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DAVID CHARLES SHEPHERD ABSTRACT

The stapes mobilization surgical procedure was
originally conceived in 1876, by Kessel; abandoned in the
early nineteen hundreds 1n favor of the fenestration
operation; and revived in 1952 by Rosen. Since its revival,
stapes mobllizatlon has been practiced internationally and
new surglical techniques have been developed.

The purpose of thils study was to present a plcture
of the current status of the stapes mobllization surgical
procedure.

The methodology involved bibllographical research
of the following: (a) anatomy and physiology of the human
ear; (b) nature of the fenestration operation; (c) history
of stapes mobilization; (d) nature of otosclerosis; (e)
history of stapes mobilization; (f) nature of the fenes-
tratilon operation; (g) preoperative audiometric testing;
(n) diagnosis of, and candidate selection for, stapes
mobilization; (1) objectives of stapes mobilization; (j)
preoperative care; (k) anesthesia involved; (1) surgical
techniques; (m) surgical audlometry; (n) operative compli-
cations; (o) post-operative care; (p) evaluation criteria;
(q) review of stapes mobilization results; (r) personal
opinions of surgeons regarding stapes mobllization.

The other research source involved the personal ob-
servation by the author, of three stapes mobilization

operations performed by Dr. Harold F. Schuknecht at Henry
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Ford Hospiltal on April 27, 1957. Dr. Schuknecht 1s an
Assoclate Surgeon in the Division of Otolaryngology at
Henry Ford Hospltal in Detroit, Michigan. The author had
the opportunity to assist Dr. Schuknecht by performing the
surglcal audliometrical phases of the operations.

The conclusions were as follows:

A. In regard to diagnosis of stapes ankylosis and
the selection of prospective candidates for stapes mobilli-
zation: (1) A thorough otologic examination and audiometric
testing battery are necessary In the dlagnosls of stapes
ankylosis. (2) Post-operative results cannot be predicted
accurately. (3) A stapes mobilization candidate classified
as "ideal" cannot be guaranteed a successful posf—operative
result.

B. In regard to the operation: (1) The stapes
mobillzation surgical procedure 1s not a standard operation.
Surgical methods that are employed depend upon the otologic
surgeon performing the operation. (2) Stapes mobilization

surgery 1s not "simple,"

1ts administration requires a
skilled otologic surgeon. (3) Surglcal audiometry 1s
essential as a gulde to ald the surgeon in determining the
effectiveness of his mobilization techniques. (4) Pre-
operative and post-operatlve care are minor.

C. In regard to post-operative results: (1) Stapes

mobllization has restored normal hearing in some cases.
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(2) Operative complications can produce post-operative
hearing losses more severe than preoperative hearing losses.
(3) Immediate post-operative successful results have re-
gressed, in some cases, to thelr preoperatlive level over a
period of time following the operation. (4) The time span
between the operation and post-operative audiogram 1s signi-
ficant when evaluating post-operative results. (5) The
amount of tlime necessary, before a post-operative gain in
hearing will stabilize, 1s unknown at this time. (6) Stapes
reankylosis can result post-operatively. However, 1f thils
occurs, another stapes mobllization operation, or a fenes-
tration operation on the same ear, can be performed. (7)
Recent improvements in mobllizatlion technlques have increased

the percentage of successful results.
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CHAPTER I
INTRODUCTION

Stapes mobllization is a recently revived surgical
procedure adminlistered as a treatment for otosclerotilc
deafness. Deafness of this type 1s the result of the form-
ation of spongy bone substance within the bone of the inner
ear capsule that impalrs the stapes and inhibits its mobility.
The moblllty of the stapes 18 a necessary function for the
proper transmission of sound waves from the ear drum, through
the middle ear, into the 1lnner ear.

"The ldea of stapes moblllzation was originally con-
celved in 1876, by Kessel.l Since the early nineteen hundreds
it had been dilsregarded by most members of the medical pro-
fession because of various unsuccessful attempts to prove 1its
value.

In 1916, Holmgren2 introduced a surgical method of
opening the horizontal seml-clircular canal to create an

acoustic route, in order that sound waves could by-pass the

lvictor Goodhill, "Present Status of Stapedolysis,"
The . Laryngoscope, 66:333,April, 1956.

EMeyer Wiener and others (eds.), Progress in Optholom-
mology and Otolaryngology (New York: Grune and Stratton,
1§52;, p. 408.




fixed stapes. Thilis i1dea was later developed by Sourdille3

in 1926 and in 1938 Lemper“cLL

developed the technlique further
and termed it the fenestration operation. Thils operation
was then adopted universally as a surgical treatment for
otosclerotic deafness.

In 1952, Rosen5 revived the method of stapes mobilil-
zatlon and with it the interest of many of those persons
engaged 1n the fleld of Otology. Since its revival there
has been much skeptlicism on the part of otologlc surgeons
regarding the value of stapes moblization. Goodhlll reasons,
"the earlier faillures 1in the stapes approach, and recent

refinements and successes in fenestration surgery, obviously

created a skeptical attitude toward 1ts revival."6
I. THE PROBLEM

Purpose of the Study

The purpose of this study 1s to present a plcture of

the current status of the stapes surglcal procedure.

Limitations Imposed

Research 1s limited to bibliographical sources and
personal observatlions by the author of three stapes mobili-

zatlon operations.

3Ibid. Hrp1q.

5Goodhill, op. cit., p. 333. 61biq.



Value of the Study

A study of the nature of stapes mobilization would be
of considerable value to persons directly affected by
otosclerotic deafness as an ald toward their understanding
of 1ts history, preoperative care, method, postoperatilve
care, complications, successes, fallures and value as a
surglcal treatment for otosclerotic deafness.

This study would be of primary value to the author
and other students in the fileld of Audlology as a direct
insight into one of the functions of the audlologist. A
major role in the stapes mobilizatlion surgical procedure is

played by the audlologilst.

II. DEFINITION OF TERMS

Otosclerosis

Black's Medical Dictlionary defines otosclerosis as

being, ". . . the condition in which spongy bone forms in
I
"

the capsule of the labyrinth of the ear.

The word "otosclerosis" 1s a combination of the two
terms, "oto" and "sclerosis." The definitions of these two
terms are:

8

oto-, a word meaning "ear."

TJohn D. Comrie and William Thomson, Black's Medical
Dictionary (London: Adam and Charles Black, 1952), p. 658.

8Clarence L. Barnhart (ed.), The American College
Dictionary (New York: Harper and Brothers, 1953), p. 858.




sclerosls,. a hardening or induration of a tissue
or part; Ilncrease of connective tissue or the lilke
at the expense of more active tissue.9
A definition of otosclerosis derived from the com-
bination of the meanings of "oto" and "sclerosis" might be,
a hardening of a tilssue that lncreases at the expense of

more active tissue 1n the labyrinth of the inner ear.

Otosclerotlic Deafness

Otosclerotic deafness occurs when the otosclerotic
bone growth forms in the region of the oval window of the
labyrinth (bony casing of the inner ear), grows to 1its
margin and from here through the annular ligament of the

stapes footplate.lO

At thils point, the otosclerotic bone
causes the stapes to become immobile and therefore produces
a conductive block in the middle ear prohibiting sounds
waves from entering the inner ear.

Otosclerotic deafness 1is primarily of an air con-
ductive nature. Alr conductlon can be defined as the
transmission of sound waves through the external ear canal
and middle ear to the inner ear. However, it can also be

of a nerve type 1f the otosclerotic condition 1mpalrs the

auditory nerve.

91bid., p. 1087.

lOL. Meurman and O. Meurman, "Stapes Mobilization in
Otosclerosis; Primary Results of a Review of 63 Cases,"
A.M.A. Archives of Otolaryngology, 62:166, August, 1955.




This study willl be concerned mainly with the ailr
conductive type, as stapes mobllization 1is of little value

to sufferers of nerve deafness caused by otosclerosis.

Stapes Mobilization
Stapes mobillizatlon is a surglcal procedure employed

for the reopening of a closed acoustic pathway 1n the middle

ear, It 1s a method practiced by an otologic surgeon to

al leviate the condition of otosclerotic deafness.
The procedure 1nvolves the artificlal mobilization

O 1T the fixed stapes by a surgeon in an effort to break it

f"xr=~ee from an otosclerotic condition. The stapes is the

A ranermost of three small bones in the middle ear of man.

ITII. METHOD OF PROCEDURE

P r~ocedure
The method of procedure for the development of thils

Study involved bibliographical research of the followilng:
(a) Anatomy and physiology of the human ear; (b) nature of
Otosclerosis; (c) history of stapes mobilization; (d) nature
Of the fenestration operation; (e) preoperative audiometric
testing; (f) dilagnosis of, and candidate selection for,

S tapes mobilization; (g) objectives of stapes mobilization;
(h) preoperative care; (1) anesthesia involved; (J) surgilcal
Te chniques; (k) surgical audiometry; (1) operative com-

P 1 1cations; (m) postoperative care; (n) evaluation criteria;

(<>) review of stapes mobilization results; (p) personal

Opinions regarding stapes mobilization.



The other research source involved the personal
observations, by the author, of three stapes mobillization
operations performed by Dr. Harold F. Schuknecht at Henry
Ford Hospital on April 27, 1957. Dr. Schuknecht 1s an
Assoclate Surgeon 1n the Divislion of Otolaryngology at

Henry Ford Hospltal in Detrolt, Michigan.



CHAPTER 1I
ANATOMY AND PHYSIOLOGY OF THE HUMAN EAR

This chapter will be concerned with the anatomy of
the human ear and the functions of 1ts component parts.
Basically, the function of the ear in 1ts entirety 1s to
transmit sound waves from the surrounding air to the brain.
In the braln these sound waves are decoded and interpreted
into understandable messages. A condlitlion causing the dys-
function of any of the parts of the ear interferes with
hearing and hampers man's communlcation process. Otosclero-
sls which causes stapes ankylosls 1s such a condition.
(Stapes ankylosis 1s discussed in Section I, Chapter III.)

An understanding of the anatomy and physiology of the
ear 1s necessary 1n order that the effect of otosclerosis
and its possilible result, stapes ankylosis, can be properly
understood. It wlll also ald the reader 1n adequately
forming a complete pilcture of the stapes mobilizatlion
surgical procedure.

The human ear 1s composed of three dlvisions: the
external ear, the middle ear, and the inner ear. These
divislions will be discussed 1n reference to thelr parts and

the functions of those parts in the process of hearing.



I. EXTERNAL EAR

The component parts of the external ear include the
auricle or pinna and the external auditory meatus or auditory
canal. Primarily, the function of the external ear is to
gather sound waves from the surrounding air and direct them

to the tympanic membrane.

The Auricle

The auricle, Figure 1, 1s the visible portion of the
external ear. Polyak explalns that
the auricle is, ". . . attached to
the slde of the head, at about an
angle of 300."1 Bast and Anson de-
scribe the auricle in the following
manner:

The auricula consists of a
thin plate of cartilage covered
by integument (skin). It is
fixed in position by certailn
ligaments and possesses two sets
of small muscles.?

The purpose of the auricle 1s to

collect the sound waves and direct

them into the external auditory

Figure 1. The
Auricle meatus. Polyak explains:

1Stephen L. Polyak, The Human Ear in Anatomical Trans-
parencies (New York: Sonotone Corporation, 1946), p. 55.

2Theodore H. Bast and Harry J. Anson, The Temporal
Bone and the Ear (Chicago: Charles C. Thomas,1949), pp.l2-13.




The functlon of the auricle 1s to collect sound
vibrations that reach it through the air, to con-
centrate, or condense these vibrations, and to con-
vey them through the external auditory meatus to
the vibratile tympanic membrane.

External Audlitory Meatus

The external auditory meatus, Figure 2, 1s a canal
leading from the auricle to the tympanic membrane. Polyak
describes 1ts size as, ". . . approximately 1 inch or 25 mm.
long and about 1/4 inch or 6 to 7 mm. wide."4 The skeleton
Of the external auditory meatus consists of cartilage and
bone. Polyak states, ". . . the external one-third meatus

3 s cartilaginous; of the internal two-thirds it 1s osseous

C bone)."5

Figure 2. The external audltory meatus

n

3Polyak, op. cit., p. 55. Ibid., p. 54%. °Ibid.
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The wall of the canal is 1lined with a thin skin.
According to Bast and Anson, thils skin continues through
the length of the meatus and over the lateral surface of
the tympanic membrane.6 Polyak observes that the skin
located at the outer one-third of the meatus contains
numerous hairs. There are also ceruminous glands and
sebaceous glands that secret a wax-llke substance. This

author explains that this substance is, ". . . of brown

color and bitter taste.’"7 He further explains the function
oOf the ear-wax and halrs. Polyak says:
The function of thlis earwax and the hairs 1s to
protect the skin of the meatus from desiccation (to
dry up) and to prevené Intrusion of insects and
other foreign bodies.
The purpose of the external auditory meatus 1s to

direct the sound vibrations to the tympanic membrane.
I1. THE MIDDLE EAR

The component parts of the mlddle ear that will be
discussed in thils section are the tympanic membrane, the
tympanic cavity, the eustachlan tube, the auditory ossicles
and their ligaments, and the muscles of the osslicular chain.

All of the above mentlioned components play important
roles in the baslc function of the middle ear 1n the hearing

Process. In regard to the functlon of the middle ear, Browd

6Bast and Anson, op. clt., p. 13.
TPolyak, loc.clit. 81p1d.
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explains, "It is nothing more than an amplifier. It picks
up sound waves, increases thelr intensity and delivers them
to the oval window (the oval window is discussed in Section
III)."9

Browd further states:

The middle ear operates on the principle that
sound waves lose Iintensity when they pass from rare
medium (air) to a denser medium (fluid), but that
this loss can be overcome if they are first made
to strike a larger vibrating surface than that which

separates the two media. This surface 1s the ear-
drum, or tympanic membrane.lO

"Tympanic Membrane

The tympanic membrane, Figure 3, better known as the

eardrum, separates the external

auditory canal from middle ear.

Polyak describes the tympanic membrane
"

as a, . . . glistening, greyish-pink

curtain, placed at a slant at the
11

deepest point of the meatus."

Figure 3. The tympanic
membrane

According to Bast and Anson the tympanic membrane 1is
composed of three layers. The layer facing the external

auditory meatus 1s skin. The medial layer consists of

9ictor L. Browd, The New Way to Better Hearing (New
¥Y¥ork: Crown Publishers Inc., 1951), p. 29.

10 ' 21

Ibid. Polyak; op..elt.; p, 6T,
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fibrous lamina (narrow thin plates of sensitive tissue).

The layer facing the tympanic cavity consists of a mucous

membrane.12

The tympanic membrane seals the external auditory

canal completely. Polyak describes the placement of the

eardrum in the following manner:

The tympanic membrane 1s held in place by a

thickened fibrous annulus, or ring, fitted into
a circular grove. at the inner end of the bony

meatus. In thils way the tension of the tymggnic
membrane 1s malntalned at a constant level.

Browd describes the size of the eardrum in relation

to the elze of the membrane coverlng the oval window. He

also explains 1ts value. Browd states:

Its area 1s about thirty times that of the skin
covering the oval window and 1t 1ncreases a Eﬁrson's
hearing aculty by approximately 30 per cent.

When viewing this membrane there may be seen running

from above and extending to approximately the center, an

opaque whitish streak. Thls streak indlcates the handle

of the malleus, which 1s one of the bones of the ossicular

chain.

Tympanlc Cavity
The tympanic cavity 1s principally a chamber

sheltering the bones, llgaments, and muscles of the ossicular

12Bast and Anson, op. cit., p. 15.

13po1yak, op. cit., p. 69. lL*Br'owd, loc. cit.



mechanism. A necessary function of thils cavity is that of
neutralizing sound waves. Polyak explains:

Of no less significance is its role as a barrier
. « « an acoustically dead space. . . against whose
irregular walls t?g sound waves break up and are
thus neutralized.

Thils author also explains that it serves to:

. « . malntain the atmospheric pressure on the
inner, acoustically blind side of the tympanic
membrane equal to the pressure on 1ts outer,
acoustically active side.l

The tympanic cavity separates the external audltory

meatus from the bony labyrinth of the inner ear (the bony
labyrinth 1s discussed in Section III). Bast and Anson
describe:

The tympanic cavity conslists of an upper part,
the epltympanlc recess, which extends upwards beyond
the level of the tympanic membrane; and the tympanum
proper which 1s situated medlal to the membrane.

Within the wall separating the tympanic cavity from

the bony labyrinth are two covered holes, one above the
other. The upper hole 1s oval shaped and the lower hole 1s
round. These two apertures allow for the passage of sound
waves from the tympanic cavity to the bony labyrinth. They

communicate directly with the oval and round windows of the

bony labyrinth.

13

Bast and Anson observe that the walls of the tympanic

cavity are lined with a thin mucous membrane. Thls membrane

5po1yak, op. cit., p. 115. 161p14.

1TBast and Anson, op. cit., p. 16.
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also covers the bones of the ossicular chaln and the tendons
of the stapedius and tensor tympanic muscles, all of which

are located within the tympanic cavity.18

Eustachian Tube

The eustachlan tube extends from the back of the nose
and throat to the tympanic cavity. Stevens explalns 1its
function in the hearing process:

Ordinarily the eustachlian tube 1is closed at its

lower end, but 1t regularly opens durlng the act of
swallowing and thereby allows equalization of any

difference in pressure on the two sides of the
tympanic membrane .19

Ossicular Chain

The principal parts of the osslcular chain are three
small bones, The first bone 1s connected to the tympanilc
membrane. This bone 1s called the malleus or hammer. Con-
nécted to the malleus 1s the 1incus or anvil. The third
bone in the chain 1s named the stapes or stirrup, and it
Joins the entire ossicular chaln to the oval window of the

bony inner ear labyrinth.

The malleus, Bast and Anson describe the malleus,

Figure 4, as consisting of a head, neck, a manubrium
(resembling a handle) and two processes (bony outgrowths).

The manubrium 1s attached to the tympanic membrane. The

181p14.

l9Stan1ey Smith Stevens and Hallowell Davis, Hearing
(New York: John Wiley and Sons, Inc., 1938), p. 249,



Figure 4.
The malleus

15
lateral process of the malleus rests
against the eardrum, and 1its anterior
process serves as a polnt of attach-
ment for its anterlor ligament. A
ligament 1s also attached to the
head of the malleus. Bast and Anson

state, "On the posterior (rear)

aspect there 1s a notch-like articular surface, for articu-

lation with the body of the incus."2°

The 1incus.

Figure 5.
The 1ncus

Connected to the articular surface of

the malleus 1s the incus, Figure 5.
According to Bast and Anson, the
incus 1s shaped like a premolar tooth.
They state, "It 1s divisible into a
body and two crura (limbs) of unequal
length."2l The short crus is a point

of attachment for a ligament. The

longer crus extends downward. On the bottom end of the long

crus there is a small knob of bone. It 1s called the

M"lenticular process" and serves as an articulation surface

22

for the head of the stapes.

20

2l1p14.

221p14.

Bast and Anson, op. cit., pp. 19-20.
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The stapes. The stapes, Figure 6, 1s attached to

the incus and 1s the last 1link in the
ossicular chain. According to Bast

and Anson, the principle parts of the

e

stapes are the head, neck, two crura

and the staples footplate. The foot-

plate fits into the oval window of
Figure 6.
The stapes the inner ear labyrinth and completes
the sound transmission chalin from the tympanic membrane

across the tympanic cavity to the inner ear.23

Ligaments of the ossicular chain. There are five

ligaments that are attached to the bones of the ossicular
chain. Bast and Anson explain that the ligaments are, ".
certain bands which connect the bones to the walls of the

tympanic cavity and serve to restrain their movements."24

Three ligaments connect the malleus to the tympanic
cavity. One 1s attached to the head of the malleus, one
extends from the neck, and one extends from its anterior
process.

The short crus of the incus 1is a connecting point for
the ligament attaching it to the tympanium wall.

The ligament that is of primary concern in otosclero-

tic deafness is the annular ligament. This is the ligament

>
3Ib14. Slosae and. ARG, OB BIE BT
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of the stapes that connects the margin of the stapes foot-
plate to the oval window of the bony labyrinth. Otosclerotilc
bone grows through the annular ligament and fuses the foot-

plate to the margin of the oval window.

Muscles of the ossicular chain. There are two muscles

attached to the bones of the ossicular chain. These are the
tensor tympani muscle and the stapedial muscle.

Stevens and Davls describe the placement of the
tensor tympani and its effect upon the ossicular chain:

The tensor tympanl attaches to the handle of the
malleus and draws 1t inward, thereby placing the
tympanic membrane under tension. The effect of 1its
action on the stapes 1s to force the footplace up-
ward and inward into the oval window and 1ts action
1s thus antagonistic to the action of the stapedius.=2>

These authors state that the stapedius muscle:

. 1s attached to the head of the stapes close
to 1ts articulation with the incus. Its contraction
draws the head of the stapes outward and downward in
the direction opposite to the inward and upward move-
ment of the long process of the incus caused by in-
crease of %ressure on the outslde of the tympanic
membrane . 2

Browd explains his opinion of the function of these
two muscles:
By contracting automatically when sound waves of
great force strike the ear, they reduce the movements

of the middle ear parts by as much as 40%. This
function enables us to understand conversation and

2
5Stevens and Davis, op. cit., pp. 250-251.

201p14.
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hear in comfort in nolsy surroundings, and makes the
middle ear the gnly amplifier which boasts an auto-
matic control.®
These muscles cannot be seen in the tympanic cavity,
only thelr tendons proJect into this area. The muscles 1lie

within bony canals in the cavity walls.

Value of the ossicular mechanism. Stevens and Davis

list the following four primary values of these structures.

They state:

1. They provlide for preferential delivery of
sound-energy to the oval window as opposed to the
round window.

2. They serve to collect energy from a relatively
large cross-section of ailr and deliver it to the much
smaller area of the footplate of the stapes.

3. Theyprovide a slight mechanical reduction 1in
amplitude of motion between the tympanic membrane and
the part of the stapes which 1s directly in contact
with the fluild of the cochlea., (This fluid 1is dis-
cussed 1in Section III.)

4, 1In conjunction with the intra-aural muscles,
they provide a protective mechanism for the inner
ear against loud low tones without undue 1mpa§§ment
of hearing for faint tones of high frequency.

Assemblage of the Middle Ear Components

Figure 7, lllustrates the assemblage of the eardrum,
the assemblage of the eardrum, malleus, incus, stapes, and

ligaments and muscles of the ossicular chain within the

tympanlc cavity.

2TBrowd, op. cit., p. 31.

28stevens and Davis, op. cit., p. 259.
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Figure 7. Assemblage of the middle ear
. components

The tube running down toward the right-hand corner
of the illustration indicates the eustachian tube. The blue
area seen on the right-hand side of the eustachlan tube
represents a sectlon of cartilage that supports the tube.

The red muscle extending toward the tympanic cavity
i1s the tensor tympani muscle. Its tendon can be seen as a
thin white line running toward the handle of the malleus.,
As was previously stated, this tendon attaches to the handle.

The stapedius muscle and 1ts tendon cannot be seen
in the illustration. However, the tendon extends from the
rear wall of the tympanic cavity and attaches itself to the
head of the stapes.

Only three ligaments can be seen. Two extend from
the malleus, one 1s attached to the neck and one 1s attached
to the head. The other ligament pictured 1s attached to the

head of the incus.
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III. THE INTERNAL EAR

The internal ear 1s a very Intricate and complicated
mechanism. A detailled discussion of 1its complete make-up
is not necessary to this study. However, an understanding
of its basic components and their functions is of importance
in comprehending the hearing process and the effects of oto-
sclerotic growth on the hearing mechanlsm.

This section will be concerned with the bony labyrinth
and its divisions, which are the vestibule, the semi-circular
canals and the cochlea. Other elements that will be con-
sidered are the oval window, the round window, the membranous
labyrinth, the membranous cochlea, and the organ of Corti.
The flulds of the inner ear and the audltory nerve will be
included within the discussions of the specific inner ear
components to which they are related. All of these elements
are important for the proper transference of sound waves

from the stapes of the ossicular chaln to the brain.

Bony Labyrinth

This portion of the inner ear is a bony capsule that
encases all of the inner ear mechanism.

According to Wolfson and Fischer the bony labyrinth
consists of three bone layers. The external layer (periostal
capsule) is made up of compact bone tissue. The medlal (en-
chondral capsule) consists of a very thick compact layer of

bone enclosing interglobular bodies (a spherical mass).



21

The innermost layer (endostal capsule) is made up of a layer
of membranous bone. It i1s within the bony layers of the
labyrinth that otosclerotic growth takes place.29

The bony labyrinth, Figure 8, is divided into three
parts; the vestibule, the semi-circular canals, and the
cochlea. All of these divisions of the labyrinth contailn
perilymph. Stevens and Davis explain, "They contain a clear
fluid, the perilymph, in which the membranous labyrinth is

situated."3° These three divisions are in direct communi-

cation with each other.

Figure 8. The bony labyrinth

29Louis E. Wolfson and Joseph Fischer, The Inner Ear
(New York: Grune and Stratton, 1943), p. 178.

3OStevens and Davie, ©p.. Clt., p. 268,






The vestibule. In Figure 8, the vestibule can be

seen as the central portion of the labyrinth. Stevens and
Davis observe:
The vestlbule 1s the central part of the osseous
(bony) labyrinth, and 1s situated Just medial (toward
the medlum plane which dilvides the body %Tto right
and left halves) to the tympanic cavity.
Within the wall of the vestibule directly facling the
tympanic cavity 1s the oval window into which the footplate

of the stapes 1s attached.

Oval window. In Figure 8, the oval window 1s located

in the upper surface of the vestibule. Marshall and Lazler
explaln that the stapes footplate:

. +« . lles in a small oval aperture, the fenestral
vestibule, 1In the bony median wall of the tympanig
cavity leading to the vestibule of the inner ear. 2

According to Browd, the oval window, ". . . 1s sealed

n33 He

with a delicate membrane so that no fluld can escape.

further states, 1n reference to the placement of the stapes,

. + « the stirrup, rests with its footplate firmly secured

agalnst the delicate skin covering of the oval window."34

3l1p14.

32Clyde Marshall and Edgar L. Lazier, Human Anatomy
(Philadelphia: W. B. Saunders Company, 1955), p. 351.

33Br'owd, loc., cit.

347114,
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The area of the oval window 1s of principle concern
in the stapes mobilization surgical procedure. It 1s in
thils region that the stapes becomes fused and thus leaves

the ossicular chain immobile.

Semi-circular canals. Extending posteriorly (to the

rear) from the vestibule are the semi-circular canals.. They
can be seen In the left-hand portion of Figure 8. Marshall
and Lazler state, "These canals are at right angles from
one another."3® There are three canals. Thelir primary
function involves the sheltering of the organ of balance.
Stevens and Davis state:
They are not concerned with the function of hearing.
They do, nevertheless, form part of the total chamber
to which changes of pressure, generated by mgvement of
the footplate of the stapes, are delivered.3
In Chapter II1I, Section III, the seml-circular canals
will be of some concern. That portion of thils study will
concern the fenestration operation. The area of the semi-

circular canals 1s of utmost 1mportance in the fenestration

operation.

Bony cochlea. Opening anteriorly (to the front) of

the vestibule is the bony cochlea. It can be seen in the
right-hand portion of Figure 8. Stevens and Davis describe

1ts appearance:

35Marshall and Lazier, op. cit., p. 352.

36Stevens and Davis, op. cit., p. 269.



24
In shape 1t resembles a snail-shell. It measures
some 5 mm. from base to épex, and its breadth across
+ he base 1s about 9 mm.3
The bony cochlea protects the most important organ of

hearing, the organ of Corti. The organ of Cortl 1s encased

withinrm the bony cochlea.

Round window. When the bony labyrinth in Figure 8,

the r»ound window can be seen below the oval window. Marshall
and La zler explain:

Below the fenestra vestibulae (oval window) 1s a
smaller hole, the fenestra cochlea (round window),
wkhich is closed by the secondary tympanic membrane . 38

The functlion of the round window and 1ts membrane in

the he aring process 1s to yleld to the inner ear fluid waves

activa ted by the action of the stapes footplate against the

membr*ane of the oval window.

Membranous Labyrinth

It was earllier stated that all three divisions of
the bony labyrinth contain a fluid called perilymph. Within
this Perilymph the membranous labyrinth, Figure 9, 1s some-
what sy spended.

Marshalland Lazler explaln:

Within the bony labyrinth lles a system of

in terconnected, delicate, membranous sacs and tubes,
the membranous labyrinth, lined with epithelium

\_—_—

371pid.

3BYarshall and Lazier, op. cit., p. 351.
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(tissue, one cell layer thick). . . . The membranous
labyrinth 1s filled with a clear fluid, the endolymph. 39

Figure 9. The membranous labyrinth

The membranous labyrinth extends throughout the

vestibule, semi-clrcular canals and the cochlea.

Membranous cochlea. This is the portion of the mem-

branous labyrinth extending into the bony cochlea. It can
be seen in the right-hand side of Figure 9. Polyak states:

Like the rest of the membranous labyrinth, the
membranous cochlea is filled with fluid, the endolymph,
and like it, 1s surrounded by the. . . ossious caShlea
of the bony labyrinth, which contains perilymph.

Polyak describes the membranous cochlea in the

followlng manner:

. . a long and narrow membranous duct (tube)
wound spirally around its axls, clockwise in the

left ear and counterclockwise in the right ear. .ul

391pb14. %0ps1yak, op. eit., p. 7. Hl1pig.,
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The principal organ of hearing, the organ of Corti,

1s enclosed within the membranous cochlea.

Organ of Cortl. According to Polyak the organ of

Cortl extends throughout the entire length of the membranous
cochlea. This author explains that in structure it 1s a
stripe of especlally modifled sensory eplthelium. He states
that 1t also:
. .consists of specific sensory halr cells,

lodged 1n the supporting framework. There are, besides,

in contact with the halr cells, nerve fibersuglong

which impulses are transmitted to the brailn.

Browd explains the organ of Corti by compairing its
hair cells and nerve fibers to the keys of a plano keyboard.
He explains:

« « . 1t has an entire keyboard of fifteen hundred
keys. Each key responds to the pressure of pure tones
of a particular frequency (number of vibrations per
second) and to no others; each produces a sound whose
pltch differs from that of any other key on the board
. . . actual size of our keyboard 1s one and one-
quarter 1ﬂ§hes in length and one-hundredth of an inch
in width.

The above mentioned nerve flbers are part of the

audlitory nerve that carries the nerve 1mpulses, that are

transformed from the initial sound waves, to the brain.

Process of Sound Transmlission Within the Inner Ear

A complete description of the workings of the inner

ear mechanism is beyond the scope of thls study. However,

4 4 |
2Ibid. 3Br-owd, op. cit., p. 18.
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1ts essential function within the hearing process will be

discussed briefly.

Figuré 10. The placement of the membranous
labyrinth within the bony labyrinth.

Figure 10 1llustrates the placement of the membranous
labyrinth within the bony labyrinth. In summary, the mem-
branous labyrinth is surrounded with perilymph and contains
another fluid called endolymph. Within the cochlear portion
of the membranous labyrinth 1s the receptor organ of hearing,
the organ of Cortl.

Stevens and Davis explain the structure of the bony
labyrinth which makes the inner ear accessible for the
transmission of sound vibrations by its fluld medium. They
state:

The bony labyrinth 1is a practically closed chamber

with rigid walls, except for the oval and round windows.
The fluid within 1t is incompressible, and therefore,
when the footplate of the stapes vibrates, significant
mass movements of the fluid within the labyrinth can

occur oan by virtue of the ylelding of the round window
membrane. 4

Bstevens and eyl Gps ol /Ps 20
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Therefore, the sound vibrations carried to the oval
window membrane by the bones of the osslcular chain are, in
this area, transferred into the flulds of the inner ear.
Browd explains:

Alr waves strike agalnst the oval window and con-
tinue on as fluld waves. These fluld waves are
g%riﬁgii Eibigiigﬁg?ﬂ%rd according to the frequency

Each halr cell of the keyboard, or organ of Cortl is
activated by the fluid waves possessing the specific fre-
quency the cell 1s deslignated to recelve. The nerve filbers
are then activated by each filber's corresponding hair cell.
At thils point, the frequencies carried by the fluild waves
are transformed into nerve 1impulses, These nerve 1mpulses
are conveyed along the auditory nerve to a specific area of
the brain. Within this brain area the nerve impulses are
Interpreted into understandable messages.

It should be mentioned that the above explanation of
the inner ear functlon is very simply stated. By no means
does 1t include the many speclalized membranes and other
intricate mechanisms that are involved in the hearing process.

The author feels that a discussion involving these elements

would not be pertinent to this study.
IV, ASSEMBLAGE OF THE HUMAN EAR COMPONENTS

In order that the reader may not be misled by the

sizes of the foregoing 1llustrations of the human ear

“Sprowd, op. cit., p. 20.
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components, a total assemblage of these components 1in approx-

imate actual size 1s represented in Figure 11.

Figure 11. The assemblage of the human ear.

Figure 11 1llustrates the assemblage of the auricle,
external auditory meatus, tympanic membrane the ossicular
mechanism within the tympanic cavity, and the approximate
placement of the bony labyrinth of the inner ear.

Actually the bony labyrinth would not be seen, for
it is encased within the petrous bone. However, in order
that the reader can visualize its relationship with the
other components, 1t is represented as a darkened area to

the right of the tympanic cavity.



CHAPTER III

BACKGROUND

This chapter of the study wlll concern a discussion
of the background information directly or indirectly related
to the stapes mobilization surgical procedure.

The information directly related to stapes mobili-
zatlion that will be considered involves the nature of oto-
sclerosis and the history of the stapes mobllization
operation. The author feels that a discussion concerning
these two elements 1s necessary in order that the reader
may obtaln an understanding of the cause of otosclerotic
deafness and the development of one surglcal procedure
(stapes mobilization) employed to alleviate this condition.

