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INTRODUCTION

In writing thie summary of the literature on the
etiology of otosclerosis, it was the hope that a general
knowledge 0of the theories advarced up to the precent
might be obtained. That by this mezne the progress in
thie field might be evaluated und thzt some ot the prob-
leme preeenting themselves in the treatment of otoscler-
otic patientes made earier.

Ntoeclerosis alwaye hse been a gocial problem and
sooner or later every physiciaun ie contronted with the
responeibility of advieing some patient suftering Irom
the diseace.

Is the diseate inherited? Is treutment thereiore
0f no aveil and muset we 100k forwerd to uniavorgble prog-
nocie in all cases? Should a patient with otosclerosis
marry and have children? Wwould pregnancy incite otoscler-
osis in the mother? Or 1if ehe hasr otosclerosis would it
contribute to the advancement or the disezce? To what
extent are we able to prevent otogclervesis by eliminating
poscible etiologiczl tactore?

Moreover, otosclerosie ic characterized b, certain
peychice changes, notuble mental deprecsion aud an attempt

to 1limit all social intercourse. Are these changes the



result of the condition ot being deail, or are the changes
juet as much a part of otosclerosis ¢e the changeg in the
labyrinthine capsule? Questione like the zbove can only
be ansvered by studying the etiology oif the condition.

The work here btegins with the earliest work done on
the csubject and ae nearly ag poscitvle each relerence ie
added more in ite place in the development o1 the litera-
ture than the real subject matter it contuims.

The work o1 the "Committee on Otosclerogis™ o0& the
Arerican Ntological Society has been ucsed counstantly ifor
material. The manner of precenting the subject under

Hereditary Causes, Congenital Caucee, local Cauceg, and

General Cauceg wae suggecsted by this same work.

II.



HFRFDITY AS® AN FTIOLOGICAL FACTOR

The history of otosclerosis up to the time of
Toynbee, in 1851, (9) is & collection of fragmentary
bits of snatomy =snd physiology, come correct znd some
incorrect, but 211 leeding to a basic knowledge essen-
tiel to lster studies. Toynbee examined zbout twelve
hundred coses of diseased eers esnetomically, and be-
came interested in stepes enkylosis, which he attri-
buted to a "rheumatoid arthritis.” It is slso inter-
esting in thst there was found 2 femily history of
deafnese in ma ny of his cases,

Von TMroeltsch, in 18692, (1) ststes that chronic
catarrh of the eezr, under »hich term he includes scler-
osis end stepes enkylosis, often hes 2 hereditary basis.

In 1910, Hammerschlag (1) referring to the genenl-
ogy discusced in his previous contribution showed the
sgssociation of hereditery degenercztive desfness znd oto-
sclerosis in the csome family. ¥He meintesined thet oto-
sclerosis #nd hereditary degenerstive desfmutism ore
different menifeststions of the szme hereditery process,
on the following grounds: (1) The degenerative-strophic
process in the nerve and the nerve terminels found in

congenitel desfness sre probebly entirely the =ame es



those found in ctosclerocis, (?) The cheracteristic
bone changes of ctoccelerosis in the lebyrinthine cer-
csule rre found #lco in ccrme ec-cec of congrnital Aesf-
neer, (2) Toere sre frriiliec in ~h.ch heredifrry desf-
riece rnd ctostlerocic rre re-oclerted., He pleo rointed
out elrevhere thrt ~rogrercive lebyrinth.ne desfnecss is
rleo breed ou = comgenitﬂl disposition =n” ie regeried
by mreny octologicts re Adefin:tely hereditery., 1In s ceer
of “rogres-ive lrebyrinthine ?erfne--~ rerorte” by Men-
ecce, rn iccleted new-Torm focus of srongy bone ves
found in the .nterncl suditory mes=stue in r=4~ition to
the ty icel pethalogicel chrenges in the nerve, The
findinges indicete thet progrecs-ive lebyrinthine dersfnecs
is = primery degenerstion rtrophy of the rcouctic nerve
which mry not be menifest unt:1l 1-te in life, but in in-
dividuals vith 2 constitutiornel inferior suditory or-
gen ic menifest in the errly 1ife reriod. It ceems pos-
sible to ctote thrt heielitrsry degenerctive Adeafnecs,
progres-ive lebyrinthine hérdne?p of hesr.ing end cto-
eclerorcis rerrecsent mrrely ﬂifférent.n?nifectsfions of
2 geneticelly uniform dircerce,

¥orner (1) is of the oninion th=t Ciebenmena's in-
ternret=tion of ctorcleracies e 2n sbnorrel rosterbryonic
rroceca of grovth definitely frvore the thecry of ite

heveditsry trenemicscibility. Pny rrocescs of growth,



and degenerrtive ctig-rte, The feqily histories chowed
*het not ouly otoselerocie mce rrecent in the Toully in
some c¢r~o, but r£leo Aicccres knevn to develop on the
breie of courtitutionsl inferiority (diesbetec, rremet. re
rrteriocsclerosic, chlurocis, rte.), M-cording to rres-
ent knowledge on’y the tendency to oto-~clerceis con be
regrrded e inherited, In r carce precented, the frmily
hictcry would cup ort the thecry of "smrmercchleg thrt
hereditery “degencrertive derfnecs, progrec=ive lebyrin-
thine decfnece and otosclerocls nsre on’y Aifferent for-s
of = eingle genetic Adicerce,

In 1921 Gray (1), in = review of the v-rious theor-
iec of *thr ~*iology of Aderfneccs, concludes thet otoccler-
ocic ic » definite rothclo tesl chenge in *he bony csr-
rule of the lebyrinth, bilesterslly symmectricrl, weliing
ite 2 reecrence very greodurl’ s and occurring in individuecls
who mey be in the beet «f herlth, The rjority of indi-
vidurle never hrve otocclerosic no metter hoew bedly their
general henrlth mey be sffected ner fros vhrt ceruce, or
vhether they cufer from local Aiecer-e of the esr cuch
ac guprurstion or crtrrrh or not. The logicel conclu-
csion to be drevn ic thrt the brcic ceruce of otoeelsro-is
is to pe fiund in the orgen of herring iteelf en? =2leo
th-t this condition eriste in the orgern of hesring of

ert

ein in“ividurls only. From this point of vier oto-



sre born; it follows from Mendel's law that the num-
ber of trensmittore has no tendency to diminish in the
successive generations, Consanguineous marrisges mey
re~ult in the union of two trensmittors with resultant
appearsnce of the diseacse in the offspring.

Abnormsl heredities, according to Bauer 2nd “tein
(4), in 1395, originste through so-ceslled germ vasries-
tion or idiokinesis, namely, through alteration of one
or more genes, under the influence of some hermful fac-
tor scting unpon the perentsl orgsnism. In their arti-
cle on endocrine =ffections of the suditory organ (1996),
they point out that = positively established fact in the
etiology of otosclerosis, as well as progressive laby-
rinthine herdness of hearing, is not some snomaly in one
or several endocrinic glands, but rather the hereditary
constitutional disposition, trensmissible through the
germ plasm, It is readily understood that such a consti-
tutional dicsposition cen be inherited also, when the most
careful investigstions of the family in so far as prac-
ticable, fail to revesl an anslogous =ffection.

Drury (1926), (1), meinteins that the law of inheri-
teance expleins the cheracter of otosclerosis as sn inher-
ited ebnormel process of development. A suggestive etio-
logic factor in otosclerosis is thet it begins about the

time of puberty. During this period the cells that are



on their way towrrd specirlization may, if conditions
become zltered, es.cci:zlly in 2 prredicpocsed rerson, de-
differenti=te, becoming embryonsl sgain =nd then steort-
ing off on 2z new line of differentiestion., The cezses he
presents illustrste "the general thesis of the etiolog-
icel brckground of otoesclereosics,” In both there is the
constitutionel tendency »< indicated by the femily hie-
tory, rnd in both %there rre evidencss of = disturbence
of genersl metebolism, which the ~uthor believes jis &
fzctor in the determinstion of otosclierosis,

It is rehter remsrksble that on investigator espper-
ently sees only ceses with Adominent heredity, vhile sn-
other sees only recescsive cerere, o thet it ceannot =t
once be recognized which heredity is to be considered as
the rule 211d vhich =292 the excestion., It ic 2 remsrkeble
fact thst Albrecht has ceen for the most pert dominant
crees, vherzas Bauer and Stein ssy mostly rececsive
cacses., Perhasps this ic explsined by the different hered-
itery di-rositions to otosclerosis having o different
geogrephicsl or ethnic distribution., Further investiga-
tions on 2 lsrger mrterirl mu<t »im 2t the =olution of
211 theece cuections, ofter overcoming the msny still-
existing difficulties of humen heredity, snd perhrps may
furnich 2 simpler possibility of interpretstion of the
still =spperently complicated relations.

I
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lies in the rex chromorcorme, snd = frctor A, which lies

in one of the ~utosomers,

In the huren syrciec the mele hre cnly one =ey chromosome
vhile the few-le hee two.

n the'b”SlF of the foregoing hy,otheris, the ~uth-
ore cunclude:

The fernle zygote hee the e=me chance as the mele
of getting e#n ¥-chrorocsome from the ezg, About helf of
the femrle cto-cle otice hrve received their sffected ¥-
chro-osome from the egg; the cther helf hrve received en
~ffected ¥-chromosome from the cperm, Hence, we should
expect tvice =2s weny zygotes cesrrying en =ffected Y-chro-
mosome in the femrlea 25 in the nrles--end this egrees
closely —ith observetion.

Otosclerocic in identicel twine wes rec ntly Ade-
scribed by Thembrugh (1035)(10). This compsratively
rere occurrence hrs peen observed & totezl of five tines.
The ruthor concludes thet the lerge proportion of oto-
sclerotics show cigne of prior inflam ator, episodes in
the middle err »nd nrerl sinucees; »nd this woule rpperr
to be in conforwit; with the contenticn of Fowler.

The underlying cruce of otosclerosis--2s rropounded
by Guggenhrim (1381-72-7272_74)(4)(7)~--is mesench, mzl and

embryonic, or cupervenes cocn efter the fetsl rpericd,

D

Ye originrtes snd, in hic book (127%), mrinteines th
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regression the ry of otosclerosis vas presented to the
otologic world. This theoreticsl structure is erected
upon # very insecure foundertion., It is bssed upon the
finding of bony lesions similrr to thorse found in oto-
sclerosis in the otic ceysule of ¢ fetus of ceven months.
» parallel is drevn betweon the finding of = closure of
a preformed oval winidow in the herring and other fishes
end the eikylosis of the strpes and the obliterstion of
the round windo™ in cases of otocclerocsis, 1In the coses
of the herring =nd the sturgeon the obliteretion of the
preformed window ic eccompliched with norms1 bone =nd
cartilege., The otocsclerotic lesicn ig distinctly pstho-
logic. It is contended thet in otosclerosis there is 2
reversion on the pert of the humen lsbyrinthine cepsule
to the fish stage."

