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" MISTORICAL NOTE:

Congenital flxaf1on of tne qtqpes bone was first des-

cribed in- the literature wvztten bv Aluﬂqnn in 1949. He :
¥

'

jﬁstatoﬂ that " In mny cases of congenltal atresla, ime
provement of hearing by operative intervention iq doubtful
ﬁdue to the frequency.of bonv bridges heﬁween the stapes and
~ the medial tvmpanic wali." | |

‘Tn 1952, G, P4 Shambaugh rcported five cases of conﬂenltal

" stapes fixation successfullw operated upon., This article also R

cgave the first documented findings which,differentzated this
, cond1€1on from otosclerotic stapes ankvlosis, This‘paper}‘
“‘u111 n¢scnss the structure and funcfzon of the%Stapes wifh
emohaszs on the diagnostic poinfs which d1ffe*ent1ate mhzs

disuaqe from otosclerosis.



EMBRYGLOGY OF THER STADES

The stapes‘is formed from Reichertfé cartilage, (the
hYoid ﬁrch), which develops from_the second branchial arch, -
... The branchigl arch origin of the ossiclegfis substantiated
by examinatioﬂ'of the"innervation df e ﬁﬁSCiéé.of fﬁe
middle ear. The malleolar. mu;cie,(tensor tynpan;), is’
derived fron the first branchial arch nd innervated bv the
trigeminal nerve, which orig1nates in the flrst arch, The

, L
s;apedial muscie is derived from the second arch and 1nnerh

| vatcd by the nerve of that arch, the fac1a1 nerve.13 a,
(Fig. 1.)

Study of the developgen% of the‘s%apes shows tﬁat.the
stapes belongs in 2 special catagory; At first, 11ke a

1ong bone, the stapes begins as cartilage, waever, in

e other respects,a sﬁapes differs from a typ1ca1 element of

the humun,skeleton. The stapes primordially ;s r1ng~shaped.

. Secondarily, it assumes the form of a stirrup. (Fig. 2)

- Ossification takes place from a single center, Once formed
in bone, the stapes does not bccome thicker because tlere ‘
‘1s no ezternal application of bone to the periostial layeL.
Also, the stapes does not lengthen after perlostial bone |
has become continuous around the obturator fa:amen,(oval'
1_window). Unlike a typical long bone, one entire'sufface,

that facing the obturator foramen, is removed continuously

in the capital, crural, md basal portions of the stapes,

2



Malleusz

Branchial ardéh ¥
(Meckel's cartilag)

2

?*~ Branchial arch II
(Reicher*ts Cartilage)

Fig 1 Orgin of the Auditory Ossicles
from Branchial arches, illustrated in a

BT diagram, (L. B. Arey, Developmental Anatomy,
: - W.B, Saunders Co. Philadelphia, 1957.)
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Mérrow, in ﬁroportions comparable to *he’shaft of a typical
long bone, is completeliy removed and is replaced by mucous
membrane and submucosal tissue.. Consequeﬁtly,‘Where;as a
.1013 bone becones heaV1er as it lengthens (1nto the twenty
to iwentV-tnxrd Vear), a stapes loses bulk while it is
attaining maximun dimensions and adult form (1n the fetal
sﬁage).s (T:!. 2e3) ;
A dﬂs»u:bgd embrvolo~1cal GQVelopnent in the mmddle ears
may be the reason. for conductive deafness of ;oggenloal
origin. The final causes of the disturbances are not always
definiteiy clear and known., It is supposed that different
viral diseases, hormonal and enzymatic imbalances of the
mother, healed injuries of a fetal middle eary drug abusé,
“and eclampsia can lead to congenital changes in_tﬁe Fétal

middle ear, 6



ANATOMY AMD POSITION CF TIIE STAPES

3

vThe stapes runs alnost horizontally. Fdr this reason,
trhe head of the stapes may be séeﬁ through a perforation
ih the tymganic membfané, but the crura are hidden from
view, (Fig.4)i The stapes fdotplate is covered at its edge