The fenestration operation is indirectly related to
stapes mobilization in regard to the selectlon of prospectilve
candidates and final operational goals. A patient who 1s
sultable for the fenestratlon operation 1s also sultable
for stapes mobilization. Both operations are administered
in an effort to allevlate the condition of otosclerotic
deafness, although their methods of approach differ.

This chapter of the study will be divided into the
following three sections: nature of otosclerosis, history

of stapes mobilization, and the fenestratlon operation.
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I. NATURE OF OTOSCLEROTIC DEAFNESS

In 1897, Politzer gave a clinical picture of oto-

1 According

sclerosls which 1s unchanged since that time.
to Wolfson and Fischer, Politzer was the first to recognize
otosclerosis as a primary disease of the labyrinthine
capsule. He described the otosclerotic foci (points from
which the disease develops) as proliferating (budding) bone
growths occurring in certaln areas of the capsule.2

There 1s a general feeling among most authors that
thlis term 1s 1naccurate 1n classifylng the disease. Eggston
and Wolff explain that "otosclerosis" is a mlsnomer because
sclerosis does not begin until late in the development of
the disease.’ Wolfson and Fischer reason, "Even though we
know the term 1s wrong. . . we use the old name applied by
Politzer.’"4

"This section of the chapter will be divided into the
following four parts: histopathology of otosclerosls, air

conductive deafness due to otosclerotic growth, etiology of

otosclerosls, and incidence of otosclerosis.

lScott R. Stevenson, Recent Advances in Otolaryngology

(Philadelphia: The Blakiston Company, 1949), p. 271.

Wolfson and Fischer, op. cit., p. 176.

3Andrew Eggston and Dorothy Wolff, Histopathology of
the Ear, Nose and Throat (Baltimore: Williams and Wilkens

Company, 1947), p. 453.
Uwolfson and Fischer, loc. cit.
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Histopathology of Otosclerosis

Brunner describes otosclerosis as being a primary
disease of the bony capsule of the labyrinth originating
within the bone of the 1abyrinth.5 Wolfson and Fischer
explain that otosclerosis 1s a disease of the labyrinthine
capsule and occurs 1n this bone of the ear organ. They
mention that 1t has never been observed in other bones of
the skeleton.0

Brunner 1s of the opinion that otosclerosis can be
classiflied as a tumorous disease, He calls these tumors
"otosclerotic tumors."’ Brunner states:

The otosclerotic tumors are primary tumors of the
bony capsule of labyrinth and probably originate in
the area of the bgrderline of the enchondral and
periostal layers.

Eggston and Wolff belleve that otosclerosis 1s a
lesion (localized structural change) of unknown etiology
(cause) resumbling a tumor. Although it resembles a tumor
they do not feel that 1t can be classified as a tumor.9

The author found that the term "tumor" 1s not applied

to thils bone dlsease by most authors. It 1s referred to

as being a "lesion."

SHans Brunner, "Pathology of Otosclerosis,” A.M.A.
Archives of Otolaryngology, 55:372, March, 1952.

6WO1fson and Fischer, op. cit., p. 178.

"Brunner, op. cit., p. 376. 81bid.

9Eggston and Wolff, loc. cit.
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Wolff describes an otosclerotic lesion as being, "A
circumscribed (limited) area of spongy pathologic bone
clearly demarcated (separated) from normal bone."lO

Jackson and Coates explain the pathology of otosclero-
sis in the following manner:

The essential pathology of otosclerosis 1s absorp-
tion of normal bone of the labyrinth capsulel?nd its
replacement by a new type of bone formation.

Fowler observed that otosclerosis starts as one or
more focl in the otic capsule (labyrinth). From these small
lnactlve areas of compact bone 1t can spread throughout the
whole capsule sometimes involving the semi-circular canals.
He also found cases in which these focl caused the closure
of both the round and oval windows.12

Jackson and Coates state 1n regard to the nature of
the otosclerotic foci, "The bony changes may affect the
capsule in one or more focl or diffusely, and are usually
symmetrical in both labyrinths."13 Such 1s the nature of

these focl when they are near the anterior margln of the

oval window; when they are in the walls of the internal

lODorothy Wolff, "Otosclerosis: Hypothesis of 1its
Orgin and Process,"” A.M.A. Archives of Otolarygology, 52:853,
December, 1950.

llChevalier Jackson and George Morrison Coates, The
Nose, Throat and Ear and Their Diseases (Philadelphia: ~W.
B. Saunders Company, 1930), p. 505.

12Edmund Prince Fowler, Medicine of the Ear (New York:
Nelson and Sons, 1947), p. 251.

13Jackson and Coates, loc. cit.
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auditory meatus; when they appear in the apex of the cochlea;
and when they appear in the areas of the semi-circular
canals.14

According to Eggston and Wolff the initial phase of
otosclerotic growth 1s characterized as belng a spongifil-
cation of the bone. They explain, "The disease areas are
no longer solid ossified (hardened bone) structures and
contain an excesslve number of marrow spaces and blood
vessels."1?

Meurman and Meurman state that the initlal phase of
otosclerosis begins wlth the development of perlosteal bone
wlthin the enchondral layer of the bony wall of the inner
ear. They state, "The most usual site is right in front
of the oval window."16

Jackson and Coates describe this new bone 1n the
following manner:

Microscopically, the new bone manifests two distinct

types of osseous growth: (1) A pink, rose-colored

bone, due to an affinity for eosin, with thick osteold
beams and small marrow spaces; (2) a deep blue hematoxy-
linstalning spongiod bone consisting gf a network of
bony beams with large marrow spaces.19

Fowler explains that when the otosclerotic focl

became actlve, there is a distinct tendency of progression.

14Ibid. l5Eggston and Wolff, loc. cit.

16Meurman and Meurman, op. cit., p. 166.

175ackson and Coates, op. cit., p. 508.
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There 1s a localized resorption of the old bone caused by
the slow destructlon of the mlnute cavities within the bone.
Within the diseased areas there 1s a replacement of old bone
tissue by weblike bone. Thils process continues with more
resorption of bone and 1ts replacement by more mature web-

like bone tissue with fibers, into which, later on lamellar

bone 1s disposited.l8

Brunner states:

At the onset of actual otosclerosis the orlgilnal bone
of the labyrinth capsule 1s resorbed by osteoclasts and
the defects are filled with newly formed bone which
differs in structure from the original bone .1

According to Jackson and Coates the bone changes can
be grouped into four phases:

1. A primary new-bone formation. It consists of
a network of blue-stalning osteold beams with small
triangular or irregular-shaped bone corpuscles.
Nucleated red cells, myelocytes, and fat cells, so
characteristic of the red bone marrow, are not found in
these spaces. This type 1s found in the very young or
in the very rapidly progressing forms of the disease.

2. A secondary absorption of the normal capsular
bone of the labyrinth. The advancing new bone by its
pressure on the normal capsular bone and 1its blood-
vessels produces a simple atrophy of the old bone with-
out signs of cell activity.

3. A resorption of the new blue-stalning bone.
This resorption takes place through the Jjoint actlon
of a canaliculization process in which the bone cell
cavities distend, communicate, and form canals 1n
the bone. Giant-cell osteoclasts aid in the resorption.

18Fowler, op. cit., p. 263.

19Br-unner, op. cit., p. 372.
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4, A replacement of the new blue-staining bone
by a new plnk-colored bone. This pink, eosin-stailning
bone 18 laid down by osteoblasticactivity. It consists
of a network of thick bony beams with nearly normal
bone corpuscles. The marrow spaces contaln connective
tissue with lymphocytes, spindle-cells, and small
blood-vessels. In the older areas of pink-colored

bone, the bony beams become thlcker and more compact,
with lamellar systems developlng around blood-vessels.

20
These authors add, "These different types of new bone
may represent different intensities, or rates of growth 1n
the new forming bone, rather than cycles in its development."2l
In describing the method of otosclerotic progression
Fowler says:
This takes place by continuous lacunar, (grooves
in developing bone which 1s undergoing resorption),
resorption of the ilmmedliate surrounding bone along
a wlde front or by the diffuse occurrence of flnger-
like processes of a pecullar blulsh bone tilssue 1n
the center of which a small blood vessel 1s located.Z22
These fingerlike processes of blulsh bone tissue are
called "blue mantles." Fowler reasons that perhaps these
blue mantles represent the beginning of otoslerosls and are
distributed by the blood stream into the labyrinth.<>3
According to Wolff, "blue mantles" may be considered as
chemical indicators of the type of calcium belng deposited.
She states that these "blue mantles" occur in temporal bones

and are a prominent feature of otosclerosis. Wolff belleves

that otosclerosis advances along blood channels and congestion

20Jackson and Coates, loc. cit. 2l1pig.

22Fowler,op. cit., p. 263. 231bi4d.
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and hemostosis (blood formation) are frequent. The blood
vessels exhibit "blue mantles.'"24

In summary, Brunner discusses the following character-
istics of the otosclerotic lesion, or as he terms 1t, the
"otosclerotic tumor." It 1s discovered only in the human
labyrinth of the ear. It develops without any apparent
cause. At any time 1t may become actlve or regaliln activity.
The resorption process may result 1n a moderate reconstruction
of the rest of the labyrinth. Thickening of the bone 1is
often a result of otosclerosis. There 1s no paln connected
with otoscleroslis. Otosclerotic bone grows within bone.25

Wolfson and Fischer state, "There 1s usually a sharp
line of demarcation between the normal and diseésed bone."26
These authors observed that interglobular bodles are absent
in the diseased area, and very large spaces of bone marrow

4
are seen In the otosclerotic focus. They state, "There are

no changes of the bone surrounding the otosclerotic focus." '
Brunner supports this preceding statement of Wolfson
and Fischer. He observed that, "There 1s no degeneration

of the bone surrounding a growing otosclerotic foci;"28

However, he also adds the followlng statement in reference

24yo1rr, loc. cit. 25Brunner, op. cit., p. 378.

26WO1fson and Fischer, op. cit., p. 181.

2T1bid. 28Brunner', op. cit., p. 373.
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to the effect of otosclerosis upon the frame of the oval and
round windows. ™I hold the opinion that there is an atrophic

degeneration of cartilage which precedes actual otosclerosis."2d

Alr Conductlon Deafness Due to Otosclerotic Growth

Otosclerotic deafness of the alr conductive type does
not occur unless the focl affect the regions of the round or
oval windows. 1In these instances the otosclerotic growth
interferes wlth the transmission of sound waves to the
audlitory nerve.

Lindsay and Hemenway explain the effect of the oto-
sclerotic process involving the round window:

. 1f a small area of the round window membrane
remains free the hearing will not be affected. .
occlusion of the round window could cause air con-
duction loss comparable with that produced by stapes
ankylosis.3o

In cases where only the round window is affected,
mobllization of the stapes 1s of no value, and therefore
will be of l1little concern in this study.

When the focl occur in the area of the oval window
and grow through the annular ligament of the stapes foot-
plate, partial or complete ankylosls of the footplate may

result. Jackson and Coates state in reference to the oto-

sclerotic focl growth in the oval window regilon:

291p1d.

307, R. Lindsay and W. G. Hemenway, "Occlusion of
Round Window by Otosclerosis," The Laryngoscope, 64:18,
January, 1954.
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With any marked new-bone formation in this area,
involvement of the annular ligament and fusion of the
stapes foot-plate must result. Unless this involve-
ment and fusion take place, otosclerosis of the middle-
ear type, the common clinical form of the disease,
wlll not be present.31

Covell does not feel that fusion of the stapes foot-
plate 1s 1nevitable i1f the focl appear in this region.
However, he explalns that even though ankyloslis of the foot-
plate does not result, loss of hearing 1is still possible.
He says:

A leslon which does not ankylose the stapes plate

to the oval window margln may, however, 1lmpalr the
efficlency of the ossicles as a conductling mechanism.
This 1s caused by the distortion in the oval window
niche and interference with normal function of the
stapedliovestlibular articulation.

Stapes ankylosis 1s of primary concern in this study
because 1t 1s this conditlion that may be alleviated by the
stapes mobllization surgical procedure. Covell explains the
stapes ankyloslis phenomenon in the following manner:

Otosclerosis which results in the fixation of the
stapediovestibular Joint impairs the mobllity of the
ossicular chaln by displaggment,of the incudiostapedial
and malleolncudal joints.

The stapediovestibular Joint 1s the connectlve area

between the vestibule of the oval window and the stapes.
The 1ncudlostapedlal Jjoint is the connective area between

the incus and the stapes, and the malleoincudal Joint is the

31Jackson and Coates, op. cit., p. 10.

32y, P, Covell, "The Ossicles in Otosclerosis," Acta
Oto-Laryngoscope, 28:275-276, June, 1940,

331p14.
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connective area between the malleus and the 1incus. When the
stapes 1s fixed, 1t becomes 1nactive, therefore causing the
incus and malleus to become inactive. The ossicular chain
becomes frozen and 1s 1neffective in transmitting the sound

waves to the inner ear,

Etiology of Otosclerosis

The author found that, to date, little proof has been
found to transform the many hypotheses that have been pre-

sented 1n regard to the origin of otosclerosis into reliable

theorieé. In thelr book entlitled, The Nose Throat and Ear

and Their Dliseases, published 1n 1930, Jackson and Coates

state, "The numerous theories advanced as to the etiology

of otosclerosls prove that not one is wholly satisfactory."3u
In their discussion concerning possible treatment for

otosclerosls, Wolfson and Filscher state in thelr book

entitled, The Inner Ear, published in 1943:

The basis for any rational treatment of a dlsease
lies in the proper knowledge of 1its etlology. The
complete lack of such knowledge in otosclerosis ex-
plains the failurg of all the therapeutic measures
applied hitherto. 5

Lindsay wrote in 1950, when discussing the etlology
of otosclerosis:

Attentlion has been directed to various dlseases
of glands of iInternal secretion, hormone 1inbalance,

343ackson and Coates, op. clt., p. 504,

3 Wolfson and Fischer, op. cit., p. 187.
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vitamin deficlencies and metabolic disturbances but
laboratory 1nvestigat%ons have so far revealed no
specific connection.3

There have been many attempts to explain the origin
of thlis disease 1n relatlon to other diseases. Wolfson and
Fischer state:

A study of the literature concerned with the

etlology of otosclerosis reveals the amazing fact
that only a few dlseases exlst that are not brought
into relation with otosclerosis in the effect to
explain 1s genesis.37

Theories that have been developed from these studles
involving the relationship between diseases and otosclerosis
do not appear to be totally accepted by most members 1in the
field of otology. Perhaps this 1s due to the lack of suffi-
clent proof or evidence to support them.

Fowler states: "It 1s thought that its etlology may
be hidden in some inherited factor."38 In regard to this
hypothesis Lindsy found:

Presence of a hereditary predisposition to oto-

sclerosis has been in as high as 50 per cent of some

large serles of clinlcal cases. . . exlistence of
heredity factor seems definite.39

36J. R. Lindsay, "Influence of Systemic and Local
Factors on the Development of Otosclerosis," A.M.A. Archives
of Otolaryngology, 52:868, July-December, 1950.

3TWolfson and Fischer, op. cit., p. 181.

38Eamund Prince Fowler, "Emotional Factors in Oto-
sclerosis,”" The Laryngoscope, 6l1:254, February, 1951.

39%1ndsay, op. cit., p. 868.
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Jackson and Coates observed that the results of a
studyy ~undertaken to determine whether or not there was a
hered 1 ty factor involved in the etlology of otosclerosis

revea l ed:

Over 50 per cent gave a famlly history of non-
suppurative deafness, and like other conditlons of

a heredity naturﬁ it tends to be transmitted through
the female line. 0

Kopetsky 1s of the opinion that there are inherited

elemen t s that could be the cause of later otosclerotlc growth.

He exp 1 ains:

The congenlitally deafened have carbohydrate metabolic
me c hanism defects transmitted to them which develop oto-
Sclerotic lesions on the otic capsule in intrauterine
11 ffe, or they carry in their blood the biochemical
Pathologlc changes of otosclerosis which develop lesions
af"ter birth, owlng to the immedilate etio}\togic role which
an intercurrent irritant factor induces.%l

This author further states:

It follows that any intercurrent severe systemic
1n fection or the presence of puberty, pregnancy or
meropause may present the locally irritant factor
Wh X ch will start a cellular pathologic condition I
In to activity and create symptomatic otosclerosils. 2

Lindsay appears to agree wlth Kopetsky and reports
that, "'Existence of a hereditary predisposition has been
indlca tted by clinical observations."*3 He mentions the

followa ng irritant factors:

aoJackson and Coates, loc. cit.

41Samuel J. Kpetsky, "A Study of the Deafness Heritage

in Otos clerosis,” A.M.A. Archives of Otolaryngology, 52:416,
July-De cember, 1950,

4
2Ibid., p. 403. 3Lindsay, op. cit., p. 880.
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Certain constitutional states may furnish the en-
vironmental influence necessary to activate the
disease. . . . Prolonged terminal i1llness due to
intracranial diseases may play an important role
In starting the otosclerotic process 1n a subject
possessing a heredlitary tendency. . . . Environmental
Influence of prolonged constitutional disturbances
and pregnancy 1s suggested by clinical observation.

. Chronic inflammatory chﬁﬁges in the ear may
act as environmental factors.

That pregnancy is an irritant factor in the develop-
ment of otosclerotic growth 1s generally accepted by most
authorities who belleve that the initialelement 1s inherited.
However, Walsh 1lists the following common belliefs regarding
pregnancy and otosclerosis, and states that evidence indicates
that these bellefs are erroneous. Walsh reviews:

(a) The deafness due to otosclerosis 1s made worse

by pregnancy. (b) A woman with otosclerosls should be
advised not to have children. (c) A woman with deaf-
ness caused by otosclerosls can,K reasonably be advised

to have a therapeutic abortion.45

Barton appears not to completely accept the theory of
pregnancy as an irritant factor 1in promoting otosclerotic
growth. He does not advise abortion in pregnancy cases
involving otosclerosis inherent in the prospective mother.
He warns, "Abortion 1is never Justified in management of

wki6

otosclerosis, He further explains:

Effect of pregnancy on otosclerosis 1s extremely
variable and unpredictable and no exact relation exlsts

bh1p14.

45Theodore E. Walsh, "Effect of Pregnancy on Deafness
Due to Otosclerosis,” Journal of American Medical Association,
154:1407, April 24, 1954,

46Richard T. Barton, "The Influence of Pregnancy on
Otosclerosis,” New England Journal of Medicine, 233:436,
October 11, 1945, -
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between the two condlitions. . . . Favorable effect
of abortion on otosclerosis 1s inconstant; progression
of deafness ﬁith pregnancy may or may not be arrested
by abortion. 7
To date, there does not seem to be any universal
agreement among the authorities 1n the fleld of otology as
to the speciflc etilology of otosclerosis. The author found
the most accepted hypothesis to be that of there being an

inherited element belng activated by some irritant factor

into progressive otosclerotic growth.

Incidence. Little information was found revealing
the 1incildenceof otosclerosis. The information found appears
to be qulte general wlth little evidence to support the
findings.

For example, Fowler reports:

It 1s markedly less prevalent 1n the Negro race,

and less prﬁgalent in males than 1n females, as far
as we know.

Nylen reveals the findings of a study he conducted
involving the examlnation of 121 temporal bones:

Otosclerosis was as common in men as in women in

121 temporal bones examined. . . women showed a
greater tendency for stapes snkylosis. . . 90 per cent
had focil in window regions. . . 40 per cent no stapes

ankylosis . . . two thirds of the bones wiEh stapes
ankylosis had focl in other areas as well, 9

47114, L8rowler, op. cit., p. 254.

49Bengt Nylen, "Histophathologic Investigations on
Localization, Number, Activity and Extent of Otosclerotic
Foci," Acta Oto-Laryngology, 38:88, February, 1950.
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Apparently otosclerosis affects the young as well as
the adults. Kopetzky, In his study of deafness heritage in
otosclerosls used subJects under 10 years of age. This
study involved 25 deaf-mutes, 15 severely deafened children,
and 25 chlldren wilith serviceable hearing, but deafened. All

showed symptoms of otosclerosis.50

IT. HISTORY OF STAPES MOBILIZATION

The surglcal procedure of attacking the ankylosed
area of the stapes footplate through the auditory canal
began in 1876 with Kessel.

One technique practliced involved the removal of the
eardrum, malleus, incus and leaving the stapes intact. The
author found that mostotologists in the late eighteen
hundreds used thils method. Meurman and Meurman review the
results of Laucae's successes using this technlque, reported
in 1885:

In 53 cases operated on, considered improvement in
hearing was obtained in 9, some improvement in 19, no
improvement in 18 and deterioration of hearing in 7.

Another technique used concerned the complete removal

of the eardrum, malleus, incus and stapes. Brunner explains,

"Extraction of the stapes results in the formation of a new

50Kopetzky, loc. clt.

51Meurman and Meurman, op. cit., p. 164,
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n>2 Therefore, if this method

membrane in the oval window.
1s successful the membrane in the oval window receives the
sound vibrations directly without the ald of the eardrum
or the bones of the ossicular chain. Brunner reports in
regard to one operation of this type:
In one of Blake's cases perilymph drained through
the oval window for 10 days. Gradually the overflow
of fluld and dizziness decreased, but the gain 1n
hearing, which was noticed after the extraction was
lost.>
The above mentioned technlques produced few favorable
results. However, they led to the development of the stapes
mobillization surgical procedure. This section of the study
wlll concern the history of stapes moblilization, which began
with Kessel in 1876; was discontinued in the early nineteen-

hundreds in favor of the fenestration operation; and was

rediscovered by Rosen in 1952,

Kessel
Schneider reports that, "Mobilization of the stapes

t.'"54 This

began with Kassel in 1876, who first advised 1
was before the tri:e nature of otosclerosis was known. At
this time otosclerosis was considered to be a dry sclerosis

of the middle-ear mucosa.55

531bid., p. 19.

54panial €. Schneider, "Revision of the Miot Technique
in Moblization of the Ossicle System," A.M.A. Archives of
Otolaryngology, 61:207, January-June, 1955,

55Meurman and Meurman, loc. cit.



Rosen and Bergman state in reference to Kessel's

endeavor:

Kessel, in 1876, tried improving hearing in cases
of stapes ankyloslis by removing the drum membrane,
malleus, and incus. Later he tried mobilization and
complete removal of the stapes . . . all unsuccessful.56

Brunner reviews Kessel's attempts at stapes mobill-

zation in the followling manner:

The favorable results of experimental extraction
of the stapes encouraged Kessel to mobilize the stapes
in cases of conductlive deafness by removing adhesions
from the niche of the oval window and cutting the
tendon of the stapedius muscle. Since final results
were unfavorable 1t was replaced by extration of the
stapes .57

The next man to be considered in the history of

Stapes mobllization 1s Boucheron. Rosen and Bergman state
that Bourcheron reported in 1888, mobilization of the
stapes in 60 cases. He first excised the posterior half of
the drum and then separated the incus from the stapes.58

Meurman and Meurman describe Boucheron's technique

as using a speclal hook to mobllize the stapes in the oval
window, after he first separated the lncus and the stapes
from each other. These authors state that he did obtain
some good results. However, the favorabllity of such

59

results were not reported.

56Samuel Rosen and Moe Bergman, "Mobilization of the
Stapes for Otosclerotic Deafness," A.M.A. Archives of Oto-
laryngology, 61:197, January-June, 1955.

5TBrunner, op. cit., p. 18.

58Rosen and Bergman, op. cit., p. 197

59Meurman and Meurman, op. cit.
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Schnelder reports that Boucheron was enthusiastic
about stapes mobllizatlion. He says:
Boucheron stated 1t was possible to quadruple a

patient's hearing by this method. He hailed st%Bes
mobilization as, "Our operation of the future."

Miot

Schneider states that, "In 1890, otosclerosis was
brought to a high state of development by Camille Miot."61
Meltzer feels that Mlot should receive the real credlt for
enlightening the otologists of that period about stapes
mobllization. Meltzer explalns:

With the exceptlon of modern incisions to expose
the typanum he described with infinite detail the
onn Dreralintany mealig, et eetion, the andicas

’ .

The author could find little information concerning
Miot's technique or his personal description of the operation.
However, Scheer reports:

Miot described in fair detall his technique of

applyling pressure by a %alate-like Instrument on the
incudostapedial Joint.6

05cmmetder, op. cit., 6l1y14.

628ymposium, "Operation for the Mobilization of the
Stapes in Otosclerotic Deafness,”" The Laryngoscope, 66:730,
July, 1956.

63Alan Austin Scheer, "Restoration of Hearing in
Otosclerosis by Transtympanic Mobilization of the Stapes,"
A.M.A. Archives of Otolarynogology, 61:513, January-June,

1955.
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In reference to Miot's technique Schneider explains:

Miot had exerted force only in the direction per-

pendicular to the line of the ossicular movement. He
used a backward and downward pull to "break" the
ankylosis . . . he pulle%ubackward in the direction
of the stapedlal tendon.

According to Schneilder, Miot experilenced 74 good
results in 126 cases involving stapes mobilization.65
Meurman and Meurman report that Miot obtained satisfactory
improvement in 28 cases out of 56.66 Rosen and Bergman
report that Miot obtailned slight and only temporary improve-
ment among 200 cases.67 These authors did not state what
was considered at that time to be good, satisfactory, slight
or temporary results. Although confuslon exlists concerning
the degree of Mlot's stapes mobllization successes, all of
the above mentioned otologists agree that he did obtain
some success.

It 1s also mentioned by Rosen and Bergman that Miot

had operated on the same ear 1in some cases, three times

within the first three months.68

O4schneider, op. cit., p. 209. 651p14.,p.207.
66Meurman and Meurman, loc. clt,.
67

Rosen and Bergman, op. cit., p. 197.

68
Ibid.
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Little information was found concerning the success
of Dr. Clarence Blake's attempts at stapes mobilization.
However, some of hls attitudes towards stapes mobllization,
and the technique of the removal of the drum, malleus and
incus are reviewed. Blake reported in 1892, his feeling
toward the removal of the eardrum, malleus and incus:

The removal of the membrana tympani, malleus and
incus not only offers an unnecessary degree of
violence to the middle ear but 1s unscientific in
the sense that 1t leaves untouched that portion of
the osslcular chaln, the stapes, whlch has b$8n
Justly demoninated the key to the labyrinth.

Blake explains the reported successes wlth this tech-
nique by saying:

The lmprovement in hearing in the cases so operated
upon has been due in the great maJority of them to
the mobllization of the stapes incldent to the removal
of the two larger osslcles rather than to the removal
of an obstruction presented by these bones themselves
. « unless the stapes 1tself be moblle removal of
the membrana tympanl and the other osslcula must be
in a measure 1lneffectual.

Thils author reports the degree of success he obtained
with one of hils early attempts at stapes mobilization:
In Oct., 1881, it was decided to attempt mobili-
zation of the stapes with a result of slight improve-

ment in hearing aerially, which lasted for three days
and then gradually decreased.

70Clarence J. Blake, "Operation for Removal of the
Stapes," Boston Medical and Surgical Journal, 127:470, 1892.

"11p14.,

T2C1arence J. Blake, "Operation for Removal of the
Stapes without Ether," Boston Medical and Surgical Journal,

132:35, 1895.
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Whether or not Blake actually practiced stapes mobilil-

zatlon to any extent or remalned exclusively with the old

techniques was not discovered by the author.

Jack

Meltzer bestows upon Jack the credit for the intro-
duction of stapes mobilization into the United States. He
states:

In this country it had i1ts inception at the insti-

tution where 1 had my otologlcal training; in fact,
it was under the very man who in 1892 introduced 73
stapes mobilization, namely Dr. Frederic L. Jack.

Jack appears to agree with Blake concerining the
omprovement in hearing after the eardrum, malleus, and incus
are removed. He explains in an article he wrote in 1895:

From our present knowledge 1t seems plausible to

attribute the improvement in any individual case, of
removal of the membrana tympanl, malleus or incus,

in part or whole, chiefly to liberating or mobilizing
the stapes.”

It appears that during that period the two primary
operatlons practiced by otologists were the removal of the
stapes, and stapes mobllization. Jack reports:

The interest in operatlons for the relief of

deafness, vertigo and tinnitus has naturally centered

during the last two years, upon mobllization or
removal of the stapes.

73Symposium, loc, clt.

Thprederick L. Jack, "Remarks on Stapedectomy,"
Boston Medical and Surglcal Journal, 132:35, 1895,

T51bid.
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Jack advocates the use of cocalne while performing
the stapes moblllzatlon operation. He felt that cocaine
wlll allow the patlent to glve aid in determining the
operation's progress. In this way the patient can respond
if the hearing 1sjmproved.76 Brunner says that Jack used
a set of magnification lenses to perform the operation.77

No Information was found in regard to the degree of
Jack's successes or faillures. However, Jack explalns:

My results 1n so-called cases of sclerosis have
been extremely discouraging,for 1n nearly every
instance the bone has been found so firmly ankylosed,
usually 1n the neighborhood of the foot-place, that
upon pressure a fracture of the cura hag occurred,
leaving the footplate firmly adherent.”

Jack states that, "Most operations for mobilizing
the stapes or freeing the oval window must be looked upon
as largely experimental;"79 However, he adds:

In cases of non-suppuratlve diseases of the middle

ear, surgical mobllization should first be trieg
before an attempt 1s made to remove the stapes. Y

Sibenmann

Sibenmann 1s 1ncluded here, not because of hls experi-
ence with stapes mobllizatlon, but because of a statement he

made that seems to reflect the feellng among many otologlsts

76 7
Ibid. Brunner, op. cit., p. 19.

78 79

Jack, op. cit. Ibid.

801144,
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of the early nlneteen-hundreds. In 1900 Sibenmann stated,
"All endeavors at mobilization of the stapes are not only

81

useless but often harmful."

Stapes Mobilization Discontinued

Attemps at stapes moblllzation were generally dis-
continued during the early nineteen-hundreds. Meltzer
answers the questlon as to why stapes mobilization was given
up, "Why? I can only venture a guess. It falled; hearing
was not lastingly 1mproved."82

Rosen and Bergman state that one reason for stapes
mobllization fallures at this time might be because:

In all these operations the attempt to mobillize

the stapes was through a myringotomy (1ncision in
the eardrum). It may be that in many cases

myringotomy did not provide sufficient vigion of
the stapes to allow precise manipulation. 3

The Advent of Fenestration

Further exploration into stapes mobllizatlon ceased
after the introduction of a new technique to alleviate
hearing loss due to stapes ankyloslis. This technique con-
cerns the creationvof a new window in the labyrinth after
by-passing the flixed stapes. Thls new window 1s made in

the area of the semi-circular canals. The fenestration

8lschneider, loc. cit. 828ymposium, op. cit.,p.731.

3Samuel Rosen and Moe Bergman, "Restoration of
Hearing in Otosclerosis by Mobilization of the Flixed Stapedial
Footplate. An Analysis of Results," The Laryngoscope,
65:224, April, 1955.
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operation will be discussed 1in the following section of
this study.

The basic 1dea of the fenestration operation began
with Holmgren. Stevenson explailns:
In 1917, Holmgren, of Stockholm, began the
researches in the surgery of the labyrinth which
he ocontinued with varying success over many years.
influencing Sourdille, Simson Hall and others.
To Maurilce Sourdille, of Nantes, must be given
credit of devising the first successful fenestration
for otosclerosis . . . Jullus Lempert of New York,
in 1938 developed Sourgﬁlle's operation into a
practlicable procedure.
It was Lempert who termed thls procedure the fenes-
tration operation.85
From Holmgren up to Rosen, fenestration had taken
over the limellight. The operations directed through the
audltory canal against the ossicular chain and the alkylosed

area of the stapes footplate recelved little attention.

Holmgren

Schneider reports that in 1923, Holmgren experlenced
some success with stapes mobllization. However, 1t was not
intentional on Holmgren's part. He was performling a routine
pre-fenestration examination on one of hls patlents. During
this examination Schneider explains, "He accidentally

twisted the stapes in such a way that the oval window was

8“Stevenson, op. cit., p. 110.

851p14.
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opened."86 Holmgren then gave the patient an immediate

hearing test. The test revealed an improvement in hearing.87

This author reviews Holmgren's explanatlon of why
twisting the stapes may be advantageous 1n stapes mobilli-

zation:

‘The stapes normally does not simply move '"back
and forth,"it also moves, being the end-plate of 88
an wo©scillating acoustic system, 1n a rotary fashion.
Schnelder adds, "Great caution must be observed, as
Holmgren reported, it is possible to dislocate the stapes."89

The author found no further information regarding

Holmgren's other experiences wilth stapes mobilization, if

there were any.

Herberts

Meurman and Meurman quote Dr. Herberts as saying 1n

1947, "The time is ripe for new attempts in the area of the
stapes. 11 90

However, Herbert's interest was placed primarily upon

Stapedec tomy. Meurman and Meurman describe Herbert's en-

deavors:

Af ter demonstration on cadaver material that the
membr~mne covering the inner surface of the stapedial
footys 1 ate is thicker than usual in otosclerosis, he
€XPO==ed the middle ear in two patients through the

-
8680hneider, op. cit., p. 209. 871b1d.
S
S 1bia. 891114,

S :Meur'man and Meurman, loc, clt,.
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process S.nd removed the stapes leaving the membrane
in site.