According to the experirientel findings of Tery in
1924 (4), who fed vhite mice with celcium fluoride,--
these Tindings #re oprosed to the regression theory of
Gug: enheimn,

In the discussion of the stertling theory propound-
ed by Guggenheim in his lecture before the New York
Acedeny of Medicine (193?), it wss pointed out by J. Gor-
don ™ilson (4), with respect to the fissula as an »al-
leged vectigial crgen, corresponding to 2 structure

found in certein firches, thst no trrce of the fissule

~14-



CONGFNITAT, CONDITION® IN THE TABYRINTHINF CADCEUTF

In 1872, ™endt (1) noted thet the snstomicsl con-
Aition of the nichecs of the windowe of the lebyrinth ec
well 25 the distrrnice betveen the tegren rndi the heesd of
the melleus rnd the body of the incus, and the Aimen-
sions of the tympenic cevity in genersl frcilitated the
occurrence -f rbnormrl ~dhesionec. An unususl Adepth of

> esrecierlly to frver

9}

’

the niche of the ovsl window eprperr
the origin of adhesionc o7 the strpes to the rsdjecent
bony welle,

A Aistinction between chronic catarrhsl otitis
mediz and sclerotic otitis waes mecde by Gradenigo in 1337
(1). The lszter, he stated, is not uncommonly hereditsry.
It hee & perticulerly consestrnt pathologicel festure le-
csions of the lrbyrinthine wirdome rnd esrecislly eanky-
losis of the steres, Theee chrreoctericstice ¢of selerotic
otitie indicete thrt it is & pathological condition of
embryonic congenitsl origin closely releted to the mor-
rhology of the esr. In his embryologicel studies of the
ery in the mrmmrle #nd men, Gradenigo hes foun”d that the
stepes ic derived from the fuciocn of two Aietinct mor-
rhology elemente, the strrnedi-l ring being derived from

the second branchisl 2rch snd the ctepedisl lemine or
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foct-plete from the lebyrinthine cepsule. The chief,
nracticelly the only, lesions of sleerotic otitis in-
volve the veatibulsr well of the tymprnic cevity eond
the stronees, nemely, pserhe which chow = compley embry-
onic development; the usurl cite of the lesion ie,
therefore, Adetermined by » morrholeogicrl fretor. The
suthor Adoece net elcinm thet csteredio-vectibulsr enkylo-
sie must #1co be regrrded == » pthognomenic lecion of
aclerotic otitic, but he emphrsizes thet in vier of its
complex embryonic formstion this esrticulstion rerrecents
o ypoint of diminiched recicstence in certsin pethologi-
cel proceccecs of the eecr.

T™e rerson why the lebyrinthine ceisule chows e
tendeiicy to tre=ncsformrtion of the comract bone into
loose spongices (ar steted by Siebenmenn in 1899) (1)
is 7robebly esccounted Tor by the frct that the normsal
lebyrinthine cersule throughout 1life is excertionally
rich in remnente of vrim-ry certilsge. Thics cortilage
lies in esmeller or lerger focl in the vicinity of the
lebyrinthine synceé. Theece foci occur most Trecuently
in the regicn of the posterior well of the ovel window
erid in the brsel end of the upper w=1] of the cochlee,
#leo in the lower cochlerr well, i.e,, exectly in those
arers thrt rerrecent the sites of vrredilection for the

srongiose formetion.
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profecsor (. Bruhl of Berlin (5) summerizes his
beliefes on the subject of otosclerceis with five points:

1. Clinienal otosclerosies is identicsl with os-
seous eznkylosis of the stares,

©., TFor proper invecstigetion of otosclerosis more
crcec of enkylosis of the ntapes disgnosed in vivo should
be studied before meny conclusions are dresvn on the sub-
ject.

Z. OQtosclerosis is a constitutionrlly conditioned,
hereditrry effection, 2 kind o “Aegeneration or steviem,
but not £ disezse. Therefore, it is idle to look for
its cause 2s Tor the cause of 2 Adice=ce,

4, Not £11 Aeprrture from the normsl labyrinthine
bone structure chould be clsacssed as otosclerosis orin-
cipient otosclercsis.

5. The true pathologic bony form lesding to snky-
losis o7 the steres consists of = spongelike, new-formed
bone which sterts fror the ereces surrcunding the peri-
osterl blood vessels in front of the vestibuler window.
By mechenical (orchemical) irritstion there is a2 distur-
bence of the o0ld bone by recorntion and later 2 replace-
ment by new bone. The new bone is formed in excess gnd
ie therefcere to be recognized as tumorlike new-formed
bone. Betveen the most entericr portion of the tensor

tymrani tendon and the snterior border of the annulsr
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ligament lies # portion of the cochlesr wall, dubbed
by Bruhl the "ostosclerotic cerner.” In the =dult,
in coentrast to the embryo, the snterior portion ol the
snnuler ligement i brosder then the rostericr portion.
The irritation o’ the moverent et this roint, where
the Toot plrte moves farthecst snd the pull of the ten-
sor tympsni in the oprosite Airectiocn, Bruhl believes
tobe factore in the production of otoscleroeis, This
is especielly the case in incFividuele hereditarily pre-
disposed to the hyperostoses vhich often form in thic
région. The strece 2nd strsin of the rulling and the
irritaetion of the hyperocstorces together =re, in his
opinion, most imrortent in the causrstion of otosclerosies,
Otto Mayer (8), in his erticle entitled "Die Fn-
stehung der “pontsnen frrkturen der Labyrinth kapsel und
ihre Bedeutung Tur die Otocsklerose," g reviewed by
Gﬁggenheim, firet outlines the theory of G. Bruhl as to
the ceuce of otosclerosis., Bruhl believes thet 2 mechan-
ical irritstion of the sres anterior to the oval window
results from (1) constrnt movement of the snuuler lige-
ment, 2nd () the contractions of the tensor tympani
rmuscle, Then follows Meyer's srgument egainst thig theo-
ry. Ageinst: (1) "If it were true that the new bone
formation is the result of the mechanicel irritestion from

the annular ligament, one would exrect that the new bone

t



formetion would begin in the crrtilsge leyer. I ros-
sess four tenporal bones w»ith beginning new bone forms-
tion on the =snterior border of the overl window, in which
the c¢artilrge lryer ie perTectly normel, the new bone
being sntericr tc it r~1nd imposesible of irriteticn from
the pull of the znnular ligement.,"™ Proof rgeinst point
(2): "The contraction of the tenscr tympeni muscle can-
not irritste the point of rredilection, as the muscle
has no relsticn to this erem, Just enterior to the oval
window, the muscle lies in = cenel lined with thick,
firm connective tissue in vhich the muscle =2nd tendon
move freely. The tendon pasce=s sround the procecssus
cochlerriformis, which should be the irritsted point,
end the pocessus cochlecsriformis shovs no otosclerotic
changes nor does the bone to vhich it is atteched., Al-
so, Bruhl's theory coulcd not explsin otosclerosis in the
region o the ovsl window, internel suditory mestur enAd
regicn of the censle,."”

Concerning Bruhl's theory, vhich Msyer attacks,
Guggenheim states theat one night sey that even though the
snnular ligrment doec not impinge directly unon the bone
in which otosclerosis begines, it mey ™ell be that there
is a2 conctent though slight irritetion trensmitted through
the certilege, vhich irritetion msy be related to otoscler-

osis., Also in the cmse of the tensor tympeni rull, there
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mey be & trencmitted irritetion. Bruhl claimes only
thet thece constent irrit:tions‘mpy be sufficient to
et=rt otoeclerotic bone chrnges in suscertible indi-
vidusls, Neither Meyer nor Bruhl has throrn ony light
upon thet individuesl peculirrity which mekes the de-
velopment of ctosclerosis poscible,

In 1314, Menesse (1) reported that in & study of
the petrous bones from two hundred crsecs he found pe-
culia r chrrecteristic crrtilege islande in the bony
capsule of the labyrinth. They consist of hyeline cel-
luler certilage, with =t most 2 few icsolated very fine
fibers; bits of celcium, sometimes larger mssces of
calcium, mrsy be imbedded in the ground substence of
this certilege, Closely relaged, but —ithout =ny gen-
efic trensition into these crrtilage foci, there ere
usuzlly found sm:11 foci of immsture (21though not very
young) bone, non-osteoid, snd conteining frt-marrow
spaces, In view of the fect thet the szuthor found these
Toci from the ege of infency on, pe is inclined to in-
terpret them ss congenitrl ,rrest melformetions; the
reculier bone, which was not demoncetrsble in very young
subjects, is perhevs refereble to 2 psthologicelly in-
complete ossification.

Certzin enslogiecs with osteitié chronica mets-

plestica of the labyrinthine capsule (otosclerosis) sare
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coneidered by the suthor rs interesting: (1) The ceat
of both =ffections iec in the lesbyrinthine cepcule. (2)
Both have #n identical sest of predilection. (3) The
metaplastic fcei appesr ss 2 rule bilrterslly snd rlso
symmetricnlly. (4) Newly developed bone is found in the
meteplestic foci 25 well =< in the cartilage islands,
(5) In both ~ffectione, there exists #t the sere time &n
atrophy of the membrenous labyrinth, #*s, in one of the
author's creees of otosclerosis, the cartilege foci were
found besides spongificetion of the steres plate on one
side, close relations between the tvo affections esre re-
garded by him »s very probsble, although the foci Ade-
scribed in the foregeing ~re not s#s yet to be concidered
2c the substretum of the congenital predisposition to
otosclerésis. |

In 1217, Menesse (1) noted the site of predilection
for the prthologicel chenges of osteitis chronicsa mete-
plestica (otosclercsis), i.e., the anterior mergin of the
ovel window, ic the erme site where snorrlies in the
structure of the bony crspcule of the labyrinth are most
frecuently found, and thet they =re most undoubtedly con-
genital, These mnonezlies sre of two types: inclusions
of certilage =nA inclusidn of fat merrow. The suthor
has not yet been asble to find 2 definite connection be-

tween the certilsge and fzt-merrovw foci snd osteitis



found hyeline cartilrge between the tencor tyripeni ten-
don end the ovrl window, The certilege foci are sit-
usted in the bone f the lebyrinthiue crpeule, pertly
surrounded by interglobuler cpeces, in which ere numerous
blcod veccelrs surrounded by £ bony cherth (or mehtle).
There crrtilrge islends in the lcbyrinthine cersule ere
found =2 t thé cite mh ch is the =ite of predilection
for the rethological chenges of otocclerosis. The con-
clusion thzt these crrtilege remnents reprecent the er-
rested develcrment of verisble etiology and offer »
point of Aiminiched resistence to the otbsclerotic pro-
cess or perheps even & preliminery stage of this pro-
cess seems to be Justified., This conclusion suprlies a
setiéfpctory explenetion for the symmetry snd typicel
localization of the ot0£cierotip foci, Tor-the heredi-
tary cherrcter of thé diserce, znd elso for the occe-
sicnel scsccirstion of otosclercsis with congenitel syrh-
ilis, cretinism =nd cther constitutionel =2nomalies
which esre knowvn to be scsocirted w.th retesrded ossifi-
cation. v

Mzyer (1) hes contributed ot verious times to the
iiter?ture. In 1974 he meintained his theory that the
otosclerctic fcei sre to be interpreted es proliferst-
ions th-t develop from embryonic tissue melformstions,

belonging to the group of hyperplseias thrt originete
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hend, more or lese wrrke? melformetions of the err cre
found in otoscleroeis. It is 2 very valuesble frct thet
this mrlformrticn of the cochlerr spindle sccor”ing to
Siebenmenn is found eepecieclly in the hereditery fornm

of congenitsl derfmutism, beceure numerous invecstigetions
heve chovn thet ctosclerosis likewise reprecente & de-
cidedly hereditery diceece.

