as being the probable vehicles of the toxin.

Werner states that Bock has described a polarization method for
the demonstration of hormones in the blood, no hormone being found in
the blood of normal persons. Waing Bock's method in his study of
twel ve cases Werner was able to demonstrste the presence of several
hormenes.

However a variety of combinations were present, Thyroid, evarian,
pituritary, suprarenal and pancreatic were found. In tlree fourths of
the cases parathormone was demonstrated.

The survey of the material available for the year 1929, first
mentions Harris's study of eight-two cases with no history of suppuratibn.
The method of selecting these cases was to select cases of gradually
progressive deafness, with no history of suppuration and no thought of
the morbid anatomy. Each ease was submitted to in addition to the
hearing tests, complete physical examination and blood studies.

A family history was found in only eight per cent of the casss.

The drum membrane was normal in a great ﬁajority of the cases.

‘Sixty hree showed a raising of the lower tone limit. In forty six bone

conduction was lenghh end and normal in twenity but these were cases of
only short duration. Rinne's test negative in fifty one and positive in
fourtesn. The auditory tube was normally patent in all cases. These
obgervations are &t variance with many writers view points, notably
Bezold and Enecerson.

The audic grams were divided into four classes,
l. Tnose ghowing a loss mainly at the lower end of the scale.
2. General lowering of acuity.
3., Lowering abt both ends of the seale.
4. lowering at the upper end. Analysis of the graphs showed an approx-
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imately uniform reduction of the hearing over the entire scale in
forty-one cases: twenty five cases showing a lowering chiefly at the
upper end. Based on rslationship to the duration of deafness, about
one nalf of the cases in which the upper limit was envolved had lasted
less than three years. A little over hsalf of those showing uniform
reduction were also less than three years duration.

All cases were investigated for foeal infection. Only fourteen
cases of diseased tongils, three sinusitis and a few others of
misellaneous socurees were found.

The urine was normal excepting for one case of diabetes, four
positive Wassermans and Kahns were found all in women who did not show
severe deafness. The blood calecium was sbove normal in three fourths
and below in ten. In thirty seven cases the uriec scid was above normal.
The Basal Metabloie Rate was above normal in twenty tnree cases. Thirty
nine were examined for endocrine disturbances, thirty four showed some
abnormality. Thirty five were married women, in eleven the deafness
began after child birth, in eight it was worse after partuition and
in nine i% was present before marriage.

Willige and Loebell were among the first investigators o analyze
the affect of pregnancy upon women with normal hearing. ﬁillige
examined thirty five women in the 6-10 mouth of pregnaney with reference
to their hearing. The majority of the patients had large colleciion of
wax, and arcus c¢ipoid in the cornea and ear drum and a slight degree
of inner ear deafness.

The latter showed itself by shortened bone conduction anéd lewering
of the upper limit and the monochoid. Seventeen of these were examined
from 6-10 days after partiution. In all cazses the upper tone limit
was again normal but the bons conduetion was still shorted in about

one-third.
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Other authors have shown an inecrease of cholesterol in the blood
during pregnancj.

Loebells, series of 151 women examined in the last trimester of
pregnancy showed that 60 per cent showed a diminution of hearing of the
perceptive type.

The Rinne test was positive and the lower tome limit nommal in
all cases. The upper tone limit was 20,000 in all but 2 cases. Bone
conduction was deminished for € and for C 8. Ohly four showed
improvement postpartum. As most of these patients were unmarried
women who had repeatedly been examinedvin the maternity elinic, Losbell
believed that there was a lafge psychologic factor iﬁ his cases,

Gottlieb studied thivieen cases of progressive deafness. A note
worthy feature was that the results of hearing tests varied from time
to time, indicating one examination is not enough to gain a true picture
of the condition. Such changes suggested to the author that perhaps
hearing defects were nét due to ehranges in the osseous labyrinthe but
to alternate laying down and absorbition of exudates in the membranous
cochlea.

3ix cases showed contraction of the color fields and in four of
these heredity was a factor. Concomitant abrormalities were presant
in all cases. In three cases the uric gcid content was abnormal and
the ealcium in four.