These authors mentlon that Herbert's results were

good, but it 1s unknown whether or not they were permanent 92

Rosen
Meltzer says, "To Rosen must go the credit of re-
discove> ry of stapes mobilization."23
Dr. Samuel Rosen, like Holmgren, accldentally mobilized
the st=apes in one of his fenestratlion patlents. 1In this
respec £t , Rosen and Bergman explailn:
On April 3, 1952, Rosen was performing a procedure
on a patient described as a method of palpating the
st apes as a means of determining suitabllity for
fenestration. . . . Result, a return of acute hearing.
. . The footplate was accidentally mobilized while
the fixed stapes was being palpatated.9
Since Rosen's rediscovery, stapes mobllization has
generated new iInterest and enthuslasm in the fleld of
otology . Goodhill states, ". . . Rosen rewakened our inter-
est In the direst approack to the ankylosed stapes foot-
plate."95 Meltzer says, "Rosen's recent technique has
definite 1y given otologlsts a new enthusiasm,"96

It nas also motivated some adverse criticism because

Of 1ts ez y1ier fallures. In this respect Meltzer reasons:

-

S
L yp14. 921p14. 93symposium, loc. cit.

quosen and Bergman, op. cit., p. 224.

S Sgoodnill, op. cit., p. 333. 90Symposium, loc. cit.
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What difference does 1t make what these early
results were? Does 1t matter if three or four
patients are improved by stapes mobilization in ten
attempts? Are not three or four successes a real
attainment? Gilven time and experience and under-
standing as to why we fall, should we not expect
better results Just as we improve our results with
the fenestratlion operation? I believe so.

He adds:

The hearing lmprovement brought about by stapes
mobilization is of such magnitude that I confidently
look forward to 1ts becomlng as firmly established a
procedure for the improvement of hearing én oto-
sclerosis as the fenestration operation.9

It seems that Dr. J. H. Thomas Rambo vliews Rosen's
re-awakening of stapes mobilization primarily from the
standpoint of the method of attack. That 1s, the attack
made directly upon the area of the ankylosed footplate and
the oval window, through the auditory canal. Rambo explains:

I belleve that experience with the footplate
approach in mobillizatlon techniques 1s leadlng us
inevitably to the recognition that hearing through
even a small openlng at the oval window is a much more
physiological way for alrborne sound to moblligze
inner ear flulds; and we are, therefore, getting
surprising good results when sound reaches the inner
ear through this natural route, even without the
ossicular chain.99

Rambo summarizes by saying:

. . today we have been reminded by several of
the participants that mobllization is not a standard
procedure; that there are many techniques used; and
that we are all looking for a speclal procedure which
will offer a better solution to this surgery. 1 1lmagine
that approximately the same situation probably exlsted
following Miot's experiences with mobilization which
prompted Jack in Boston, after repeating them, to
perform stapedectomy.lOé

91bid. 981bid. 991b1d., p. 781. 100Ipig.,p.782.
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If such be the case, that we contlnue to follow faith-
fully the experiences of the otologists of over half
a century ago, which we have done so far, we will
again arrive full-circle to stapedectomy.l0l
Whether or not Dr. Rambo's above mentloned prediction
1s correct naturally remains to be seen in the future. How-
ever, many otologists 1In this country and other countries
are practicing stapes mobilization, and to date, there

appears to be a great deal of enthusiasm in regard to 1ts

possibilities.
III. FENESTRATION OPERATION

Today, there are but two surglcal procedures commonly
practiced by otologists for the possible alleviation of
deafness due to stapes ankylosls, These procedures are the
fenestration operation and stapes mobllization. The primary
differences between the two operatlions concern the method of
attack and the degree of simplicity 1n regard to the surgical
procedures. Criterla for the selection of candidates 1s
baslcally the same.

It was mentioned earlier in this study that Holmgren,
Sourdille, and Lempert are the princlple otologists respon-
sible for the development of the fenestratlon operation. In
1916, Holmgren introduced the method, Sourdille developed it
further, and Lempert perfected the operation and gave it

its name. Farrior and Bagby state that today, MAll

1011p14.
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fenestration operations are Lempert fenestration opera-
tions."lo2 However, they mention that some otologists have
added their own individual techniques to various phases of
the procedure.lo3

This sectlion of the study will Include a discussion
of fenestratlon in regard to the selection of prospective
candlidates, the objectives of fenestration, the operation
itself, the results of fenestratlion, the causes of fenes-
tration fallures and post-operative complications. The
author feels that such a discussion 1s pertinent to this
study in order that the reader may understand the advantages

and disadvantages of stapes moblllization more effectively

by comparison with those of the fenestration operatilon.

Pure-Tone Audiometric Testing

In dilscussing the criterlia for the selection of
fenestration candidates and for determining operation suc-
cess, it willl be necessary to use such terms as "decibel,"
"audiogram," "aild conduction," and "bone conduction." These
terms are primarily related to the testing of hearing by the
pure-tone audiometric method. An explanation of such terms
1s of value at thls point.

There are varlous methods employed for testing an

individual's degree of hearing loss due to otosclerosis.

1025, Brown Farrior, Richard Bagby, and Cecll Thomas,
"Fenestration Operation Analyzied for Nonfenestrating
Otologist," A.M.A. Archives of Otolaryngology, 59:7,Jan.1954,

1031p14.
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One series of tests 1nvolves the use of tuning forks. Other
types of tests employed are the speech reception threshold
and speech discrimination tests. All of these tests of
hearing and thelr relationship to the testing of otosclerotic
severity will be discussed 1n Chapter IV of this study.
However, the author feels that an explanation of pure-tone
audiometric testing and its terms will be adequate for this

section of the study.

Pure-tone audliometer. A pure-tone audlometer 1s an

electrical instrument used for measuring the degree of
hearing existing within an individual. Saltzman states
that an audlometer 1is:

. . . calibrated for a frequency range of 64 d.v.
to about 10,000 d.v., or more and 1s capable . . .
through an attenuator . . . to deliver sound 1n steps
of 5 db. to the intensity level of 100 db. or higher.
The "zero line" is the no loss line which signifies
average normal hearing, while the -5 and -10 lines
represent degrees of aculty of hearing that excel 104
the average as far as the threshold level 1s concerned.

The declibel. Hearing losses are measured in decibels.

Stevenson defines a decibel in the following manner:

. « . an arbitrary unit of sound intensity, which
expresses the ratlio of the acoustlc energy required
to stimulate a glven ear at a gilven frequency to the
acoustic energy found by a large number of investi-
gations to constitute the threshold for the normal ear
at this frequency.lo

lOLLMaurice Saltzman, Clinical Audiology (New York:
Grune and Stratton, 1949), p. 152.

lO5S‘cevenson, op. cit., p. 37.
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The audlogram. An audlogram 1s a graphic record used

for recording the information measured by an audiometer.
Generally speaking, an audiogram conslists of a series of
horizontal llnes crossed by a serles of vertical lines. The
horizontal 1llnes deslignate the intensity measurements, and
are labeled in the following order, -10 éb, -5 db, O db,

5 db, 10 db, 15 db, and on up to 100 db. The vertical lines
Indicate the frequenclies. They are generally labeled in

the following manner, 64, 128, 256, 512, 1024, 2048, 4096,

and 8192,

Air conductlon and bone conduction. Air conduction

is a term meaning the transmission of sound waves through
the external ear canal, the middle ear, to the lnner ear.
Bone conduction 1s a term meaning the transmission
of sound waves through the temporal bones of the skull to
the flulds of the inner ear.
For ailr conduction testing regular earphones are worn
by the individual being tested. When testing by bone con-
duction an oscillating unit 1s worn usually on the mastoild

bone behind the auricle.

Selection of Prospective Candlidates for Fenestration

Not all persons suffering from a hearing loss due to
otoscleroslis can benefit from the fenestration operation.

However, Farrior states:
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In the 1ldeal candidate with the 1deal fenestration
operation the patilent should always riggive a maximum
and permanent restoration of hearing.

Baslically, 1f the otosclerotlic bone growth has done
extensive damage to the cochlear nerve, fenestration will
be of 1little value. It 1s the individual with impalred
hearing due to stapes ankylosis, but whose cochlear nerve
1s unaffected by the bone growth that may best benefit from
this operation.

Farrlior offers the following definition of the 1deal
fenestration candidate:

The 1deal candidate for the fenestratlon operation
1s the otosclerotic patlent with a flat ascending air
conduction audiogram with a 40 to 60 decibel hearing
loss for the speech frequencies and normal bone con-
duction. 107

The interpretation of thls audiogram reveals that
there 1s considerable air conductive loss, and that because
of the normal bone conductlon, the cochlear nerve 1s un-
affected.

It should be mentioned here that the speech frequen-
cles are those frequencles 1important to the comprehendlng of
normal speech. On an audlogram these frequencles are 512,
1024, and 2048. If the hearing loss at these frequencies
is greater than 30 db, an individual wlill not have adequate

hearing to communlcate effectlvely 1n soclety.

106y, Brown Farrior, "The Fenestration Operation in
the Ideal Candidate," The Laryngoscope, 64:414, May, 1954,

1071p14.
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Walsh and Silverman state 1n regard to the require-
ments for prospective fenestration candidates, a patilent:
l. who 1s young between adolescence and forty-
five years of age . . . 2. who has a progressive loss
of hearing . . . 3. whose air conduction curve on
audlometry 1s generally flat or rising in the high
tones, and, . . . 4. whose bone conductive loss is
not more than 20 db from 200 to 4000, presents an
1deal case.108
These authors add, "We would, however, disagree with
rigid adherence to these criteria."l09 They feel that age
is important only as far as the patient's response to
trauma and his ability to heal 1s concerned.
Ferrior classifies fenestration candidates into the
following three categories:
Good Candidate: . . . hearing for speech frequencies
of 512, 102K and 2048 below the critical level of 30

db. The bone conductlion 1is normal for speech fre-
quencles.,

Falr Candidate: . . . more severe loss of auditory
acuity for the higher tone frequencies indicating loss
of cochlear nerve. Bone conduction 1s still normal
at 512, slight loss at 1024, but at this frequency
bond conduction has not fallen below 20 db. level.
Bone conduction for 2048 1s near 30 db.

Poor Candidate: Bone conductlon is normal at 512,
At 1024 bone conductlon 1s below the critical level 1160
of 20 db. and bone conduction is below 30 db. at 2048.

Jones discusses the varlous fenestration candldates

in the followlng manner:

108Theodore E. Walsh and S. Richard Silverman, "Diag-
nosis and Evaluation of Fenestration." The Laryngoscope, 56:
538, September, 1946.

10971p14.

1105, Brown Farrior, "The Fenestration Operation-
Indications, Technique and Result," The Laryngoscope, 59:
516‘517.0 May: 1949 .
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1. Ideal cases, comparatively rare. . . 2. A
good risk, 1s satisfactory and common. . . 3. A poor
risk, the few who have a chance to recover some
hearing. . . 4. Unsatisfactory,occasionally, operated
on after a thorough explanation to the patient, fol-
lowed by a period of three months for consideration.lll
Pure-tone audiometric testing is not the only method
used In selectling candldates for the fenestration operation.
In fact, some otologists place little confidence in the
results obtalned from audlometric bone conduction results
for determining the state of the cochlear nerve. Reasons

for thls, and other methods of testing for cochlear nerve

damage wlll be discussed in the followlng chapter.

ObJectives of Fenestration

Basically, the principal objectlive of the fenes-
tration operation 1s to create, a new window within the
horizontal (external) semi-circular canal to compensate
for the occluded oval window.

If this procedure 1s successful, sound waves that
are collected by the auricle, wlll be directed to this new
window by passling through a newly created cavity within
the mastold bone. These sound waves wlll strike an artifi-
cial membrane that 1s placed over the new window, and
innervate the inner ear flulds, which will in turn innervate

the cochlear nerve.

Ulyarvin F. Jones, "Critical Survey of the Lempert
Endural Fenestration Operation," The Laryngoscope, 57:263-
264, March, 1947.
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The artificial membrane 1s constructed from the thin
eplthelium that lines the external auditory meatus, however,
otologlists have experlimented using other tissues.

A successful fenestratlion operation restores some
of the patient's hearing by alr conduction, although air-
born sounds by-pass the normal ossicular chaln acoustic
route.

Lempert says, "

the normally functioning ossicular
chaln channels 30 times the pressure of sound from the
tympanic cavity to the perilymph and endolymph."112 In cases
of stapes ankylosis he adds, "A newly created fenestra in
the external semicircular canal . . . channels approximately
30 to 100 times the sound of pressure of the . . . func-
tionally impeded, ossicular chain."113
Lempert 1lists the following three obJjectives of
fenestration surgery:
Objective 1.-The primary objectlive of creating a
new fenestra 18 to render the perllymph and endolymph
freely mobllizable by normal air-borne sound. . . .
ObJective 2.-The second objective 1s to permit
normally tolerated air-borne sound to do the mobllizing
of the perllymph and endolympth.
Objective 3.-The third obJjective 1s to reconstruct
the middle ear surglically so that 1t would permit the
mobilization of the cochlear flulds by alr-borne sound
energy through both the new vestibule fenestra and

nature's cochlear fenestra (round Y}ﬂdow) under the
most favorable phase relationship.

112741uis Lempert, "Physiology of Hearing," A.M.A.
Archives of Otolarynogology, 56:104, August, 1952.

114

1131p14. Ibid., p. 105-108.

—————
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In analyzing the article within which Lempert states
these three obJjectlives 1t seems that hils means to these ends
are as follows. In regard to Objective 1, he found that the
new window must be placed within the external semiclrcular
canal. If placed within the cochlear promontary instead of
the external semicircular canal, remobilization of the inner
ear flulds will not be accomplished. In reference to
Objective 2, he feels that in order that the best possible
mobillization of the inner ear flulds 1s accomplished, the
tympanomeatal membrane sealing the new window must be,
", . . flexible and readily yielding."ll5 Concerning Ob-
Jective 3, he found that 1t 1s important that the tympanic
membrane be kept intact so that 1t hermetlcally seals the
tympanic alr space. He states that this 1s important so
that the proper difference in phase or Intensity relation-
ship of the sound pressure exerted on the vestlbular and

cochlear wlindows be accomplished.116

Fenestration Operation Procedure

It has been stated that there are two baslc differ-
ences between the fenestration operation and stapes mobili-
zation. In fenestration the method of attach differs from
stapes mobillization in that 1t 1s not directed agalnst the
ankylosed area of the footplate, but 1t by-passes this area.
In regards to the other difference, fenestration 1s a more

complicated procedure.

1151p14., 106. 1161114., 105-108.
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According to Sullivan and Smith the operation is
performed under either a local or general anesthesia.ll7
Farrior and Bagby describe the initial incision as
a creécentric incision at the 1nner depth of the cartilagin-
ous canal. The point of this 1Incision 1s wlthin the posterior
wall of the external auditory meatus where the cartllage
meets the bony portion. The flap that 1s created by this

118 su111van

incislon is elevated before bone surgery begins,
and Smith explain that the flap i1s then covered by a paraffin
gauze to protect it from the mechanical burr that 1s used
for bone surgery, and possible bone chips.119
The next procedure concerns the creation of the new
cavity. When completed, this cavity proVides an acoustilc
route from the outer alr through the bone encasing the
external audltory canal, the mastoid bone and to the horilizon-
tal semi-circular canal. At one phase of this procedure.the
incus and the head of the malleus are exposed. These portions
of the osslcular chaln are removed. The flnal step in the
creation of the cavity i1s explained by Sullivan and Smith:
Using a diamond burr, the posterior canal wall over
the faclal nerve 1s lowered still further and the bone
cells around the superlor, horizontal and posterior
semlicircular canals are removed. . . . This latter

procedure 1s carried out with magnifyin% 61asses S0
that the facial nerve may be dlscerned. 2

117Wiener and others (eds.), op. cit., p. 409.

118Farrior, Bagby, and Thomas, op. cit., p. 6.
119%1ener and others (eds.), loe. cit. 1201p14.
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These authors further explaln that after the semi-
circular canal 1s exposed, the stapes 1s tested for 1ts

mobility.l2l

According to Rosen palpation of the stapes
could be useful in determlning for which cases of otosclero-
sls that fenestration should or should not be done. This
author states:
One cannot determine with absolute certainty if

the stapes 1s completely fixed by any method except

palpation of 1t with a probe during the fenestration

operation. . . . A completely filxed stapes 1s patho-

gnomonic (indicative) of an otosclerotic condition

which 1s 1deal for treatment. . . . The fenestration

operation should therefore be performed on patients

with comg%etely fixed stapes to 1insure the best

results. 122

Sullivan and Smith state that the next step 1s admin-

istered through a dissecting microscope using the diamond
and finishing burrs. It involves the creation of the new
window within the horizontal semi-circular canal. These
authors state, "Opposite the oval window, the fenestra is
made on top of thils dome by grooving the endosteal bone
which 1s removed as a 11d."123 They further explain that
thlis exposes the membranous duct and the endosteal membrane
(1ining of the labyrinth).l24
Farrior says, "The cutaneous lining of the anterior

wall of the canal provides the thinness possible covering

1211144,

1223amuel Rosen, "Palpation of Stapes for Fixation,"
A.M.A. Archives of Otolaryngology, 56:610, December, 1952.

124

123y1ener and others (eds.), op. cit. Ibid.
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for the fenestra."122 This lining is a portilon of the flap
created by the 1nitial incision. Sullivan and Smith explain
that this covering 1s held in place over the fenestral rim
by two or three paraffin mesh packs, which are later

removed.le6

Fenestration Results

Jones states 1n regard to the results of fenestration:
Fenestration operation sometimes results in normal
hearing, but the usual improvement falls in the zone
between 15 db. and 25 db. loss, Thils 1s a useful hearing
level, but it 1is not normal.l27
Farrior, Bagby, and Thomas feel that 1f the patient
has a good bone conduction prior to the operation he will
obtain, "L a gratifying restoration of hearing.-. .owill
last in more than 95% of cases."128 He further implies that
the restored hearing will be permanent provided the fenestra
and flap and microscopically perfect. Thils author says:
While initial result 1s primarily dependent upon
the quality of bone conduction . . .the permanent
result 1s primarily dependent upon the quality of
the surgery. 9

Jones belleves that a satlisfactory operation depends

upon the followlng criteria:

125Farrior, "The Fenestration Operation-Indications,
Technique and Result," op. cit., p. 252.

126yiener and others (eds.), op. cit.
127Jones, op. cit., p. 268.

128Farrior, Bagby and Thomas, op. cit., p. 1.
1291114,
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Pure-tones in the conversational range, (512, 1024,
and 2,048) must all have better than a 30 db. loss in
order to be classifled as satisfactory.

In regard to the amount of time required to determine
the permanency of such results, Jones is of the opinion that
one year 1s reasonable and two years are safe. If the
restored hearing has lasted two years, Jones feels that the
hearing 1s permanently Ilmproved. He further states that if
any surgeon has attained 60% permanent improvement in his
fenestration operations, he 1s getting excellent results.13l

Sulllvan and Smith explain why a hearing improvement
of 30 édb. or better 1s the best result that can be expected
from the fenestration operation:

. +« . hearing at the O db. level 1s almost 1mpossible
since the normal mechanics of hearing are interfered
with., It 1s a makeshift but lngenlous operation.

Nature supplied us with middle ear bones to concentrate
the sound into a little wilndow which we initlate 1in size
in the horizontal canal, but i1t will not be possible to

obtain the gain in volume untll some mechanlcal device
or other improvement 1s devised.132

Causes of Fenestration Fallures

According to Jones, "Fenestration 1s not a 100% effec-
tive operation. We do have failures."133 He says that the
three most common causes for failure are, a bony regrowth
which closes the newly created window, wrong dliagnosls, and

surgical accidents.134

130Jones, op. cit., p. 270. 131Ibid.

132yiener and others (eds.), op. cit., p. 414.
133g0nes, op. cit., p. 209. 1341p14.
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In regard to surgical accidents Jones states:

Motor driven instruments, vagaries of electrical
equipment, mechanical defects in instruments, and
Just plain slips have been the cause of failures. I
might also add they will probably continue to cause
fallures. When a rotating burr tangles with a delil-
cate and carefully made membrane and flap, the damage
1s done. When the adjustment on electrical devices
is accidentally altered or a '"short" occurs, damage
may be done. When a defective instrument breaks,
the gods of chance control the outcome. When some
entheuslastic observer bumps the surgeon's arm while
he 1s using a suction nearlgge fenestration, the only
thing left to do 1s swear.

Post-Operative Complications

Jones states, "A discharging ear has proven to be the
most annoying post-operation feature with which I have had
to deal."136 Farrior and Bagby believe that, "Chronic dis-
charge 1s one of the greatest nulsance factors in fenes-
tration surgery."137 Such post-operative discharges are
generally caused by inflammation of the newly created cavity

138 Farrior and Bagby state that, "The fenestration

walls.
operation leaves a denuded area of 5 to 8 sq. cm. It takes
time for thils area to heal, but eventually 1t almost always
does heal."139

Another complicating post-operative factor is that of
labyrinthitis (inflammation of the labyrinth). Farrior and

Bagby describe the three phases of labyrinthitis:

l351b1d. l36:[b:l_d., p. 267.

137Farrior, Bagby and Thomas, op. cit., p. 1l.
1381p14. 1391p14.
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1. Primary surgical labyrinthitis . . . immedlate
effect of surglical injury or hemmorrhage 1s demonstrable
on the first post-operative day. 2. Secondary serious

labyrinthitlis . . . results of inflammatory response,
reaches 1ts peak on the fifth to tenth day. 3. Tertlary
degenerative labyrinthitis . . . the end result. Loss

of high toneﬁ is the mildest form, and nerve deafness
the severe,l40

If the faclal nerve 1s severed during the creation
of the cavity, faclal paralysis will result.lLLl However,
in this respect Farrior and Bagby state, "Such an accident
might occur, but par for facial paralysis should be zero."142
Vertligo 1s another posslible result of the fenestration
operation. Farrior and Bagby say, "Lasting vertigo is regis-
tered as a complaint by a small percentage of fenestration
patients."143
After the operation the fenestratlion patlent remalns
under the care of an otologlst. Farrior, Bagby and Thomas
explain:
Postoperatively, when a patient returns to the care
of hils referring otologist, we ask him to consult this
physician once a week for three weeks, one a month for
three months, and three times a year thereafter. The

purposes of these visits are cleansing the cavity and
removal of any crust.l4d

14 14 14

l1p1d. *2Ibid., p. 10.

1431944, 14414,

OIp1d., pp. 9-10.



CHAPTER IV
PREOPERATIVE AUDIOMETRIC TESTING

The varlous techniques of audiometric testing used
In the preoperative diagnosis of stapes ankylosis, and the
selection of prospective candlidates for the stapes moblliza-
tlon surgical procedure will be considered within this chapter.

As an ald 1n diagnosis, autiometric testing is
employed to determlne whether or not a conductive hearing
loss 1s present, whether or not this loss 1s caused by
stapes ankylosis, and whether or not the condition 1is com-
plicated by a cochlear nerve impairment.

Audiométric testing 1s also employed in the selection
of prospective stapes mobilization candidates. By revealing
the severlty and characteristics of a hearing loss due to
stapes ankylosils, audigmetric testing can aid the otologilst
In selecting affected individuals who may best benefit from
surgery.

Myers and Ronis offer the following information re-
garding the preoperative value of audiometric testing:

The dlagnosis of otosclerosis can be made .

audiometrically. The degree of stapes fixatlon

cannot be predicted by the preoperative audlologic
survey. At the present time, the successful
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candidate cannot be predicted preoperatively. The
amount of hearing improvement cannot be predicted
preoperatively.l
It appears that Bergman contradicts Myers and Ronls
on their last two points regarding the value of preoperative
audiometric testing. Bergman states that with adequate

audiometric testing the otologist:

can evaluate the preoperative hearing functlon

in éli its aspects . . . can predict the amount and
kind of hearing galn which can be obtalned from suc-
cessful surgery. . . and can determine the goal of

the operation for each patilent.

The bellef that the degree of stapes fixation cannot
definitely be determined preoperatively 1s supported by most
~otologists reviewed by the author. Due to the limltations
of present day audiometric testing methods, the severity of
stapes ankylosis can only be ascertained after an entrance
has been made into the tympanic cavity. Because of thils,
1t would seem that Myers' and Ronls' opinions that a suc-
cessful candidate cannot be predicted preoperatively nor
can the amount of hearing improvement be predicéted pre-
operatively, are most plauslble.

However, audlometric testing can aild the otologist 1n
choosing affected individuals who may best beneflt from

stapes mobilization. Goals may be set with the ald of

1pavid Myers and Bernard J. Ronis, "Improvement of
Hearing in Otosclerosis by Means of Stapes Moblizatlon
Operation," A.M.A. Archives of Otolaryngology, 64:308, Dec-
ember, 1956. -

Moe Bergman, "Audlologic Aspects of Audiosurgery,"
AM.A. Archives of Otolaryngology , 63:280, March, 1956.
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audlometric testing, but the accurate prediction of such
goals 1s difficult because of the above mentioned unknown
factors.

According to Bergman:

The assessment of hearing function prior to surgery
should be intensive and extensive . . . . Because of
the limitations of tests currently in use 1t 1s nec-
cessary frequently to employ a varlety of tests, to
reduce doubts about the suitabllity of a patient for
the operation and to develop reallstic goals for the
treatment.3

Audlometric tests used in the dlagnosis of stapes

mobilization are pure-tone audiometric tests (both air
conduction and bone conduction), tuning fork tests and
monitored speech reception tests. It seems apparent to the
author, after reviewing the materlal concerning the subject,
that only the results obtained from pure-tone and speech
reception tests are used extenslvely in selecting prospec-

tive candldates and determining post-operative results that

might be galned through successful surgery.
I. PURE-TONE AUDIOMETRIC TESTING

Pure-tone audlometric testing has been discussed
previously in Section III, Chapter III, of this study. It
was explained 1in relation to the selection of prospective
candidates for the fenestratlion operation. However, the

method of administering a pure-tone audliometric test was

3Ibid.
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not considered. Within thls sectlion of the study the method
of administration will be explalned, along with the value of
pure-tone audiometry in the diagnosis of stapes ankylosis and
in the selectlon of candidates for the stapes mobilization

surgical procedure.

The Adminlstration of Pure-Tone Audiometric Tests

The audiologlst can test an individual's hearing by
elther air conduction or bone conduction with a pure-tone
audiometer.

The administration of alr conduction and bone con-
ductlion tests are basically the same. The difference lies
in the type of receiver worn by the individual being tested.
It was previously stated in Section III, Chapter III, that
in alr conductlon testing the individual belng tested wears
a regular alr conduction earphone, while 1n bone conduction
testing an oscillating unit 1s worn on the mastold bone
behind the ear.

It 1s the purpose of pure-tone testing to obtaln an
individual's "threshold" for each of the following frequen-
cies in cycles per second: 128, 256, 512, 1024, 2048, 4096,
and 8196, In some audlometers these frequencies in cycles
per second are represented iIn round numbers in the following
manner, 125, 250, 500,1000, 2000, 4000, 6000, and 8000.

The term "threshold" is explained by Saltzman:

By means of the modern audlometer, 1t became
possible to standardize the least amount of sound
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power necessary to arouse an audltory sensatilon 1in a
normal ear, and the term "threshold" has been adopted
to designate this poin‘c.l‘L

To obtaln these thresholds of hearing for the various
frequencies the audlologlst explores each frequency by
introducing 1t into the ailr or bone recelver at different
Intensities. The audlologist 1s able to regulate the trans-
mission of frequencies by manipulating a "tone interrupter"
located on the audlometer panel. He 1s able to choose the
frequencles to be transmitted and theilr intensitles, by ad-
Justing two dials on the audliometer panel. One dial selects
the frequency to be transmitted and the other dial selects
the intensity of the frequency.

During the test the individual beling tested 1s seated
so that he cannot see the movements of the audlologlist mani-
pulating the "tone interrupter." Therefore, if the audiolo-
glst has an effective technique and does not follow a
rhythmic pattern of tone transmission, the individual being
tested 1s aware of the tone transmission only when hearing it.

In order that reallstic thresholds may be obtalned,
it 1s necessary that the audiometer be properly calibrated
and the test be performed in an acoustic environment free
from disturbing noise.

The 1ndividual being tested slgnals when he hears

the tone. When his "threshold" for a given frequency has

uSaltzmaﬁ, op. cit., p. 1.
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been reached the audiologist records the finding on the
audiogram and proceeds to another frequency. This method
of recording the "thresholds" on the audlogram involves the
use of symbols.

Generally, the symbols used in recording right ear
thresholds are "0" (in red) for air conduction and " " (in
red) for bone conduction. Those used for left ear thresholds
are "X" (in blue) for air conduction and """ (in blue) for
bone conduction. These symbols are placed at the point on
the audlogram where the verticle line deslignating the fre-
quency crosses the horizontal llne designating the Intensity.
Audiogram 1, page 80, 1llustrates the use of the above
described symbols.

When all thresholds have been found the audlologlst
can obtain a profile of the individual's hearing aculty by
connectling each threshold with a line. Connell and Trow-
bridge explain in general the interpretation of audiograms:

No definite rule can be lald down for the inter-

pretation of audlographs; however, as a working prin-
ciple 1t can be stated that frequency losses not
exceeding 30 db up to the frequency 1024, indicate
damage to the conductive mechnalsm, whereas losses

above 1024 cycles and those exceeding 30 db below 1024
cycles iIndlcate damage to the perceptive mechanism,5

Pure -Tone Audiometry as an Ald in Dlagnosis

Saltzman describes the general characteristics of an

audiogram revealing the presence of stapes ankylosis:

S5E. S. Connell and B. C. Trowbridge, "Essential Pro-
cedure in the Diagnosis of the Abnormalities of Hearing with
Some Audiometric Findings," The Laryngoscope, 52:548,July,1942.
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Audiometry gives frequently a rather characteristic
pattern. . . . By alr conduction the low tones are
invariably affected and most often the hearing loss
1 s uniform for all frequencles, but shallow v-curves
and dips at the higher side of the audlogram do occur.

Bone conduction, in %n uncompllcated case, 1s usually
wlil thin normal range.

Shambaugh explains the characteristics of an alr con-

duc tilon audlogram indicating stapes ankylosis:

The alr conduction audlogram of pure stapes ankylosis
exhibits certain rather characteristic configurations.
In the early stages of beginning stapes fixation, the
s tiffness of the ossicular chaln 1s increased resulting
In a greater loss for low than for high frequencies.
This 1s termed the "stiffness tilt" in the audiogram
O f* partial stapes fixatlon. As the ankylosis becomes
complete, the stapes and labyrinthine capsule become
One, and the mass of the capsule 1s added to the stiff-
nNness of the sound conducting system, with a hearing
loss for the high frequencies, termed the "mass
flattening" in the audiogram of complete stapes ankylosis.
The maximum hearing loss of pure stapes ankylosils (with-
out complicating nerve degeneration) 1s around 60
decibels for the speech frequencies.’

In regard to the characteristics of a bone conduction

#1A 1 ogram, Shambaugh explains:

The bone conductlon audlogram of pure stapes ankylosis
might be expected to give a "zero" threshold reading,
but Carhart has recently called attention to a charac-
teristic notching of the bone conduction audiogram of
O tosclerosis, deepest at 2048, which largely disappears
a fter fenestration. Carhart suggests that thls notch
1 s a mechanical effect of stapes ankylosis, and that to
determine the true cochlear nerve response of a patient
With otosclerosis the bone conduction audiogram should
e corrected for this notch. The depth of the oto-
Sclerotic notch probably varles, but 1t averages a loss
Of 5 declbels for 512, 10 decibelg for 1024, 15 decibels
for 2048 and 5 decibels for 4096.

\

6Saltzman, op. cit., p. 70.
"Wiener and others (eds.), op. cit., pp. 399-400.
8Ibid., p. 400.

———
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Audiogram 1, 1is an example of an audiogram indicating
stape = ankylosls without cochlear degeneration in the right
ear. ‘The notch of Carhart is seen in the bone conduction
curve -
Saltzman states 1n regard to otosclerotic involvement

of bo T« h ears:

Most often both ears are involved but not to the
= = e degree. . . . In the case of otosclerosis,
s T apedial ankylosis 1s usually more marked in one
e aAar than the other. Conversly, the ear with greater
3 rmpairment for alr-born sounds due to obstruction by
=2xrrkylosls should theoretically have better bone con-
A wuction than the other.9
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Audiogram 1. Stapes ankyloslis in the right ear.
The Carhart notch is indicated in the bone
conduction curve. (Note: Frequencies in
cycles per second are represented in round
number, )

According to Saltzman the reason for their being

be
ttel‘ bone conduction in the more seriously impalred ear is

e e e
9Sa1tzman, op. cilt,
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Tbecause of the fixatlon of the stapes footplate within the

oval window., If this fixation 1s severe, the sound vibrations

initiated through bone conduction are more effected within

the bony labyrinth because thelr pressure 1s increased by

the o+wal window closure. Only the unoccluded round window

acts to reduce thils pressure after the sound waves have

lnnexrwvated the nerve endings on the organ of Cor‘ti.lo

Pure —Tone Audiometry as an Ald in Candidate Selection

After 1t has been determined that stapes ankylosis
1s present within an individual, the otologist must then
Qecidge whether or not the 1ndividual may benefit from the
Stapes mobilization surgical procedure.

In this respect,
Mye rg and Ronis state:

The best results are obtained in the 1deal cases
O f otosclerosis. Here, one should have the bone
conduction above the 30 db level, preferably from
O <15 db, and a wide air-bone gap of 20-30 db.,,The
air-conduction curve will vary from 30-50 db.

The above mentioned criterla are also necessary for
fa'\’01“&1ble post-operative results from a successful fenes-
tr‘ati‘-on operation. However, Goodhlll and Holcomb explailn
the AQ1ifferences in results that may be obtained from suc-
cessful fenestration operations and successful stapes mobilil-
zation operatlions. These authors state:

\

01p14., p. 71.

llMyer‘s and Ronis, op. cit., p.308.
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The fenestration (detour) operation has a far more
limited audiologic application in the treatment of
otosclerosis than the stapedolysis (direct) approach.