On the beeis of his findinge Msyer (1) concludes
that: Not only the histologicel chrrrcter of the foci,
but #1so the multiplicity, the tyricel localizetion ~nd
symmetry, the exietence of minute icl-nde of etyricel
tiscue 2t the sites of origin of the foci, furthermore
also the simulteneous occurrence of meslformetions in the
internsl err #nd in other régions of the ruditory orgsn,
25 well 25 the hyperplesis of the entire petrous bune,
the clinicelly estebliched zscoci~tion with congenitel
signs ofvdegonerption, #nd finelly the heredity, ere in
fervor of the sscumpticn rsdvoceted by the author, that
the foci =2re to be interpreted =c¢ tumor-like hyperple-
ssiess. Only on the basis of this assumption is the en-
tire clinical and enatomiczl picture fendered intelli-
gible. No other theory is ceperble of plrcing otoescler-
osis on the bssis of generel pathology, for while 211
the otner sttempts ot explenetion postulete =n entirely

new unk¥norn prthologicel process, the suthor's theory
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ie linke?® with knovm rocescec in other cy=ter= of the

orgreniem, 0n the other hernd, e 40 not know =My in one

cree lrrpe otoeclerotic flicl dovelor from embryonic oc-
E

tecbl-ctic tircue, vhile in other creoes the pro-th Teile

to ocur or sdvrices oniy to ¢ certein cvtent ~nd then

Ctto Yz ,er (5) in recent jyesr~ hre fouud very
striking, spontrnecus rud rrecumsbly nonsyrmrtometic frac-
tures in the tempor-l bonee of ceversl croree of Poget's
diserce, Mryer finde hiec frreture- very often in the
promontory, neer the enteri.r border of the ovrl windo—,
*nd feele thrt from more cr refi 1l =tudy of the stresces
we shell find this the weriecst psrt of the bony capcule,
rnd the part of the bone 0nt =ibject to rowerful mech-
eriicel influences, He does not cry th=t otocelerosis
i= the crilus of » herled fre=cture; rether he believes
thet 2 continuous strrin on priritive bine in heredi-
terily predicspored individurls scccounte for the grorth
of » meture bone, otosclerot.c bone., The frrctures
merely indicrte the regions where cstrecs 2nd strain
tzke plrce.

Meyerts explrnetion (4) #= to the cruce of fis-
sures or frrcturec in the lesbyrinth csreule ies not ec-
cepted by 7, eiri (197°9), vho refere the production of

thece ficssures escentirlly to: (1) The pulsetion of the
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corotid srtery s ri:nst the labyrinth. (°) The movements

of the steres footplete in the overl wiandew. (Z) The ten-
sion of the membrrne in the brsel coil., 1In »ddition to

thece nurely mechenicel factore, =zlso other forms of ir-
ritetion =ct uron the lzbyrinth cereule,

Fschreiler (1u22)(4) #s regrris fiscures in the
labyrinth cepsule, strtes thet the tis-ue content of the
fiscsures 22 well 2s their localization end the =bsnece
of eny rerction indicrte their correct interpretetion =s
ertifacts. Tenge likewise observed the fissures de-
scribed by Mayer in his temporpl'bone eveciiens end,
like Fschweiler, he interprets them 25 ertifescts, The
observrtions of Keleman (1923), 4o not rermit him to
draw conclusions #s to the relstion of such fissures to
otosclerosis., Also Toebell =nd Nack (1933), 4o not dis-
cuss the significence of *hese fissures or their even-
tusl relastion to otosclerosis.

Hans Brunner, in 2n erticle entitled "ueber Soskt-
buldung in der knochernen Innenohykepsil," which is re-
viewed by L.K. Guggenheim of St., Touis, explains the
fissures os follows: (1) They mey occur sround vessels
or bundles of connective tiscue in the bone. (2) They
may occur in the sense of 0. Mayer (spontsneous fract-
ures). Brunner doubs that the fissures sre reslly

spontaneous freactures due to some mechenicel disturbance
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cf the temmncrsl bone: ne bl ood, pigu-nt or ooy reect-
ion proeecsce =re noted, Brunner thinke the fic-ures
sre olther crnrls for veslee or rre Adehieccences, Te
cennot agres thrt » rollous formr-tion from there fic-
cures ic relsted to otocclerosis: first, becruce the
fie~urees rrec mo~t common in the crnel rngicn; ~here cto-
scleroeis 1g aseldeorm eeen, rnd rerely in the ovel window
region, *here otoczlerosis ic wost corron. ftgein, the
mest comon cite of ftreurctic ficsure is the teguen tym-
reni, here ctorcleroris hee not been found.,

The criticism on Meyert's erontsneoue frectures ss
ststed by Cugrerhein ie--thst there ce-me no longer ony

do.bt thrt Meyerts frectures rre rerlly ficcures oncurr-

~+

ing Aduring life ~nad 0t rrtifercte 7= come hrve cleined,
The ~resence of fibrous ftie-ue in *he flils-urec, he cteotes,
would ceem to cettle thet cuestion., ™hrt therce fiecures
should occur in elderly reople 2t the =ite of predilect-
ion for otorclerosis ic certeinly of significence. He
erys thrt meny men r~re under the inpreccion thet “ayer
hee clrimed thet thece anonteneous fr-ctures rre the
crure of otoscleroris, Me, er hee offered no =uch theory.
He believers th-t in young bone, the strein, which in

the c¢ld bone recsults in frecture, cete up sufficient die-
turbriice, in predisvosed individuele, to cruce certain

bone chenges which ultimrtely recsult in the histologic
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iron chloride, The result .= = disturbaiuce in the bone
~hich ™ittmeeck believes to be identicel +=ith that found
in humrn otocclerosis. ‘

wittmeack's (1930)(4) vencur streie thecry on the
genecis of otoreleroris e beesed uron the explenation of
the locel #besorption »nrocess ne = bone ebsorption vhich
ie elicited through 2 venous steeis with ecnsifercble
rise of the venoucs blood prec~ure, Under the pathclogic
conditions on which the evolution of the otorclerotic
process is bsesed, however, the blood streem within the
venous trrcts here concerned evifently fellows the op-
posite direction end is forced in # retrogrrde course in-
to the emerging vein of the sres of speciel predilection.
He emphesizes thrt the otosclerosic rroblem cen never be
entirely understood, let slone solved, by looking exclu-
sively =t the otocclerctic rbsorption process iteelf.
It is only by wey of the peculisrities of the focus end
a cereful study of its viecinity, with srecial attention
to the venous dreincge prth, th-t the connection will be
clearly chovn between the otosclerotic focus asnd the
cherreteristic reversel of the blood curr<nt within the
venocus trrcts, which are to be regerded =< the sctuel
cauge of the diserced focusg (12).

"ittmereck himeelf reicses the pertinent ouestion es

to the ceuse brck of the venous stssis. There msy well



be a multirlicity of cruecs bringing ebout this con-
Aition, ™he venoig ctrsie thecry doees not conflict with
the ectsbliched hereditrry predis;ocition to otoscler-
ocig in ¢ crertrin percentzge of 2-c=ece, A cpeciel inheri-
ted proclivity to nremr*ure Aycsfuncti n of the veecul=r
velle mey poe~ibly be # powerful frmctor in the profuct-
ion of venoues ctesis,

An investigetion of N, Mesyert's "spontsneous frac-
tures" by mittme~cck, hac led him to entirely Aifferent
conclusions (1377%) (7) rs to their origin; he not only
denies the existence of true frectures--many ere undoubt-
edly =ftifscts-— but he emphessizes thet even grenting the
existence of genuine frrctures, no light would thereby
be cshed on the otosclerosies problem, becruse the debrt-
2ble chripes d0 not occur #t the points of predilection
for otosel~rosis.

Guggenheim states points in criticism of Wittmsack's
.work. He ctates thet no doubt ™ittmeeck hee yroduced
experimentelly hie findings, but —e must keer in mind
th=t the structure .of the hen's c» sule is different
from *the hurmrng th=t the experirent=21ly produced con-
diticn is elweys genereslized 25 tc the cepsule, whereas
ctorclerosis occurs rt certrin csites of predilection;
th-t except fur the precerce in otocclerocis of certain

vegsele gorged w.th bloud corpucscles, there is nc proof



for the ctrtement thrt venous ~tesic eyiets in this con-
dition. Guggenhelm cistes thet 1t ic common knovledge
th t early creea of otoselero=s:s show lrrge vessels which
contrect in lester strages; thst thece enlrrged veccels
mey be thysiclogicelly Aue to increrc=ed bone sctivity,
and th=t therefore Wittmerck hes friled to prove thet
there exists venous stesis in otosclerosis; thet the two
types of coprsules in hen ~nd men rre not comrareble, =snd
finally thet ™ittmaack himself hee finelly reelized thet,
strsis or no stesis, there is en hereditery fector in
otosclerosis which he hee feiled to uncover,

Gray (1934)(8) has had the opportunity of exemin-
ing "ittmesck's preperstions end he is of the opinion
th=t the newly formed bone rroduced =g 2 result of thece
experiments is in no wey different from those which is
found in otosclerosis., Furthermore, he sgrecs with "Mitt-
meack thet thece chrenges in the bone 2re the result of
stegnation of the blood in the ameller blood vesrcels,

Now it eprears to Gray thet the =trgnation of blood in
the bone =t this perticuler region is not difficult of
explanction if it be 2dmitted thot the eccentisl defect
in otozeclerosis is to be found in the vecomotor mecha-
nism governing the nutrition of the orgesn of herring,
weber (1920)(1°) spprosches the problem of otoscler-

osis from the strzndpoint of bone psthology. FHe e¥presces

_ZA-



festotione in the humrn otic c2rcule form the subject
of ~n evtencive «*udy of N-oger -nl “Meyer (1232) (4),
who on the beais of their findings meintesin thet oto-
sclerosis belonge to the grour of ostecdystrophies,
The ex_erience thet eimilesr chrnges heve been produced
in bones by vorious exrerimeontsl rrocodures suggentc
th~t thr~ bone chrngers obeerved in the crterodystrophies,
including otceclercric, =re nct dur to eny specific
cruce, but reprecent = generel rerction of bone tissue
to various met=bolic disturbencecs,

tn the breis of vsricus concider=tions, Moederlein
(1278-12722) (4) ir incline? to sseume thet the process
of chrenge in the bone ies cimilar to thet in rickets or
osteomnrlecis, so thet 2 genersl ceure is presumably re-
sponsible in =11 these ~ffectione, Certain Aifferecricer
of the bine chrenges in otcsclerocis sre resdily sccounted
for by the peculierr structure of the lrbyrinth bone =as
comprred to =11 cther bonces of the body.