Gottlieb then carried out a series of experiments in which extracts
were made from the feces of patients suffering from progressive deafness.
These extracts were injected into guinemg pigs. The same was done with
extracts obtained from versons of normal hearing. Hemorrhagic lesions
appeared in the inner ear of those guine@g pigs injected with extracts
from patients, but not in the others.
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Drury presented a study of 10,000 cases histories bearing on the

relation of endocrine glands to deafness. Deafness was a presenting

‘symptem in eighteon per cent of the cases of thyroid dissase, in itwenty

two per cent of those of pituritery disease &nd in thirteen per cent
of those ovarian disease. Thé largest proportion showed diminished
function of the gland in question. Adnainistration of the gland
produced considerable improveament both in general health and.hearing
of patients with thyroid or pituritary disease. Results of ovarian
glandular tBerapyswere disappointing.

Béhrendt and Berbrich‘compared the blood chemistry of rickets and
otoselerosis. The changes corresponded in some respects. The alkali

reserve of the blood was lowered, but the aecid secretion of the urine

normal. Therefore the characteristic feature of riekets, vig,

hyophosphatemia, was absent. T herefore they concluded that in oto-
seclerosis there are disturbances of metabolism, of intermidiate degree,
whiech in many ways are énalogous to those in rickets.

Josephson states that there is a charscteristic and constant
injection of the vessels of the ﬁrum and the inner end of the external
auditory meatus., He leansed to Wittmsack's view of vascular stress on
the observations of Gray that vaso dilators, nitrites, will temporarily
imprové hearing. In this test he suggested & means of determining
prognosis. Since if a patient responds to vasodilators irreparable
aamage has probably not occurred as yet.

Harris reports out of 60 records of otosclerotie patients

Pourteen cases of women where ithe history was one of anot or
compartively slight deafness ﬁntil the first or subseguent pregnancies,
Wﬁen almost in a moment the hearing became seriously affected. %En-

couragement is lacking in such cases that in time the hearing might
be improved. Many leaders in the progession suggest that if pregnancy

-4 e




=3

occurs in these cases, an interruption is the proper course %o be
carried out.

Various explanations have been advanced for this aifect of
pregnancy. Neuman thinks it is due to lowering of the bone re;istance,
Cornett to auto intoxisation, Otto Mayer to otoselerotec areas in the
pregnant woman. ﬁiexander thinﬁs the bone ehanges to be of a congental
nature. |
Stein's opinion is that there is a constitutional diminishing of the
hearing due to developmental anomelies in the labyrinthine capsule,
there being s predisposition to otosclerosis on the one hadn, and on
the other, to atrophy of the nervousrapparatus.

Mirvish "29" worked chiefly with parathormone treatment in cases
of otosclerosis, however his work sesms valuable frosm an stviclogical
stand péint. %e have seen the general irend to the study of endoerine
dysfunetion in the more recent literature. Otosclerosis is a diseass
of the bone. The endocune glands especially the psrathyroids are known
to influence the ealeium metabolisim gnd through it bone growih, furiher:
investigation has demonsirated that the concentration of caleium in the
blood is below normal in octoselerosis such as one would expect in
hypoparathyroidisim. Other evidence pointing in the same direction is
the frement occurrence of latent tetany in otoselerotic patients and
manifest tetany during pregnancy. On this basis Mervish began his
work in the itreatment of otosclerosis with parathormonse. Ho attempt
will be made here to a detail review of his work. The work represented
an intensive study of a few cases of otosclerosis who were treated with
pgrathosmane injections, and whose hearing was continuosly contreiled
by quanitative hearing tests.

The number of cases was of necessity small but observations of
oneto three years justified certain conclusions.
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In the cages reported parathormone definitely arregted the

progress and improved the hearing in two cases., The improvement

e

ot

was manlfest in the first two months and progressed no further.

+

On the other hand the improvement was mainbained all the time,
The suthor suggests that otosclerosis is anslogous to osteoma

acia and rickets, and that these three metabolic diseases have

a8 a basis of their pathology a common factor, hypoparathyroidism,

Wamick in 1931

o'

that progressive deafness is cauged by

jot)

elieve
the intermittent although infintisimel deposition of mineral salte
about the foot plate of the stapes and the margin of the ovel win~
dow eventually resulting in interfervence of normal vibretion of the
stapes in the fenesira ovalis.

He notes that the mineral congtituents found deposited in
ottitic senility are composed of caleiwm carbonste and tricaleium
phosphate. Thesge are two principal constituents of norwal hone,
Serum containg calcium and organic phosphorus in a golution in mmch
higher concentration than would be possitle in water on acecount
of the high carbon dioxide ftension and the colloid contained in th
serum., %hen the concentration of caleiwm and phogphorous reaches
2 certain point, a decreazse of C02 tension which increases the
alkalinity brings about the percipatation of +the tricaleium phog-
vhate., Therefore in dead or inactive tissue (C02 tension ig low
and conditions are favorable for percipitation.