. A physliologlc deficlt must of necessity occur
in fenestration surgery. . . . This means that post-
operative alr conduction will seldom be better than 15
db. below the preoperatlive bone-conduction response.
Since an average of not worse than the 30 db. level
in the speech frequencies 1is necessary for the restora-
tlon of practical physiological unaided hearing, it is
necessary to start out with a good bone-conduction

level, one not lower than 15 to 20 db. in the speech
frequencies.l12

(As previously indicated in Section III, Chapter III,
the speech frequencies are 512, 1024 and 2048.)

Audilogram 2 1llustrates the maximum amount of hearing
loss by bone conduction that can be allowed 1n order that a
successful fenestration operation can restore an individual's

hearing to a level of practical hearing, according to the

above quotation.
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Audiogram 2. Degree of bone conduction
loss allowed in order that the
patlient may recelve favorable results
from fenestration.

In regard to stapes mobilization, Goodhill and Hal-
comb explain:

12yictor Goodhill and Arthur L. Holcomb, "The Surgical
Audiometric Nomograph in Stapedolysis," A.M.A. Archives of
Otolaryngology, 63:399, April, 1956.
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There 1s no minimal physiological deficit 1in stape-
dolysis (direct) surgery comparable to that in fenes-
tration surgery . . . one can expect greater flexibility
in the application of the stapedolysis (direct) approach
. a patient with a 20 db bone-conduction level and
a 70 db. air-conduction level may still achieve a post-
operative 30 db alr conduction level. . 13
Audiogram 3 illustrates the maximum amount of hearing
loss by bone conduction that can be allowed in order that
a successful stapes mobllizatlon operation can restore an
Individual's hearing to the level of practical hearing,

according to the above quotation.
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Audiogram 3. Degree of bone conduction
loss allowed in order that the patient
may recelve favorable results from
stapes mobllizatilon.

The physiologic deficlt mentlioned within the previous
quotations concerns the absence of the normal alr conductilve
route by way of the ossicular chain, after the fenestration
operation.

From the above information 1t appears that the pre-

operative qualifications for post-operatlive adequate hearing

13Ibi&.
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are more flexlble for stapes mobillization candidates than
for fenestration candidates. Thils is true especlally as-
far as preoperative bone conduction results are concerned.
Providing there are no pathologic or surgical complications
to interfere with the stapes mobllization surglcal procedure,
post-operative alr conduction can equal preoperative bone
conduction,

Pathologic complications that could interfere with
stapes mobllization surglcal success are severe ankylosis
that does not allow complete stapes mobilization and oto-
sclerotic occulsion of the round window,

Surgical complicationswill be discussed 1in Sectilon
VIII, Chapter V.

Because 1t 1s not possible to predict the presence or
occurrance of pathologic and surgical complications, accurate
predictions as to the selection of 1deal candlidates and the
amount of hearing that can be galned post-operatively can-

not be made preoperatively.

Problem of Bone Conduction Testing

Sultability for the stapes mobllization surgical pro-
cedure 1s greatly dependent upon the state of the cochlear
nerve. The only present day methods of determining the
state of the cochlear nerve, involve the employment of the
various tests for bone conduction.

However, many otologists feel that bone conduction

tests are not totally reliable. Walsh and Silverman state:
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Bone conduction tests are unrelliable, we pay little
attentlon to them except from tﬂe point of view of
general screening of patients.l

R These authors further explain that such tests of bone
Q

n
o duCtion are primarily designed to determine cochlear

Y

Q
t1on, but that a loss of hearling by bone conduction

1)
éﬂg hot necessarlly indicate cochlear damage.15 In this

respect Walsh and Silverman explain:

Variables in the thickness of the cortex, the pneu-
matization and thickness of the tracebulae (partitions
be tween mastold alr cells) in the mastold tegether
Wlth variations in thickness of the sub-cutaneous
tissues must influence the conduction of sound to

the cochlga from a source placed on the bone behind

the ear.l
Saltzman agrees with Walsh and Silverman. He feels
that the degree and ease with which sound transmission
through bone conduction wlll take place depends upon the
characteristlcs of the respective tissues of the indlvidual.
He explains that the structure of the tracebulae wlthln the
mastold bone 1s important for the proper transmission of

sound waves to the labyrinth by bone conduction.17

Saltzman refers to a study in whlch the mastold bones
were examlned, post mortem, of indlviduals with known impalred
bone conduction, but whose hearing by alr conduction was

normal. The results revealed that all the trabeculae in the

1L‘Walsh and Silverman, op. cit., p. 544,

151014, 161p14., p. 540.

17Saltzman, op. cit., p. 24.
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Subadicus reglon were fractured. This author reports, "It

aI)Dears that fractures of the trabeculae are common occur-

r\Q“nce's.".ls

Y Although the reliabllity of bone conduction tests 1s
N ,
Qtionable, they are used extensively in testing for

lear damage. The author found no evidence of other
Present day methods used by otologlists to determine the

STtate of the cochlear nerve.

II. TUNING FORK TESTS

As an additional aid in the dlagnosis of stapes
ankylosis, tuning fork tests are employed by many otologilsts.
Hirsh says, "Many cliniclans still prefer the classical bone
conduction tests with tuning forks."12 Farrior, Bagby, and
Thomas state:

In testing of bone conduction the tuning forks are,
in the average qulet offlce, the most rellable method
of testlng the otosclerotlc patient.20

The author could find no explanation presented by
Brown and Farrior to support the above quotation.

Hirsh belleves, 1n reference to tuning fork tests:

* The otologlst who has had experience with these
tests, administered wilth a particular set of tuning

forks, makes extremely accurate dlagnostic Judgments
. . . designed to tell the clinician whether his

181p14.

191ra J. Hirsh, The Measurement of Hearing (New York:
McGraw-Hill Book Company, Inc., 1952), p. 249.

20Farrior, Bagby, and Thomas, op. cit., p. 2.
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patient has a hearlng loss of the conductlve type
or of the more central perceptive, or nerve type.2

Hirsh adds:

In the hands of a precilse, experlenced clinician
it appears that the tuning fork 1s a more useful
diagnostic instrument than is the more precise pure-
tone audiometer in the hands of an inexperilenced,
Careless tester.

Tuning forks are made of 1ron or an aluminium alloy,
and are desligned to transmit the same frequencles as the
PUure —-tone audiometer. One fork transmits one frequency.

The fork in structure, has a hilt or handle, and two tines.
Wﬁnmlng fork tests are among the earliest methods used in
bone conduction testing. Davis explains:

The principles of high-tone deafness and of bone

conduction were established by means of tuning forks,
and the method 1s still often used for rapld approxi-

mate work.

Generally, tuning fork tests are adminlstered 1n the
following manner. The fork 1s struck, whlch causes the tines
to vibrate at the frequency the fork was designed to trans-
mit. Davis states, "As the vibrations dle down, the sound
becomes falnter, and some idea of the patlent's sensitivity
can be obtalned by noting how long he continues to hear the
‘cone.'"24 However, all tuning fork tests results are not
determined by how long the patient hears the tone. The

Weber test 1s designed to determine where the tone 1s heard.

2lyipsh, op. cit., p. 282. 221p1d4., p. 283.

23Hallowell Davis (ed.), Hearing and Deafness (New
York: Rinehart Books, Inc., 1953), p. 120.

2h1p14.
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Davls feels that a serlous limitation of tuning fork
testing concerns the uncertalnty as to the intensity of the
sound produced. He further states, "This is true even when
the blow used to start the fork 1s standardized as far as
possible." 22

Tuning fork tests that are used by many otologists as
diagnostic alds in determining whether or not stapes ankylo-

sis 1s present are the Rinne test, the Weber test, the

Schwabach test and the Gelle test.

Rinne Test

According to Watson and Tolan the Rinne test has been
used since 1885.26 Its results are obtained by comparing
alr conduction to bone conduction. Heller, Anderman, and
Singer explain that thils comparison concerns the duration of
time the tunling fork 1s heard by alr conduction and the
duration of time 1t 1s heard by bone ‘conduction.27

Watson and Tolan describe the administration of the
Rinne test:

The hilt of the vibrating tuning fork . . . 1s

pressed against the mastold bone behind the ear.
When the subJject 1ndicates that it is no longer
audible by bone conduction, 1t 1s Instantly removed

and the vibrating tines of the fgrk are held directly
in front of the open ear canal.?

251p1d.

26Leland A, Watson and Thomas Tolan, Hearing Tests
and Hearing Instruments (Baltimore: The Williams and Wilkins

Company, 19497, p. 93.

2TMorris F. Heller, Bernard M. Anderman and Ellis E.
Singer (New York: Springer Publishing Co., 1955), p. 94.

28Watson and Tolan, loc. cit.
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Interpretation of Rinne test results. According to

Watson and Tolan, a "positive Rinne,"

is iIndicated when the
tuning fork is heard by ailr conduction after it 1s no longer
heard by bone conduction. A "positive Rinne" 1s said to
reveal a perceptive hearing loss.29

If the fork 1s no longer heard by alr after it has
ceased to be audible by bone, but is heard by bone con-
ductlon after 1t 1s no longer heard by alr conductlon, Watson
and Tolin, say that the test 1is a "negative Rinne." Such
results would reveal a hearing loss attributed to defective
air conduction.30

Saltzman states that, "Hearing by air conduction and
bone conduction may be alike and the response 1s called
Rinne neutral."31

As an ald iIn the dilagnosis of stapes ankylosis, Saltz-
man explains:

Fork 512 d.v. 1s generally used for this test, but

in otosclerosis also forks 1024 and 2048 are employed.

If the Rinne 1s negative with all these forks, added
confirmation of the diagnosis 1s obtained.32

Weber Test

The Weber tuning fork test has been in use since 1834,

according to Watson and Tolan.33 Hirsh explains that the

291p14. 30Ip14. 3l3a1tzman, op. cit., p. 151.

2
3 Ibid. _33Watson and Tolan, op. cit., p. 95.
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Weber test, ". . . concerns the apparent locallzation of a
sound that 1s heard when the stem of a vibrating tuning fork
is placed somewhere along the mid-line of the skull."%l
Heller states that the Weber test is, ". . . employed to
ascertain the lateralization of sound by bone conduction." 32
Localization and laterallizatlion are terms used 1n the fileld
of audiology that concern the ear that 1s stimulated by a
transmitted sound.

The element of time 1s not involved 1in determining
tests results, as it 1s 1n the Rinne test. The localization
of the transmltted sound s of primary concern.

Watson and Tolan state that usually the 512 cycle
fork is used 1n the Weber test, To admlnister the test, the
vibrating fork 1s placed 1n the center of the skull on the

frontal bone.36

Interpretation of Weber test results. Hirsh offers

the following Judgments regarding Weber test results:

. . . & person who has normal hearing in both ears
usually localizes the sound elther 1In the center of
the head or "nowhere." . . . a patient with a unilateral
(one ear) conductive loss will usually report the sound
i1s heard on the side of the affected ear . . . a person
with a unilateral perceptlve type loss willl repor§ that
the sound appears on the side of the healthy ear. 7

34Hirsh, loc. clt.

35Heller, Anderman and Ellis, loc. cit.
36Watson and Tolan, op. cit. 37Hirsh, loc.cit.
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Hirsh further explains:

There are many varlations of these judgments, de-
pending on combinatlions of these different types of
hearing loss and various amounts in the two ears.3

The author could find no information presented by
Hirsh, or other authors, regarding the above mentioned
judgment variations.

Saltzman states that:

For a reason not yet definitely determined, a

vibrating tuning fork, the handle of which 1s placed
on the vertex of the skull, wlll laterallze to the
side of the ear having conductlive deafness.

Because stapes ankylosls produces a conductive hearing
loss, 1t can'be assumed in the dlagnosis of otosclerosls in
cases of unllateral losses, the ear that received the tone
produced by the tuning fork during the administration of
the Weber test 1s the affected one. The author found no
information regarding Weber test results directly related
to bilaterial (both ears) hearing losses, due to stapes
ankylosis.

However, the author assumes from the gathered infor-
mation concerning the characterlistics of bone conduction
results in cases of stapes ankylosls, that 1in cases of
bilateral deafness due to stapes ankylosls the tone may

laterallize 1n the ear having the most severe ankylosis,

providing both cochlear nerves are unimpalred. In cases

381p14. 39saltzman, op. cit., p. 148.
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involving nerve 1mpalrment 1n both ears accompanied by stapes
ankylosis, the tone may lateralize in the ear with the least
amount of nerve impalrment, providing nelther stapes 1s com-

pletely inhibilted due to ankylosis.

Schwabach Test

Heller, Anderman and Ellls explain that the Schwabach
test, ". . . compares the duration of bone conduction of the
patient with the duration of the bone conduction of normal
hearing."uo Hirsh states:

The schwabach test 1s essentlally a crude test of
absolute threshold by bone conduction. . . . Time,
rather than intensity, 1s used as a dependent
variable. 4l

The length of time 1s measured 1n seconds by a stop-
watch. According to Hirsh the person administering the
Schwabach test trles to strike the tuning fork 1in such a
way that the initial amplitude 1s always the same. Thils
author explains, ". . . since the decay of the fork may be
assumed to exhlbit the same characteristics on successive
trials the clinicilan may use time as a measure."#2  The
duration that 1s measured 1s the time taken for the fork to

decay from 1ts initial amplitude to whatever amplitude

corresponds to the patient's threshold.

40Heller, Anderman, and Ellis, loc. cit.

"1y rsh, op. cit., p. 283.

hotpig.
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Interpretation of Schwabach test results. Watson and

Tolan describe the interpretation of Schwabach test results
in the followilng manner:
The bone conduction 1s sald to be lncreased, normal,
or decreased depending upon whether or not he hears
the tuning fork by bone conduction longer, the same
or for a shorter time than the normal hearing pelr‘son.“3
Hirsh says, ". . . Schwabach tests performed on oto-
sclerotics 1n sound treated rooms seem to indicate that 1n
some cases at least, bone conduction 1s better than normal."au
Therefore, 1n uncomplicated cases of otosclerosis, stapes
ankylosls may be present in the ear percelving the tuning

fork longer than normal durling the administration of the

Schwabach test.

Gelle Test

Heller, Anderman and Ellils state that the Gelle test,

", . . was concelved in an effort to determine the mobility

of the ss'capes.")45

" According to Bunch the Gelle test, ™. . . is based on
the fact that the aculty of hearing in a normal ear varies
with the increase and decrease of pressure 1n the external

auditory canal."46 Alr pressure 1s introduced into the

external ear canal durlng the administration of the Gelle

43Watson and Tolan, loc. cit. uuHirsh, op. cit.,p.149.

ASHeller, Anderman and Ellis, loc. cit.

46c. c. Bunch, Clinical Audiometry (St. Louis: The
C. V. Mosby Company, 1943), p. 25.
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test . Bunch describes the administration of the Gelle test:

An ollve tip . . . and a valveless Politzer bag
are attached to the opposite ends of a rubber dilagnostic
tube . Insert the olive tip in the external auditory
me a tus and compress the Politzer bag to see that no
alxr escapes. Press the handle of the vibrating fork
against the patient's head. As soon as he hears the
sowund of the fork, Increase the alr pressure in the
exteﬂnal canal by gently compressing the Polltzer
bag .47

Interpretation of Gelle test results. Bunch states

that I £ the listener hears the tone more falntly when the
preS s \axre 1s applied to the air in the canal, stapes ankylosis
s not present. Stapes ankylosis may be present if there

1s NO < hange in the intensity of the sound . 48
III. SPEECH AUDIOMETRY

In regard to the selectlon of prospective candidates

for the fenestration operation, Rosen says:
Pure-tone and speech audiometry tests have increased
KN owledge and predictability as to the results to,ge
€XpPected following fenestration for otosclerosis.
Because the criteria for candidate selection for
r
enestr‘ation 1s similar to that for stapes mobllization, the

a
Utho r~ assumes that Rosen's above statement might apply to
St
aPes  popilization.
Speech audlometry differs from pure-tone audiometry

in ¢
tha-t the threshold does not concern Just the listener's

\——

471p14. H81p14.

p. 610 49Rosen, "Palpation of Stapes for Fixation," op. cit.,
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abllity to hear sounds, but hils abllity to identify words,

elther 1n 1solation or in context with other words. Saltz-
man explalins in regard to speech audiometry:

e« « « The information to be derived from the pro-
cedure concerns the patlent's abllity to understand
speech as 1t 1s delivered by his fellowman under the
ordinary circumstances of 1life.50

Davis reports:

In a speech audlometer we use as our source of
power an electrical current that varies according to
the pattern of the human voice. The current is
generated elther by speaking 1lnto a microphone gf
by electrical plck-up from a phonograph record.

Speech audiometry tests that are used in the diag-
nosis of stapes ankylosls, and the selection of prospective
stapes mobllization candidates are the speech reception
threshold test and the speech dlscrimlination test. Heller,
Anderman and Ell1s state, "Discrimination testing generally
follows the determination of the speech reception threshold

for spondaic words ."2°

Speech Reception Threshold Test

Carter says 1n reference to speech reception threshold
testing, "Speech reception does not reveal the pattern of
hearing loss. It gives a composite threshold."53 The deter-

mination of thls threshold 1s similar to the determlination

50saltzman, op. cit., p. 144,

Slpavid (ed), op. cit., p. 137.
52He11er‘, Anderman and Ellls, op. cit., p. 120.

53Howard Carter, "Review of Methods Used for Estimating

Percentaﬁe of Loss of Hearing," The Laryngoscope, 52:880,
Nov., 1942.
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of a pure-tone threshold. Heller, Anderman, and Ellis
explain:

The pure tone audliometer uses average normal hearing
as the reference level. The ratio, in decilbels, between
the measured threshold and the normal or zero line, 1is
taken to be the hearing loss at a given frequency. A
similar concept obtains with regard to speech reception
threshold. If selected material 1s heard by the normal
ear at zero decilbels, and by a defective ear at 40
decibels, then the defgﬁtive ear has a 40 declbel loss
of hearing for speech.

According to Heller, Anderman and Ellls the material
used 1in obtaining an individual's speech reception threshold
should concern words that are alike 1n thelr difficulty of
audibility. These authors further state:

In selecting words . . . 1t was considered important
that they be famlliar in the language, in order to
minimize the importance of the factors of intelligence
and knowledge of vocabulary,.>>

Watson and Tolan are of the opinion that:

Spondee words as in Harvard test No. 9 are the most
useful material for speech reception threshold tesgs,
whether recorded at constant level or attenuated.®

Egan descrlbes Spondalc words:

. . . class of words having the highest homogenelty

. dissyllables spoken with equal stress on both

syllables. . . . Examples are railroad, iceburg, horse-
shoe.

544eller, Anderman and Ellis, op. cit., pp. 119-120,
551pbid., p. 120.
56Watson and Tolan, op. cit., p. 147.

2TJames P. Egan, "Articulation Testing Methods," The
Laryngoscope, 58:965, September, 1948,
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Spondaic words are delivered from a previously
recorded phonograph record, or by live volce. Hirsh explalns:

The procedure for measuring the Hearing Loss for
Speech may employ as a source of speech, elther the 1lilve
vO 1 ce of the tester or speech that has been recorded on
a P honograph disc or magnetlic tape. If live volce 1s
used, precautions must be taken to provide the speaker
wl th a visual iIndication of the intensity of hils voice
so that he may, with practice, monitor hls volce and
SO Lkeep his intensity constant. The control of the
in tensity of speech arriving at the listener's ear
Showuld be accomplished with attenuators in the equip-
men t, ngt by varylng the 1Intensity of the speaker's
voi ce.D

O ther material 1s used, besides Spondlac word lists,
to mea s are an individual's speech reception threshold.
HOW€V€31?-, the author feels that a discussion of these other

materia 1 s 1s beyond the scope of this study.

"T'he administration of speech reception threshold test.

Watson =and Tolan explain that in 1live voice delivery the
eXamine r gdministers, ". . . speech receptlon threshold tests
either Tthrough microphone speech circult of an audiometer or
througy special free field reproducing equipment. 59

In free fleld testing the individual being tested
does NO ¢ wear earphones. In a microphone speech circult
testirlég situation, earphones are worn. When earphones are
worn the examiner can test either by ailr or bone conduction.

Xf unllateral testing 1s desired the individual is

ins
trﬂl(l‘ted to turn the ear not belng tested away from the
—_—
58Hirsh, op. cit., p. 90.

59Watson and Tolan, op. clt., p. 449,
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loudspeaker and to occlude 1t with hls forefinger, in the
free f1eld situation. In unilateral testing where earphones
are wo xrm, the examiner can 1Inhiblt the transmission of sound
Into the ear not belng tested by the use of masking. Masking
Involwve s the transmission of nolse into the ear not being
tested . Masking can also be used with free fleld testing.

"T'he method of test procedure involves the transmission
of the Sopondee word to the individual being tested and his
repeat I rig the word as he hears it. Generally, a carrier
phrase swuch as, "Say the word," precedes the Spondee word.

"The intensity of the Spondee transmission usually
begins =t about 40 db depending upon previous knowledge of
the examinee's hearing aculty. The intensity 1s decreased
as the +egt progresses. Heller, Anderman and Ellis describe
One me tt hod of determining the intensity with which to begin

the tes They state in regard to previous information

learned  rpom the individual's pure-tone audiogram, ".
dverage the two speech frequencles showing the smallest
lossesg -

The spondlac words are then presented at a level
about 1 5 declbels above this estimate,"©0

These authors further state, "Threshold 1s taken to
be the d owest level at which fifty per cent of the words

are
COX>rwectly repeated by the patient.” 61
—_

SOpeller, Anderman and E111s, op. cit., p. 127.

Slipig.
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Interpretation of speech reception results. Speech

recep tlon results are helpful in determining whether or not
the cochlear nerve 1s affected. Davis states:
If words are dellvered to the ear, elther through
a recelver or in a free fileld, at 50 db above normal
t hxreshold they beglin to be heard by bone conduction.62
Therefore, from Davis' above observation it might be
assumed that a speech reception loss 50 db above normal
threshho 1d, may indicate injury to the cochlear nerve. 1In
thls xre spect he further states:
50 db loss represents probably the greatest loss
O x> gpeech that can be caused by pure conductive
de & fness. . . . If tests show a loss for speech
ExXre gter than 50 db 1t 1s usually safe to conclude
Thha t there 18 a loss of sensitivity of the sense
OX*g an (nerve deafness) as well as conductive deafness. 63
As a dilagnostic ald a speech reception threshold test
might O rove of value 1n determining whether or not a conduc-
tlve 1 o 33 due to stapes ankylosis is further complicated by

& Perceptive loss.

§&&Dis crimination Test

It was previously stated that the speech discrim-

1nat1°n test generally follows the speech reception thres-
h
°ld Test. Heller, Anderman and Ellils state:

Once threshold has been determined, valuable dlag-
réostic information can then be obtained by speech
S Sts at levels above threshold. Measurements at

\_—_—

Socy 62H&lllowell Davis, "The Articulation Area and the
Augual Adequacy Index for Hearing," The Laryngoscope, 58:766,
St , 1948,

631b1d., pp. T66-767.
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thhe se supra-liminal levels are designed to explore
how a defectlve ear operates when 1ts hearing loss
fTo r* speech 1s overriden by %ﬁ‘esenting material at a
swuf filcliently intense level.

Hirst states that speech discrimination tests are
Important to the clinical situation for thls measure pro-
viding additional information that cannot be predicted from
thresho 1 d measurements. Thils author explains:

It 1s well to say that a person has a 30 db hearing
los s for spondees, but we do not know from this infor-

ma € 1 on alone how much speech would be intelligible if
the iIntensity were made sufficiently great. . . .
Ide aally the cilling that could be reached by increasing
the intensity of speech 1s 100 per cent, but some
Pe xrsons can never get more than 40 or 50 per cent no
ma € ter how intense the speech.

X n speech discrimination testing 1t 1s generally
conslde x=ed that the use of PB words produces the most
rellab 1 & and valid results. Heller, Anderman and Ellis
describbe PB word 1ists in the following manner:

They conslst of familiar words of one syllable
AXr*x>anged in groupings of fifty words to a list. The
11’113er1tion 1s that each list be of comparable difficulty
anaA of equal phonetic structure. . . the lists contain

Ehe elements of sounds spoken in gl%e frequency of
he 3 r occurrence in the language.

According to these authors, the PB words should be
d

eliver‘ed at least 40 decibels above the speech reception

t .
l'lresho 1d to obtain the maximum PB score. If there 1s no

—_—
6L"Heller‘, Anderman and Ellis, op. cit., p. 121.
€5

Hirsh, op. cit., p. 147.

©6le1ler, Anderman and Ellis, op. cit., p. 122.
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tolerance problem (1nability to tolerate certain intensi-

ties) the test may be administered at a greater intensity.67

Speech discrimination test "score" and "1loss."

According to Heller, Anderman and Ellls, the determination
of speech discrimination "score" involves the number of
words heard correctly by the examlnee. The speech dlscrim-
ination "loss" 1s the percentage of PB words not correctly
heard. For example, "If ten words are missed then the dis-

crimination loss 1is 20%." 68

Interpretation of speech discrimination results.,

Saltzman states that 1n speech discrimination testing, "With
proper amplification, the word hearling of an otosclerotic is
frequently 100 per cent correct. . ."69 However, such word
intelligibllity 1is only attainable if a nerve impalrment does
not accompany stapes ankylosis. In regard to sensory impair-

" in nerve deafness this score is

n70

ment Saltzman adds,

hardly attalned by amplification.
Therefore, from Saltzman's observations 1t can be

assumed in the diagnésis of otosclerotic severity, that a

high speech discrimination loss using PB words might 1ndicate

6T1p1d., p. 128.

68Ibid., p. T4,

9Saltzman, op. cit., p. 70. O1p14.
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cochlear damage. For the most favorable results that can
be obtained from stapes mobllization, a prospective candl-
date should have a speech discrimlnation score close to 100

per cent correct.

IV. VALUE OF AUDIOMETRIC TESTING

The above dilscussed audlometric testing battery 1s a
valuable ald in diagnosing stapes ankylosis and selecting
prospective candldates for the stapes mobilization surgical
procedure. However, such a battery 1s only an aid to the
otologist and decisions as to dlagnosis and candidate
selection should not be based upon the results of the audilo-
metric testing battery alone.

It 1is Important that audiometric testing be accom-
panied by a thorough otologlc examination in order that
other middle ear complications that might produce similar

audiometric results, as those produced by stapes ankylosils,

may be ruled out.



CHAPTER V
STAPES MOBILIZATION

The stapes mobilization surgical procedure, if suc-
Cesgful, provides a normal conductlive route for alr-borne
Sound s to the flulds of the inner ear. Rosen and Bergman
State =

Recognizing the obvious advantages of utllizing

Nna ture's own pathway of sound conduction via the
I1ntact and freely moving ossicular chain, one of us

(S .R.) developed the employed a technique . . . for
Ehe deliberate mobilization of the fixed footplate

Of the stapes.?!

As 1t was previously mentioned in this study, Rosen
V1V e Q stapes mobllization in 1952 after it had been
aba'nd“glded as a cure for otosclerotic deafness due to stapes
Nyl o =is In the early nineteen-hundreds. Since 1ts revival
Stapes = mobilization has been employed by otologists through-

out
the world and many have added thelr own technliques to

the
S \axgical procedure.

The author feels that in order that the purpose of
thlis =S tudy can be adequately fulfllled, each major phase
of the stapes mobilization procedure should be considered.
Dia_%ho sis and selection of prospective candldates, operation

\_——.——

Oto lRosen and Bergman, "Mobilization of the Stapes for
Sclerotic Deafness," op. cit., p. 177.



104

goals , surglcal techniques, pre-operative and post-operative
treatment, surgical audliometry, operation compllications and
success and fallure determinants will be discussed within
this chapter.

All of the iInformatlion that wlll be included withiln
this chapter has been gathered from published materials,
Wlth t he exception of that concerning the experiences of
Dr. Ha r01d Schuknecht. The author had the opportunity and
privilege to observe three of Dr. Schuknecht's stapes mobili-

zatlora operations at Henry Ford Hospital in Detrolt, Michigan.
I, DIAGNOSIS AND CANDIDATE SELECTION

Audliometric test results ald the otologist 1n diag-
Nosln g stapes ankylosls. However, such results are limited
In tha ¢ they only reveal whether a conductive or perceptive
hear‘lng loss 1s present, whether a mixed hearing los;»s is
Preseri t and the severity of a hearing loss.

The cause of a hearing impalrment cannot definitely
be de T ermined through audiometric testing. Therefore, in

the diagnosis of stapes ankylosis other factors must be

‘ONns i3 qered.

Oth%Factors to be Considered in Diagnosis

According to Shambaugh:

Otosclerosis does not produce any absolutely diag-
Nosgtic symptom or sign. The history, however, 1s of
Considerable help in suggesting that a conductive
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type of hearing loss 1s of otosclerotic orlgin, and
by excluding the other five causes of conduction

deafness the deflnite diagnosls gf primary otosclero-
tic stapes ankylosis 1s reached.

Shambaugh further adds, "The only constant and the
Mmost characteristic symptom of otosclerosis is the slowly
Orogressive hearing 1mpa1rment.'"3 Saltzman agrees with
Shambaugh on this point and says, "Of utmost significance is
a hi s tory of progressiveness of the deafness in the absence
of arm otologic condition to account for 1g b

In discussing the rate of the hearing impalrment's
Progre ss, Shambaugh explains:

The rate of progress of the hearlng loss 1s

Tt ¥y pically slow and gradual, but with definite dif-
€ xences between iIndividuals and at different times
Imn  the same individual. The progress may be con-
A rnuous or it may halt and the hearing remain
S tabilized fog a period of years before 1t begins to
WO ysen again.

Walsh lists the followlng four points to be consid-
fred 3 y addition to audiometric test results, upon which
t
Obéa-Eie a diagnosis of stapes ankylosis:

(1) a progressive loss of hearing, particularly

Iy a young person; (2) a history of deafness in
T he family; (3) no previous infections of the ear

That might accoung for the hearing loss; and (4)
O rmal ear drums.

_

2Wiener and others (eds.), op. cilt., p. 396.

31p14. 4Saltzman, op. cit., pp. 72-T3.

SWiener and others (eds.), op. cit., p. 397.

6Davis (ed.), Hearing and Deafness, op. cit., p. 107.
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A pure-tone alr conductlon audlogram revealing the
Pattern previously described in Section I, Chapter IV, by
Salh-‘zman as belng Indlcatlive of stapes ankylosis, may be
the result of other middle ear complications. Shambaugh

describes five other causes of conductive deafness, and

€xplains how these causes can be ruled out in stapes

ankylosis diagnosis:

1. Occlusion of the external auditory meatus
( cerumen, osteoma, atresia, etc.) 1s easily ruled

out by otoscopy.

2. Perforation of the tympanic membrane 1s ruled
Out by otoscopy, with the Siegel-Bruning speculum
arnd inflation of the eustachlian tube, i1f 1in doubt.

3. Suppurative otitis media (infection of the
M3 Adle ear) acute or chronic, 1s easily dilagnosed

Y otoscopy.

4, Occlusion of the eustachian tube with secre-
to Xy otitls media glves a greater loss for high tones
than for low tones 1n the audliogram. The yellowlsh
S O Qor of the serum f11ling the middle ear may be
Seen through a transparent tympanic membrane, often
fi Th a fluid level or bubbles, especlally after in-
hl &Ation, and by inflation there 1s a measureable

< @mring improvement. Evacuatlon of the fluid by
garacen‘cesis and inflation results 1n a restoration
T the hearing to normal.

5. Chronlic adhesive otlitls medla 1s the end
= sult of a previous severe suppurative otitls medila,
<d the hearing loss very definitely dates from the
cil'Lschax*ging ear. Nearly always there are marked alter-
At 10ns in the tympanic membrane as part of the adhesive
DI‘ocess, and the hearing loss, once established soon
A f ter the suppurative process, 1s not pr~ogres.s;1ve.7

According to Shambaugh, although hearing tests of

st
apes ankylosis are generally characteristic, and are very

\_—_

TWiener and others (eds.), op. cit., p. 405.
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valuable alds in dlagnosis, ". . . the definite clinical

diagnosilis cannot be made untll the other five causes for

conduc tion deafness have been ruled out by otoscopy and

8

examlnation of the eustachian tubes. "

Another element that 1s belleved to be characteristic
of otosclerotic deafness due to stapes ankylosis is "para-
cusls willisi." Walsh explains:

The patient wlith otosclerosis . . . seems to hear
be tter in a nolsy place, for example, on a streetcar,
1y an automobile, or in a factory.9

Saltzman described "paracusis willisi," as, "

the a1 d1ity to hear better 1In the presence of loud surrounding

noise  than in a quiet room."*® Walsh 1s of the opinion that

n
Para < usis willisi," is due to the fact, ". . . that people
wWith 1 ormal hearing naturally raise thelr volces to over-

come + ne surrounding noise."ll

"Tinnitus" 1s another factor that may be present in
OtOSClemsis. This phenomenon 1s characterlized by the

pPes*el'lce of head noilses. Saltzman states that 1n otosclero-

Sls, It 1s usually of the nature of a low rumbling noilse

nl2

but 3 ¢ may be high-pitched. Shambaugh explains:

The tinnitus of otosclerosis 1s an irregular
S ymptom, often severe, but it may be absent, or 1t

_

81p14. 9pavis (ed.), loc. cit.
10
Saltzman, op. clt., p. 37.

1lpavid (ed.), loc. cit.

12Saltzman, op. cit., p. 73.
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may dlsappear spontaneously, wlith no consistent

relation to the hearing impalrment, except that the
most severe cases of tilnnitus tend to be in patlents
with severe cochlear nerve degeneration complicating

the conductive loss. We do not know the exact mech-
anism of tinnitus 1n otosclerosis.