Nemineralization of the bonee 1s charged as the
crucntive Trctor in otosclerosis by Pelirra (1920) (4),
~ho coneiders the err diserce es of ecssentislly the seme
nsturc ~s o*her osteodystrorvhies, while restricted to
the bony capsule of the labyrinth, Not rfn 2cturl Aefi-
ciency of phosphorus rsnd crlcium ic responsible, but

rether » “eficient fivetion of these t~c elemente, which
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~re eyoreted without hrving been rroperly utilized by
the tiermpec, FTunction-l “i-~*orheonces of the endocrinice
clenAuler cyectem sre the recognivzed ecrurse of rsuch Je-
mincrsliz=tion vrececcee rad he ceccumee thrt the thyroid

p-

1 probebly primerily sctive in thie reg-r? through hy-
perfunction ir ctoselrroesis,

The new bone formeticn in cterselerocis, =ec2oriing
to 0, Mryer {1323-1337) (4), ir r recorptive new forme-
ticon of = primitive reticulrr bone; thie rrocess tekers
nlece ot certoin Aefiunite citees in the laoyrinth cepeule,
nrmely, ot the wincfowvs ~nd occures in the form of feoci or
brnde, vhich currcunds thece =zites in the form of rings.
Becrure of ite peculirr esitustion sn? ite tendency to
hyprryleeir, the ne bone formstion hre been decscribed
rroa tumer-like hyperplreir, Mechenicel ctreine are held
recponcible for thic new bone formetion, T™e csteogenecis
of otoeeleririe 1o of crllcoue £y e -2 ie referred by
Mayer rmd others to » mechrniecsl funetion=l origin. Its
objective i~ to bUil?d recistent bone =t the pointe ev-

posed *to the grestect rtr-in. In hie= srticlc on otoscler-

(G4}

ceie (1917}, the foerl =ffection wec intér,reted by Mayer

ro r ospecirl foinm of tumor-like hyperpleeis sgnd wre

groupnd under the heading of the so-crlled hemertomss,
Creifenstein (1975) (4) reised the importsnt rues-

tion vhether the hictologic pictire of otosclerocis cc-



curs solely 2nd exclusively in the lsbyrinthi capsule,
or “hether the seomwe or = =imilsr picture ic to be found
under certsin perthologic conditions s2lso outeside of the
labyrinth capcule? ¢chould thie be the cese enc chould
moreover the rezsone be knovn for the origin of such
otosclerotic pictures outside of the lebyrinth capsule,
velurble indicetions would thereby undoubtedly be furn-
iched for the origin of otosclerosis itself. This aues-
tion was approached by Greifenstein, on the basis of ex-
terisive studies of the bone tissue by means of polerized
light. 1In his opinion, en oteerlerotic focus, Judging
from its biologic behavior, mpy originste snywhere in
the presence of vesculsr merrow spaces with specific

germinsl tissue.
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IFLURHCT DF IOCAL CONIITIONS

Toyntee (1), in his description ol speciments in
which stapee ankylosis was found, noteg ag z rule that
the mucous membrane o0f the tympunic cavity ie thickened
and the tympanic membrane d>iten opague &ud gomewhat thick-
ened. He etates that the mucous membrane oi the tym-
parnum may be subject to chronic inflammation, complicated
or not by rheumatiem, and i1 this ie neglected it is lia-
ble to termikate in a rigid stute 01 the membrane. It
is this change in the tympanic cavity, the author ope-
lievee, that results in the various estapgee 01 stapes
ankylosis.

It was pointed out by von Troeltsch (1), in 18by,
that the relationship wae close between the tympanic nu-
coea and the adjacernt portions of the petrous bone which
would nzturally lead to secondary bone aitections devel-
oping from dieeace 0f the tympanic mucosa. He aled notees
that the blood supply and vascularization o1 thete parts
were &aleo comnected so that any nutritional disturtances
in the tymparnic mucosa would react upon the closely con-
nected and subudjacent periosteum and the bone itselt.

It wat stated by Bertuch (1868)(1) that a frequent

cause 01 ankylosies o1 the £tapes ic aniddle-ear catarrh.
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In catarrh of the t mpanic eavity the entire mucous sur-
face oiten showe condensation and thickening and the muc-
oug covering 01 the stupes and the aunnular ligument is
also involved. In esevere cases, a depoeit o1 calcium
salte takees place in the thickerned mucoga, so that the
tympanic membrane and the cstapes become rigid and immov-
able. Another pathological change reierable 10 catarrh
0of the tympanic cavity is the formation o1 adhesive bands
between the crura of the stapes and other parts oif the
tympanic c:vity, especially the adjacent wall 01 the niche
of the oval window. Procesges 01 caiciiication auna vsesi-
fication also take place in thete bands with recsulting
complete tixustion 01 the stapes.

Schwartz, Wwendt, Magnus, and Moog are Other earlier
contributore who thought that a chronic caturrhal condi-
tion was 1esponeible for estgpes.

In 1888, ~Sradenigo (1) mgintained that while the per-
sistence ot embryonic gelatinous tissue is an important
factor in eclerotic otitie some other isctore are undoubt-
edly necessary for the maniiestation 01 the disease patho-
logically ard clinically. One ot these iuctore, iound in
the majority ot casege, is disesace in the ugezal mucots
which extends to the tuvotympsnic mucoss.

In 16889, Cholewa (1) statee that, in his opinion,

otitic sclerosis ise the result ot 2 chronic catarrh df the
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Tustachian tubes and tympanic mucoea, as well as a neur-
osie O0f the fiith and the eympathetic nerves. Either ot
thece conditionse may suifiice to produce the symptom com-
plex ot scleroeig, but toth factors combined usually 1orm
the basie 01 the diseace, and together induce the secon-
dary affection of the labyrintnh.

Scheibe (1) notes that he hae also tound circumscri-
bed osteitis o1 the labyrinthine capsule in two csses ot
chronic middle-ear suppuration, but he is unable to accept
the view that inflammation ot the middle~ear mucosga is a
frequent cauce 0f such pathological changeg in the laby-
rinthine capsule, as in such czses the tympanic memtruane
ie frequently entirely normal.

Steinbrugge (1593)(1) etates that permanent changes
in the tympanic mucosa may recult irom irequent recurrence
0f catarrhal inflammation, zss well zs in consequelce of
chronic hyperemia. In some cases the mucoea is counsider-
ably thickemed by increase of ite connective tissue and
also chove evidence of venous hyperemia. Changes in the
connective tissue result in the development of the condi-
tion known as "sclerosis,” which maniiests itgell espec-
12lly ir the deeper periosteal layere. Various sclerotic
changes may zlso develop in an insidious Iaehiou without
preceding inflammatory proceegces. In such catet the tym-

panic mucosa is usually not involved, or only to a4 slight
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degree. But there is often congestion o1l the veesele in
the handle of the malleus and, still more importaut, a
chronic nyperemia of the mucosa 01 the labyriuthine wall.
The malleus incus joint ma; become aukylosed, the niche
0f the oval window, the window murgins, snud the annular
ligament oif the stupes 100t plute ure ususzlly iuvolved

in the sclerotic process. Hereditazy predigposition is
probably zn etiologiczl factor in middle-eur scleroeis.
Chronic hyperemia 01 the mucosz and un; factor that tends
to produce such a chronic hyperemi: zre regurded by the
author as important etiological factors in this insidious
type of middle-ear esclerogirs,

A definite dietinction wee made by Heimzn (1895)(1)
between catarrhzl middle-ea: dicease and middle-ear scler-
osig. In his opinion, the latter never develops irom the
former but represents an entirely diftferent procesg from
the first; the pathological changee in sclerosis sre from
the firet of a degenerative charuacter without a prelimi-
nary stage of swelling and hypertfcphy 0of the mucose and
exudation. While the catarrhal form ie cuused mostly by
local factors, the sclerotic form, the zuthor believes, de~
velops zalmoet entirely ae a result o1 general constitu~
tional factors.

Grunert (1903-1904)(1) states the theory thut oto-

scleroeis is 2 sequel to middle-ear inilsmumation has been
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undermined by the fact thut the nucleus 0i the diseuse
congiste of very definitely circumecribed pathological
foci extending deeply into the petrous bone and not in im-
mediate contact with the middle-ear mucogsa. 1u maly

cages 01 otoeclerosie moreover careiul muacroscopiczl ex-
amination hase failed to reveal any sigune 01 a previous
middle-ear inflummation. In some cufeg however a preced-
ing otitie mediu may hsave been : causative 1zctor in elic-
iting the characteristic bone disexzcse in the pretence o1
an inherited predisposition.

Bryant (1) in 1908 appiied the term otosclerogis to
all middle-ear scleroesis; the charucteristic changes 1in
bthe iabyrinthine capsule he regards a& the lubyrinthine
extension o1 the esame process in the iorm 01 nyperostoeis
and rareiying osteitis. de preiers the term chrouic in-
terstitiul otitis to indicate this genersl pathological
process.

The author's (1) clinicsl observations and labora-
tory studiee have led him to conclude thut the patnology
01 this condition ie dependent upon vasculsr disturbanceg
atfecting the blood supply of the tympanic cuvity sand
walls with resultant trophic cihengec. This disturbance
0f blood supply may be genersl or may be couiined to one
or more 01 three regions: the drum membraue, the mgjor

ogricles, the stapes and lab,riathine walle. The trophic



changes cuused by altered blood supply in the middle e&r
are identical with changes due to similur canucses else-
where in the body--congestion, vascular proliterstiom, in-
{iltration, interstitisl inrlammation, hyperplasia, cou-
traction, compreseion o1 blood vessels, anemia, degenera-
tion, calcitication, vascular osteitis or osteoporosie,
end hyperostosis.

¥hile the author believes that the usual primary
cauge 01 vascular osteitis of the lubyrinthine capsule is
alteration of the blood supply ot the lining mucoperi-
osteum of the inier wall 0of the tympanic cuvity, he says
that it is pnatural that thies condition mey be hereditury
eince it depends on nervous inestability ar.d morphological
irreguliaritiee, "qQualities which are hereditary to a de-

gree."