The possibility of the presence of a calcium binding subshance

within the area is an stitractive one. CLartilage is one such

™

subgtance.
Wells found that certain substances when introduced into the

tigsue had far greater powers of caleium abgsorption than others,
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For exemple fat, spleen,thymus are found o contain 1l2m. gm of
caleivm after & gbtay of fourteen weeks in peritoneuwn where as a
gimilar piece of cartilage has absorbed 15-4m zm even after being
devitalized by boiling.

If we recall Mayer's work on otosclerotic foci we can readily
see the excellent opportunity of caleium deposition in these areas.

In considering zaome of the circumstances which alter calclum
metabolisim Warwick believes that there is too great a tendancy to
the belief that pregnancy and ovarian disorders were invariable
concurrent with otosclerosis,

The suthor upholds Frasger's view that otosclerosis may be
due to a multiplicity of causes,

Obgerving his own patients the author noted that a number
gave a hisbory of having been weaned from the breasgt and fed on
sweetened condensed milk, Investigators hove shown $hat condensed
nilk ig deficient in viteminehA snd D, Investigatorsg prodvcing
symobomg of bone disease, rickets with a diet of condensed milk
fed to rats., Ioreover mothers fed on 2 vitemir@deficlent diet
give birth to poorly developed children, From this obgervation
he concludes, that the hersditary %@ﬁdency of obtosclerosis results
in & deficiency in formation of the temporal bone in the fetus and
sarly months of ianfancy. That the cartilage cells become

3
gengitized in such a nature that’ adult life they become regponsive
to changes 1in the hydrogen ion concentration of the blood, and
of bleod calecium, such ag occurs temporily during the endocrine
deficiency of lactation.

In view of the fact that 21l physiological and pathological

veriations are intimately comnected with csleium metabolisim,
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ond otosclerosis is a variation in bony growth it would seem logical
to search for blood caleium and phosphorus varistion in this disease,
One engogenous store of caleium is bone. Thosphorous is avall-
able in 2ll tissues in the Torm of vhosphoric acid., Caleium
metabolisim consists of: diet as the supply, upper intestine as thé
absorber, the serum as the carrier, bone as the storehouse and the
kidney and lower inbtestine as the eliminators,
The Tactors influencing absorption are:
1. The amount of ecalcium,
2., The acidity of the food.
3. The amount of available fatiy acids.
4, The presgence of vitamine D,
Phe factors influencing excretion are:

z

v little conservation of calcium in the body,and

3

1. There is ver
excretion ig on at & certain high minimum level under all conditlons
(Peters H. C.)
2, Excretion is raised by excess and lowered by insufficlency
in {a) acid (b) parathyroid (c) thyroid activity.

The above favors depletion of calcium from bones, for calecium
is a Tixed bage easily available, Calcimwa is present in blood
ag a complex phogphate and a proteinste., The calcium proteinate
ig not awvallable, since it is more soluble in serum than in water
and less soluble in Intra cellular fluids, and percipitates in low
protein,

Popular theories as to whj ealcium ig percipitated are:
1, Calcium is already present and is percipitated from hypothetiesl
gupergaturated solution,

2. The removal of phosphorous by certain cells percipstes caleium.
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3. Certain cells, especially cartilage have gpecific attraction for
caleium,
4, Iocal changes occur in the PLH.

5., Dead =nd subtolized bone is the source of calcium {fracture

ey

-

healln
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6. Inzymes are present that percipitate caleium by catalysis
and locally changiéng the P, H, The last three are the more
plaugible,

Fowler, examined sll his patients' blood for variabtions
in cholesterol few cases showed sny., Fifty-elght cases had
calcium phosphorous and protein determinations and showed very
glight veriations from normal., However all the casges were establighe
ed otoscierosis.

Ag to inciplent otosclerogis something of importance may be
found. However how can we dlagnose incipient otoselerosis snd
institute calcium therapy except vaguely by = positive family

Wistbory?

o
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SUMMARY AND COi?CLUSI 0¥

Up to the time of Toynbee 1851 the history of obosclerosis
gongisted of little more than fragmentary bits of ansbomy and

physiology, some correct and some incorrect dubt 2ll furnishing

g

basig for further study. Toymbee in hig description of the
signs and sympbtoms and verious pathological findinge varies
very little from the present concepbion of the condition. From
the time of his Pirst theory of "rheumatold arthritis” as being
the cause of stepes ankylosis meny thecries have been evolved.