with cartileze which is united with the cartilagenous rim

- of the oval window by tﬁe annular ligament. The ligament

fulfills the double purpose ofvsealing the Spadé<while
| allowiné‘%bé stapes to move in response téiméfibns sét up,éf
by soand.3 The clearance betwecn the stapes and the oval
umnﬁow is of tho order of 0.1 n1114m6ter$- ”he narrow
ciearance of +he footplate is essential to give an effectnve
d¢sn11cem°nt of tre cochlear £1u3doo “hese flulds offer
consderahie res1s%ance to vabvatorv movement and any gap
f;  befween the foo»plate and the rim of the oval window would

:"allow room for backflow, thus dampening the vibrations and:

- decreasing hearing acuity.

7
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V@VT?Y'T OF THE STAPES WITTI SOUND,

The twe noles provide the stronzest anchorage of the

stapes footplate and thre

'-*-:J

terior pole is stiffer than the
antericr. The motion of the hiad of the stapes, on positive
pressure transmitted from tlte external audi%ory_meatué, is
forward, upward, and inward, The opposing phase, or outward
mnotion OL the ear drum, causes the stabes to move bwckward
dovmward, and>outward. This means that on positive pressgre.
the superior and anterior edge roves stroﬁ@lv_tbward the
vestibule, but the posterior and inferior rim does not move
at all. This motion'has heen likened to tapping the toe

as it rests on the heal, - The maximum swing occurs at the

toe or.antérior portion, while tbe heal or posterior pole
remains essentiallv motionless.y These motions are used to
tr ransmit low 1ntensitv V1bratﬂons. As tre intensity increases,
the stapes gradually changes its pattern of movement until

it resembles a tilting of‘the foot onto its side‘and.réta%ing
it around an axis which runs the length of the foot. With
this motion one=half of the stapes moves inward and the
other half outvald. As a result 2 smaller amount of intra-
cochlear fluid is pushed inward. This change of axis is

COnS1cered a protective function of the middle ear«s



- the center of ‘the tvmpanic membrane. Thus, the tympanic

THE OSSICLES OF THE MINDLE EAR AND TETIR FUNCTICN

V_The ossi¢u1ar svstem of the midélé ear has the ability
to transfer sound waves in airvto fluid waves in fhé cochlea,
The motion of the stapés is the final step in this process,
The stapes basepiate rests on the oval window which is at
the terminus of the scala vestibula of the cochlca. The
head of the stapes is conmected to the lever arm of the incus.,
The inéus is connested to the ma@ieas‘which is attached,to;}
membrane tran stcrs aixr vibrations into lever vibrations and
the ossicular svstem of the middle ear transmits the vibrations
té the fluid system inside the cochlea.

The lever svstem of the ossicles is such that when the

handie of the malleus vibrates, the footplate of the stapes
vibrates through one~half to one~third the distance, but
with two to three times the force of movement of the ha die
.65 tﬁe malleus, This is called pressure amplification.
‘ There is a good reason why the force of movement of tbe stapes
hust be increased. To transfer sound to the cochlea, the
staﬁes hust cause pressﬁre waves in the fluid of the cochlea.
This flvld has several times as much inertia asg aire An increase
of 103 power., Because of this 1n@?t~z, rmuch pressure is

.nbcded to move the fluid at the rapid frequenC1es of sound,

However, thd filuid of the cochlea is contajined within relati<ely

10



strong walls and cannot vibrate through long 61stances,
Consequeﬁfiy the cochlear fiuid need not vibrate throuvh
as long an ex ;urSLon arc as that through whlch the tvnnan1c
mentrane vibrates, but a greate# ﬁount of prpqsure is requ1red
to make the fluid vibrate at all., The ossicular system of the
ear can bé called a pressure amplifier, fcf it amplifies
the pressure of the sound vibratibns from’high-amﬁlitudé,