A review of the literature on tne puthologicul apnat-~
omy and etiology ol otosclerosie vwas precented by By aut
in 1913 (1). He also precented his own views on the eti-
ology on the bacsie of this review and hie own clinical
and pathologicul studies. He cluims that oOtosclerosis is
a dystrophic and .ot an atrophic condition o1 bune, anud
can be well deescribed by the term "osteodystrophic petrosu.™
The cauees ol otoseclerocis are manifold in character, but
important among them are trophic changee thut aure caused

by toxic influences originating in the Baso-pharynx.
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From hies clinical obeervations, Dench (1211)(1) is
not ready to accept the theory thet lcbyrinthine chinges
characteristic of otosclerosie are riever secondary to
middle-ear involvement. In guite a large proportion ot
cacee, he believee the latyrinthine chingee are secon-
dary to patholoeicel changes in the tympznic cavity, as is
indicated by the fuct that the firet bony changes charact-
eristic of otoscleroeis take place in the ocuter wall of
the labyrinth, i.e., the middle eur in the region ot the
oval window.

A study of the pathologicul charactericstice of oto-
scleroeie by Mayer (1911)(i) convinced him that this ifo-
cal dicease 0f the bone is due to local circulatvory dis-
turkbances in the terminal branches of the nutrient ar-
teries of the petrouc bone.

The deficient local blood eupply thus reeponsible
Ior the pathological changee 01 otoeclerosis may be due
to vasomotor disturbuncee or tc organic chauges in the
blood veesels, which may result irom general conditions
or Irom inflammation o1 the mdddle ear which may cauce
ecleroeis 0oi the local btlood vegsele. Thie would expluin
the relation found by some inveetigatores between middle-
ear inflammaetions gnd otoecleroeis.

Clinical studies o1 otosclerosies by Gradenige (1) in

1912 1led him to the conclusion that tuberculosie was us-



ually precent in the families 0% otosclerotic patients,
oiten in an zattenuated torm, although definite evidernce
01 tuberculoeis is rarely ITound in otosclerotic pctients
themeelves. This tuberculous diazthegis, however, leuds
to diminished rescistance 0f the upper wir paseages, ue
i1lustrated bty the Irequency oi adenoide. The author
distinguiehes three typee 01 adenoids wi th reference to
their relation to the ear:

(1) Adenoids in which the hypertrophy o1 the pnaryn-
geal tonsil hsae merely a local actiou on the lower air
passgager, without a demonetruble harmiul eilect 0of any
kind upon the ear. (Z) Adenoide in which the nasopharyn-
geal changee involved the tympanum and the middle ear,
eiving rise to dry or purulent inflammations o1 the mid-
dle ear, without externsion to the lubyrinthine windows
and the internal ear. (3) Adenoids in which the iesions
0f tiie middle ear have more oOor lesg tendeucy to extend to
the labyrinthine windowe and the labyrinth, with the char-
acteristic changes of otosclerosie.

According to this interpretation, the changes oi the
mucosz of the upper air pascsgee and the middle ear, in
the firet years of life determine the estavlishment oi
the characterietic bony lesione 0f otosclerosie later on,
under the influence of an attenuasted tuberculous intect-

lon. Remnants o0f adeuoide huve been repeatedly shown
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clinically, in adult patients with typical otogclerosis.
The frequency of evident signs of adeuoidism in otoescler-
otic patients, and the close relation which it ig often
voecible to establieh betveen ordinary catarihal chronic
otitie and otitis medis purulent on the one hand, aund oto-
scleroeie on the.other, render it probable that the les-
ione o1 the bony capsule ghould be considered as secon-
dary to lesions of the middle ear.

Raoult (1912)(1) notes that he hus 1ound neuritis
0f the peripheral nerves and of the eighth pair, and at-
roohy of the muscles of the ear in otoecleroeis. e is
of the opini n that in otosclerosis there ig usually a
neuritie of the sensory otitic plexus of motor cranohes,
and of the terminatione oi the auditory nerve, and espec-
jglly of the vasomotor fibers. Neuritis 0i the seuncory
and trophic nervese results in an ischemia 01 the tympanic
membrane and subsequently in periosteal and oegeous le-
eion, i1ibroues and calcareous degeneration, and all the
trophic changee characterietic of otoscleroegis. On the
other hand the neuritis of the motor nerves immobilizes
the muscles of accomodation which resulte in ankyloeis o1
the oseicles, ankylosie o1 the stapes in the oval window,
and secondarily in the diminution of the circulation with
the reculting deficient nutrition ot the organ o1 hearing,

and thus the trophic changes mentioned &bove.



Fraser (1914)(1), in a paper read tefore the Sec-
tion of Jtology, Rhinology and Laryngology oi the Bri-
tish Medical Aesociation, reviewed the various theories
01 the etiolcgy of otosclerosis. He tavored the view
that the diseace was due to a chronic local intection in
the mucoperiosteum 01 the tympanum in the region ot the
anterior maregin of the ovzl window and snowed lantern
cslidee to prove that it might follow otitis media. The
author believes that a chronic iuntective proceste may in-
vade the mucoperiosteum oi the inner tympanic vall, in-
fect the marrow spaces 0of the lamellur bone, wund finally
invade the lymph or marrow space described. ‘When once
this has been opened up the chronic iniective process
may spreed around the cochilea between the lamellar and
cartiloge bone and may orogrese as fur ae the internal
guditory meatus. Thie theory meete the objection raised
by Politzer, that otosclerosis caunot be secondary to an
infection of the tympanic mucosa, becauce the otogcler-
otic changes have been round in the region oif the iuter-
nal meatus where there is no mucous memorane connected
with the middle-ear spaces.

In diescuesing the relation ot past attucks ot &éti-
tie media to otosclerosis in 1922 (1), Fraser believes
that there is too great a tendency to attribute otoscler-~

oeis to one cause alone, and he maintaine that an attack



0oi otitis media may be compared to the "match" or "ciga-
rette end” that liehte the fire. The hereditary tendency
and tha female sex correcpond to the "inflammatory mater-
ial." Any weakening of nerve inilueuces and dieorders ot
the ductless glands that preside over the processeg 0f
bone tormation and repair may be likened to "a want 01 wa-
ter with which to extinguish the 1ire.”

On the bagisg o1 his clinicel studiee, Metzianu (1316~
1217)(1), claims that otosclerosis beginug with a catarrh
of the Eustacygan tubes und the middle ear. This form ot
catarrhal otitie, the end result of which is o2tosclcrosis,
is observed in persone wno had adenoide in childhood. In
order to avoid the development ot thie form o1 otitie, ad-
enoide should always be removed in childhood.

sray (1917)(1) notes a number o1 cases in which the
development 01 otoscleroeie was influenced by local can-
ditione in the middle esry, Rustachian tubes Or nasal pag-
cares; these conditions may be of the nature o1 ucute or
chronic inflammatione. On the other hudn, he statee that
gsuch loéai conditione are not present in every case and
are not an eegsential fzctor in the etiology of otosclerosis.

On the baeis 0i hie pathologicul studieg oi otoscler-
osis, Wittmaack (1910)(1)(5) concludes that the pethologi-
cal changee are cauced primarily by a venoue stasie origi-

nating in the venoue sinuees near the labjrinthine capsule.



Thie reeulte in compeusatory development of vicarious
vascular chsnnels in the bony capsule, which are thne
getarting-point ot the characteristic bony changees. His
experimentations prove it. The recult 0t these experi-
mental etudies is that by means o1 congestion 01 the veu-
ous e£inuses which pasc in a epecial bone chanuel along the
gemicircular canagls, it is sctuually possible to produce
bone changes in the labyrinthine capsule which even in
the fine detaile of the aunatomicai process resemble the
bone changes occurtring in otoeclerocis.

In cacee studied pathologically b; Zckert (1922)(1),
he concluded that they resewbled very clocely the experi-
mental lesions produced by Wittmaack. On this basie Ec-
kert concludes thast the patnological changee in otoscler-
oeis are produced by venous estasis and congection acting
upon the bone 01 the latyrinthine capsule prerormed in
cartilare.

In 19?5, Kamio (1) reported that in attempting to
repeat Wittmaack's experimente on chicxens b, producing
etasie in the venous einuses around the semicircular ca-
nale, he came to the conclusion that the operstiors at-
ternted by Wittmaack do not oroduce venone stacis in the
entire 1ahyrinthige capeule. e finde that the labyrin-
thine capeule o1 fowls hag an entirely ditrierent etruct-

ure from the human lsbyrinthine capsule, and tnat such
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port to Wittmasck's theory.

McAuliffe (1927)(1) suggeste that €train on the
hearine function under the modern conditions oif iiie may
favor the development of otoscleroteis.

fray in 1928 (1)(6) maintaine the theory suggested
in his book on otosclerosie, that the dicesate is a degen-
erative procees involving the organ as a whole, and is
due to an inherent detect in the neurones concerned in
the function oi hearing.

The eecential csusative factor in otosclerosis is
defined by Aray in 1934 (4)(g) as a slowly progrecgive
tailure in the function ot the vasomotor reflex of the
organ of hearing as a whole. The vasomotor syetem, which
governe the blood supply to the euditory organ, irom the
external meatus to the cerebral arteries, begins to rail
before this time; consequently all the tiscues coucerned
in the function oi hearing loee their blood supply to a
certain extent. The structures o1 the organ are not sut-
ficiently nourished to function adequately. Fibrous tis-
esue in the region of the oval window ies g degenerative
procese, with no inflammatory activity, and is due to the
deprivation of the extra blood esupoly to the bone where
it is subjected t0 stress by the movements o1 the stzpes
in reeponse to sound vibrations.

The hereditary transmiesion of a lestsened resis-



tance of the autonomous and sympathetic nervous syetem
was pointed out by Bryant (1913) us the responsible fac~
tor in otosclerotic heredity.

Disturbances of the circulation, vasomotor disturb-
ancee, are credited by Gottlieb (1932) (4) with etiologic
importance in otosclerosis, He deems it poseible that
the heredity of the disease depends upon the hereditary
differencee in the circulation oif the labyrinth capsule.

In a summary of the bibliographic material in the
field of otolaryngology of recent years, Dickie (3)
quotes Harris ae saying that in a study ot many cases or
progressive deafness no history of suppuration could be
elicited. Harrie concluded that too much gtress has been

laid on focal infection.
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INFLUENCE OF GENERAL CONDITIONS

Modern genetice looks on genes as the internal di-
rectors or development. Rarely does sach gene work in-
dependently of other genee that are engaged primarily in
directing the development of other organs. Alwaye the
courge of development ot the individual and the direct-
ing influence ot ite difterent genec are moditisble by
change o1 the environment. It ie obvious that otoecler-
ogig is not an exception to this rule.