In regard to the volce characteristics of a person

@ffected by stapes ankylosis Shamburgh states:

First, there 1s a tendency for the patient to
speak too softly, especlally 1in noise, partly because
his own volce sounds louder than normal to him, and
prartly because he 1s not aware of the nolse. Later,
the voice tends to acquire a "hollow" quality, and

fTi1nally, 1f marked cochlear nerve degeneration com-
P 1 Acates the picture of pure stapes ankylosis, the

vo l1ce tends to acquire some of the toneless quality
O T profound nerve deaf‘ness.lu

Therefore, 1n additlon to audiometric test results,

all o £ the above mentioned factors must be considered in

the A1 mgnosis of stapes ankylosis.

Magr o 15 of Uncomplicated Cases of Stapes Ankylosis

An uncomplicated case of stapes ankylosis would be

one that i1s free from cochlear nerve impairment. Providing
that

A1 examlnation by the otologist rules out the five
Othe 3~

mliddle ear complicatlons, and the patient shows a
histor‘y of a slowly progressive hearing impalrment, the
ibll(}‘”:lng audiometric test results strongly suggest the
S en e of uncomplicated stapes ankylosis:

1l. A pure-tone audiometric test by alr conduction 1is

su
ggeStive of the presence of uncompllicated stapes ankylosils

\__—____

13Wiener and others (eds.), op. cit., p. 397.
141p14., p. 398.
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if the results reveal that the low tones are affected and
show a unliform hearing loss for all frequencles, or shallow
v—curves and dips at higher frequencles. According to
Shambaugh, "The maximum hearing loss of pure stapes ankylo-
sis (w1 thout complicating nerve degeneration) 1s around 60
decibel s for the speech frequencies (512, 1024 and 2048).‘"15

2 . A pure-tone audiometric test by bone conduction

1s sugge stive of the presence of uncomplicated stapes
ankylos 1 s 1f the results show that hearing for all frequen-
cles, w1l th the exception of 2048, 1s within the normal

range of> hearing. A loss at the 2048 frequency level, which
1s chara < terlistic 1n otosclerosis according to Carhart, was
explained 1in Section I, Chapter IV.

3. A Rinne tuning fork test 1s suggestive of stapes
ankylosls free from nerve impairment if it produces "negative"
results . " Negative" results are produced when the fork
vibrations are no longer heard by air conduction after they
have ceased to be audible by bone, but are heard by bone
conduction gfter they are no longer heard by air.

b A Weber tuning fork test 1s suggestlive of uncom-
Plicateq S tapes ankylosis if in unilateral deafness the tone

1
ateralize g to the affected ear. In bllateral deafness the

to
M€ May 1 ateralize to the worse ear.

5. A Schwabach tuning fork test 1s suggestive of
thi
8 cond sy tion if the tone 1s perceived by bone conduction

longe :
8T than i1t 15 heard by a normal hearing person.

1
5£21£., p. 400.
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6. A Gelle tuning fork test 1s suggestlive of stapes
ankylos1ls free from nerve impalrment 1f there 1s no change
in the 1intensity of the sound after alr pressure has been
introduced 1into the external ear canal.

7 . A speech reception threshold test 1s suggestive

of this corndition if the results show a threshold from 50
db to 60 dAb.

8. A speech discrimination threshold test 1is sug-

gestive of sStapes ankylosls free from nerve impairment 1f
the resul £t = reveal a low "loss" and a consequent high "score"

close to 1 OO per cent correct.

Diagnosis o f Complicated Cases of Stapes Ankylosis

It A s difficult to determine through the use of
tuning forlkk s whether or not a nerve impairment accompanies
Stapes anky 1 osis. Therefore, only the results that indicate
complicated cases of stapes ankylosls obtalned from pure-tone
and speech audiometry will be reviewed as follows:

1. A  pure-tone audiometric test by air conduction

1s suggestive of a complicated case of stapes ankylosis if
there 1s an extensive loss for all frequencles, or losses
in the high frequencies.

2. A pure-tone audiometric test by bone conduction

is
SUBEESt1 ve of this condition if 1t shows a threshold

greater thay, 20 db for some, or all frequencles.

3. A speech reception threshold test 1s suggestive

of
Stapes Ankylosis accompanied by a nerve impairment if it
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S
/IOWS a hearing loss greater than 60 db.

4, A speech discrimination test 1s suggestive of an

ac companying nerve impalrment 1f the results reveal a high

"] oss" and a consequent low "score."

DI agrostic Summary
In summarizing the diagnosis of stapes ankylosis,

Shaamm baugh states:
The history of a slowly progressive hearing im-
ralirment beginning insldliously in early adult life,
wilth the tuning fork and audlometric tests of a con-
ductive hearing loss, strongly suggests the dlagnosis
O £ otosclerotic stapes fixation. When the other five
< auses for a conductive loss have been ruled out,
A efinlte clinical diagnosis of otosclerosis may be

the

made. 16
In addition, a soft speaklng volce, the presence of

‘“par_*acusis willisi," and "tinnitus" all may be symptoms

Indi ca&a ting a hearing loss due to stapes ankylosis.

Selec £ 1on of Prospective Candidates
According to House any patlient who 1s suitable for

the fferiestration operatlon 1s also sultable for the stapes
This author adds further:

mobll X =ation surglcal procedure.
Many patients are sultable for mobilization who

WO 111d not be eligible for fenestration surgery.

. . and patlents with

EJ‘Ca.mples include the aged .
& ther far advanced cochlear deterioration.

-_

16w1ener and others (eds.), op. cit., p. 407.

1THoward P. House, "Personal Experiences with Stapes
ation,"” A.M.A. Archives of Otolaryngology, 65:243,

> 1957.
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From the gathered information presented 1n Section I,
Chaptex™ IV, the author assumes that 1f an individual with a
hearing loss due to stapes ankylosls, has not more than a
30 db *Threshold by bone conduction, he 1s a favorable candi-
date for stapes mobilization. The 1ideal candidate 1s an
individual whose pure-tone bone conduction results reveal,
not morxre than a 20 db threshold. This would indicate normal
hearing by bone conduction.

Stapes mobllization 1s also beneficial to individuals
with sewvere hearing losses. Although, it cannot restore
normal or near normal hearing in such cases, it can improve
hearing, so that aural rehabilitation will be more effective.
Howeve r~, 1t 1s necessary that there be a sufficient air-
bone gap 1in order that a patlent may beneflt from this
operat 1on. In this respect House explains:

Any patlent with an average difference of 20 db

Or more between the bone conduction and air conduction

1n any three frequencies may be considered suitable

for‘ mollaélization, regardless of the bone conduction
evel,

In regard to the severity of preoperative alr-bone
differ~ence Schuknecht is of the opinion that a maximum of
30 db d 1 fference indicates an ideal candidate for stapes

moblll = a tion. A 40 db difference indicates a moderate case

°f stapes ankylosis and a 40 db to 60 db difference indicates

Severe ankylosis.ld

— e
181414,

e —

Surge 19-Statement by Dr. Harold F. Schuknecht, Assoclate
e’cr'o??’ Division of Otolaryngology, Henry Ford Hospital,
> MMichigan, Personal communication, July 18, 1957.
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II. OBJECTIVES OF STAPES MOBILIZATION -

The primary objectlve of the stapes mobilization
surgic &1 procedure 1s to restore as much of an affected
individual's hearing as 1s physlologically and surglcally
possible. The degree of hearlng improvement that can be
obtalned through surgery 1s dependent upon the characteris-
tics of the prospective candidates hearing involvement and
the success of the surgical procedure itself. Bergman
states :

Surgery, such as stapes mobllizatlon, can provide

a patient with normal hearing or with hearing which
g:.gr;)i uti%}igi?irgggioifSSC‘cively in a program of
g rena .

In considering the varlous obJjectlves of stapes
mobill zZation within this section of the study, such ob-
Jectlve s will be divided into the following three groups;
that which concerns uncomplicated cases of stapes ankylosis;
those which concern complicated cases of stapes ankylosis;

and that which concerns the physiological aspects of the

peration.

ObJect1ve in Uncomplicated Cases

In operations involving patlents with hearing losses

due to S tapes ankylosis free from nerve impairment there

——
2

O
Bergman, op. cit., p. 285.
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i1s but ©one objective. Rosen and Bergman explaln that thils
goal is, "To attain normal hearing." 2l These authors

further= add:

Mobilization of the fixed stapes 1s capable of
achleving this goal where there 1is %s yet no
cochlear (perceptive) involvement,<

Providing there are no compllicating factors within
the surglical procedure and the round window 1s unoccluded,
normal hearing can be attalned in cases of bilateral or

unilateral hearing impalrment free from nerve damage.

ObjJect 1 wves in Complicated Cases

Rosen and Berman list the followlng goals to be

Obtained through stapes mobilization in complicated cases

of stapes ankylosis:

To restore hearing to an 11 db to 20 db level in
pat ilents with some evidence of perceptive loss in
Whom normal hearing 1s not possible. . . . To restore
use ful binaural hearing.. . . To permit guccessful
use of hearing ald in extreme deafness.?

In regard to the first objective these authors explailn

that g person, ". . . with a hearing loss between 11 db and
20 db rarely experiences any hearing difficulties." There-
fore, In cases where the pre-operative pure-tone audiometric

test I*e@ veals a 20 db threshold for bone conduction, and a

greater~ 1oss for air conduction, 1t is still possible to

\_——

Mob41 ngamuel Rosen and Moe Bergman, "Functional Goals in
tlzation of the Stapes," A.M.A. Archives of Otolaryngology,

6
3:11, J anuary, 1956.

o
=7pid., p. 19. 231p14., p. 12.
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restore useful, unalded hearing through successful stapes

moblill =Zatlon surgery.
The restoration of useful bilnaural hearing in cases

of uni lateral or bilateral deafness 1s advantageous. Berg-

man states that binaural hearing has the following advan-

tages over monaural hearing:

(1) 1ocalizatlon, the ability to determine the
directional source and distance of a sound; (2)
se lectivity, the abllity to listen to a conversant'
speech with little or no interference from competing
noises in the area (this is implied when a patient
wlth one normal and one defective ear reports a
d1 s tressing deterioration in his abilit to under-
stand speech in a noilsy enviornment) {3) discrim-

ination, the abllity to hear speech sounds and to
dil scriminate them more clearly, both in qulet and
Oover a background of noise; (45 sound 1ldentification,

the abi;bzlty to ldentify common sounds and nolses
be t ter.

Therefore,

advoca te an attempt to restore or improve hearing in all

the author assumes that Rosen and Bergman

affected ears in order that binaural hearing can be achieved,

1f physiologically and surgically possible.
In regard to the third objective of stapes mobiliza-

tion, "o permit successful use of hearing ald in extreme

deafne s s," Rosen and Bergman state:

The gain or amplification of the strongest com-
Mercial hearing ald is insufficient to provide com-
fortaple hearing for ordinary conversation in a
Datient with a hearing loss in the better ear greater

han 85 db. Any significant improvement in hearing
in swuch profound deafness increases greatly ghe benefits

to be derived from the use of a hearing aid.

_
QL"Bergman, op. cit., p. 282.
zat1q 5Rosen and Bergman, "Functional Goals in Mobili-
T O £ the Stapes," op. cit., p. 16.
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In cases of complicated stapes ankylosis 1t is
possible, through stapes mobilization, to eliminate the
portioxh of deafness due to the immobility of the stapes and
leave Pure nerve deafness. Depending upon the severity of
this pure nerve deafness, an individual may recel ve more
benefli £t from a hearing ald than he would have recelved had
the operatlion not taken place. Such benefits may be con-
sldered 1in 1light of the ability to understand normal con-

versat 1on, or the ability to operate more effectively in a

program of audltory rehabilltation.

Physiological Objective of Stapes Mobilization.

Goodhilll explains that the physlological obJective
in stapes mobilization 1s, ". . . lysis (breaking down) of
Obstruc tion in the stapediovestibular Jjunction so that
remob3l1 1 Azation of the footplate to alr-borne sound may
Occur "™ =26

Goodhlll adds further:

The ultimate physiological obJective in stapedolysis

depends upon two factors: a. satisfactory lysis of

the footplate obstruction, and b. _maintenance of the
fun ctioning middle ear mechanism.

The degree to which the stapes can be mobilized 1s
great]_b, dependent upon the extent of otosclerotic bone

§roWth  a t the margin of the footplate. The more severe the

\_—_—-

P. 334 26Qo0dhill, "Present Status of Stapedolysis," op. cit.,

2
7Ibid. , Pb. 336.
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extent of ankylosis, the more problems the surgeon will
encoun ter in his attempts at mobilization.

During mobilization 1t is possible for the surgeon
to acc ddently disarticulate the head of the stapes from the
lentic ular process of the incus. Surgeons have also reported
incidents in which either of the two crura of the stapes
have been fractured during mobilization. If any one of
these two accidents occur a dysfunction of the middle ear
apperatus will take place. It appears to be unknown 1if

the oc currence of these two accidents is common.

Stapes Mobilization Possibilities.

Generally speakling, the amount of hearing that can
be gained following a stapes mobilization operation 1s
limited by the state of the cochlear nerve. Goodhill
explains:

Upon achievement of maximum lysis surgically it
1s possible to expect an almost complete eradication
Of the conductive block and an elimination of the
alr--bone gap, so that hearing post-operatively
app roaches the preoperative bone conduction level.

In some cases this level will even bg surpassed
due to improved perilymph mobility.<e

The possibllities of the stapes mobllization operation
for the restoration of hearing in cases of stapes ankylosis
aPpear to be very favorable. However, the possibilities

Should be evaluated in 1ight of the characteristics of the

_—
281b1d., p. 334.
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hearin £ disorder 1nvolved; the extent of otosclerotic bone

growth ; and the effectliveness of the mobilization techniques

employ €d by the surgeon performing the operation.
IIT. PREOPERATIVE CARE

The author found 1llttle information concerning the
amount of time the patlent 1s required to spend in the

hospital preoperatively when involved in the stapes mobili-

zation surgical procedure. However, in this respect,

Shambaugh tells a stapes mobilization candidate:

The advantages of stapes mobllization. . . are
f1rst of all, its simplicity as far as he is con-
cermed, with only three days away from work as
compared to three weeks wlth fenestration in the

ave rage case.

Myers and Ronis explain, "Our patients are hospital-
1zed foxr 24 hours. The patients are admitted on the morning

of the operation."3°

Schuknecht requires that hils patients enter the
hospi ta 1 the day before the scheduled operation is to take
Place . During the tlime spent 1n the hospital preoperatively,

the pati1ent is glven proper rest, diet and 1s prepared for
Sur’gery . 31

———

egsymposiwn, op. cit., p. T45.

3Ol"[yer‘s and Ronis, op. cit., p. 309.

318 tatement by Dr. Harold F. Schuknecht, Associlate

S
Dsggpgfn’ Division of Otolaryngology, Henry Ford Hospital,
t, M ichigan, personal interview, April 27, 1957.
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Factors concerned in preparation for surgery willl be
considered within this sectlion of the study. Such factors
involwe preoperative medication and the preoperative physical

prepaxration of the patient.

Preoperative Medlcation

As previously mentlioned, many otologists have devel-
oped theilr own iIndividual techniques for the adminlstration
of the various phases of the stapes mobilization surglcal
procedure.

In regard to the preoperative medication phase of
stapes mobilization, the author learned that medication 1is ad-
minis tered prior to andafter hospital entry. However, some

otolog 1 sts only administer medication after hospital entry.

Preoperative medication prior to hospital entry. The

Primary purpose for the administration of medication prior
to hospital entry is to prevent post-operative middle ear
Infect4on. Myerson explains, "In order to prevent middle
€ar I1nfection after operation strict asepsis (free from
ving germs of disease) is fmeor*tamt."32
So that proper precautions can be taken to prevent
the POSsible occurrence of post-operative middle ear infection,

Myerson feels that attention should be pald to the nose,

-

0t 3 3Mervin C. Myerson, "Mobilization of the Stapes for
Jufsclepo sis," A.M.A. Archives of Otolaryngology, 64:85,
Y-De c emper, 1956.
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nasopharynx and external auditory canal before entry into

33

the hospiltal. Myerson states, "The operation should not

be performed in the presence of sinus suppuration or active
nasal or nasopharynx 1nfect10n."34

As preventive measures against such infections,

Myerson explains:

. « o the nasal passages are 1irrigated dailly, for
three days, before operation with warm sallne solution.
This 1s followed by the intranasal administragéon of
tetracycline hydrochloride in nebullized form.

Myerson further adds:

The patlent 1s instructed to introduce 3 minims
(0.2 cc.) of a 0.125% phenolized oil into each nasal 6
chamber three times a day for one week before surgery.3

In regard to preventive measdres agalnst possible

infections occurring in the area of the external ear canal,
Myerson explains:

. . « he 1s iInstructed to introduce a dropperful
of aqueous solution of benzalkonium, 1:1000, into
the external ear canal three times a day for three
days before the operation.37

From the information reviewed by the author, 1t seems

apparent that such preoperative medicatlion precautions are

not commonly practiced by all otologlsts.

Preoperative medication employed after hospital entry.

The obJective of thilis phase of preoperative medication is

33 34 35

Ibid. Ibid.

361p14. 371p14.

Ibid.
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to ppoduce a calming effect 1n the patient before entry into
the operating room. Goodhill says:

The preoperative medlcation for stapedolysls surgery
should not be heavy. It should be sufflclent to produce
a calm entry into the operating room, but not deep
enough to obtund aggurate responses for adulometric
threshold studles.

In order that the above requlrements be met, Goodhlll

explains:

Three grains of sodlum pentobarbital are sufficlent
for thls procedure; this medication 1s given in divilded
doses about two hours and one hour before surgery.39

Rosen and Bergman state 1n regard to this phase of

preoperative medication, "The patlent 1s given pentobarbital
(Nembutal) 1-1/2 grains (90 mg) an hour before the opera-

n 40

tion. According to Scheer's technique, "Premedication

consists of pentobarbital (Nembutal) (1-1/2 grains (0.10 gm.))
and meperidine (Demerol) hydrochloride (50 mg.)."LLl
Although these authors vary in thelr techniques of
application 1n this step of preoperative medlcation, they
all feel that such medication should produce a calming
effect upon the patient, but should allow the patlent to
remain conscious so that he may adequately respond to

audiometric testing. (Surgical pure-tone audiometric

testing 1s discussed in Section VI of this chapter.)

38y1ctor Goodhill, "Trans-incudal Stapedolysis for

Stapes Mobilization in Otosclerotic Deafness," The Laryngo-
scope, 65:696, August, 1955.
391b14. LORosen and Bergman, op.cit.,p.198.

41Scheer, op. cit., p. 513.
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Preoperative Physlical Preparation of the Patient

After the patient has been taken into the operating
room, he 1s placed on the operating table. In thls respect
Scheer says:

The patient 1s placed on his back on the operating

table, wilth the face toward the opposlte shouﬁger,

thus bringing the selected ear into position.
Halr preparation 1s kept at a minimum Goodhill states:
The hair 1s not shaved but 1s usually kept out of

the surgical field by, 6 the use of a modified bathing

cap or adheslve tape.43

Scheer appears to agree with Goodhill regarding the
lack of necesslty for shaving the hair and applies Vasoline
wlth a tongue depressor in order that the halr can be kept
away from the auricle.uu

As previously stated the author had the opportunity
to witness three of Dr. Schuknecht's operations. The author
observed that Schuknecht neither shaved the hair, used adhe-
slve tape or applled Vasollne to keep the halr away from
the surgical fleld. Schuknecht placed a square plece of
material, with a hole in the center, over the surgical area.
The ear protruded through the hold. He then placed regular

green surgical draping over the material, allowlng only the

ear to be exposed.

421114,

“3Goodhill; "Tprans-Incudal Stapedolysis for Stapes
Mobilization on Otosclerotic Deafness," op. cit., p. 696.

uuScheer, op. cit., p. 513.
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The cleansing of the ear canal involves the following

procedures, according to Goodhill:

Cerumen, dead epithelium and crusts are carefully
removed from the external audltory canal by the surgeon;
the canal 1s fillled with a 1-1000 aqueous zephiran
solution. . . . The purpose of thls mjueous zephilran
preparation 1s two fold: a. It is designed for
antlseptlc preparation; b, It serveﬁ to create edema
(swelling) of the tympanic membrane.%>

The elevation of the tympanlic membrane 1s an impor-

tant stage 1n the stapes mobilizatlon surgical procedure.
Goodhill is of the opinion that by introducing aqueous
zephliran into the ear canal and therefore creating swelling
of the tympanic membrane, the elevation of the tympanic
membrane 1s made easler with little danger of perforation.46

The author observed that Schknecht cleansed the

surgical fleld by first washing the aurlicle and surrounding
skin with antiseptic soap. He then rinsed the auditory

canal three times with an antiseptic solution. The solution
was left to soak 1n the canal for a short period of time
during the last two rinses. Schuknecht feels that by letting
the solutlon soak, 1t sterllizes the area effectlvely, pre-
pares the walls of the auditory canal for incision and

allows for easler tympanilc elevation.47

As a final cleansing procedure, Schuknecht used a

suction to remove any excess fluild, particles of dead

uSGoodhill,'"Trans-Incudal Stapedolysis for Stapes
Mobilization of the Stapes," op. cit., p. 696.

461114, 7Schuknecht, op. cit., April 27,1957.
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epithelium and cerumen from the auditory canal. He found 1t
necessary to clip the hairs in the audltory canal of one of

the patlients before surgery could take place.
IV. ANESTHESIA

A local anesthetic 1s administered in the stapes
mobllization surgical procedure., As 1n other phases of this
procedure, there 1s no standard method for the administration
of anesthesla. Many surgeons have developed their own
individual techniques. Although these techinques are
similar in goals, they are dissimilar in solution components

and methods of inJjection.

Solution Components

The following information wlll concern a review of
the anesthetlc solutions used by some otologists in the
stapes moblllizatlion operation.

According to Rosen and Bergman an adequate solutlon
consists of:

One to 2 cc. of a mixture of 3 parts of 2% lidocaine
(Xylocalne) hydrochloride to 1 part of epinephrine 48
chloride, 1:1000, 1s inJected in equal amounts. . .

Goodhlll states that the cutaneous lining of the
bony canal wall 1s adequately anesthetlzed by:

« « o a mixture of 2 per cent xylocalne, three parts
and 1:1000 adrenalin, one part. . . . A total of less

48R.osen and Bergman, "Mobilization of the Stapes for
Otosclerotic Deafness,” op. cit., p. 198.
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than lcc. of this mixﬂgre 1s needed for adequate
local anesthesla. . .

Myerson's technique involves:
« « « Injection of an average of 2 cc. of procailne,
1% solution, each ounce (30 cc.) of which contains
12 minims (0.75 cc.) of §81nephr1ne hydrochloride has
been found satlsfactory.
Scheer explains:
A mixture of 2% lidocaine (Xylocaine)  hydrochloride
3 cc.), hyaluronidase and epinephrine hydrochloride 1
1 cc. of 1:1000 solution) is used for local anesthesia?
Myers and Ronis describe the solution they administer
as being composed of:
. . . 2% lidocaine (Xylocaine) (3cc. to which 1s
added 1 cc. of epinephrine, 1:10%%). Usually about
1l cc. of the solutlion 1s needed.
Although all solutions described above differ from
each other 1In composition, they are all intended to anesthe-
tize the entire cutaneous bony canal lining and the tympanic

membrane, so that surgery can be performed with as little

paln as possible to the patient.

49Goodhill, "Trans-Incudal Stapedolysis for Stapes
Mobilization in Otosclerotic Deafness," op. cit., p. 697.

5OMyerson,'"Mobiliza‘cion of the Stapes for Oto-
sclerosis,” op. cit., p. 86.

51Scheer, op. cit., p. 513.

52Myers and Ronis, loc. cit.
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M-@—P_hods of InjJection

All methods of inJection reviewed by the author are
i t xoduced into the walls of the external auditory canal.
such 1Injections vary 1in number and exact points of attack,
depending upon the technique of the surgeon administering
the I1nJections.

The method of injection employed by Rosen 1nvolves
subcutaneous Injections into the posterior, superlior, anterior,
and inferior walls of, ". . . the external canal at the
Junc t lon of the cartilaglnous and bony canal.‘"53 Therefore,
Rosern adminlisters four injections for anesthetlc purposes
In thhe stapes mobillzation surgical procedure.

Goodhlll's method 1s simlilar to Rosen's., Goodhill
states that the solution 1is:

« o« Injected with a 3-inch 22 gauge short beveled
needle at the four points of the circumfetrence of the
external canal, at the Jung&ion of the bony and
cartilaginous canal walls.

Myerson's technlique varies from those mentioned above

In that he feels that one Injection 1s sufficient for most

Purpose s, He states:

The injection 1s made posterosuperliorly into the
re t rvauricular fold at the Junction of the cartilaginoug
and osseous canals. A single inJjection will suffilce. 5

\_.—_

ot S3Rosen and Bergman, "Mobilization of the Stapes for
O8clerotic Deafness,"” op. cit., p. 198.

5)"(}oodhill, "Trans-Incudal Stapedolysis for Stapes

Mobilization 1n Otosclerotic Deafness," op. cit., p. 697.

sig," 55Myerson, "Mobilization of the Stapes for Otosclero-

OPp. cit., p. 86.
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However, thls author adds that in cases where the
operating surgeon does not wlsh to walt for the solution
to i1nfiltrate widely ". . . additional injection at a point
corre spondling to the mid-line of the roof and floor of the

.1156

canal may be added. . .

. Scheer employs the use of a 24-gauge needle, which
he carrles down to the bone. He explains, ". . . the
anesthetic 1s Injected posteriorly and superiorly. It is
desposi1ted superficilally in the inferior locaLtion.’"57

Myers and Ronls use a 25-gauge needle in thelr tech-
nique. In condlitioning the skin surface of the audltory
canal for the injections, they employ an ear speculum. An
€ear speculum 1s a small metal funnel through which the
operation is performed by most surgeons. Myers and Ronis
eéxplain their technique in the followlng manners:

The ear speculum 1s pressed against the membranous
canal. This forms a ledge Into which the needle 1is
Inserted. A small wheal is raised, and the point of
the needle 1s directed agalnst the osseous canal.

The entire canal 1is circularized in this manner with
no attempt to inject the osseous canal at this time.
The skin lining of the canal 1is very thin and insertion

of the geedle directly would tear the skin of the
canal _5

Af ter the membranous canal 1s circularized with the

anestheti ¢ two times, these authors add:

By this time the skin 1s thickened and a fine beveled
Needle (25-gauge on a tuberculin-syringe) is easily
Inserted Into the skin lining of the osseous canal,>?

_\‘——————

56
Ibid. 57Scheer', op. cit., p. 513.
58Myers and Ronis, op. cit., p. 310. 291b1d.
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In administering their technique of anesthetlc
1nJection, Myers and Ronls state that the 1njection 1s made

slowly in small amounts and therefore:

« « o the operator can watch the solution spread
i1into the skin of the osseous canal and over the drum
membrane, Some of the solutlion probably gets into 6
the middle ear and anesthetizes the mucosal surface. O

After the anesthetic has been admlinistered the

surgeon prepares to proceed wlth surgery.

V. SURGICAL TECHNIQUES

That the stapes mobllizatlon surgical procedure
should be performed by the skilled otologlc surgeon 1is
general 1y agreed upon by all authors reviewed in thils sec-
tlon of the study. Before the operating surgeon can supply
the stapes mobilization surglcal techniques effectively,
many otologists feel that he should have a conslderable
amount of practice.

Rosen and Bergman explain:

This operation appears deceptively simple, yet
1eaIT11ng to perform 1t ski1llfully is not, because all
maneuwvers are restricted by the limits of the bony
€xtermnal canal. One must learn to do the operation
skill;ﬁully through external au%}tory canals which
are wide, narrow, or tortuous,

In this respect, Goodhill states:

This 1s not simple surgery. Experlence seems to
lcate that this procedure 1in 1ts present early

\-—\*———

ind

Ibi4d.

solerosilfiosen and Bergman, "Restoration of Hearing in Oto-
A pnay S by Mobilization of the Fixed Stapedial Footplate.
YSA1s of Results," op. cit., p. 232.
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form should be limited to the otologic %urgeon who
is skilled 1n fenestratlon surgery. .62

According to Goodhlll, one reason for his above
statement 1s that such a surgeon has had the speciflic ana-
tomical training and has the surglcal dexterlty necessary
for stapes mobilization.63

In order that the surgeon can properly prepare him-
self, Rosen and Bergman state:

For the mobllization operation even the skillful
surgeon should perform the operation on at least 50
fresh6ﬁadavers before the first patlient 1s operated
upon.

However, Myers and Ronis explain:

While a degree of proficlency can be obtalned with
cadaver practice, the feel of mobllizing the stapes
can only be a%complished on the living patlent with
otosclerosis,©>

So that the surgeon has adequate visualizatlon of
the surgical field when administering his surglcal techni-
ques, magnification 1s employed, usually through an ear

speculum. Meurman and Meurman state:

62Goodh111,'“Trans-Incudal Stapedolysis for Stapes
Mobilization in Otosclerotic Deafness," op. cit., p. 695.

63Ibid.

64Rosen and Bergman, "Restoration of Hearing in Oto-

sclerosis by Mobilization of the Fixed Stapedial Footplate.
An Analysis of Results," op. cit., p. 231.

6
5Myers and Ronis, op. cit., p. 307.



130

The magnification requlires speclal attention. The

operation can be performed with a ginocular loupe,
magnifying 2-1/2 to 3 times. . . 6
However, when using thils binocular loupe these authors

salds
It 1s a disadvantage that, when working through an

e ar speculum, binocular vision 1s much hampered.

However, when the latest model of the Ziess binocu%?r.
mlcroscope 1s used, binocular vision 1s unimpeded.

The author found that varlous types of magnification

equlipment are used by different surgeons, however, most

Surgeons reviewed by the author used the latest model of

the Z1less binocular microscope. This plece of equipment

has a bullt-in light, and allows the surgeon to work without

the use of a head-light.
As previously described, the ear speculum 1s a
Small pmetal funnel that 1s inserted into the external

audi t o ry canal. According to Derlackl, Shambaugh and Harri-

S0n, ™ The entire surgical procedure 1s performed through

M e = x gpeculum. . ." 68 From the gathered information it

Seem = apparent that most surgeons use the ear speculum.

Howe ~> & p, some surgeons did not state specifically in their

PUbl ¥ & 5tions whether this instrument was used or not.

The author observed that Schucknecht employed the use

Thao th the ear speculum and Ziess binocular microscope 1in

TTeY—

67Ibid .

66Meur-man and Meurman, op. cit., p. 166.

Wla 68Eugene L. Derlackl, George E. Shambaugh, Jr., and
S H. Harrison, "The Evolution of a Stapes Mobilization

T
echlrlZl-que,'" The Laryngoscope, 62:431, May, 1957.
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hls s tapes mobllization operations.69 The surgical techni-

ques of the varlous surgeons, reviewed by the author, will

be di scribed within this section of the study. Such techni-

ques vary from each other in administration, but all are
perfo rmed in an attempt to moblllize the stapes footplate,.
The following discusslon will be divided according
to the five major phases of stapes mobilization surgery:
the I ncision, entrance into the tampanic cavity, exposure

of the middle ear structures, mobilization of the stapes

footplate, and closure of the tympanic cavity.

The Ineision
There are two types of incisions administered in the

Stape s mobilization surglcal procedure, according to the

mate x4 a1 reviewed by the author. Also, 1t was discovered

that  one surgeon performs this procedure without an incision.

One type of incision begins at 9 o'clock (posteriorly)
ad engds at 3 o'clock(anteriorly) in the wall of the auditory
cna .} _ The other type of incision begins at 12 o'clock

(Supé riorly) and ends at 6 o'clock (inferiorly) in the skin

°f © e canal wall.

In classifying these incisions, the author 1s con-

e X3Ing only the incision made in the right ear.

Q9 o'clock to 3 o'clock incision., The informatlon

BAS SEN wed by the author revealed that Rosen and only a few

0
the X surgeons administer the 9 o'clock to 3 o'clock incision..

\—-—_—-

69Schuknecht, op. cit., April 27, 1957.
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Rosen describes his method of 1ncision in the fol-

lowling manner:

An inclslon 1is made through the skin over the bony
c anal wall, beginning at about 9 o'clock and continuing

AdAownward and around to 3 o'clock on the right ear and
v lice versa78n the left, about 6 to 7 mm. external to

t he drum.
Meurman and Meurman state in regard to the incision:

It 1s important to make the incislon in the canal
wall, as Rosen advises, sufficlently l?ieral to the
A rum, more than 5 mm. from the margin.

Figure 12, page 135, 1llustrates this type of inci-

8lon administered in the right ear.

12 o'clock to 6 o'clock incision. The author found

that some surgeons reviewed 1in thls area, do not strictly

adhere to the method of a 12 o'clock to 6 o'clock incision.
Howe\fear, all types of incislions that will follow are unique
from  the above described 9 o'clock to 3 o'clock incision in

that  they begin at 12 o'clock in the superior margin and end
in the inferior margin of the auditory canal wall. These
inci-E-’-:lons involve the posterlor wall surface.