;

low-pressure, air vibrations to lpﬁuannlltude, high~pressure’

fiuid vibtrsa t*ons.s

11
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ﬂUDIOJETPV

Sound 1o‘nerC1eved when t e’ nerve 1mpulscs whvch éricinate

in the 60ch1ea reach the cerebral cortet.:?But~there are two |
means by which the cochlea navy be stﬂmuia{ed bv air

conﬁuctwon ‘and. by bone conduct1on. Azr conductlon ut11izes

the tvmpanﬂc membrane and the middle ear OSS‘CIEo to trans-

n1t air vzbrauﬂons to fluid v~orqf1ons ag descrlbed above.;

:Bone con&uctﬂon bipasses the conductaon bonns OL the mlddle
ear and qe%s up fluid vibrations 1n che cochlea when the

'activatinq_sourcc of sound is placed unon the head By the
use ofAthé @udzom ter, the cllnzt«on can test each mode of
éonﬁuct*on separatplv and lelde hzs'patientk w1th hearlnc
~defects into three catagories, 1) pure conductive deaxness
J1nVOlV1nﬁ the middle ear 0s sgic? es, 2) pure parceptlve deafnees

Wthh 1s a nerve def1C1t, and 3) a combination: of tle flrst

" two. This separarion is 1mpor ant because the flrst and
third can be aided by surﬂery.d "
The audiometer is the most precise instrument for sound
production available, Either pure tqnes or a voice of
" controlied intensity can bhe emnloved. Most importantiy,«
exact ‘records may be made and used for comparigon with Sube
sequent examanatlons. The data ob% axned are recorded by

means of graphs and visualize to the physician the defects,

i2




iﬁ hearing and give a partial indication of the tvype of
disease causing deafness. |

| The audiometer is acoustically a generator bf
approximately pure tone which may be‘#afied_in”pitCh and. intensity
The ossilator has a frequency range which extends from 100
to 1,000 double vibrations {cvcles) per second. this:
range is divided into eight or more stépsiof frequénc§,64,
‘128, 256, 512, 1024, 2048, 4096, and 8192 vcyclvesvp'erfsecoéd.y
The scund intensity is measured in decibles. The decibel
‘scale is 2 logrhythmic one, That is,ten decibels is a ten
- fold increase in acoustic pressure; twentv decibels, a
hundredvfold increase, ond thirty decibels;‘a‘thousand fold
increase. Zero or the audiometric scale is ﬁof«absolute
- zero of acoustic pressure hut the smallest pressure’apprec;
; viab1e by the average human ear, usually 0,0002 dyné/bmz..‘
’For this reason indivicduals with more than ave%age é¢uity
will rate less than ZeIOuy ' |

One of the most disturbing aspects of pure-tone testing
is the difficulty in determining which car is respoﬁding
to bone conduction signals since the entire skull is S
vibrated, If the bone conduction is different in the two ears,
thefbetter‘ear will pick up the vib:ations and it wili be

difficult to evaluate the poor ear. One method used +o

13
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- overcome fﬁis problem is masking. The bone conduction
reciever is b*aceﬁ in contact with the mastoid bone of the
ear to be tested and the airconduction reciever is placed
over the opmpsite ear, A continuous or intermittant tone
if ransmitted over the air conduction reciever, This
enables the patient to more accurately determine the

.

threshold of bone conduction for thg weaker'ear.4;9_

14
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DIFFERBNTIATING CONGRNTTAL STAPRS
BI¥AT TO\T FROM CL}ZNICi O’T‘O ,,zROQIa
History:

The key to differentiating clinigai'otos¢ierosis and
congenital footplate fixation is progfeésion‘of'the hearing
 loss in the former and none in the latter, Ptbgressipn is

‘ij often very slow before adolescence. This mékes accurate
. diagnosis before the age of fifteen difficu1f.‘Progression
must De determined by serigi audiograms not bvysubjective:'
Jﬂ.feelings of increased loss. Often patieﬁtsvéccidentélly
'become aware of their loss and there after, coni11ua11v
"%esf their abalzfy. Their loss will seem to be getting
fﬁ.wbrse with increased attention. Paﬁienté'also feel their
i;: 1053 is increasing as they grow older and iné:éased demands
are made of their hearing with adult activities. The
iﬂ average age of discovery is ten years, It is not eariier
because these children have grown up with thesr impaifment
iﬁ‘and have compensated by becoming expert lip readers., Many
will give a history of being slow to learm to talk but 211
have excellient Speech patterns,

10,11,12,13,2.