Toynbee (1) agein in 1857 advanced the theory that
stapee ankylosis was a form of "rheumatic gout" or rheu-
matic arthritis of the stapedio-vestibular joint. He
pointed out that there is a distinct joint between the
circumference 0of the bage o1 the stapes and the inner
surface 0t the fenestraz ovalis; and that this stapedio-
veetibular Jjoint is decidedly subject to rheumatic gout
resulting in various degrees o1 deainese. The diseace,
properly called rheumatic gout, atfects both tibrous and
vesicular structures involved by rheumatic arthritis.
Toynbee found that patiente with rheumatic gout of the
stapedio-vestibular articulation usually showed the uric-
acid diatheeis; they irequently, but not invariably, had

had an attack of rheumatiem, gout, or rheumatic gout.

eHde



Brhard (1858) (1), who accepted Toynbee's find-
ings in regerd to stapes ankylogis ae an important
cauce 0t deainesg, Btuted thut in true bony ankylosise
of the etapes, the patients were usually unable to de-
termine the exact time of onset of the condition, or to
state uny definite cauee. RErhard noted, however, that
this form oif st:-pee anlylosgis wuae more common in women
than in men, and that women who had had children usual-
ly noted a distinct decrease in hearing aiter euch preg-
nancy. He also noted that the grezt majority or patients
showing this type of deafneese had recsided near the sea-
ghore and that the zdvance oif the pathologicel process
was apparently favored by ses-bathing and by exposure to
cold.

Other patnogenic fsctors can be recognized in the
majority of cares although Gradenigo (1887) (1) regards
anomalieg 01 embryonic development as the ecsgential pre-
diepoeing cause 0of ecleratic otitis. In women, he tound
that the disesee 0iten manitests itself or is seriously
aggravated during pregnancy and the puerperium, so that
each childbirth is followed by deiinite diminution ot
hexring. In both sexes, conditions are usually tound
that indicote sbnormal vasculer irritzbility. A number
of Sradenigo’'s putients with sclerotic otitis were ex-

amined by Giovanni in regard to the vasccular syetem; &
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more or lese exaggerated vascular irritsbility was
found in these caces. 7Jradenico hzs noted also that
the subjective noises and deatnesc of gclerotic otitis
are increacsed by all causee 1avoring congection in the
head.

In 1894, Sredenipgo (1) stated that he had recent-
ly studied a new series of cacaes of typical eclerotic
otitie, wrkich had developed on the basis of hereditary
gyphilis. Thie Bclerocsis must te regarded ae an atten-
uated form of the tyviccl ear diceuce 0f late heredi-
tary eyphilies.

Heimzn (1898) (1) distinguishes between ecatarrhal
and sclerotic otitie, but states that the same czuses
mey produce either form. He finds, however, that the
czucef 01 catzrrhal otitis are more oiten local, those
of eclerotic otitis more otten general. ileredity ie an
important factor in sclerotic otitis. Pregnarncy is aleo
an important etiological tuctor, especiclly it profuse
hemorrhage occureg in labor. Among other conditions that
mey be etiological factore in sclerotic otitis, the
author namee eanemia and chlorosgis, chronic rheumstic and
gout, leucemia, diabetes and syphilis, overexertion and
abuee of glcohol.

It wes found by Helot (1) that in pregnant women

hearing in some cases it temyorarily diminirhed during
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their pregnsncy, but returns to norm~1l after delivery.
thece caces chnuld nnt re corfuced with thoce caseg of
middle-ear sclerosis in which a permenent diminution of
hearing resulte from pregnancy. 7Tn tnece cages the ear
gynptoms are most marked asfter the termination ot the
pregnancy; in some caces there is dimirvtion o1 hearing
prior to the pregnancy and hearing becomee woree after
pregnancy. In other careg, hearing it normal beiore
pregnancy.

The author (1) is of the opinion that scleroeis oi
the middle ear following pregnancy is due to the fact
that during pregnancy there is congestion ot the Ructach-
izn tnbe and the middle ear thut ie sufiiciently prolong-
ed to cause charneges in the structure oi the mucoegz, with
proliteration of the connective tiscue which becomes 1i-
brotic, and wnich reeulte in compression o1 the nerve fi-
bers producing a trophic lesion terminating in sclerogis
of the tymvenic cavity. Pregnanzy is undoubtedly but a
gecondary cauee ot the eclerosis in women prediesposed to it.

Dickie (1903) (1) concluded from his clinical study
of otoecleroeis that it is one form o1 a manitestation of
a fault in metaboliem, a uric-acid toxemiu due to thre re-
tention of thie metvabolic product in the eystem, & tox-
emia which attacks the individval "in hie most vulneruble

point, the lsbyrinth.” In individuals developing oto-
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sclerosis, the labyrinth is susceptible to action ot the
urie scid, either through congenital or inherited isactose,
or throush various gcquired conditions, chief umoung which

ig the adnesive or noun-exudative form o1 middle-ecr di-

In a btrief rote commenting on Dicsie's urticle, Dow-
ner (1903) (1) expresced the opinion that in gll casee of
otoeclerogis or any other chronic disease 0f the ear, the
patient will be tound to have been "a quinine devotee."
He ieg convinced that if quinine could be forever loet to
the world, fifty ver cent of all chronic diseaces »1 the
inner ear would not occur. G&Guinine, he ciaims, produces
intense congestion of a long-laesting type and the result-
ant low-grade inflommation is progressive.

Prom his study of otosclerosie, and especially irom
a comparison of the findings in eclerogis with those in
acute and chronic purulent middle-ear inflammation, Hub-
erman (1903) (1) hae become more and more convinced that
this disease of the bony labyrinthine capsule muet be &
very epecific type of diceace, and he ie inclined to re-
gard eyphilis as the caute oi it.

Denker (1904) (1) is ot the opinion that heredity is
an eerential etiological factor in otoscleroeis, and that
thies may z21s0 account for the higher incidence of the di-

ceace in the female fex in that the injurious emeryonic



influences act especially upon thie gex. Pregnancy and
the puerperium undoubtedly play an important role in the
caucation cnd development of otosclerosis as many women
refer the oneset of their deafneses or ite uggrsvation to
the time ot pregnsncy. Other constitutional conditions
and general dicseases sleo enter into consideration, but
the zuthor ie unsble to uzccept Habermann's view that syoh-
ilie ie an important etiological tactor.

While Gray (1906) (1) ie of the opinion that local
circulatory chinges are a primary tactor in producing the
pathologiecal chanees in otceclerogis, he tfinds that cer-
tain ceneral conditions favor the development o1 otoscler-
ogis. Pregnancy may be a tfactor by cuusing changes in
the blood. Of all the generazl diceages that tuvor the
oncet o1 otosclerosis he has found anemiz to be the most
important; anemia ae well as other general conditions, he
helieves, tavore the stagnuation oif the blood in the cap-
illeries of the coagulation ot the blood in the cupill-
aries or smaller arterioles.

Cornet (1308) (1) notes that o1 nineteen cases 01 oto-
geclerosis, he wae able to make a complete examination ot
eighteen cuesee. Of these eighteen caces, eight were el-
derly patiente with arteriosclerogcis or high blood pres-
gure. Of the remaining casee ot true otoscleroeie, one

ghowed renzl insufficiency; one reral ineniticiency and
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alcoholism; one hepatic insuvtiiciency; two cases Eanvwed
dycepepeia with gastrointestinsgl atony; four showed geas-
trointestinal disturbances oi various typec with toxemis;
and one cafe had hzd repested pregnancies in addition to
a constant gactrointestinal toxemis.

While it ie imvosgeible tv ectablish prooi experimen-
tally that chronic toxemia, efpecially o1 gastrointest-
inal oriegin, is 2 caucse 01 otogclerosie, there are certain
charzcteristice of otoesclerosis that support this hypoth-
esigs: (1) Ite incidious development in young subjects in
whom chronic tcxemias are often latent. (&) Ite heredi-
tery charaeter, ior the toxemius are aigd hereditary gnd
probably zct upon an auditory organ rendered vulunerable
by hereditary conditions. (3) Ite freqQuent developuwent at
the time of pregnancy, which results in the especial modi-
fications of metakboliem. This hypothesie is also in sgree-
ment with the known vnathologicul anatomy of otogscle¥osis
age an involvement o1i the bony labyrinthine capsule, as
other bone diceases are wleo cuoncidered ae metzbolic or
nitritional disease, such as rickete aud osteoarthritie.
The etfect 01 pregnency with its epecial dietuzrbanceg ot
metabolism further supports this conclucion.

That otosclerosis represcente not one but cevercl
patnologicul conditiones ic the opinion of Harrie (1908)

(1). 1In moct caces there seeme to be & oreceding middle-
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gar csztarrh, and it ic possible that the scme cuuses
tend to produce btoth. Many 0i his casee ghowed & re=-
peated history ot colde. The cuuse ol thece colds, the
author believes, is not to be found z«lone or chierly in
the noce; the cause vauriec in diffrerent cuces, but the
author believese thzat in many instances it ie the coundition
descrited by Huleg us lithemia or collemiz, in which a
ctaute of autointoxication existe due to retention oi cer-
tain products of excretion in the blond. Thies condition
eccounts for meny cases oi throat diirticulty, &nd he ie
convinced that a similar cuuse frequently operates to
eet up or aggravute trouble in the ear. Bacteria uleo
act in c:rusing chronic intlammatory changes as vell g
more acute suppuretive conditvions. Dtner constitutional
dicearee such af tuberculosise, arterioecierosis, g,yphilis,
andé trophoneurotic conditions, the author telieves, do
nct have = direct caucel relation to otosclerosig, but
may be regarded ae predisposing cauces, a€ rendering
every organ 0f the body more liable to diresse. The in-
cidence of the difease igs higher in the temale £ex, in-
dicating that & highly oreanized nervous system ig an
important predisposing tactor.

That otosclerosis ies not catarrhal in oriein npor
ie it the recult ot intflammation in the ordinary acecep-~

tance 0of the term, nor doeg it originate in the middle-
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ear is expressed b; Tweedie (1908) (1). The true cause
of otoselerosic ie yet to be determined. The author is
of the -opinion that it is attributable to circumetances
which atfect the general n=1vous gystem or t0 alteratioue
of the normal condition of the blood and circvlatory wmecha-
nism. Ite oncet is often retferred to ehock, iright, sud-
den grief, prolonged mental anxiety, attecting the gen-
eral nervous system; or it magy be associuted with chlor-
osieg, anemia, eevere hemorrhusge and parturition. Gener-
al tebrile conditione, especially iniluenza, may aic0 be
escociated with the oncet. | '

Bryant in 1910 (1) steted thut the genersl etiologi-
cal factor in otoeclerosis may bte toxemia of any kinud,
autointoxicetion, rheumatic, gouty, or syphilitic oon-‘
ditions, intoxication by infectious diceaces, puerperal
and menstrual disturbances. Unbalanced internal secre-
tione of the thyroid and pituitary should aleo be con-
gidered.