Myers and Ronls explain:

The incision 1s started in the posterior-superior

< @anal wall about 4-6 mm. from the drum edge . . . at
2 o'clock, with the use of the short process of the

Irialleus to denote 12 o'clock . . . proceeds around
- . to 5 'clock 1n doing the right ear, and to 7

< vclock in the left ear.(2

—_—
Oto TORosen and Bergman,'"Mobilization of the Stapes for
S < Jerotic Deafness,"” op. cit., p. 198,

7lMeurman and Meurman, op. cit., p. 167.
72Myers and Ronls, op. cit., p. 310.
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According to these authors the incision 1s made in

small steps, ". . . making each cut through the skin and

into the osseous canal." "3

Derlackl, Shambaugh and Harrison describe thelr method

of making the incision:

The skin of the posterlor osseous meatal wall is
Ancised from approximately 12 o'clock to 6 o'clock,
eginning close to the annulus and swinglng lateralward
a good ?umm. from the annulus 1in most of 1ts U-shaped

course.
Scheer explains:

An incision 1s made in the skin of the bony canal
wall 6 to 7 mm. external to the tympanic membrane,
extending from 12 o'clock to 6 o'clock on the posterior
wall.. . . Since the skin of the external canal 1s
thickest in 1ts superior portion, the inclslon must be
S tarted at 12 o'clock, rather than below, since this
will prevent tearing.75

Myerson creates the 12 o'clock to 6 o'clock incision

in the rfollowing manner:

The incision 1s made wlth two knlves; one cuts
forward and backward along the midline of the roof and
T Joor of the ear canal, while the other Jjoins these
A ncisions by cutting from side to side. The Juncture
O f these incisions 1s rounded, not angular,

Goodhill describes his incision:

The incision in the posterior half of the canal skin
X s omega shaped, starting superlorly atabout the Junction
Ibetween the pars tensa and pars flaccida and ending at
T he inferior aspect of the annulus. The apex of the
Omega 1s at_the lateral extremlty of the posterior bony
< anal wall.fT

_
73Ip1d. T perlacki, op. cit., p. 431.

75scheer, op. cit.,pp. 513-514,

76Myer'son,"'I\‘Iobj.lization of the Stapes for Otosclerosis,’

L <at., p. 86. .
T7TGoodh1ll, op. cit., p. 697.
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Figure 13, page 136, 1llustrates this type of

incislon created 1n the right ear.

No incision. Dr. Mervin C, Myerson of Beverly Hills,

Calif~ornlia, has developed a stapes mobllization technlque

8
by which, an incision 1s not necessary. Thlis method of
Stape 8 mobllization will be described within the discussion

of the "mobilization of the stapes footplate," later on in

this section of the study.

Purpose of the incision. Although the above descrilbed

Incistons differ from each other in regard to the area in-
VOlved, they are all attempted with the purpose of preparing
the skin flap for 1ts elevation wlith the tympanic membrane
iIn s\ich a manner that they do not suffer undue inJury.

It should not be assumed that these 1ncision techni-
wes ampe the only ones employed by operating surgeons 1in
Stapes mobilization. The type of inclsion created depends
UPOn  tye surgeon performing the operation. It is quite
posslble that other techniques have been developed or are
bein% developed at this moment. However, the author found

Info XT™mnation concerning only the methods discussed above,

E
S = 1y ce into the Tympanic Cavity
This phase of the stapes mobillization operation con-

ce
™ =  tpe geparation of the skin flap from the bony canal

—_—
out 78Mervin C. Myerson, "Mobilization of the Stapes With-
Incision,'" A.M.A. Archives of Otolaryngology, 64:373,

Ju
e —December, 1956.
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wall, the elevation of the tympanlc membrane from its cir-
cular groove,and the folding of these combined components so
that the tympanic cavity 1s exposed. This procedure can be
difficult, depending upon the characterlistics of the partic-
ular ear canal involved. Rosen explains:

2 . In many specimens the posterior bony canal
wall 1s concave, and the anterior canal wall 1s convex.
Separating the skin from the bony wall without tearing
it or injuring the drum in such cases 1s difficult.’9

The techniques of performing this phase of stapes

mobilization surgery, reviewed by the author, will be con-

sidered in the followling discussion. - The methods will be

arranged under two classifications, the superior method, and

the anterior method.

The superior method. The superior method follows the

9 o'clock to 3 o'clock 1incision,
and concerns the dissection
and folding of the skin flap
and tympanic membrane super-
iorly.

According to the method
employed by Rosen, Figure 12,

the skin flat 1s separated

from the bone, beginning from

gure 12, -The righ '

canal after incision, the the incision to the base of
dissection of the skin flap

and tympanlc membrane, and the eardrum. At this point,
folding according to the

superior method. M, . . the drum is finally

79Rosen and Bergman, "Restoration of Hearing in Oto-
sclerosis by Mobillization of the Fixed Stapedial Footplate.
An Analysis of Results," op. cit., p. 232.
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1ifted out of 1ts sulcus and reflected upon itself like an
A||8O

apron.

The anterior method. The anterlor method is employed

after the 12 o'clock to 6 o'clock incision and involves the
dissection and folding of the skin flap and tympanic membrane
anteriorly.
Myers and Ronis offer the following words of advice
to any surgeon employing thelr method of performing this
phase of the operation:
Before any attempt 1s made to dissect the flap, be
Sure the knife can run all around the entire incision
and bite Into the bony ear canal. Any shreads of the

skin the knife does not separate can be cut WithST
Small iris scissors or with Bulluccl's scissors.

Fﬁlgure 13. The right ear canal after incision,
the dissection of the skin flap and tympanic
membrane, and folding according to the
anterior method.

\\_—————

tose] oRosen and Bergman, "Mobilization of the Stapes for
€Xrosic Deafness,” op. cit., p. 198.

8ll"[yer‘s and Ronis, loc, cit.
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Myers and Ronls proceed with thelr dissection around
the entire incision, ". . .5 o'clock in doing the right ear,
and to 7 o'clock 1n the left ear.82 These authors add:

When the region of the sulcus 18 reached, one
can feel the dilssecting instrument dip into the sulcus
and 11ft the fibrous annulus out of its bed. The dis-
sectlon then proceeds until the end of the osseous
canal, where the middle ear 1s gntered. . . and the
eardrum easlly folds on 1tself, 3

The technique employed by Derlackl, Shambaugh, and

Harrison is described as follows:

The Incision and initial elevatlion are carried. .
. down to the sulcus tympanicus where the fibrous
annular ligament of the ympanlic membrane lies 1in the
bony groove. . . . The annular ligament 1s then
elevated from the sulcus with the angled elevater .
gently pushing this instrument directly 1lnward at
repeated points along the sulcus . . . and gﬂe tympanic
membrane 1s folded forward upon 1ltself. .

Sheer'!'s method 1s quite similar to the above described

procedures, He explalns:

With elevators of various sizes, the skin is 1lifted
from the bony canal down to the annulus of the tympanic
membrane. The flbrous annulus 1s then 1liftred out of
its sulcus, and the tympanic membrane 1s folded
anteriorly like an apron, thus exposing the middle ear.85

To facillitate the separatlion of the skin flap from

the canal wall, Myerson, molstens the area between the flap

and bony wall with, ". . . 2 minims (0.1l2cc.) of saline or
82Ibid. 83Ibid.

84Der1ack1, Shambaugh and Harrison, loc. cit.

85Scheer, op. clt., p. 513.
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186
epinephrine hydrochloride solution, He applies this
solutlon by saturating small flat, elongated pleces of cotton

with X1t, and places these pleces of cotton in the desired
87

areas -

The application of the solution 1s carried out period-
ical 1l ¥ durlng the elevation procedure. Myerson describes
his me thod of elevation:

The flatter elevator 1s better for beginning the
e levation, It 1s usually started posteriorly. Gentle
P ressure 1s made between the flap and the bony wall,
wuusing the dilssector or suction tube . . . thls prevents
T earing of the flap. Elevatlion 1s contlnued until the
Ppoint of attachment of the drum 1s reached. At this
Point the more curved of the elevators 1s insinuated
Into the sulcus to which the fibrocartilaginous rim
O f the tympanic membrane 1s attached. The membrane
1 s cautiously 1lifted; . . . and the posterior half of
the membrane reflected anteriorly so that the gorr‘espond-
I1ng portion of the tympanic cavity 1s exposed.

Goodhill states, "The elevation of the dermal-perio-
Steal flap can be accomplished rapidly but should be done
with magnification. . . n89 He adds:

The elevation 1s carried medially until the margin
Of the annular sulcus is reached. When the margin of
the tympanic sulcus 1s reached, a round angulated
€levator is used to enucleate the annulus fibrous
from the sulcus. Following the enucleation, penetration
Of the tympanic alr space 1s accomplished.9 90

8
sig M 6Myerson, "Mobilization of the Stapes for Otosclero-

°pP. cit., p. 86.
87 Ip14. 881p14., p. 87.

Mob114 89('.1oodl'111l "Tra.ns-Incudal Stapedolysls for Stapes
Zation in Otosclerotic Deafness,”" op. cit., p. 697.

20 Ibid.
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Control of bleedlng. There 1s a certaln degree of

bleed1ng that results durlng the dissectlion of the skin flap

from the bony canal wall. Scheer says, "As a rule, the only

time M leedlng 1s encountered 1s before the tympanic membrane
is re £ 1lected forwar‘d."91
To insure a dry fleld, small dental cotton balls
O c caslonally saturated with epinephrine are used as

wil pes. Narrow-gauge splinal needles (which are

be veled flat) are used as suction tips, should they
e come necessary.

Derlacki, Shambaugh and Harrison, control the bleeding

« +« « placing tiny cotton balls moistened in the
XYy localne-adrenalin solutlon between the elevated

Ski1n and the bone, and applylng suction. Any remaining
bleeding points are controlled bg electro-cautery
applied to the fine suctlon tilp. 3

Myers and Ronls do nothlng to control the bleeding,

untll they have reached the middle ear., They explain:

If the surgeon moves along, by the time the milddle
€ar 1s reached, most of the bleedlng stops. When the
dilssection 1s completed, the blood 1s aspirated and

the area mopped with small cottﬁn pellets soaked in the
epinephrine solution (1:1000).9

The entrance into the tympanlc cavity 1is one of the

¢critical points in the stapes mobilization surgical procedure,

accor'ding to Schuknecht. If this procedure 1s not adminis-

tered wi tp proper precaution, it 1s possible that the eardrum
\\____,____,-

S1g5cheer, op. cit., p. 514, 921p14d.

93Der1ack1, Shamburgh and Harrison, loc. cit.

Myers and Ronls, loc, clt.
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May be permanently perforated. Schuknecht stated that of
the one hundred and fifty stapes mobllization operations he
has performed, not one resulted In a permanently perforated

e«sir‘dr'um.95

Exposure of the Middle Ear Structures

After an entrance has been made into the tympanic

cawvil ty it 1s important that the surgeon have an unimpeded
Vie w of the middle ear structures, principally, the incudo-
Stapre dial joint, the stapes tendon, and the component parts
°f Tt h e stapes. Derlackil, Shambaugh, and Harrison explaln,
"o - Wwe have found that direct visualization of as much
of Tthhe footplate as posslble glves the best control of the
mb X 1 g zation procedure. . .'"96

Two elements that may obstruct the surgeons view

are

> The bony rim of the audltory canal, and the chorda

YME> =1 nerve.

The bony canal rim. According to Scheer, the slze

n S hape of the patlent's auditory ear canal will determine

how much of the ™. . . incus and stapedius tendon will be
IMme S 1ately visible on 1ifting the drum"d’

Sheer further adds:

95
Schuknecht, op. cit., April 27, 1957.

96Derlacki, Shambaugh, and Harrison, op. cit., p. 433.
97TScheer, op. cit., p. 514,
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The greater the forward angulation of the canal,
the less visible will be the long arm of the 1ncus
and stapedius tendon. Occasionally 1t will not be
posslble to see eggn the lower end of the long arm
of the incus. .

If proper visualizatlon 1s lmpeded by the structure
Oof the auditory canal, after the tympanlc cavity has been
exposed, a portion of the posterio-superior bony rim of the
canal 1s removed. In this respect, Scheer states, "The
ma Fo r*1ty of cases require that some bone be removed to get
Prop>e r exposure M99
In cases 1nvolving an ideal canal for stapes mobilliz-
tlor , the Incudostapedial Junction 1s seen first after the
tmI> =1 1c cavity is exposed. Rosen and Bergman state, "In

ove x= 5% of the cases the incudostapedial Jjunction 1s seen

it oxrxce."1% goodnill reports that his experience with

e s mobllization revealed that after the tympanlc cavity

S ¥>een exposed:

« « In at least 50 per cent of cases a direct
‘Jtlew of the entlre incudo-stapedial Jjoint will be
O btained, along with the chorda tympani nerve, stapedial
T endon, part of the pogterior stapedial crus and part
O £ the anterilor crus.

Although Rosen and Bergman state that the incudo-

St:E“I-Dfadial Junction 1s seen at once 1in over 85 per cent of

ROoseng cases, these authors add:

\

98Ip14. 991p14.

ot 100Rosen and Bergman, "Mobilization of the Stapes for
© S clerotic Deafness,” op. cit., p. 198.

101goodhill, "Trans-Incudal Stapedolysis for Stapes
V§§$ilization in Otosclerotic Deafness,” op. cit., p. 698.
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about 2 to 3 mm. of the very edge of the posterlor
bony canal, Just external to the incus, 1s removed in
order to get a much wider exposure, especially of the

stapedial tendon, which 1s inserted into the neck of:
the stapes.102

As previously Inferred, Rosen's 1initlal inclsion and
elevation procedure exposes the inferior half of the auditory
canal opening to the tympanic cavity. The 12 o'clock to
6 o ' clock incision and elevation procedure exposes the whole
Do s terlor half of the canal opening. Therefore the author
d3svarmmes that Rosen's point of attack, in regard to the removal
or

T he bony canal rim, 1s directed in an area that 1s infer-

lor~ t o the posterlo-superlor area involved in the following

Pro <« & Sures.

Derlackl, Shambaugh and Harrison explailn:

e« o« o We remove in most cases 2 or 3 mm. of
Y osterlor-superior rim above the exit of the chorda
T ympani nerve to expose all of the stapedial tendon, 103

Myerson states:

Removal of bone should be confined to the region
ArLbove the point of exlt of the chorda tympanl nerve

T rom the facial nerve in order to avoid injuring the
facial nerve.l04

Goodhill says:

If . . . clear visuallzation 1s not easlly obtalned,
At 1s necessary to obtain adequate exposure by removal
o f sufficient posterlor-superior bony annular quadrant
to make this possible.l05

—_—

o+t 102p5sen and Bergman, "Mobilization of the Stapes for
‘O = clerotic Deafness,” op. cit., p. 198.

1O3Derlack1, Shambaugh, and Harrison, loc. cit.

s1 lOL‘Myerson,'"Mobilization of the Stapes for Otosclero-
S ,~" OE. Ci't., p. 88.
105Go0dhill, "Trans-Incudal Stapedolysis for Stapes
wmilization in Otosclerotic Deafness,” op. cit., p. 70O.
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The author found that the instrument used to remove
the bone from the canal rim depends upon the particular
Surgeon performing the procedure. Schuknecht employed the
use of a long slender instrument with a barbed head on one

end, called a cur~ette.106 It was also revealed that other

sSurgeons use thls Instrument.

In order that the osslcular chain 1s not injured
dur=1 g the removal of the bone from the canal rim, Scheer
€&Xp 1 zAains, "If the curetting 1s done within out, there is

11t € 1 e danger to the underlying ossicles." 107

It 1s necessary that the surgeon keep the operating

fl# 1. 3 free from bone chips and blood that may accumulate

dubing surgery. In this phase of the operation, the col-

lec © A ng of bone chips in the surgical field is a particular

PO Y> A em. To remove these bone chips, Myerson states,

L] . .

SIS T 3 on with fine tubes 1is applied when necessary to keep
e Operative fleld clea_n.-"lOB

Chorda tympanl nerve. The anatomlical placement of

t

he c horda tympanl nerve has created problems 1n some cases,
a

= T ar as the proper visulation of the middle ear structures
—_—

lo6Sch.uknecht,loc. clt.
lO7Scheer, op. cit., p. 515.

so l08M,yer‘son, "Mobilization of the Stapes for Oto-
L erosis,” op. cit., p. 88.
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1s concerned. 1In this respect, Scheer states, "The chorda
tympani nerve may be 1n such a posltlon as to block complete
Visualization of the incudostapedial joint. . ;“109

Myers and Ronls explain:

The chorda tympanl nerve 1s often encountered but
seldom has to be disturbed since 1t rests in the bony
ledge of the canal, at times it must be displaced from
the 1line of vision,110

There are two methods which are used for the displace-'

mera £ of the chorda tympanl nerve, 1f 1t presents 1tself as
dh o bstruction to proper visualization. One method involves
Mere= 1 ¥y pushing it out of the line of vision. The other
e € r o d concerns the severing of the nerve.
Derlacki, Shambaugh, and Harrlson state:
Depending upon 1ts position, the chorda tympani
X1 erve may be kept 1n 1ts superilor poaail.‘cion1 ?is-
I laced downward, or if necessary, removed. 1
Goodhlll says, 1n reference to the displacing of the
O x~3 5 tympani nerve:
e o« o the chorda tympani nerve . . . can usually
e pushed aside with little difficulty. It is
Xxarely, 1f ever, necessary to cut this nerve,112
According to Scheer, every precaution should be made

to P e rserve the chorda tympani nerve, ". . . since severing

1t W11l produce changes in taste. . 113

—~——

109Scheer, op. cit., p. 515,
110Myers and Ronls, loc. clt.
lllDerlacki, Shambaugh, and Harrison, loc, cilt.

Mo 112300dh111, "Trans-Incudal Stapedolysis for Stapes
3 j11zation in Otosclerotic Deafness," op. cit., p. 70O.

113Scheer, op. cit., p. 515.
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Providing the situatlion warrants the severing of the
thorda tympani nerve, Scheer explains:
If the nerve 18 cut agalnst the canal wall with a
curette, there 1s no pain. Should it be picked up,
That shoots down fo tne neck and the mandible.lil
When Scheer was forced to cut the chorda tympani nerves
orf hils patlents in the stapes mobllization operation, he
fouurad that such patients experienced a, ". . . bitter,
het=11llc taste that remained in thelr mouths, and that food,
though in itself tasteless on that slde, aggravated the
bit temess."'115 Eight months after the operation, Scheer
'fO>© xr=ts that these patients, ™. . . are still slightly con-
Sc ©vas of some change in taste, but they do not have the
0O == 1= ant bitterness in thelr mouths."10
When the middle ear structures have been adequately
PO == ed, the surgeon then proceeds to attempt to mobilize

the =S tapes footplate.

Y>3 3 3zation of the Stapes Footplate

Myerson refers to a book wrltten by Helmholtz entitled,

!kie\ Mechanism of the Ossicles of the Ear and Membrana Tympani,

tbanslated by A. H. Buck and N, Smith, New York, Willlam
"ooq gng Company, published in 1873, Myerson reports that
"hen the stapes 1s functioning normally, according to

\

114 115 116
Ibid. Ibid. Ibld.
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Elelmhol‘tz the ". . . excursions of the stapes at 1ts foot-
Pate are rrom 1/18 and 1/14 mm."117 Therefore, according
o Myerson:

This emphaslzed the very small field involved in
mobilizatlion of the stapes. It 1s obvious that a
great deal °§ force 1s not necessary to mobilize this
structure,ll

However, when considering the force necessary to

TNOob1] 1 e the stapes footplate, it 1s important that the
[Legree  of ankylosis in the footplate region be taken into
accoyry + - In this respect Scheer states, "The amount of

fopC@ T hat 1s needed to mobllize a stapes depends on the

9%¢ree o r rixation,"!19

‘T"he mobilization techniques employed by the surgeon,
[lso de ¥oend upon the extent of stapes filxatlion. Goodhill
expla X xa = .

T"he actual technical maneuvers necessary for adequate
13 =3 3 5 depend primarily upon the pathologic status of the
f© <o tplate region.l2

S tapes fixation can be complete, involving the entire

IArglxy o p the footplate, or partial, involving only a portion

/’\

117Myerson, ""Mobilization of the Stapes for Otosclero-
©p. cit., p. 85.

1181y44,

sis,™

1lgscheer, loc, cit.

3t 120G:oodh:tll, "Present Status of Stapedolysis," op.
oY== . 341. P
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<t the footplate margin. Meurman and Meurman report that
theil‘ experlence with cases of stapes ankylosls seems to
lndicate, M. . . that fixation of the stapes to the oval

Window may be of highly varying character."12l Goodhill
prlains, "The footplate may have varying areas in degree
©r otosclerotic fixation; thls lysis may occur more readily
In ope region than in another. . ."122 Goodhill further
|Ndds £ r-om his observations, "In most instances, it will be
Towld Tt hat the major stiffness or flxation 1s at the anterior
Linp & £ the footplate."123
Another factor that must be considered by the surgeon,
Lefore making his choice of mobilization technique to be
Smlosse 3, 1s the structure of the stapes. According to
Inson =g Bast, the incus and malleus are relatively con-
stant X ¥ form and structure, whereas the normal adult stapes
ShowS & >c traordinary variability in the size, shape and
S ireng&Z 1y of the crura and i‘ootpla'ce.lz4
S cheer says, "The thickness of the crura varies.

F==ach = € apes 1s structurally different, aside from its basic

deyy Exrm _-m 125

’a\

12l eyrman and Meurman, op. cit., p. 166.

cit- plzgﬁ%odhill, "Present Status of Stapedolysis," op.
" > - .

1231p14., p. 341.

i A 124Bza.rr*y J. Anson and Theodore H. Bast, "Development
27 A Auilt

Anatomy of the Auditory Ossicles in Relation to
ﬁ‘\\%@eration for the Mobilization of the Stapes in Otosclero-
'\\S‘geafness,"‘ The Laryngoscope, 66:785-795, July, 1956.

12SScheer, loc. clt.




148

Not only will the degree of fixation and nature of
the stapes determine what maneuvers should be employed i1n
mobilization, but according to Scheer, "These anatomic varia-
tions together with the varylng degree of fixation will
determine whether the stapes can be mobilized.’“126

The following discussion will be divided 1n the
following six areas: application of pressure, initlal test
of mobility, the indirect method of mobilization, the "no
incision" method of mobilization, the direct method of

mobilization, and the determination of mobillization.

Application of pressure. It 1s important that the

surgeon should remain relaxed and patient during the appli-
cation of pressure while moblllzing the stapes footplate.’
Derlackil, Shambaugh and Harrison explain:
« « « When the surgeon finds himself becoming
tense he should leave the operatin% table and walk
about to relax for a few moments,l27
The proper application of pressure during mobilization
1s necessary in order that the bones of the ossicular chain

do not suffer undue inJury. Meurman and Meurman state:

Mobillization of the stapes must be carrled out with
utmost caution, preferably Yééh repeated even pressure,
and not by Jerky movements.

Scheer says, "Slow firm pulsating pressure must be

applied to a fixed stapes if 1t is to be mobilized.,"12?

126Scheer, loc, cit.
127Derlacki, Shambaugh, and Harrison, op.cit., p. 439.

128Meurman and Meurman, op. clt., p. 171.
1295cheer, op. cit., p. 5l6.
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According to Derlackl, Shambaugh and Harrison, 1t 1is:
. « very important that the pressure be applied
1nterm1ttently in a pulsating manner. . . . The force

should be increased only very slowly and gradually .
. an Impatient rapid increase 1n force will crush

the crura beyond repaid.1

Therefore, in applylng pressure while mobilizing the
stapes footplate, the surgeon should administer such pres-
sure in a slow, firm, pulsating and patient manner, as

opposed to a rapid, Jerky and impatient manner.

Initial test of mobllity. From the gathered infor-

mation 1t seems apparent that most surgeons find 1t necessary
to test the moblility of the stapes before employlng partic-

ular mobllization techniques.

The initlal test of moblllty reveals to the surgeon
the degree of fixation, the state of the incudostapedial
Joint, and the structural nature of the stapes.

Scheer describes his technique in the initlal test

for mobllity:

. « « @ small curved instrument 1s placed on the
anterlior aspect of the neck of the stapes, exerting
slight b%ckward pressure 1n the line with the stapedlus

tendon, 1
Rosen and Bergman explaln:

« . & finely pointed probe 1is placed agalnst the
bony process of the incus close to 1ts articulation
wilth the stapes ?%g moved gently downward for a fractlon
of a millimeter.

130Derlacki, Shambaugh, and Harrison, loc. cit.

131Scheer, op. cit., p. 513.

132R0sen and Bergman, "Mobilization of the Stapes for
Otosclerotic Deafness," op. cit., p. 198.
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Derlacki, Shambaugh, and Harrison state:

Following. careful 1inspection, the 1lncus, 1lncudo-
stapedlal Joint and stapes head are gently palpated
with the microscopic 10° hook.l

According to Goodhill's method:

The needle probe 1s engaged within the perlosteum
of the lenticular incudal process and 1s used to pal-
pate for 1ncudo-sta8§ﬂial stability and degree of
footplate fixatlon.

It 1s apparent that these methods of testing the
mobllity of the stapes differ to some extent from one another,.
Those that are described above do not include all methods
that are employed, but are included to ald the reader in
understanding the general area of manipulation in the 1lnitial
mobllity test.

In some instances, the 1nitlal test for mobillty has
resulted in the mobilizatlion of the stapes footplate. 1In
this respect, Meurman and Meurman state, "In some cases
even slight touching of the neck of the sﬁapes rendered it

1
mobile . . " 35 Myers and Ronils explain:

In some patients palpation of the incudostapedial

Joint as an exploratory procedure has resulted in

stapes mobil}ggtion, with sudden and dramatic hearing
improvement,

l33Derlack1, Shambaugh, and Harrison, op. cit.,p.436.

134C’fo':’dhill,'"Pr‘esent Status of Stapedolysis," op.
Cit" p' 341.

135Meurman and Meurman, op. cit., p. 169.

l36Myers and Ronls, loc. cilt.
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In regard to the possible mobilization of the stapes
during the 1initial mobllity test, Derlackl, Shambaugh and

Harrlison explain:

In cases of early partlal otosclerotic fixation
slight pressure in an antero-posterior, vertical or
oblique direction may evoke slight mobllity of the
stapes . . . but as a rule the stapes is found to

be rigid.l37
Some surgeons may discontinue the stapes mobilization
procedure 1f visual 1nspection, and the initial test for
mobllity, reveal that the severity of stapes ankylosis does
not warrant further attempts at mobllization. Derlacki,
Shambaugh and Harrison state:
« « . Inspection may reveal a footplate completely
replaced by thick, chalky otosclerotic bone inter-

laced with blood vessels of variable thickness, a
situation whlich we have found immune to successful

mobilization,138

According to the policy of these authors, 1f the
patlient with the above described otosclerotic condition 1s
an ideal candidate for fenestration, ". . . the operation
is terminated by replacing the tympanlc membrane and flap;ﬂ39
However, Derlackl, Shambaugh and Harrison add:
In a case unsultable for fenestration an attempt
may be made to fracture the otosclerotlic footplate
with the House alr-driven hammer, but we are not yet

convinced of the wisdom of this course.l

The House alr-driven hammer will be dlscussed later,

in thils sectlion of the study.

137Der-lacki, Shambaugh and Harrison, loc. cit.
1381b1d. 139Ib1d. 140 Ibid.
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During the initilal test for mobllity, a freely movable

stapes 1is noted in the followlng manner, according to Rosen

and Bergman:

. « o the gentlest pressure . . . against the long
process of the 1lncus causes free and unimpeded move-
ment of the incus, lncudostapedial Jjoint, the head,

neck, crura of the stapes, and the stapedlal t:endon.lu1

When the stapes 1s partlally flxed, the structures

will move s8lightly, requiring greater pressure, measured by

the degree of movement of the stapes tendon.142

In cases of complete fixatlion, Rosen and Bergman

explain:

« « » When the stapes 1s completely filxed, very
firm pressure of the probe against the long process
of the 1Incus causes the incus alone to move but
there 18 no movement whatever of the head, crura,
footplate, or tendon of the s‘capes.l4

When measurling the degree of stapes mobllity, Rosen

and Bergman state:

The tendon of the stapedius muscle is the structure
to watch at all times, since 1ts movement 1s the

reflection of the footplate movement . . . the tendon
1nvariab£i moves 1n proportion to the movement of the
stapes.l

A previously stated, knowledge of the state of the
incudostapedlal Joint can be gained during the initial test
of mobility, It 1s important that the operating surgeon
know whether or not 1t 1s possible to use this area as a

point of attack during mobilization, without dislocating the

incus from the stapes.

141Rosen and Bergman, “Mobilization of the Stapes for
Otosclerotic Deafness," op. cit.,p. 198.

1427014, 1437p14.
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Goodhlll describes the structure of the incudostaped-
ial Joint in the followilng manner:
The 1ncudo-stapedlal Joint 1s an enarthrosis, a
ball and socket Jjoint with poly-axial motion and no
ligamentous limitation. Fenestratlon surgeons are
famillar with east of disarticulation of the 1enticu1a£
process of the 1ncus from the head of the stapes. . 145
An incudostapedial Jolnt that appears loose during the
initial moblllity test, may suffer dlislocation during mobili-
zation if the force 1s appllied in that area. However, if
the mobllity test does reveal a very loose incudostapedilal
Joint, Goodhill explains, ™. . . it is intentionally im-
mobilized by cementing before force 1s applied.’"146
Accordling to Goodhill, cementing 1s accompllshed wilth,

M . pentocryl, a fast setting resinous plastic applied in

a semi-solid state to the incudo-stapedial Joint.'"147 In

regard to the success of this procedure, Goodhill reports in
a more recent publication, "Attempts to cement such Joints
with a fast setting plastic cement 'pentocryl! were only
sporadically successful " 148

The mobllity test accompanled by a visual inspectlon,

helps the surgeon to adequately survey thls structure before

employing further mobllization techniques.

145Goodhill,‘"Trans—Incudal Stapedolysis for Stapes
Mobilizatlion in Otosclerotic Deafness,” op. cit., p. T703.

1461144., p. TOL. 4T 1p14.

—ep—

148300dn111, "Present Status of Stapedolysis,” op.
cit., p. 344,
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Goodhlll states In thls respect:

It is not unusual to find pathologic atrophic
fractures of the crura before anZ surgical attack
has been directed to thils area.l49

This author further adds:

In advanced otosclerosis with osteogenetic destruction
of the stapedlial footplate 1t 1s possible to find that
the crura have been pathologlcally thinned, and actually
replaced by flbrous strands in the reglon of the foot-
plate, which 1s now no longer an anatomical footplate but
a distortion bony area flllling the fenestra ovalis which
in 1tself may demonstrate deformation of its margins,l150

It 1is necessary that the state of the stapes crura be

known to the surgeon, 1n order that he may prevent accldental
fractures of elther of the crura by applylng the mobilization
force 1in unapproprlate areas. Meurman and Meurman explaln:

It 1s clear that there must of necessity be many
cases 1n whilch the reslistance of the bony connection
1s greater than that of the weak crura of the stapes,

and attempts %t mobllization by fracture of one or
both crura.id

As previously inferred, the results of the inlitilal
moblllity test assit the surgeon 1n declding what technique,
or techniques, he willl employ 1n hls attempts at mobilllizing

the stapes footplate.

The indirect methods of mobllization. The indirect

method involves the application of force 1n areas other

than the stapes footplate. Therefore, the mobilizatlon force

149g00dhill, " Trans-Incudal Stapedolysis for Stapes
Mobilization in Otosclerotic Deafness,” op. cit., p. 703.

1501414,

151Meurman and Meurman, op. cit., p. 166.
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is transmitted indirectly to the ankylosed footplate by way
of the other middle ear structures. Rosen explains:

The original technique of stapes mobilizatlion may

be referred to as the "indirect method," since the
tranemitted to and moves the footplate.ipZ oo °

The indlrect methods of stapes mobllization are most
appllicable 1n cases 1n which the lncudostapedial joint 1s
stable and the crura of the stapes are rigid. However, such
methods can be applled 1f the incudostapedial Jjoint 1s loose,
providling the crura are rigild.

It should not be assumed, from Rosen's above state-
ment, that all Indirect methods 1nvolve the application of
force to the neck of the stapes. The author found that
indirect technlques also concern the application of force
to the 1incudostapedial Jjunction and the head of the stapes.

Providing the stapes crura are rigild, Scheer states,
1t 1s, "unbellevable the amount of force which can be
applied to 1ts neck before the crura will snap."153 Rosen
and Bergman explain, "The amount of pressure which can be

exerted on the neck of the stapes without fracturing the

crura 1is considerable.‘"154 Rosen says that the neck of the

1525 amuel Rosen, "Fenestra Ovales for Otosclerotic
Deafness," A.M.A. Archives of Otolaryngology, 64:227, July-

December, 1950.

153gcheer, op. cit., p. 515.

154Rosen and Bergman, "Mobilization of the Stapes for
otosclerotic Deafness," op. cit., p. 199.
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stapes, ". . . 1s the thickest and strongest part of the
stapes." 195

In regard to the above mentioned observations con-
cerning the strength of the stapes when pressure 1s applied
to its neck, Scheer explalins:

This 1s true only if the mobllizer is 1n the

correct position on the neck, for if it is on the crus

there wlll be an immedlate audible snap (which sg%nds
like the clicking of two fingernails together).

n

Rosen uses,

a speclally curved, narrow
mobilizer. . ,"127 when
applylng the moblilization
pressure to the neck of the
stapes. Rosen's technique 1s
described in the following
manners:

« . the mobllizer 1s
first inserted over the in-

cudostapedlal joint and 1s
carried meslally and in-

Figure 14, Indirect method feriorly until one can feel
of mobillization, with the anterior crus of the
pressure applied to the stapes close to the foot-
stapes neck. plate. The instrument is

pulled slowly unward and
outward, hugging the

154
> Rosen and Bergman, "Mobilization of the Stapes

for Otosclerotic Deafness,™ op., cit., p. 199.

155Rosen and Bergman, "Restoration of Hearing in
Otosclerosis by Mobilization of the Fixed Stapedial Footplate.
An Analysils of Results,” op. clt., p. 231.