Typical Audiograms

The audiogram usually varies between the otosclerotic

group and the congenital fixation group. Otosclerotic

15



patients conductive loss usually does not exceed 35

~decibels. Often there is cochlear involvement over 10

decibels in the higher frequencies. Air-conductioniloss

aQH*RK&@ﬁmm‘é*

is usually greater in the 1ower;frequencies.j The audiogram
of a typical patient with congenital footplate fixation shows

a flat 45-55 decibel pure conductive loss wnth no prOﬂression

4
wwth serlal readings. Typical audiograms: repreoented below*~9yf1?3
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Observations at Surgery:

The normél stapes footplate margins and the annular
1igamenf are distinct and there is characteristically no
increased vasculafi%?. The center of the footplate is thin
~and has a bluish appearance. Gentle palpat 1on reveals
uniform mobility of.the entire footplate. |

In céngeniﬁal fixa{ion of the fqoﬁﬁlate there is no
-‘increased’vascularity. .The centra} portion‘pf the footplate
is no longer thin and it has lost its bluishjdiscoloratiqha
The footpliate bone biends into %he bone of the sﬁrrounding '
Ji.otic capsﬁle making the margins of the.fbotﬁlate.aﬁd the
annular ligament difficult to visualize.v'This diffuse bony

. fusion may be thick or thiﬁ.lo'lg.i Sométiﬁégiit is impossible

.+ to knmow where the labyrinth is located because of marked

wfﬂﬁanomailes such as a deep niche and noth;no but two small
iT crura ending blindly against hard und;frerent;ated

. 1abyr1nth1ne capsular bone.yy In all cases gentle
;i‘palpatibn reveals uniform and total fixation of the eﬁtire
 footplate. B |

| The footﬁlate fixed by dto§¢1efosis shows increased
"vascularity, usuaiiy in the anterior area, The annular

| ligament and footplate ﬁargins are visible posteriorily
but difficult to visualize anteriorly, The center of the
footplate shows a bluish discoiorataon and is thin, White
otosclerotzc placks are often seen spreading over the otzc
capsule and engulfing the anterior crus at its footplate

17



attachment. Gentle palpation reveals fixation of the

footplate in the anterior region.10 12
o L .‘L}»

Summarvt
L _ Ctosclerosis
U A-History: o i
- progression: : présent ;
~ age of discovery vowmg adult
speech development average
family history often positive
“:i3tennitis often present
‘wBsthsicalz v
‘{audiometric findings)
air onduction greater loss in low
: frequency
amount of loss varies with fixation
Cochlgdr involvement ‘common
bone conduction drops at higher
o frequency
| C-Surgical Ohservations:
vascularity of middle
ear mucosa | ~ dincreased
- central footplate ' thin and bluish
‘f bony apnearance - . whitish placks often
= ~ c present

i8

Cong. Footplate
fixation

not present'

'c_hi 1dhood

slow

seldom positive

seldom present

flat

50 decibels =~
indicating total
fixation

rare

1o drop at higher

frequency

normal

. seldom thin or

bluish

" no whitish placks



{ Summary continued)

footplate marging &
annular ligament

degree of fixation

location of fixation
mobilization

. fenestration

readilv
distinguishable

partial to total

usually anterior .

average case less
difficult

some not suitable
-

not
distinguishable

total

~ uniforn

througnout

averape .case more
difficutt -

-all su;tab1e1o

H
!‘.o



CONCLUSIONS L
CongenitalAS£apes:footpiate fixation is a rare
diséése of children which can be diégnosed by
a2 qetailed history and serial audiograms. It
" lends itself well to surgical exploration.
Servicable hearing is possible in most cases

because of the uniform iack of cochlear involvement.

20
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