A% the preséaﬁ time there are probably seven main theories
28 to the etioclogy of otosclerosis.
1. Heredity, which seems to be regarded as the one consbtent faclor
in its etliology.
2, Infectioug theory, mere in the discard, though some otologists
advige removal of all foecl of infection.

3., Woxie theory, magta, intestinal sutointoxication, gouty

o
disthesis, and s uric acid disthesi
4, Defliclency theory, 2 guestion of vitemines, brings oubt anale-

ogles to rickets, osteomnlacis, arithritis deformans and similar

{

conditions,
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$. ZEndocrine theory, more recent, received its impetus from the
obgerved evidence of deafness snd letent telbany.
-

6. The circulabtory stagnetion theory, stales that a failure of

normal bone and
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local blood gupply resul
cartilage and results in spongy bone and later a deposition of
lime galts.

7. The neoplagtlic theory, stabes that because of a faulty anlage
with or without an exciting cause, lesions which are esgsentially

.

new growihs develop in & highly complex embryological portion of
the labyrinth capsule,

Your theories seem to have caplured most of the interest
in the last few years., These theories have been discussed
@"evnasﬁd. Fowler in 1.52 sunmmaerizes them so concisely and clear~
1y thet it would seem advigable Lo hecome better acguainted with
their meaning,

The theory of CGustav Bruhl is as follows:
1., Osseous ankyleogis, of the gtapes and clinieal otosclerosis are
identigal, .
2, Before proper invesbigation can bhe nmade more cages of ankylosis
of the stapes disgnosed in vivo should be studied.

©z

3., Otosclerosis is 2 constitubtionally conditioned hereditary

affection, a degeneration or stavisim, b ut not & disease, To
look for the casuse of the disease 1g hopeless,

4, Clagsificaetion of all departures from normsl labyrinthine

bone gtructure as otosclerosis is wrong.

5. The bony form leading to snkylosis of the stapes comsists of
spongelike bone starting from the spaces surrounding the periosteal

blocd vessels of the vesiibular window,




Irritation causes resorpiion of old bone snd replacement by new
bone, This new bone lg formed in excess and is called bumor like
bone.

The irritetions of movement where the Toot plate moves farthest
and the pull of the tensor tympani in the opposite direction is
thought to be a factor in the production of olosclerosis,

Thé gtress and strain of pulling and the irritation of the hyper=-
ogtosis together are in his opinion the important factors,

Profegsor Wittmaack believes that venous stasls causes
otogclercsig. He bhases hig theorieg on observations observed in
g2 gimilar disease, which he was able 1o produce in the labyrinthine
capsule of chicken by venous stasis. By thrombosing the ginus
which drains the capsule of the hen with concentrated corn
chloride preoduces a digturbsnce in the bone which he believes is
identical with thet found in otoseclerosis.

Tr. ¥, Webher is of the opinion that otosclerosis may be

regarded a3 a localized osteitis fibrosa, He hag produced these

He belleves thet the ssme condition is produced by venous stasis,
Mayer gtudled thirdty bemporal bones of congenital deafmutisnm
and found in these bones typical foci of otoselerosis, moreover
in otosclerosis the same changes were found as in deafmutism only
t0 2 lesser degree. In examing these temporal bones, Hayer found
fissures which resembled those he had found in Pagets disesse and
which he termed spontsneocus fraectures, He has found these

figsures in sixby temporal bones, Thege figsures are not empty

but filled with fibers, poor in cells and partly ossified,




Spontaneous fractures probebly were found in old pyramids,
T™e sponteneous fractures probably have no direct bearing om
otosclerosis, Bubl the same mechanical strain oceurring in the
voung could cause obosclerosis, since both occur in those areas in
which greatest giralin oceurs.

o

CORCLUSION

Bruhl believes that otosclercsis is caused by irritation of
the geveral Pfactors working at the obosclerotic cormer.

Mayer arguee, if it were new bone formation thet fruly is
the result of the mechanical irritation Trom the snaular ligament
one would expect new bone Tormation to begir in the cartil&gellayer.
Hayer possesses four temporal bomes sll having normal cartilage
layers.