In an article in 1911, Mayer developed his tha:ry.
that the focul diseace in the petrous bLone characteris-
tic of otoeclerosis ie nroduced by local circulatory dis-
turbsnces of the arteriecs o1 the bone. He rnotes also
that thie aleo indicstes a further recemblance between
otosclerosis and osteitis iibrosa, as Recklinghsveen as-

cribed the latter to circulatory dieturbunces resulting



from an irritation oif the vasomotor nerves and leading
to reneated congestion oi the bone marrow.

Aeide 1rom these fTunctional disturbances o1 the
vasomotor apparatus, organic changes in the blood ves-
sels may also be the cause oi the circulatory distur-
bances that are the busis 01 the otogclervtic changes.
The purt played by srteriosclerocis ae the czuce 0% the
vascular constriction in otocclerosis is sugpgested by
anatomicel findines. Hurthermore, the same general di-
ceases that are considered to be etiolopicasl factores in
arterioceclerosie sre aleo regurded ase the cancse of oto-
ccleroelies. Special mentior is made in this connection of
the acute intectious diceuses, more particulurly ecarlet
fever znd typhoid tever, diphtheris and iniluenza (1).

The gueetion hae recently been ruised, it otoscler-
osic can be produced or aggravated by a traumatism, and
in view o1 the known origin of atherosclerosis through
traumatiem, the author (1) regarde traumatism age entire-
1y poecible 2¢ an indirect cause of otoscleroeie. Vaso-
motor nenrosec may also follow upon travmatiem. Syphilis
may enter into consideration as an etiological i1actor,
through the cuusation 01 vascular changer, but it ig evi-
dently not a irequent cause o1 otosclerocies.

Denker (1), at the International Otologiecal Congrecs

of 1918, gave his opinion that in the majority oi caces



ot ctoscleroesis there is a hereditary disposition to the
dicseace. ™his predisposition ie the foundation upon
which the disesce zrises under the influence 01 certain
irritents. Among these irritants uare: increased boune
formation during puberty; bony changes during pregnuancy
and the puerperium probably dependent on the hyperplasia
01 the hypophysis during pregnancy; and circulatory dis-
turbancee such ae are precent in arteriosclerosis, vaso-
motor neuritie and syphilie. The zuthor emphasizeg the
importance o1 the hypophyceal chenges in pregnsncy in the
etiology o1 otosclerosgis, as shown by the frequent onget
or exacerbation of symptoms during pregnancy.

It wae discovered by Frey and Orzechowski (1), in
1217, that in latent tetuny there wag Irequeutly an asgoc¢-
iafed deainess. The authors note thut the 1ollowing chear-
acteristics of otoeclerosis indicuate that it is not merely
a local procest, but dependent upon pathological conditions
in the meneral organism: (1) family heredity, which un-
douttedly playe an important part. (8) Almost exclugively
bilateral occurrence. (3) Frequent beginning of the pro-
cese soon after puberty or =zt leust between the second
and third deczde. (4) Frequent onset o1 the procesge in wo-
men during pregnancy or immediutely uiter delivery; the
striking uggr:vation oi otoeclerocis by preguuncy. (5)

Frequent presence 01 vuarious vasomotor disturbances. (6)



Occurrerice 01 aggrsvation siter grave psychic trauma. (7)
The fact that practically all otosclerotic patiente have
a certain peculisr body tynre, which glthough it huge not
yet been anzlyzed in detail, is g0 distinctly present in
the total impreseion conveyed by the individual.

Rock (1920)(1), working in Siebenmann's Clinic in
Basel, studied muny uneelected cutes 01 otoselerosis 1or
symptoms o1 latent tetany. Careiul otologicul examina-
tion coniirmed the diagnosie 0f otosclerosis in each cage,
but neurologicul examination showed no evidence o1t latent
tetany in any cace. Rock, thereiore, is unable to accept
the conclusione of Frey and Orzechowsxi in regard to the
latent tetuny and parzthyroid insutiiciency in otoscler-
ogie.

In regard to Rock's criticiem of hie work, Frey (1)
detfinitely finde in otosclerotic patiente defiuite evi-
dence 0% puruthyroid deticiency. A point in fuvor at the
endocrine gland intluerice on ototclerosis is that it oc-
cure moet frequently in the iemzle sex in whom the normal
procesces 01 cexual lite put an ecpeciully heavy strain
on the endocrine gland syc¢tem and ecpecially on the thy-
roid.

Several caces vere reported v, rfraser (1), in 1916,
two ifrom the csame fumily, in which otogc¢lerotiscs v.as asego-

igted with fr-gilitve oecium and blue cclierotics. He



these glande ic being considered ae san etiolugicul ractor
in otoscleroegis. de ie o1 the opinion that the prediepose-
ing tactor in otosclerosis in congenital bone foci in thg
labyrinthine capsule, but these foci begin to proliierate
only under the iniluence 01 certuin determining causes,
which include a variety of conditions, among which the
author mentione puberty, pregnunc,, puerperium, catamenia,
senility, physicel or psychic trauma, =& wae shown during
the war; 1Turthermore, 2ll iniectioug diceutges, acute and
chronic otitie, rhinitis, intoxicstions and the so-ealled
dyscrazeias, to which can probably be zsdded zlso all blood
diseases, such ag anemia, chlorosig, and leucemia.

From his clinical study of caces 0f otogclerosis,
Pollock (1918)(1) is convinced that altered ductleses-
gland cecretion is an important etiological tactor; sev-
erel autrore ugree that Iocal infection plays an important
part in the etiology 01 otosclerosis. Polliock suggests
that iocal intection acts through the ductlees glands.

The underniable pathologicul resemblalice between oto-
sclerosis and osteomalacia and rickets was noted by Mul-
ler in 1920 (1). The author ugrees with Rryant and
Ferreri on thie point. In both o1 thesge dicesses, the
iniluence 01 the glunde o1 internzl secretion may be s~
cumed as an etiologicai Ifactor.

A czfe 01 a boy who huad had ceven bone iractures
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since three yeare of oge asnd which was due to trauma wes
reported by Nager in 1921 (1). ©For the next Iew years,
there had been progrescsive desiness. The fclerae in this
cuce were blue. functional tests showed the deainass 1o
be of the otosclerotic type. This cymptom compiex o1
frogility o1 the bones, plue ¢clerae and vtosclerogis has
been noted in g 1ew other catee reported in receut liter-
ature.

Kaufimun (1432)(1) pointe out that vurioue inveeti-
gators have £hown that tﬂe che ugeg in the temporal bone
in rickets ere not diesimilar i their processeg to thore
in otosclerosise, zlthough the end-results are not entirely
iderntical. It is kuown that rickets ie escentially a de-
ficiency diceazce due primarily to a deticlency in 1at-
goluble vitamin "A". 1t seems a reasonal assumptvion that
a similar deticiency wcting thronghout a dittferent period
of life may produce not infantile ricrets, but bony
changes elcewhere, as in otosclerosis.

On the baeis of this hypothesis, Kautfman (1) and
bPie assoclatesz, mude experimente on young rats fed upon
two types of deficiency diete, one deficient ir fat-solu-
ble vitamin only and one deiicient in toth ifat-soluble
vitamin and calcium, in comparison with rormal controls
on a balanced diet. The rats were killed at the end of a

three monthe' experimentzl period and a special estudy
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made 01 the chenges iu the bony loabyriuthine cuprule.
Their findinge iundicute that Oototecleroeis may be a re-
cult of rickete or o1 a dietary deticiency cimilar to
thet which cuuser riccete gtill exietant during adult
life.

The determination of the czlcium content or the
blood serum in cuseg 01 otosgclerodeie wae reported by Lei-
cher in 1422 (1). 1In seventy tive per cent the blood
celcium wae found to be diminiched teiow the level oI the
normel range 0i variution. For wun etiological explanation
0of the diminicshed serum calcium in otoeclerogis, the au-
thor naturally considers the iniluence 0i the eundocrine
glande, in view 01 the irequent occurrence oi otoscler-
ogie during puberty, and ite i1requent origin and aggruva-
tion during pregrancy.

From hie study oi otosclerocis, Delie (19L3)(1i) con-
cludes that otosclerocsis, like sclerosis elcewhere in the
body, is due to disturbances o1t the circulation. The cir-
culation is controlled largely by the symputhetic nervous
syetem, and this in turn is controliled by the ductless
glande, and especially the thyroid. A deficiency in the
thyroid eecretion causes zn overctimulation ot the sym-
pathefic a sympathicotonia.

In a study o1 the blood choiesterin in various cou-

ditione, Berberick (19L4)(1) determined the blood cholegs-



terin in many cases ot otoegclerosie wnd 1ound it to be
reduced to one-halt to one-tenth the normal.

According to Manacse, two kinds o1 Ioreign deposite
are occacsionally seen within the bone in otherwice en-
tirely normal petrous boneg, at the cnterior margin ot
the oval window, the gite 0f predilection or the otoescler-
otic atfection: (1) cartilsge; (£) futty marrow. Man-
acee himeelir surmises that thece deposite ure connected
with the otosclerosis. 4g curtilose znd tatty marrow
very eacily store cholesterine, the possibiliity o1 a cho-
lesterin déposit in this tissue in otogclerosis cannot be
denied, and thie cholesterin may prove 01 importance 1ior
the turther development ot these 1oci, in a similar wuy
ae cholesterin depos ite in other parts o1 the body ().

Zopetzky and Almour (1925)(1) made & study of the
calcium content 01 the blood in casese 01 deainess and
tound that the greateet number 0i categ in which the cul-
cium content of the tlood was decreased corresponded with
thoee that vwere diagnoced clinicully as otosclerosis.
These Iindings snpport the theory that caslcium deficiency
ise a factor in the production oi otosclerosis.

Thirty-two cates 01 otosclerosis were reported by
Stein (1) in 1925 in which he had made a epecial study
of the eiiect of pregnzncy on the symptome. The author

concludes that pregu:zncy is undoubtedly cupable o1 eli-~
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citing the otosclerotic symptome and oi causing the ad-
vance 01 the diceace vhen precent. Ag 10 the premeture
interruption oi the pregnsncy, Stein thinke that it is
capable o1 urresting the otosclerotic process. 11 the
pregnancy hac been terminzted in the tirst weeke, an
imerovement o1 the hearing cupacity mey even be expected.
In all the caces studied b, the author, the subjective
symptome showed a considerable modiiicution after the
termination of the pregnuncy and not uncommonly disap-
peared entirely; the hearing cupacity was preserved in
gome caseg for a number o1 yeare.