156Scheer, lo¢,-el1t,

15TRosen and Bergman, "Mobilization of the Stapes for
Otosclerotic Deafness," op. cit., pp. 198-199.



anterior crus untill one suddenly feels a dent or
depression, which 1s the neck of the stapes . . .
pressure downward iIn the line of the stapedial tendon
1s made until the ggapes 1s mobillized, sometimes with
an audible crack.l

Myers and Ronis apply the mobllizer to the neck of
the stapes, but thelr technique differs from Rosen's techni-
que in the following manner:

We place the instrument on the stapes neck, Just
below the 1ncudostapedial articulation, rather than
bring the moblllzer up along the crura of the stapes.
The pull 1s made in the direction of the stapes tendon.
This 1s a steady 1lifting motlon and a pulling force
posteriorly in the direction of the stapes tendon. . .
one sho¥1g pull as hard as necessary to get mobili-
zation.12

Scheer also applles the moblllzing force to the neck
of the stapes. He states that when the stapes 1s found to
be too firmly filxed by the otosclerotic growth to be mobil-
ized, ". . . with the mobilizer placed on the anterior
aspect of 1ts neck, . . . the use of the wabblling technique,
is advised;"l6o Scheer describes this technique:

e o« o 1f slight pressure 1s applied to the inferior
aspect of the neck of the stapes, 1n the directlon to-
ward the vertex of the head, the stapes will wabble
with a very restricted movement. This small amount
of lateral pressure should be a pulsating type and 1s

alternated with a greater force agg}ied to the anterior
aspect of the neck of the stapes.

l581b1d. 159Myers and Ronis, loc. clt,

160Alan Austin Scheer, "Observations of Five Hundred
Cases of Transtympanic Mobilization of the Stapes," A.M.A.
Archives of Otolaryngology, 65:245-254, March, 1957.

1611p14., p. 249.
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Myerson applles the mobilizing pressure to the incud-
os Tt = ¥>edial Jjoint, using a specially designed forked instru-

mexryr T , and a rod inserted into a dental handpliece. Myerson

exy> L =1ns the purpose of thilis technique:

. . to create vibrations along the shaft of the
I?orked Instrument which are transmitted through the
3 ncudostapedial agticulation and the crura, to the

f'ixed footplate. 3
The rod that 1s 1nserted into the dental handplece has

a, ' .flattened portion . . in the form of an 1soscles

tl?ﬂ-21r1gle, 1—1/2 in. from base to apex with the base at the

Sistal end."163 The rod is inserted into the dental hand-

pie?clea, which causes 1t to revolve when operating. The

r'eV<>1ViLng rod 1s placed in contact with the forked instrument
After the forked instrument has been placed over the incudo-

SCapedial joint. Figure .15 i1llustrates this method of

MO 3 3 1zat10n.

Figure 15. Indirect method of mobilization with
pressure applied to the incudostapedical Joint.

The Myerson technique.

\

62Myerson,'"Mobilization of the Stapes for Otosclero-

=
L §," op. cit., p. 86.
1631b1d.
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Myerson states:

The vilbrations are delicate or coarse, and generate
force and amplitude according to the part of the re-
volving rod in contact with 1t.l64

Force and amplitude also depend upon the number of
revolutions per minute that the dental handplece causes the
rod to rotate. In this respect, Myerson explains:

One should rely upon the three speeds supplied by

the foot swltch. . . . At low speed approximately

1500 rpm are dellvered; with medium speed approximately
5000, and with high speed approximately 9000 rpm are
produced., . . . The low and medium speeds should be

tried first. If they do nog prove successful, the
high speed should be used,165

Myerson reports from clinical experience, ™. . . 9000

rpm wlll mobllize any stapes that can be dislodged, short of
nl66

causing irreparable damage.

Myerson dld not state whether or not the above
described procedure 1s effective 1n cases 1nvolving atropic
or weakened crura.

Goodhill's application of mobilization force is
directed through the incudostapedlal Joint,with the mobillizer
placed on the incus, 1f this Jolnt does not appear dangerously
loose during the initial mobility test. Goodhill explains:

If force application seems feaslble by thls techni-

que (pressure in the areas of the incudostapedial Joint)
interrupted delicate digital vibrato pressures are
transmitted through the 1lncudostapedial Joint to the

footplate reglon in a direction determined largely by
resistance encountered.l67

1641p14., p. 89.  1651pid. 1661p14.

167300odhi11, "Present Status of Stapedolysis," op.
cit., p. 341.
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However, this author further adds:

« « « the directlion of force 1is usually in a poster-
ior dilrection. . . toward the posterior limb of the
footplate to produce a surgical fracture either through
the otosclerotic bone . . . or through the footplate
itself.l

The above described direction of force is applied if
the otosclerotic bone growth appears in the anterior area of

n

the footplate. However, the direction of force will
be 1n a superior direction . . . if greatest resistance 1is

encountered 1n that direction on palpation.”l69

Figure 16. Indirect method of mobilization with
pressure applled to the incus and directed
through the incudostapedial joint.

In reference to the possible dislocation of the incudo-

stapedial Jjoint, Goodhill explains:

Incudostapedial dislocation will occur more fre-
quently when force 1s in an inferior direction, pulling
the stapedial capitulum away from the anchored incus.
There appears to be greater tolerance for slight
rotation of the stapes superiorly than inferiorly.

a combined maneuver in a posterlo-superior girection
willl be effective in a majority of cases .+l

1681p14. 1691p1d., p. 42. 1701p14,




161
When Derlacki, Shambaugh and Harrison first began

pe x=f orming the stapes mobllization surglcal procedure, they
ern> Joyed the previously described Rosen method (applying

p X s sure to the neck of the stapes). However, they explain:
! After a discouraging first silx months, during which
we attempted to follow Rosens!' originally described
technique we have gradually evolved a technique in
which we have greater confidence and with which we are

obtaining an appreclably higher percentage of 1inltial
successes.171

Thils technique 1s based on a particular mechanical
8rd architectural principle. These authors explain this
¥>I‘j4rlciple in relation to the structure of the stapes:

The stapedial crura come together at the neck in
elther a pointed or a rounded arch, and, as in any
arch, the structure has 1ts greatest strength against
a force applied through the apex directly downward
against the base, or in the case of the stapes, 1
directly inward toward the footplate and vestibule. re

According to the technique developed by Derlacki,

Shambaugh, and Harrison, the
mobilizing force 1is applied
either to the incus, as 1in
Figure 16 or to the head, as
in Figure 17. The results of
the initial mobility test help

determine which of these areas

B
L gure 17. Indirect method 6L

mobilization, with pressure will be directly involved.
applied to the head of the
stapes.

They explailn:
\

171Derlacki, Shambaugh and Harrison, OP. cit., pP. 4oi.
HCahian,p B,
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If the 1ncudostapedlal Jjoint 1s very loose, or if
the lenticular process of the incus fractures, the
inward force 1s applied directly to the head of the
stapes after inclsing the Join§ capsule posteriorly
with a tiny angulated knife 17

The Jolnt capsule 1s 1nclsed 1n order that the head
of the stapes 1s more accessible to the mobilizer's point.

Derlacki, Shambaugh, and Harrlson state that when the
inward pressure fails to galn any mobillity, or the mobllity
galned in insufficlent:

. « o the application of the force inward may be
alternated with antero-posterior, vertical, or oblique
force exerted through the pointed mobilﬁzer inserted
into the incus or head of the stapes.17

House says, ". . . I began mobilizing the stapes foot-

w175

place according to the Rosen technique. . However,

House reports from his clinlcal experience of using the

Rosen technique:

Under ideal visual exposure, posterior pressure on
the stapes neck, 1n my experilence, r%sulted iIn crural
fracture in some 50% of the cases,i'

House revised his moblllzation technique, after he

made the followlng observatilon:

I soon observed that the convex curve of a dulled
needle placed gently on the edge of the capltulum
(head of stapes) could be used for stapes mobilization.
. « « It was likewlse noted that slight pressure
applied superilorly and Iinteriorly resulted in motion
of the superilor and inferior margins of the footplate.
Slight oblique Rysssure seemed to Increase this foot-
plate movement.

1731p14., p. 439. 1Th1p14., p. 4bo.
1
75House, op. cit., p. 235. 176Ibid. 177Ibid.
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¥Xouse currently applies the mobllization pressure,
n

on the distal portion of the long process of the
incus

o x= the posterlor edge of the capltulum of the stapes
.2x 178

- « o« the Incudostapedial Joint 1s too freely
mo v =able . . .
the

the incus 1s eccentrically placed on
caplitulum of the stapes

.« « . the incus 1s
SO 1 Xt or dislocated at the time pressure 1s applied
. the 1Incus 1s not at ri

sht angles to the under-
lying crura of the stapes.l

The incus 1s not used for mobllizing movements 1if

When pressure 1s applied to the head of the stapes,
1t 18 P ossible that the head may split. For such cases,
Hous® Jdesigned, ". . . a small capitulum cup . . . to fit
OvVer The entire stapes head through which manipulating
motion s

could be carried out ."'180

Goodhill, also, directs the mobilization pressure
283INS = tpe head of the stapes, 1f the initlal mobility

e8! Shows that the incudostapedial Joint 1is loose and sub-
Ject to  gjysiocation,lBl

Before applying the point of the mobilizer to the
hea
€2 o £ the stapes, Goodhill explains

. . . the lenticular process 1s moved away from 1ts
Qnsertion upon the capitulum, and only sufficlent
n

I3 tulum area 1s exposed to permit applicati

o?8of the
< dle probe directly into the capitular bone.

When this procedure 1s accomplished, Goodhill applies

pres s
L x=¢ 15 a posterior direction, toward the posterior
\

T81p14., p. 240.

1797p14.
180

Ibid., p. 241.

181144,
a1y

- 182Goodh:1.ll, "Present Status of Stapedolysils,
*  p. 237.

n 92'
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limb of the footplate.183 Goodhlll explains, 1n reference
to cases involving extreme fixatlon:

When prellminary palpatlon reveals a degree of
fixation too great for lysis by simple digital gﬁrce,
the next step 1s the use of the microvibrator.l

Goodhlll describes the microvibrator in the following

manner:

. . conslsts of a dental handplece with an
angulated "amalpak" automatic hammer attachment,
to which is added an offset right angle grobe to
transmit hammer-like percussion forces,105

The author could not discover whether or not the

microvibrator, described by Goodhill, and the House alr-
driver hammer, previously mentioned 1n this section, are
one and the same instruments. However, 1t seem apparent
to the author that the principle involved 18 the same.
House explains, in thils respect:

« « « I developed a modified dental pneumatic hammer
in collaboration with Mr. Glenn Turner of Los Angeles,
The principle involved was to create a controlled 186
pulsating pressure that can be varied as desired . . .

@oodhill uses the microvibrator in the same manner

that he applies digital force wlth the manual probe. He
€Xplains:

This microvlibrator has a needle point and 1s also

Inserted into the lenticular process of the incus.

Force 1s transmitted, as before, in a postero-superior
Qirection, in short bursts. Frequently a rigidly fixed

\

1831p14. 1841014, , p. 3U2. 185_1.92.@-

l86House, op. cit., p. 237.
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footplate which would not respond to digital force
will respond quickly to one or two short microvibrator
bursts, following which it may be possible to obtaln
furthf§7footplate lysis by further digital manipula-

tion.

The information reviewed by the author, revealed that

Goodhill 1s the only otologlc surgeon using the alr-driven
hammer when employlng indirect methods of mobllization.

House uses the air-driver hammer when directing mobillization

force 1n the area of the stapes footplate.

The "no incision" method of mobilization. The indirect

technique of mobllization, that will be considered 1n the
following discussion, 1s administered without an incision.
The author found that only Myerson employs thils technlque.

This technique developed from an idea concelved in

1884 by Lucae. Myerson explains:

In 1884, Lucae described a percussion technic for
otosclerosls. He employed a steel rod at the distal
ends of which was a conclal depression. Thlis he fitted
over the short process of the malleus. The rod has a
sSpring attached which enabled the operator ég deliver
short, sharp blows to the ossicular chain.l

According to Myerson, Lucae obtained some success
With tnhis technique, but discontinued the procedure because
°f the severe pain it caused, 189

Myerson uses the same instruments in thls technlque

¥ he employs 1n hils previously described indirect method of
—_— .

1t l87Goodhill, "Present Status of Stapedolysis," op.
== s> p. 343.
Ine;i_ l88Myerson,'"Mobilization of the Stapes Without
S ion," p. 373.
1891b14,
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mobilization. He also admin-
1sters a local anesthetlc into
the ear canal, and performs
the operation through an ear
speculum, as he does in his

other indirect method of

mobilization.190
Figure 18. Indirect method of This procedure is
mobllization, with pressure
applied to the short administered in the following
process of the malleus, ac-
cording to the Myerson manner:
technique.

The short process of the malleus 1s ldentifiled.
A forked instrument especially designed for the
purpose is then placed over the short process. . . .
When the fork 1s properly placed, an assistant
brings into contact with 1its shaft, T {lattening
revolving rod in a dental handpiece. 9
The applied pressure should be enough to keep the
forked instrument in position upon the short process of
the malleus. However, Myerson explains, "Too much pressure
will dislocate the malleus and defeat the purpose of the
procedure;"lgz
There 1s some trauma to the eardrum, as a result of
the severe impact of the vibrations. Myerson says, "As a
result of reaction to this trauma, there are extravasatilon
of blood Into the spaces of the membrane and slight

swelling."193 However, Myerson states:

1901p1a.  ?1pid., pp. 374-375. 1921p14., p. 376.
1931p14.
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It might be mentioned that the reaction of the
tlssues of the membrane 1s far less than that which
one encounters when reflecting the tympanic membrane
forward or upward for exposure of the middle-ear
cavity.19

Myerson had performed this operatlon on three patlents
at the time hils article,reviewed by the author, was published.
Myerson reports the results in these three cases:

In each of the three, there was some degree of im-

provement. In the flirst case an average level of
45 db, by pure-tone audlometer was brought up to a
level of 15 db. In the other two cases the bone-

conduction level would not permit such a strik}gg
result, however there was improvement 1n each.

The direct methods of mobilization. The direct

methods of mobllizatlon concern the application of pressure
directly to the footplate region. According to Rosen, the
direct methods involve, ". . . applying the mobilizing force

directly to the footplate itself, the site of the pathologic

196
fixation." 9

Goodhill explains that direct methods of mobillization
should be employed:

. «+ 1f crura are atrophic and elastic or in the
event that one or both crura have been surglcally
fractured, i1t 1s not advlisable to persist in appli-
cation of force elther to the 1ncus or to the capitulum.
In such a situation, direct footplate lysis attempts
are indicated.l97

1941114, 1951p14., p. 373.

196Rosen,'"Fenestra Ovales for Otosclerotic Deafness,”
op. cit., p. 228,

197Go0dh111, "Present Status of Stapedolysis,” op.
cit., p. 345.
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House reports from hils experilence:

When excessive pressure seemed necessary and fracture
of the crura appeared imminent, or if fracture of the
crura did occur, obviously a dérect approach to the
footplate was essential, . .19

Rosen employs the direct approach, ". . . when the
bony otosclerotic mass causes extreme fixation of the foot-
plate so that pressure applied to the neck of the stapes
1s ineffective in mobilization."199

Rosen's technique (see Figure 19) 1s administered

as follows:

3 the sharp-polinted explorer 1s used to exert
the necessary pressure against the peripheral margin
of the fixed footplate to pry it loose and render it
mobile, 200

Pressure 1s exerted:

. « o at various sites, the polnt of the explorer is
gently wedged in between the bony margin of the oval
window and the peripheral margin of the stapedial foot-
plate for a distance no greater than the thickness of
the footplate, so as not to enter the vestibule.201

Figure 19. Direct method of mobilization, with
explorer used anterlorly and inferiorly.

198house, 0D 6it.: D236,

199Rosen and Bergman, "Fenestra Ovalls for Otosclero-
tic Deafness," op. cit., p. 228.
2001p14. 2011pi4.

———



169
Goodhlll uses either the manually manipulated probe,
or the microvibrator when admilnistering the direct method of

mobilization. According to Goodhill:

The simplliest transmission of force to the foot-
plate 1s obtalned through a fine dull probe, which
can be placed in the intercrural space following the
curve of the anterlor surface of the posterior crus.
The tip of the probe wilill inevitably meet resistance
in the footplate reglion and at that point gentle to
and fro vibratory motion may be exerted, frequently
yielding prompt lysis.202

This author adds, that in cases within whilch the
probe 1s 1neffective 1n obtaining lysis, the microvibrator
can be used in the same manner. Goodhill states, ™. . . 1t
may be necessary to shift the locus of application with the

microvibrator in an anterior direction 1f posterior appli-

cation fails."203

Figure 20, Direct method of mobillization,
with pressure applied directly to the
footplate.

House observes that when employing the direct method

Of mobilization, the most vulnerable area, ". . . seemed to
T NORE W

202Goodhill, "Present Status of Stapedolysis,” op.
ﬁ" p- 345. g

2031p14d.
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be in the posterlor one-half of the footplate, especlally
in the reglon of the attachment of the posterior crus of the
footplate.'"204

It 1s House's purpose to elther free, or if necessary,
fracture the stapes footplate, when employlng the direct
approach to stapes mobilization.205

House applles the moblllization force usling either a
manually manipulated needle, or the microvibrator. 1In
regard to the manual needle approach, House states, ™.

manual needle manipulation 1is hazardous;"206 He explains:

If considerable pressure 1s applled and the foot-
plate suddenly fractures, there 1s a tendency for the
needle to drop toward the vestibule before the manual
pressure can be released,207

In regard to the use of the microvlbrator, House
explalns:

This hammer considerably lessens the hazard of
dropping toward the vestibule after sudden fracture
of the footplate occurs.. . , With the use of con-
trolled pulsating pressures, as dellvered through
the pneumatic hammer, very few footplates were found
that could not be fractured transversely or at the
margins, 208

Derlackl, Shambaugh and Harrison, comblne the dilrect
aPProach with the indrect method of mobilization, 1if a
Parti cylar case warrants such action. These authors explain:

If a stapes does not mobllize readily 1t may be
2 d wisable to loosen or free the margin of the foot-
ate superiorly, anterlorly and inferiorly. . .

~\~.\\————-—-———-

204House, op. cit., p. 237. 205Ibid.

2067144. 20T1p14, 2081p14., p. 238.

——
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with special tiny angulated chilsels prior to appli-
cation of further pressure,20

The author observed that Schuknecht used both methods
in all three operations witnessed. When employlng the
direct method of mobillzation, Schuknecht used small chisels
directed agalnst the ankylosed area of the footplate. During
the administration, Schuknecht placed and held the chisel,

while the assisting nurse tapped the head of the chisel with

a mental instrument.glo

As a final attempt at mobllization, Goodhlll states:

' « « 1f nelther probe nor microvibrator force
application to the footplate reglon 1s effective,

gentle needle curettage of the region 1s Jjustified.

Such curettage techniques will frequently loosen

small areas of osteogenetlc fixation and may allow 511
footplate mobllity which prior to that was 1impossible.

Goodhill further adds:

Up to the present time, footplate curettage remalns
the final step 1n stapedolysis technlques. If there
is no audliometric evidence of lysis following footplate
curettage, the procedure should be concluded.

The determination of footplate mobllizatlion. Surgical

audiometry 1s probably the most favorable source, as far as
the determination of footplate mobllizatlon 1s concerned.
However, there are visual and audible clues, that help the

surgeon determine when the footplate has been mobilized.

2O9Der1acki, Shambaugh and Harrison, op. cit., p. 436.

210schuknecht, op. cit., April 27, 1957.

2llGoodhill, "Present Status of Stapedolysis,” op.
cit., p. 346.
2121114,




172

These clues wlll be consldered in the following discussion.
In reference to visual clues, House explains:

As soon as footplate fracture occurs along its
otosclerotic margins or by fracture of the footplate
itself, a posterior tilting with a sagging %{Sthe

stapedius tendon will be felt and observed.
the nature

Therefore, as 1n the 1nitial mobility test,

of the stapedius tendon 1s an important element to be ob-

served by the surgeon, when determining the mobllity of the

Stapes footplate,
According to Myers and Ronils,

the surgeon observe not only the mobllity of the stapes

it is Important that

T~

footplate, but the mobility of the entire ossicular chain,
before terminating the mobilization procedure. Myers and

Ronis 1ist several ways to check the mobility of the

Ossicular chain:
When

Observe the movement of the stapes tendon.
fixed, it is rigld. When the stapes 1s moblle, the
Press on the incus and observe

tendon wrinkles. . . .
. If a drop of

the stapes bobbing in and out. . .
fluid or blood 1s in the round-window niche, a reflex
Press on the

movement can be observed there. . e
handle of the malleus in the inner aspect of the drum

and watch the movement of the ossicular chain.
Palpate the crura of the stapes to determine if a
. Observe and.- probe the

Tf'racture has occurred. . .
I ncudostapedial ﬁrticulation to make sure a separation
d1d not occur.2l

Audible clues that designate remobilization of the

staIDGEEB, concern breaking of the ankylosls and spontaneous

\——-—

213House, op. cit., p. 240.
214Myers and Ronis, op. cit., p. 311.



173
verbal responses of the patlent that sometimes take place

when mobilization occurs, ". . . a slight audible crack and

the voluntary statement by the patilent that there was a
change in auditory threshold." <12 may result. According to
this author, common expressions made by the patients are,

"1something just opened up,! 'I felt something snap,' 'I

felt a loud noise in my eap!;"216

House states that when mobillization occurs:

. . the patlent often becomes aware of a change
in the quality and intensity of his own voice and
the voice of the operator. Slight verti%o and a change
in tinnitvs are also frequently noted.
In regard to the determination of mobillization,
Schuknecht stated, that if the patlent hears his own and

other voices as though tﬁey were belng produced 1in a barrel,

1t 1s a good sign of mobilization.218

As previously stated, surgical audliometry 1s the
mo st adequate method of determining footplate mobilization,
however, the above described visual and audible clues are
helpful in this decision. Surgical audiometry will be dis-

cussed iIn Section VI, of thils chapter,.

2ISGoodhill "Trans-Incudal Stapedolysis for Stapes
Mob1 1ization in Otosclerotic Deafness,” op. cit., p. 707.

2161p44.

217House, loc. cit.

218Schuknecht, personal observation, April 27, 1957.
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Closure of the Tympanlc Cavlity
The closure of the tympanic cavity 1s the final phase
This phase

of the stapes mobllization surgical procedure.
of surgery involves replacing the tympanic membrane and skin
flap to thelr original positions, and the application of

packing in the audltory canal portion of the surgical field.

Tympanlc membrane and skin flap replacement. When

the surgeon believes that mobilization éttempts have produced

results, or 1f he decldes that further attempts at mobili-
zation are fruitless 1n obtalning lysis, the operation 1is

terminated and the tympanic membrane and skin flap are

replaced. @Goodhlill explains:

Upon the completion of the lysis maneuvers and the
regardless

demonstrations of final audiometric status,
ETS or fallure, the operative wound is finally

of succ
closed.
Goodhlll performs thls procedure in the following

manner:
Meticulous removal of blood from the tympanic cavity
is urgently lndicated, and the tympanic membrane and

posterior skin flap are gently replaced into thelr
respective positions.
Derlacki, Shambaugh, and Harrison state:

all blood is aspirated from the middle ear,

iJiciu&iﬁg the niches of the oval and round windows,
the meatal flap, and the tympanic membrane are replaced

_
219G00dhill, "Present Status of Stapedolysis," op.

Slt., p. 347.
2201p1d.

221

221Der~1a.cki, Shambaugh and Harrison, op. cit.,p. 441.
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The author learned that the procedures for replacing
the tympanic membrane and skin flap are quite simllar among

all surgeons reviewed.

Packing and dressing application. Although the pro-

cedures discussed above are similar among the reviewed
surgeons, such surgeons vary 1in theilr methods of applying

packing and dressing.
Goodhill describes his method of performing this

procedure:

Upon replacement . . . the wound edges are care-

fully approximated to their preoperative positions an%22
covered by strips of rayon gauze saturated 1n saline.<<

He further adds:

All of the raw areas are covered, as 1s the entire
tympanlic membrane. A cylindrical plece of nylon wool
1s impregnated with neomycls hydrocortisone "acetate F"
ointment and placed within the lumen of the external
auditory canal, and against the tympanlic membrane,
with concentric pressure agalnst the rayon salilne
strips. . . . A dry cotton plug 1s inserted as a final
dressing to closeggge meatus. No head dressing 1s
deemed necessary.

Derlackil, Shambaugh, and Harrison explain thelr tech-

nique:

The meatal flap 1s held snugly but not tightly
by small cotton ball packs molistened in gantrisin otic
solution placed against a strlp of surglcal rayon to
facilitate the removal. Should there be a perforation

222300dh111, "Trans-Incudal Stapedolysis for Stapes
Mobilization 1in Otosclerotic Deafness,” op. cit., p. 708.

2231p14.,
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of the drum membrane, a sterille cilgaret paper dilsc
should be placed over 1t as a splint, and allowed
to separate by 1tself a few weeks later.

Myers and Ronils state:

The line of 1ncislon 1is covered with a layer of silk
or nylon, and small cotton pellets are used to pack the
ear. A small gauze dressing held by adhesive strips

completes the operation.

Myerson explalns:

A plece of nitrofurazone (Furacin) gauze is placed
over the line of incision as far lnward as the tympanic

membrane. No further dressing 1s necessary.

Some surgeons do not apply any type of packing in

the auditory canal. In thls respect, House states, "The skin

flap 1s allowed to heal without any packing being applied

22
l Scheer explains, "I have found that

the use of packing in the external canal 1s unnecessary."228

in the ear canal."

Both of these authors apply a mastold head dressing, although

they did not explain the characteristics of such a dressing.
When the packing and dressing have been applied, the

Stapes mobilization surgical procedure 1s terminated.
Possible operative complications and post-operative

care will be discussed in Section VIII, and IX, of this

Chap ter.

224
Derlackl, Shambaugh and Harrison, loc. cit.

225Myers and Ronis, op. cit., p. 312.

sel 228Myerson, "Mobilization of the Stapes for Oto-
€ rosis,"op. cit., p. 90.

227House, op. cit., p. 241.

by o 2283cheer, "Restoration of Hearing in Otosclerosis
T*anstympanic Mobilization of the stapes," op.cit., p. 516.
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VI. SURGICAL AUDIOMETRY

Surgical audiometry involves the audiometric testing
of the patient's hearing durlng the stapes mobilization
surglcal procedure.

In regard to the importance of surglical audiometry,
Goodhill and Holcomb state, "Surgical audiometry . . . is
almost indlispenslible 1n the direct operation for Otosclerosis

) n229

(Stapedolysis Derlackil, Shambaugh, and Harrison

describe stapes mobllization surgical audiometry, ". . . as
a helpful and valuable adjunct to digltal and visual eval-
uation of the degree of mobility achieved.“23o
Goodhill and Holcomb explain, "Because of the need
for varying surglical approaches 1n stapedolysis, some guid-
ance of force 1s required.'"231 Surglcal audlometry acts as
this gulde to the operating surgeon. Goodhill states, "The
audiometric purpose 1s to obtaln comparative threshold levels
for guldance in manipulation . . . for stapedolysis.'"232
Because, the patient 1s glven a local anesthetic, he

remains conscious durlng the surglcal procedure and 1s able

to verbally respond during the audiometric testing procedures.

223600dh111 and Holcomb, op. cit., p. 408.
230Der1ack1, Shambaugh and Harrison, op. cit., p. 433.
231360dh111 and Holcomb, loc, cit.

232Goodhill,'"Trans-Incudal Stapedolysis for Stapes
Mobilization in Otosclerotic Deafness," op. cit., p. 701.
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Surgical audlometry can be administered either
through live-voice, or pure-tone testing methods. The fol-
lowlng discussion will concern both live-volce and pure-tone

audiometric testing, administered durling the stapes mobili-

zatlon surgical procedure.

Live-Volce Surgical Audiometry

The author found no Information regarding the admin-
I1stration of live-volce testlng methods durlng the stapes
mobllization operation. However, some surgeons, reviewed
by the author, consider live-voice audiometric testing as
inadequate. Goodhlll states, 1n reference to live-volce

testing:

The surgeon usually relies upon the verbal response
of the patlent to spoken volce. This 1s at best a
very crude and unrellable method. . 3

Myers and Ronis doubt the rellability of speech audio-

metry during surgery, because:

The surgeon's whisper may actually be much louder
in hls anxiety to convince himself or tﬁe patient
that a good result 1s belng obtained.23
Therefore, 1t seems apparent to the author that
because of the difficulty in controlling live-volce 1intensity,
particularly 1n the atmosphere and pressure of the surgical

situation, live-volce testing methods might be inferilor to

pure-tone testing.

233y1ctor Goodhill, "Surgical Audiometry in Stapedoly-
sis,” A.M.A. Archives of Otolaryngology, 62:504, July-

December, 1955.
234Myer's and Ronils, loc, cit.
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Pure-Tone Surgical Audiometry
The reliablllity of pure-tone audiometric testing may

also be affected by the atmosphere of the operating room.

Myers and Ronis explain:

Sometimes the noise in the operating room, the
anxlety of the patient to hear, and the operator's
desire for success make the testing unrelilable.

According to these authors, reliabillity can also be

affected by the fact that the testing 1s done on a, "
.1'236

premedlicated, tense person on the operating table,.

However, Goodhill explains in reference to the pure-

tone audiometric threshold obtained during surgery, "These
are relative and not absolute threshold values, such as
might be obtailned in an adequately sound-treated room" 37

Not all surgeons, reviewed by the author, went into

detall regarding their methods of pure-tone audiometric

However, from the information,

testing during the operation.
are similar to those of

1t appears that all techniques
Goodnill.

According to Goodhill's procedure, "The same audio-

logic technician who performed the preoperative tests. . }e38

administers the pure-tone adulometric testing during surgery.

In Tegard to the equipment used, Goodhill states:

———————
2351bid. 236Ibid.

237(}oodhill, "Trans-Incudal StaPedolysis for Stapes
ation in Otosclerotic Deafness,” op. cit., p. 701,

o 238Goodhill,'"Surg1cal Audiometry in Stapedolysis,"
~—_C1t., p. 504,

Mob1 14,
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Any calibrated and acceptable pure-tone audiometer
capable of discrete frequency alr-conduction audiometry
is satisfactory No speclal audiometer 1s needed for

the test.

Schuknecht used a small battery operated audiometer,
called the "Otometer."#* It 1s designed to test the following
frequencies: 500, 1000, 2000, 4000, and 6OOO.2L‘LO The author
learned that the "Otometer," is used by other surgeons, also.

In his pure-tone audiometrlc procedure, Goodhill

states:

Thresholds are obtailned for air conducted sound at
frequencles of 500,1000, 2000, and MOOO cycles without
masking of the opposite ear . .24

When placing the air conduction receiver on the
patlent's ear, Goodhlll explains:

A sterlle fileld cover 1s draped over the operative
fleld. The audiologist places an air conductive
recelver on the covered agﬂécle and 1t 1s held in
place by a sterlle towel.
The author had the opportunity to administer the pure-
tone audiometric testing during the three operations performed
by Schuknecht, which will be described in Section VII, of

this chapter. Schuknecht instructed the author to place the

2391p14.
24OSchuknecht, personal observation, April 27, 1957.

241Goodhill,'"Trans-Incudal Stapedolysis for Stapes
Mobilization in Otosclerotic Deafness," op. cit., p. 701.

2h2rpy4.

*Otometer, Ambco, manufactured by the Storz Instru-
ment Company, 4570 Audubon Avenue, St. Louis 10, Missouril.
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alr conduction recelver 1in the same manner described by
Goodhlll in the above quotation.2u3

It seems apparent that the transmission of the pure-

tone through the sterlile fleld cover, will produce some
amount of sound distortion. However, Goodhill explains:

. . « the attenuation by the sterile field cover
1s a constant factor, and can be dlsregarded since
the purpose 1s relativa threshold determination for
threshold shift only.2 b

When employing audliometric testing as a gulde for

mobillzatlion techniques, Goodhill states:

« « « 1t 18 necessary to test hearing at four specific
steps 1n the surgical procedure, and these four steps
constltute the minimu% required for adequate threshold
shift determination.245

The author learned that not all surgeons adhere to

Goodhlll's four step technique. Schuknecht, includes only
two steps when employling pure-tone audiometry as a gulde in
the stapes mobllization surglcal pr'ocedure.2Z1l6 However, in
order that the reader can obtaln a complete picture of the

audiometric testing phase of stapes mobllization, Goodhill's

four step procedure will be described.

243Schuknecht, personal observation, April 27, 1957.

244Goodhill,'"Trans-Incudal Stapedolysis-for Stapes
Mobilization in Otosclerotic Deafness,' op. cit., p. 701.

2LLSGoodhill, "Surgical Audiometry in Stapedolysis,™
op. cit., p. 505.

246Schuknecht, personal observation, April 27, 1957.
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Step 1. The filrst step 1s performed after the com-
pletlon of the inclsion, elevation of the tympanic membrane
and skin flap, and the temporary replacement of these two
components, Goodhill explains that the necessity for walting
until the middle ear has been opened and then temporarily
closed 1s, ". . . to obtain a realistic audiometric graph
n 247

of the traumatized tympanic membrane, and annular flap.

Goodhill and Holcomb state:

Step 1 usually measures well below preoperative air
conduction due to edema (swelling) and occasional
hemorrhagic infiltration of the drum layers.?2

The results of the audiometric test administered

during Step 1, are later compared with those obtained from
Step 4, to determine the degree of staped mobilization

galned from the various moblllzation technliques, after the

drum and skin flap have been replaced.