¥oreover the contraction of the tensor tympsnl musele camnot
irritate this area of predilection as the musecle has no relation
to this ares, The tendon passes around the cochlesrfromis, which
should be the irritated point bub shows no otosclerokic changes.

It is gquite possible that in the case of the snnnlar ligament
and the tengor tympani the irritation mey be transmitied. Bruhl
claining only that the constant ilrritations may be sufficlient to
cause obosclerotic changes in & susceptable individual,

- Wittmaack believes otosclerosis to he caused by venous stasis.
In criticism to this theory we might suggest as Guggenheim polints
oat.

1. That the structure of the hens capsnle is different than that

AP,

of the human,
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2, That experimentally produeed condition is alweys generalized
as to the capsule where ag in the humen it occurs at certain sites
of predilection.

3. That enlarged vessels are physiologic in active bone dhanges
and do not necegsarily point to vencus stasis in obosclerosis.

4, That Witbmasack heg failed to produce any bone changes in mone
keys,

Finally Wittmeack states "In spite of this knowledge, the
problem of otoselerosis ig not solved. The gquesgtion now arises as
to what caaées the venous siagis.”

Weber finds it identical with osteitis fibrosa and puts it
on & local metabolic bhasis.

Weber worked in VWittmasack's laboratory and is therefore in
agécord with some of hig viewg., Unlike Wittmesck he believes a gres?d
deal msy be glezned from the study of allied bone conditions,
Likewise he hasg ghown that all bone in otosclerosis is new formed
bone which is a point greatly discussed by obologists whenever the
higtology of otosclerosis is considered,

Weber admits he does not know what causes otoéclerosis, but
unlike most investigebors hag entered the problem with & broad
selentific attack that should prove valuzble.

liayer believes the condition to be the result of a profound
strain, the nature of which is undetermined, but the presence
of which he proves by the finding of fractures in the sites of
predilection for the disease,

Cuggenhelm says of Mayer's theory, "This may well be true,
but Mayer's observaitions while seientifically of great interest, do

not reveal, the otosclerotic secret of the predisposed indiwidusl.”




He have seen that heredity seems o be about the one congbant
factor agreed upon by those working upon the problem. That the

2 .O

characheristic is a recessive one seems to be fairly well estadblished
The frequency that a hereditary factor occurs in the condition
e ig a much dispuled queétion. Many go called family histories may
érove negative upon closer investigation. A deaf grandparent may
have been deal from an injury. The diagnosis of otogclerosis may
not have heen made in other deaf members of a femily, Hegh in
1930 studied one thousand cases of oboselerosis, and less then
six percent were definitely disgnosed as otosclérasis_ A family
history occurred in forbty-eight percent,
In just what menner the condition is inherited is étill
vnenswered, However, the work of Guggenheim in 1932 in which

s a2

- he attempts to prove that obtosclerosgis ig directly the result of a
regresgion in certain individuals through secondsry mesenchyroid
activity, to a lower vertebrate level, as far as the aural capsule
is concerned, 1s very plougible, and when completely worked out
ghould prove to be that heredityy semethzr all investigators
refer to but fall to esteblish, In answer to the questlons asked
in the introduction to this work maey it be saild:

The disease is hereditary, That a family history worked oulb
especially if the patient be =& women is enough to csubtlion her
about marriage. If she is deaf pregnancy is apt to increase her
deafness, If she is not deaf pregnancy is apt to prove to be the
exciting cause, Narriage between two people hoth with familp

histories 1ndlcat1ng otoselerosis is hardly permisgsible,

N
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Hereditary deafness presents s rather dark prognosis.
If the condition 1s s regression, a meldevelopment, then trestment
can be of 1little =zvail., Should the condition be a hereditary
predigpogition, then by ruling out exciting factors, resulis mey
be obtained.

The psychic changes are immensely interesting, Whether they
are part of the condition or merely the result of the condition
ig difficult to state, It must be admitted thet with the nervous
ingbability, and concomittant findings indicating maladjustment
one would be inclined ﬁo believe they are part of the condition,
However, 1t is said that those patients instructed in lip reading
frequently show normal gocial trends, and lose the feeling of being
& soclal oubecast, Horesover do deafl pecple, deal from some other
cause possess the seme oublook? IT so, we must conelude that we
are dealing with a condition which is the result of the loss of
hearing,

At present however I am inclined to believe that the condition
is Just 28 much a part of obosclerosis as the progressive deafness

and that treatment along these lineg is to be recommended.
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