In 19£6, Brunner (1) expressed the opinion that the
ultimate ceuse o1 otosclerosis must be sought in fune-
tional changes of the endocrine glands. Begldes this
inherited inferiority of the orgauiem, the occurrence ot
otosclerosis requires another pathological factor, in
the form of metzbolic disturbances that are £till obe-
cure. |

Drury (1) summarizee hie obeervations thus; "iany
and widely divergent fuctorse can excite the appesaralice
of otosclerosies in predisposed pnereons. The essential
factor underlyine the morbid change is poseibly a chemi-
cal one atfecting the nutritive stability ot developing
and fully developed bone and cartilzge. In a dominant

percentage 01 cucee the sgeveral endvcrine glunde are di-
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rect etiologicul fuctore through their iniluence on
metabolism. The constitutional tendency or hereditary
iniluence would seem to be a dominant factor in deter-
mining the condition oif otosclerosis where an endocrine
or a non-endocrine pathology produces disturbanceg o1
metabolism. The work so ifar done is to be regarded as
suggestive rather than definitive of a poesible ulti-
mate solution of the highly complex problem 0i the eti-
ology of otoeclerosis.”

A review of the theories o1 the etiology o1 oto-
gclerosis was precented by Simeoni (1) in 1987; in com-
mon with many others, especislly recent investigators,
he 1¢ o1 the opimion that the development ox the patho-
logical lesione in otoeclerosis depends upon at impair-
ment of the calcium metabolism.

In 1928, Lindeman (1) reported the determination
of the blood calcium in twenty-tive caces of otoscler-
ogis. He tound the value within the accepted limits of
normal, except in two cares. The author notes that his
findinges are not in accord with those 01 other recent
investigatore.

Malherbe (1) (1928) is of the opinion that the pe-
culiarities of osesification oi the labyrinthine capsule
and site 01 the pointe 01 ossiiication determine the

localization of the foci in otosclerosis, but that the



cauge 01 the development ot these foci is a lateunt
tuberculous intection on the basis ot a tamilial tu-
berculous diathesie. ‘"The tuberculous infection in
thece cacee, the author believes, acte upon the bone
through the medium 01 the endocrine glanés that control
osteoenesie.

In hie 1928 article on otitie insidioea in which
he includes all forms oi non-speciiic progressive desai-
ness including otosclerosie, Bryant (1) states that the
etiologicel factors are focal infection, endocrine dys-
function, and hereditaxry tendency.

The data that Davenport has reviewed indicate some
0f the influences of eiternal conditions. Foremost is,
in the female, pregnancy. Thie tends frequently to ex-
aggerate the symptoms, sometimes permanently, sometimes
temporarily, with even an improvement in hearing between
pregnancies. In some cases, however, it is stuated that
pregnancy did uot gftect the symptoms.

The next most common associated condition is nasal
"catarrh.” Indeed otosclerosis itormerly, in many placee,
bore the name "dry catarrh.” While it is easily under-
etandable that infectiop o1 the nagsal passages, including
the eustachian tube, may lead to otitis media, it is not
80 eacy to see why it £0 often accompanieg otosclerosis.

Davenport states that it possibly is the tendency toward
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impertfect bone formation oi the otic capsule to extend
aleo to the nasal conchae and ethmoid, causinug partial
obstruction o1 the paseage and favoring iniection. (Z)

Other externsl conditions that are believed to have
"brought on" otosclerosis or to exuggerate ite gympuoms
are: colde, scarlet fever, influenza, a high dry loca-
tion and the use of quinine. These can hardly be re-
garded as sufticient causeg for otosclerosis, but merely
ac external conditions modifying ite progress.

In g review 0% literature by Dickie (3), he states
that 5ottlieb has msde interesting studies on pancreatic
function in cases 01 otosclerosis and Gottlieb suggeets
the poseibility that a defect in pancreatic digestion may
stand in casual relztion to the deterioratioun in hearirg.
He gle0 stated that deafnees is the rule in diabetes.

In an original and stimulating paper on otoeclerosis,
Louis Mirvish (1920) (8) supported the view that this dis-
ease ie a metabolic disorder. He reviewed the present
state o1 knowledge, pointing out the frequency o1 gonadal
deficiency, low calcium content and cholesterol metabol-
iem, etc. Previous work by Mirvish and Bosman had estab-
lighed the fact that extract of ovary injected into ani-
mals produczs a fall in blood culcium. They found a sub-
stance which 1s present in extracte of ovary, suprarenal

cortex and probably of testie and which reducee the blood
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calcium both in rabbits and man. More recently, Mir-
vieh had found such a substance precent in cereale, €8&-
pecially ostmeal. This substance hag the eifect o1
neutralizing vitamin D.

Mirvish congidere thet there is a close analogy be-
tween rickets, osteomalacia, and otosclerosis, and that
gimilar treatment should be used for all three.

Fowler (Z) (4) reported fiifty-eight casee 01 oto-
gclerosie that he had had under obsgervation in tne pre-
ceding two years. 1In every case estimations of {he blood
celcium, phosphorue and cholesterol were made. Hie re-
geulte diiffered tfrom those of many other observers in that
the calcium content of the blood was practically identi-
cal with that in forty-iour normal controls. He stated
that it appears certain thaet in established casee ot oto-
ecleroeis no changee o1 conesequence can be detected in
the calcium-phogphorus variatione of the blood,(5)

Breitman (1923) (3) (4) in one of hie papers dis~
cucsee the question of an endocrine disturbances as the
basie for otosclerozis. When there are endocrine dis-
turbances agsgociated with otosclerosis, the disturbances
probably have the game origin as the otosclerosig, name-
ly, a degenergtive state. They are not necetegarily the
cauce 01 the otosclerosis, but are merely another result

0f the same underlying condition. Breitman tound in a
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large series of experiments that the blood culcium is
either normal or increased. He has been unable to find
any gign ot parathyroid insuificiency. He obtained
nornpal or increased cholesterol figures in the serum.
According to Breitman, the idesa o1 an endocrine disturb-
ance ag the cause of otoeclerosis reets on a very super-
ficial diagneosis in most cases.

The literature ior 1936,(as reviewed by Shambsugh)
(10), contains the usual number o1 reports of attempte to
connect otoscleroeis with metabolic, endocrine or vita-
min disturbaaces.

From France come two reporte (10) purporting to show
the connection ot otosclerosis with the parathyroid glands.
Because alteratione in calcium metabolism in otoeclerosis
have been reported in the literature and beczuse the paru-~
thyroid elande regulate the blood calcium level, J. U
Alonso and A. Chiarino removed one parathyroid gland or
tied the terminal branches o1 the inferior thyroid artery
on one side in seven patiente with otoecleroeis and ob-
tained a slight improvement in hesring in six ox the seven.
Having found a relation between otosclerosis and tuberculo-
gis, the sume authors then used an antituberculosis vac-
cine in some cases of otosclerocis and obtained improve-
ment in hearing. PFinally, they tried calcium and irradi-

ated ergosterol in treating otosclerosis, and again im-
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provement in hearing resulted.

A. Malherbe (10}, sssuming that otosclerosis is due
to a lack of parathyroid secretion, obtained a etriking
improvement in hearing atter the administration orf para-
thyroid extract to patients with otocclerosies. This gu-
thor, therefore, neatly contradicte Alonso and Chiarino,
who improved the hearing by removing one parathyroid
glandl

Bqually unconvincing is a paper by B. Charschak (10),
who improved the hearing in several cacees ot otosclerosis,
with disappearance of tinnitus, by the oral administration
01 irradiated brewers' yeast, thus combining vitamin B
with vitamin D.

From the Leningrad Institute for the Throat, Nose and
Bar, S. M. Scheechko (10) reports a noticeable diminution
of the blood chlorides in all of seventy-eight cases of
otoeclerosie etudied. The author sees in this lowered
chloride content an indication or chemical indolence o1 the
celle, pointing to a diminished immunobiologic state or the
organism which may serve as an etiologic basis for the de-
velopment of otoeclerosie. Other Russians have studied
tha potassium and calcium content 0i the blood in otoscler-
oeis, aleo the total nitrogen content o1 the blood serum
and interpret their tindings as evidence oi a generalized

metabolic disturbance. Thece reports irom the Ruesian



literature are eimilar in that the authors obtained
positive resulte in finding an abnormal blood chemistry
in otosclerosis, whereas similar studies previously car-
ried out elsewhere have generally given entirely nega-
tive resulte. Did these authors huve a more accurate
method of measuring the blood chlorides, calcium, potas-
gium and nitrogen than previous workere, or did their de-
gsire to obtain positive 1iindinge outbalance their degire
to determine the actual factse?

Another metabolic study ot otosclerrsis is reported
by 5. Orso (10) from Hungary, who made nasal metabolic
teete in otosclerotic patiente. Most 01 the cases showed
an elevation o1 from 15.2 per cent to 57.6 per cent, al-
though only two 01 these cusee had other symptoms oI exoph-
thalmic goiter. The author believes that the elevated
metabolism is primary in otosclerosis and that by the
early use o1 iodine the condition can be arrested or im-

proved. This surpricing report ie as hard to believe as

the reports from Russias.

sray (6) states that ereveral investigatore have put
forward the view that otosclerosis ariees 1rom some de-
fect in one or more 01 the internal secretions o1 the body.
It is very difticult either to pfove or disprove such
theories, but one point which would appear to throw great

doubt upon their value ie the fact that many patients de-
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velop otosclerosis when they are in the best of health.
Still this argument against these theories must not be
allowed to carry too much weight. A very minor deiici-
ency or eXcess o1 one 01 the hormonee might conceivably
be surficlient to aifect the organ o1 hearing without
other wise perceptibly aifecting the general heszlth.

One by one, the incriminatec glands, aiter the most
cureiunl luboratory research uf well ae clinicul observa-
tion, now apparently stend szcquitted o1 primury reeponsi-
bility; although it is entirely plausible that certain in-
ternal csecretions may be a#ltered and invested with patho-

genic properties through an originual metabolic disturbance.
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SUMMARY

Up to the time o1 Toynbee in 1851 the history o1
otosclerosies is a collection o1 Irugmentary bite oi ana-
tomy and physiology, eome correct and some incorrecy, but
ell leading to a bagic knowledge ecseuntial to later stud-
iee. From the time of hie tirst theory of "rheumstoid
arthritie" ae being the cause of gtzpes ankyloseis, many
theoriee have been evolved.

At the present time there ure probably seven main
theories ae to the etiology of otosclerosis;

1. Hereditary, which seemes to be regurded us the
one constant factor in ite etiology.

2. Infectious theory, more in the disregard, though
gome otologiste advise removal of all 1oeci o1 inrection.

5. Toxic theory, intestiunsl autointoxicuation, gouty
disthesis und a uric acid dizthesis.

4, Deficiency theory, a question o1 vitamine, brings
out analogies to rickete, osteomalacia, arthritis defor-
rang end similar conditions.

5. Endocrine theory, more recent, received ite im-
petus irom the observing evidence 0f desiness and latent
tetany.

6. The circulatory stagnation theory, stuates that =
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failure o1 local blood supply results in the absorption
0of normgl bone and ecartilage, and results in spongy bone
and later a depocition of lime salts.

7. The neoplastic theory, states that becuause 01 a
faulty anlage with or without an exciting cauce, legione
which are eesentizlly new growths develop in a highly

complex embryoloeical portion of the lasbyrinthiiie capsule.
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