Step 2. After the reopening of the middle ear, fol-
lowing the Step 1 procedure, the Step 2 phase of surgilcal
audiometric testing is administered. Goodhill says, "This
i1s the step which will be used for comparison with critical
Step 3;"249 Goodhill and Holcomb explain:

Step 2, with the middle ear open and the tympanic
membrane rolled back, 1s typilcally lower in response

247Goodh111 and Holcomb, "The Surgical Audiometric
Nomograph in Stapedolysis," op. cit., p. 401.

2U81p14., p. Ho2.

2891p14., p. 4o1.
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than Step 1 at the lower frequenciles but higher at
2000 and 4000 cycles. Since the middle ear is
opened, the loss of the lower frequenciles would be

expected.25o
These authors further add:

. « the increased response which appears para-
doxical at the higher frequencies 1s probably due to
an effectlve change in the length of the cavity such
that the resonant perlod or multiple thegeof 1s
approached by these higher frequencies

Step 3. This phase of the surgical audlometry, is
considered the critical step by Goodhill.252 He explains:
Step 3 1s performed immediately upon completion of
an attempted lysls maneuver. . . . This may 1lnvolve
one Or more maneuvers, but the step 1s done at a time
when, iIn the Judgment of the surgeon, sufficient motion
has been produced to expect some change. The test may
be made following responses of the patlent to changes
in intensity of the surgeon's volce or to room noise.253
As previously stated, the results of Step 3 are com-
pared to those of Step 2, in order that any evidence of a
threshold shift will be known to the surgeon. It 1s possilble
that Step 3 can be performed several times. Goodhlll explains:
"Step 3 may require several repetitions if there is only

questionable evidence of stapediovestibular motion.‘"254

250@00dh111l, "Surgical Audlometry in Stapedolysis,"
op. cit., p. 505.

2511p14.

252300dh111 and Holcomb, "The Surgical Adulometric
Nomograph in Stapedolysis," op. cit., p. 401.

-

253@00dhi11l, "Surgical Audiometry in Stapedolysis,
op. cit., p. 505.

2541114,
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When comparing the results of Step 3, with those of

Step 2, Goodhill states:

A threshold shift of at least 15 db. 1s usually
consldered signiflcant if 1t occurs 1n at least two
of the lower three frequencles. A shift of 20 to
25 db. 1s more commonly encountered in successful
stapedolysls maneuvers,

Step 4, This phase of surgical audiometry 1s per-
formed after the eardrum and skin flap have been permanently
replaced. The results of this test are compared with those
obtained from Step 1. Goodhill explains:

In most of the successful stapedolysis cases a
threshold shift of 25 to 35 db. will be seen in at
least two of the three lower frequencles, accompaniled
by perhaps a lesser threshold sh%ft in the third and
possibly the fourth frequency.25

It is difficult to predlct the actual posterative
gain in hearing obtained through stapes mobllization for
the results of Step 4. In this respect, Goodhill explains:

Since all these tests are done under condltions
other than ideal, it is difficult to equate the
threshold in Step 4 with the threshold to be obtained
later postoperatively when the tlssues have healed and

the edema has disappeared, and when the test is per-
formed in the normal sound-treated audiometric room.2>7

Schuknecht's Surgical Audiometric Procedure

As previously stated, not all surgeons adhere to
Goodhill's four step surgical audiometric method, during the

stapes mobilization surgical procedure. Schuknecht includes

only two steps ' in his procedure.258‘
255114, 2561p14., p. 506. 257 1p14.

25880huknecht, personal observation, April 27, 1957.
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Step 1, 1in Schuknecht's procedure 1is admlnistered
after the eardrum and skin flap have been folded anteriorly
and the tympanic cavity has been exposed.259
According to Schuknecht's method, Step 2 1s adminis-
tered after the stapes has been moblllized and the eardrum
and skin flap have been replaced in thelr original positions?6o

The three stapes mobllization operatlons, observed

by the author, will be described in the followling section.
VII. OPERATIONS OF DR. HAROLD F. SCHUKNECHT

On Saturday, April 27, 1957, the author had the
opportunity to observe, and asslist in, three stapes mobili-
zation operatlions performed by Dr. Harold F. Schuknecht,
at Henry Ford Hospltal, in Detroilt, Michigan. Dr. Schuknecht
1s an Assoclate Surgeon in the Division of Otolaryngology,
at Henry Ford Hospital.

The following discussion will include descriptions
of these three operations performed by Dr. Schuknecht. It
should be mentlioned here that like all types of surgery,
stapes mobilization 1s not free from risks to the patient.
It 1s possible that surglical complicatlons may produce a
greater hearlng loss post-operatively than the patlent had
preoperatively. However, according to the clalms of most

of the reviewed surgeons, such surglcal results occur in

2591p14. 2601144,
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only a small percentage of cases. Surglcal complications
will be discussed 1in Section VIII, of this chapter.

It 1s the opinilon of the author that the results of
the followlng three stapes mobilization operations are
generally representative of results that can be obtained
from this surglcal procédure. The first operation produced
a greater post-operative hearing loss than the patlent had
preoperatively. The second operation produced favorable
results and the thilrd operatlon produced very favorable
results. The results of these operations will be more
thoroughly discussed following the narrative of each
operation,.

The following dilscusslon wlll be limited to the
results of the preoperative audiograms, a narrative of each
surglcal procedure, the results of the surgical audlometric

procedures, and the results of the post-operative audiograms.

The First Operation

The first operation was performed on the left ear of
a thirty-five year o0ld male. Preoperatlive otoscopy revealed
that this patient had dull and thick eardrums in both ears.
No information regarding the history of this patlent's hearing

impailrment was obtained by the author.

Preoperative audlogram. Audiogram 4 reveals the pre-

operative pure-tone audlometric results of the first patlent,

obtained on October 11, 1956. The audiogram reveals a wilde
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air-bone gap of 52 db. According to Schuknecht's previously
stated criteria, such a wide alr-bone gap may be 1ndicative
of severe stapes ankylosis. Dr. Schuknecht stated, "The
wider the bone-air gap the less likely is stapes mobilization

to succeed, because the magnitude of the gap 1s an indication

of the degree of ankylosis."26l
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Audiogram 4. Preoperative audiometric results
of the first patient.
When analyzing the results of the bone conduction
test, 1t seems apparent that there 1s no nerve damage in-
volved in thils case. Therefore, thils patient has a case of

uncomplicated stapes ankylosis.

26lSchuknecht, personal correspondence, July 18, 1957.



In regard to the possibllity of this patient or any

188

patient receiving successful results from the stapes mobili-

zation operation Schuknecht said, "The patients are all told

that thelr chances are about 50-50,'"262

Narrative of the surgical procedure. The following

wll1l concern a narrative of the first surgical procedure,

as the author observed 1t, and as Dr. Schuknecht explained

it.

Dr.,

The

\

The operation was performed on the patlent's left ear.

Schuknecht was assisted by one nurse, and the author.
Surgery proceeded as follows:

9:00 A.M. The surgical fleld was cleansed and
Anspected. It was observed that the patient had a
=mall ear canal, with a difficult angle. The inner
hairs of the canal were clipped, and a suction was
wused to remove the clipped halrs and particles of wax
that remained in the canal.

9:05 A.M. The Zless binocular microscope was ad-
Justed and the ear speculum was 1lnserted into the
auditory canal.

9:08 A.M. Novocain was injected into the anterior
and posterlior surfaces of the auditory canal wall.

9:13 A.M. A scalpel was used to make the initial
incision in the posterlor canal wall producing a
retangular flap. The flap was then elevated. The

surgeon found that the patient's skin was very fragile.

At thls point, the eardrum was perforated.
The surgeon stated that the drum would heal without
difficulty.

9:15 A.M. The eardrum was reflected forward and
lifted out of its sulcus. It was stated that this 1s
a critical point in the surgical procedure, because

the drum can be permanently perforated if this maneuver

1s not accomplished carefully.

2621y14.
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9:17 AM. Entrance was made 1nto the tympanilc cavity.
9:18 A.M. The surgeon observed that it would be nec-
essary to remove some bone from the inner posterior
canal rim, because the stapes footplate could not be
seen. The bony canal rim was then removed with a
curette. While removing the bone it was necessary
to use suction to keep the bone chilps from the surgical
field. Because the bone chips kept filling up the
suctlon, 1t was necessary to change suction tips
frequently.
At 9:25 A. M. the author was instructed to administer
Step 1 of the surglical audlometric procedure. The instru-
ment used was the Otometer. Frequencies 500,1000, 2000,
4000 and 6000 were tested. Dr. Schuknecht placed a sterile
towel over the patients left ear and the alr-conduction
recelver was placed on the towel. Another sterlle towel
was placed over the receiver and Dr. Schuknecht held it on
the patient's ear, whille the author performed the test. As
in standard audiometric testing, the patlient responded
verbally when he heard the pure-tone.
The results obtained from Step 1 of the surglcal

audiometric procedure are as follows:

" Frequency . . . 500 1000 2000 4000 6000
Step 1 results. 55db 55db 40db 40db 40d4b

Because the surglical audiometrlic procedure 1s admin-
istered through a towel with an inexpensive audliometer and
performed in an 1lnadequate acoustic environment, and the pre-
operative pure-tone audiometric test is administered under
ideal conditions using a properly calibrated audiometer, a
comparison of the results of these two tests would not

reveal significant differences.
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After the Step 1 results had been obtained, the
surgical procedure continued as follows:

9:33 A.M. The 1initial mobility test was performed
at the head of the stapes. The palpation test revealed
that the ankylosls was solid. At this point, the
mobilization force was directed agalnst the stapes
footplate, with a needle. The needle moved the foot-
plate when pressure was applled to 1ts superior margin.
The surgeon felt that the footplate would mobilize,
but stated that caution should be used to avold dils-
articulating the stapes from the incus.

9:41 AM. While the mobilization force was being
directed in the area of the footplate, a hole
was made 1n the footplate. Perilymphy leaked
out and a plece of Jjel-foam was placed over foot-
plate hole., The surgeon then proceeded with mobillil-
zatlion applyling pressure on the anterior and posterlor
margins of the footplate. Mobllization was then dis-
continued and the surgeon prepared to remove the blood
from the tympanic cavity.

9:45 AM. The eardrum and skin flap were replaced
in thelr original positions. At thils point a plece
of rayon was placed over the hole 1in the eardrum in
preparation for the final audiometric test.
At 9:48 A.M. the author was instructed to administer
Step 2 of the surglcal audiometric procedure. The audio-
metric test was performed in the same manner as 1t was
during Step 1.

A comparison of the results obtained from Step 2, and

those obtailned from Step 1, 1s as follows:

Frequency. . . . . 500 1000 2000 4000 6000
Step 1 results . . B5db 55db TOdb LHOdb T0db
Step 2 results . . 35db 35db 30db 55db 50d4b
Difference . . . . 20db 20db 10db -15db -~ 0db

It 1s noted that the Step 2 results indicate an in-
Crease in hearing at the 500, 1000 and 2000 frequency levels.

Accolﬂding to Dr. Schuknecht, the reason for the greater loss
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at the 4000 and 6000 frequency levels 1s caused by an in-
crease in "mass" of the tympanic membrane,called a "mass
lesion" due to edema (swelling) of the eardrum. Such "mass

lesions" affect the high frequencies. 263
At 9:56 A.M., Dr. Schuknecht applied the packing and

dressing. The operatlon was terminated.

Post-operatlve audliometric results. The post-

operative audiogram was obtained on June 3, 1957, which was
thirty-seven days after the operation. A comparlison of the
results obtalned from the post-operative audiometric test,

and those obtalned from the preoperative audlometric test 1is

as follows:

Frequency . . . . 125 250 500 1000 2000 4000 8000
Preoperative results 45db 45db 6©60db 50db 55db 55db 55db
Post-operative

results . . . 65db 65db 70db 65db 65db 75db 70db
Difference. . .-20db -20db -10db I5db -10db -20db -15db

.

As the post-operative audiometric results indilcate,
this stapes mobllizatlon operation waé a failure. According
to Dr. Schuknecht this patient, "Improved for two weeks and
then his hearing dropped."'?@’L The exact reason for this is
unknown at this time. However, Dr. Schuknecht feels that
perhaps this 1s a case of post-operative reankylosls and
mild labyrinthitis (inner ear infection).265

Dr. Schuknecht informed the author that the eardrum

that was perforated durlng surgery healed perfectly.266

——

2631p14. 2641114, 2651p1p. 2661p14.
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The Second Operation

The second operation observed by the author was
performed on the right ear of a thirty-seven year old woman.
Her case record revealed that she had been aware of her

hearing impairment for two years.

Preoperative audiogram. The preoperative audiometric

results reveal some nerve impairment in the higher frequen-
cles 1n the patient's right ear. This indicates a slight
case of complicated stapes ankylosis, as far as nerve impair-

ment 1s concerned.
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Audiogram 5. Preoperative audiometric

results of the second patilent.

There is a 45db difference between air conduction and
bone conduction which indicates severe ankylosis, according

to Schuknecht's criteria.

Narrative of the surgical procedure. After the first

Patient had been removed from the operating room the second
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patient was brought in. She was placed on the operating
table, on her back, with her head turned in such a manner
that her right ear faced the ceiling.

While two nurses prepared the surgical instruments
for the operation, Dr. Schuknecht talked with the patilent
cautioning her not to move her head at any time during the
‘surgical procedure, as he tells all of his patients. When
the instruments had been properly placed, the surgery pro-
ceeded as follows:

10:15 A.M. The ear canal and surrounding fleld was
cleansed. It was noted upon inspection that there was
no abnormal canal angle. It was not necessary to clip
the internal hairs. The suction was used to remove

excess fluld left in the canal from the cleansing pro-
cedure.

10:22 A.M. The Ziess binocular microscope was ad-
Justed and the ear speculum was inserted into the
auditory canal.

10:30 A.M. Novocailn was injected into the anterior
and posterior surfaces of the canal wall.

10:35 A.M. The incision was made by scalpel 1in the
posterior canal wall.

10:40 A.M. The eardrum and skin flap were elevated
and folded anterliorly. The mlddle ear was exposed.

10:43 A.M. Because the footplate of the stapes
could not be seen, bone was chipped away from the
posterior rim of the auditory canal.
At 10:45 A,M., the author was instructed to administer
Step 1 of the surglical audiometric procedure. The audio-
metric test was performed on the patient's right ear, in

the same manner as previously described 1n the testing

procedure 1nvolving the first patient.
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The results obtained from Step 1 of the surglcal

audiometry procedure are as follows:

Frequency. . . . 500 1000 2000 4000 6000
Step 1 results . 55db 70db 75¢Db 55db 55db

After the Step 1 results had been obtained, the

surglical procedure continued as follows:

10:55 A.M. The results of the 1nitial mobility

test 1ndicated that the footplate was firmly ankylosed.
Otosclerotic bony areas could be seen around the foot-
plate margin that looked severe. It was decided to
apply the mobilization force directly to the footplate
region. The force was applied through the use of a
small chisel. The chisel was placed in the appropriate
area and whille the surgeon held the chisel the nurse
tapped 1ts head with a metal 1Instrument.

11:02 A.M While the mobllization force was being
applied the patlient Jerked her head. The surgeon
asked the patient if she had heard a loud noise. The
patient stated that she had and that there was now a
ringing in her ear. It was then stated that tinnltus
was the first sign of acoustic trauma. It was stated
that perhaps the patlient had heard a loud noilse
resembling a "sonic boom."

11:08 A.M. The application of force to the footplate

was concluded and the stapes was palpated for mobllity.
The palpation revealed that the footplate was loose.
The patient stated that she was dilzzy. At this point
the blood was removed from the tympanic cavity and the
eardrum and skin flap were replaced in their original
positions.

At 11:11 A.M. the author was instructed to perform
Step 2 of the surgical audiometric procedure.
A comparison of the results obtained from Step 2 and

those obtalned from Step 1 1s as follows:

Frequency. . . . . . 500 1000 2000 L4000 6000
Step 1 results . . . 55db 70db 75db 55db 55db
Step 2 results . . . 45db  50db 50db 60db 70dDb

Difference . . . . . T0db 20db 25db - hdb -15db
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It appears that the differences between Step 1 and

Step 2 1nvolving the second patlent are similar to those
between Setp 1 and Step 2 involving the first patient. The
galn indicated at the 500, 1000, and 2000 frequency levels
and the loss indicated at the 4000 and 6000 frequency levels
were not definitely explained. However, Schuknecht felt
that perhaps the loss at the higher frequencies was due to
acoustlc trauma suffered durling the operation, or possibly
a "mass" ef‘fect.267

The surgical procedure continued as follows:

11:15 A.M., The tympanic cavity was exposed for a
final observation of footplate mobility. The surgeon
stated that this footplate was a "difficult" one to
moblllze, but thought that it was very well mobllized.
However, 1t was possible that the incus had almost
been separated from the stapes. A condition called
"subluxation."

11:20 A.M. Packlng and dressing were applled. The
operation was terminated.

Post-operative audlometric results. The post-operatlve

audlogram of the second patient was obtalned on June 21, 1957.
The time span between the operation and the post-operative
audiometric test was fifty-five days.

A comparison of the results obtailned from the post-
operative audiometric test and those obtained from the pre-

operative audiometric test 1s as follows:

Frequency. . . . . 125 250 500 1000 2000 4000 8000
Preoperative

results. . . . 50db 55db 60db 55db 60db 50db 45db
Post-operative

results. . . . 20db 20db 35db 35db 45db 35db 40db
Difference . . . . 30db 35db 25db 20db 15db 15db 5db

2671p1d.
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As the post-operative audiometric results indicate,
the patient recelved favorable results from the stapes
mobilization. However, when averagling the results obtailned
at 500 cps and 1000 cps, 1t was learned that preoperatively
the patient had an average loss of 57 db in her right ear.
Post-operatively, the patient had an average loss of 35 db
In her right ear. This indicates an average 22 db increase
in hearing galined in the right ear. But, the patient's
hearing in her right ear still doe not fall within the -10

db to 30 db range of practical hearing.

The Third Operation

The third operation was performed on the left ear of
a fifty-seven year old woman. She had been aware of her
hearing impalrment since 1939, however, her record stated

that she had never worn a hearing aid.

Preoperative audiogram. The results of the third

patient's preoperative audlogram reveal a wide alr-bone gap
of 50 db, which 1s indicatlve of severe ankylosls, according

to Schuknecht.

The bone-conductlon curve reveals that there 1s no

nerve 1mpalirment.
From the results of the preoperative audlogram it
appears loglcal to predict that thls patient may receive

favorable results from the stapes moblllization surgical

procedure.
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Audiogram 6. Preoperative audiometric results
of the third patient.

Narrative of the surglcal procedure. The third

operation did not directly follow the second operation be-
cause the operating room had been scheduled for another type
of surgical procedure. However, in the afternoon the third

patient was brought into the operating room and surgery pro-

ceeded as follows:

2:30 P.M. The surgical field was cleansed and the
ear canal was inspected.

2:32 P.M. The Ziess binocular microscope was ad-
Justed and the ear speculum was inserted into the

auditory canal.

2:35 P.M. Novocain was injected into the anterior
and posterlor surfaces of the auditory canal wall.

2:40 P.M. A scalpel was used to create the incision
in the posterior surface of the canal wall.

2:42 P.M. The skin flap and eardrum were dissected
and reflected anteriorly. It was necessary to remove
the posterior bony rim of the ear canal with a curette
80 that the stapes footplate would be visible. The
tympanic cavity and stapes footplate were exposed.
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At 2:55 P.M. the author was instructed to administer
Step 1 of the surgical audiometric procedure.
The results obtalned from Step 1 of the surgilcal
audlametric procedure are as follows:

Frequency. . . . 500 1000 2000 4000 6000
Step 1 results . 60db 55db '70db 50cb I0db

After the Step 1 results were obtalned, the surgical
procedure continued as follows:

3:00 P.M. Otosclerotic bone masses were seen
around the anterior margin of the footplate. The
results of the 1nitlal mobillity test revealed that
the crura were fraglle and "willlowy." Pressure was
applied to various areas of the footplate with a small
needle. No perllymph leaked out. Pressure was then
applied to the head of the stapes. At this point,
the surgeon felt the stapes wiggle and notlced some
movement of the footplate. Upon closer inspection 1t
was observed that the footplate had been cracked
anterlorly.

3:03 P.M. While palpating the stapes the surgeon
talked to the patient. The patient's vocal responses
appeared louder as palpation proceeded. The surgeon
stated that the stapes was mobllized. The patient
stated that she felt dlzzy,

At 3:05 P.M., the author was lnstructed to admlnister

Step 2 of the surgical audiometric procedure.
A comparlison of the results obtained from Step 2 and

those obtained from Step 1, is as follows:

Frequency. . . . . 500 1000 2000 4000 6000
Step 1 results . . 60db B5db 70db 50db 4Odb
Step 2 results . . 25db 30db 45db 35db 35db
Difference . . . . 35db 25db 25db 15db 15db

The general characterlistics of the results of the
Step 2 and Step 1 comparison in the third operation are

unique from those in the first and second operations, in
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that all frequency results of Step 2 indicate positive dif-
ferences. In the first and second operations, only the
results obtained at the 500, 1000 and 2000 frequency levels
in the Step 2 phase, indicated positive differences,.
The surglcal procedure continued as follows:
3:10 P.M. The patient responded dramatically to
the volces of those persons 1n the operating room.
She repeatedly stated, "I keep hearing voices."
3:12 P.M. Packing and dressing were applied. The

operatlion was termlnated.

Post-operative audiometric results. The post-operative

audiogram was obtalned on May 22, 1957. The time span be-
tween the operatlon and the post-operative audiometric test
was twenty-five days.

A comparison of the results obtained from the post-
operative audiometric test of the patlent's left ear and
those obtalned from the preoperative audiometric test of the

patlient's left ear, 1s as follows:

Frequency . . . . 125 250 500 1000 2000 4000 8000
Preoperative

results . . . 45db U40db 55db 55db 55db 40db 25db
Post-operative

results . . . 25db 25db 25db 20db 15db - 20db 25db
Difference. . . . 20db 15db 30db 35db 40db 20db Odb

As the post-operative audiometric results indicate,
the patient received very favorable results from the stapes
mobilizatlon operatlon. By comparing the declbel averages
at the 1000 and 2000 frequency levels, preoperatively and
post-operatively, 1t 1s learned that the patient has gailned

a 38 db average increase in hearing. Her average threshold,
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post-operatively, 1s 17 db, which places her hearing wilthin

the range of practical hearing (-10 db to 30 db).

VIII. OPERATIVE COMPLICATIONS

It is posslible that surgical accidents will occur
during the stapes mobllizatlon operation. Such accildents
may cause operatlive complications that produce negative post-
operatlve results, However, 1n some 1nstances 1t 1s possilble
for the surgeon to correct such complications durlng surgery.

Operatlve complicatlions that may result durlng stapes
mobilization surgery will be considered within this section
of the study. These complications willl involve, crural
fractures, luxation of the incudostapedlal jolnt, faclal

nerve Injury and inner ear compllicatilons.

Crural Fractures

One type of operative complication involves the
fracture of one or both of the stapes crura. In this
respect, Goodhill, states:

In the application of force to the incudostapedlal
area it 1s 1nevitable that crural damage will be in-
flected in sqme cases. Such 1s the case in all present
techniques.2

Thls author adds:

Such injurlies may range from a partial greenstick
fracture of one crus to complete fracture of both crura
and ablation of the capltulum and crura from the foot-
plate remnant.2609

268Goodhill, "Present Status of Stapedolysis," op.
cit., p. 348.

2691114,
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It 1s possilble that crural fractures will heal, and
therefore, post-operative complications will not result.
Goodhill says, "Undoubtedly healing does occur in many cases

270

but it 1s not the rule probably." In many cases, after

a fracture has occurred during surgery, the surgeon can take
measures to ald healing. According to Goodhill, ". .
attempts should be made to replace the fragments in such
positions that healing will be encouraged."271

House states that when crural fractures result in
cases 1nvolving otosclerotic bone growth in the anterior

footplate margin:

. . the posterior crus often seems to reunite
with the footplate. The anterlor crus does not seem
to heal after fracture. This may be due to the
fracture sites belng in contact with the otosclerotic

bone . <272

When crural: fractures do not heal, post-operatlve
results may be negative. Scheer says, "Fracture of the
crura of the stapes is the most frequent cause of failure."273
The author found no information regarding the inci-

dence of crural fractures durlng stapes mobilization surgery.

Luxation of the Incudostapedial Joint

Luxation of the incudostapedial Jjoint concerns the

displacement of the lenticular process of the incus from the

head of the stapes.

271 272y

210114, Ibid. ouse, op. clt., p.238.

273Scheer,'"Restoration of Hearing in Otosclerosis
by Transtympanic Mobilization of the Stapes,"op. cit., p.516..
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Incudostapedial Joint dislocation can occur when the

mobilization force is applied 1n any area of the ossicular
chain, depending upon the stability of the joint. Goodhill
explains:

Such dislocations appear to be even more frequent
following lysis attempts via the stapedial neck,
according to the Rosen technique.2’

Goodhill further states, "When dislocation occurs,

1t usually i1s of no significance providing the forces are

not great. ners

When consldering the effect of 1lncudostapedial joint

dislocation upon post-operative hearing, House says:

This complication with dislocation of the incudo-
stapedlal Joint does not seem to Interfer with the
ultimate hearing result, providing the incus 1is
replaced on the capltulum at the time surgery 1s

completed.276

In this respect, Meurman and Meurman explain, ™. .

1t 15 often possible to place the joint surfaces 1n the
Tlght positions."’’ Goodhill says, "It 1s usually quite
sir‘1IDle to reapply the lenticular process to the capitulum

©f the stapes and obtain very good contact and union. 278

Incudostapedial Jjoint dislocation can be serious 1if

a(EQCnnpanied by dilslocations of other Jjoints 1n the ossicular

c
ha-:Ln . Goodhill states:
\

c1 274G°°dh111, "Present Status of Stapedolysis," op.
\t" p' 3470

2

752219- 276H0use, op. cit., p. 241.

27 Meurman and Meurman, op. cit., p. 170.
278Goodhill, loc. cit,
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In some cases, Ilncudo-stapedial dislocation 1s
probably accompanlied by some degree of lncudo-malleolar
Joint disruption, and perhaps by partial detachment of
the malleus handle from 1ts tympanic membrane attach-
ment. This. . . seriously impalrs the mechanlcal advan-
tage of the mliddle ear mechanism, and may even create
an obstructive lesion.

No iInformation was found concerning the incldence of

this complication during the stapes mobilization operation.

Perforations of the Tympanlic Membrane

Meurman and Meurman state, "Another accident, which

1s not rare, 1is rupture of the tympanic membrane. Most of

them are small ones."28O

Such an accident may occur at anytime during the
surglcal procedure, but occurs most frequently during the
initlal elevation of the tympanic membrane and skin flap.
According to Goodhill:

It 1s not unusual to perforate or simply tear the
tympanic membrane in the posteri-inferior quadrant,
particularly a very transparent atrophlc tympanic
membrane, during the enucleatlion. . . . This 1s not a
serious occurrence siggi healling of the perforatlon
almost always occurs.

In the event that eardrum perforations do occur, 1t
1s possible for the surgéon to place the torn edges in such
a manner that healing 1s aided. House says, "If marginal
perforations occur at the time of surgery, simple approxi-

mation will usually result in successful hearing;"282

280

2791bid., pp. 34T7-348. Meurman and Meurman,loc.cit.

281400dn111, "Present Status of Stapedolysis," op.
cit., p. 350.

282House, op. cit., p. 242.
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In regard to the effect of eardrum perforations upon

post-operative hearing, Scheer explailns:
Perforation of the tympanic membrane will not ap-
preclably alter a good result, provided that the skin

flap 1s sufficlent to hold éhe drum 1n place, when it
1s put back into position.<203

However, permanent eardrum perforations will affect
hearing. When considering the incidence of permanent ear-
drum perforations, House says, "Fortunately, permanent ear-

drum perforations are indeed rare."284

Facial Nerve Injury

The transverse portion of the faclal nerve extends
along the wall of the tympanic cavity, close to the margin
Of the oval window. It 1is protected by a thin layer of bone.

Durlng stapes mobllization surgery, 1t 1s possible
that thls nerve may be inJjured,causing post-operatlve facial
paralysis. Scheer states, that in his experilence with
Stapes mobilization, "Trauma to the faclal nerve has been
Ccnnpletely avolded and should never occur if proper care
1s <3xercised;"285 However, House explains:

Permanent injury of the faclal nerve has been known
to occur due to instrumental énjury of the transverse
portion of the facilal nerve,286

\

T 283Scheer,‘"Restoration of Hearing in Otosclerosis by
Anstympanic Mobilization of the Stapes," op. cit., p. 517.

284House, op. cit., p. 242.

T 285Scheer,'“Restoration of Hearing in Otosclerosis by
Anstympanic Mobilization of the Stapes," op. cit., p. 517.

286House, loc, clt.
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This author adds further:

Temporal faclal lnvolvement may occasionally occur
from the local inflltration of the local anesthetig on
the anterior and inferior walls of the ear canal.207

Kos says:

Temporary paresls or paralysis may result from an
intent to Infiltrate the anesthetic agent too widely
and too deeply . . . but it can be avolded 1f8§are-
lessness and lncompetence can be eliminated.

In regard to the incidence of faclal paralysls, House
reports from a review of 1,091 mobilization cases, "Faclal
Paralysis, which was temporary, occurred in .3 per cent,

Probably from infiltration. . ."209

Inner Ear Complications

It is possible that the 1nner ear may be damaged due

to surgical accidents. House says, "The inner ear may be

d"'ﬂ-maged due to surglcal trauma . . Or post-operative inner

€ar infections." 290
Trauma to the 1lnner ear can be induced by excessilve

mobilization force 1n the area of the stapes footplate. 1In

tPtiS respect Schuknecht and Truplano state:

The inJjudicious use of hammer blows to a rigid
stapedial footplate can create an acoustic impulse
of sufficient intensity to injure the organ of Corti

in the basal turn.291

\
28T1p14. 2885 ymposium, op. cit., p. TA48.
2891p14., p. 762. 2904ouse, loc. cit.

T 291Haro14d F. Schuknecht and Samuel Trupiano, "Some
Nteresting Middle Ear Problems," The Laryngoscope, 67:399,

May, 1957.
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The author found no Information regarding the exact
cause of 1lnner ear Infectlons but assumes that such infec-
tions may be caused by footplate performations or the tearing
Of the annular ligament during mobilization.

When speaking of the 1incldence of i1nner ear compli-
cations, House says, "Fortunately, the complications seem

to occur in less than 0.5% of the cases."<92

Other Complicating Factors
There are other operative complications that might

Occur during the stapes mobilization surgical procedure

besides the ones previously described.
The author could find little iInformation regarding
the nature of post-operative bleeding and its effect upon

post-operative results, however, this complication had

293

OCcurred in some cases.
Another operative complicatlion that can result durlng

Sltp%erw'is injury to the chorda tympanlil nerve. As previously

sta't:ed, if the chorda tympani nerve 1is injured the patilent's

Sense of taste will be affected.

It would appear to the author that perforations of

t
he footplate would be considered in the category of opera-

t
lve complications. In this respect, Schuknecht stated, "We

\

292House, loc. cit.

293Goodhill, "pPresent Status of Stapedolysis," op.
Oj_t. n —
— > p- 3 90
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don't worry about this so long as we get 1t loose and get an
intact crus to the f‘oo‘cpla‘ce.‘"g94
According to Scheer, some surgeons intentionally per-
forate the footplate when the stapes footplate has been
found too firmly fixed for mobllization. In this way a
new window 1s made in the footplate. In this respect Scheer
explains:
Theoretically, the hearing obtalned 1s unphysio-

logical because there are now two windows gxposed
within the middle ear without preferential deliver-

ance of sound.<295

Incidence of Permanent Compllications

Generally speaking, the incidence of permanent com-
plications resulting from surgical accldents during the
stapes mobillization operation 1s not serious. Kos says,

". . . the likelihood of residual damage or injury to the
n29 6

ear structurally or functionally 1s a very remote one.

Kos further adds:

While they are rare, the risks and complications
seem to be directly proportional to the abllity, training
and experlience of the surgeon. He should be qualified
and prepared to glve definitive otologlcal treatment,
and to accept the responsibility of managing any prgp-
lem that may arise in connection with his efforts.?

294Schuknecht, personal correspondence, July 18,1957.

295scheer, "Observations of Five Hundred Cases of
Transtympanic Mobilization of the Stapes," op. cit., p. 252.

296Symposium, op. cit., p. TA4T.

297Ibid.
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IX. POST-OPERATIVE CARE

Post-operative care proceeding the stapes mobilization
surgical procedure 1s not extensive, when compared to that
of the fenestration operation. Derlackl, Shambaugh and
Harrison state, "Postoperative care 1s minimal in comparison
to that of the post-fenestration patient."298
This section of the study will concern a discussion
of the various factors involved 1n the post-operative treat-
ment of the stapes mobllization patient. Such factors are:
ambulation, the alleviation of paln, antibiotic administration,
alleviation of vertigo and nystagmus, hospital dismissal,

dressing and packing removal, healing of the surgical fileld,

and post-operative audlometric test.

Ambulation

Patients are not required to spend a great length of
time in bed before they are allowed to be ambulatory (not
confined to bed). In this respect, Goodhill says, "The
patient is allowed to be ambulatory as soon as the effects

of the barbiturate medication have worn off."<29 Myers and

Ronis state, ". . . the patlents are immediately ambulatory

."3%Rosen and Bergman explain, "The patient is ambula-

tory the day of operation. n301

298Der1ack1, Shambaugh and Harrison, loc. cit.

299G00dh111,"Present Status of Stapedolysis," op. cit.
p. 351.
3OOMyers and Reils, op. cit., p. 309.

30lgRosen and Bergman, "Mobilization of the Stapes for
Otosclerotic Deafness," op. cit., p. 200.
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Alleviation of Paln

Due to the fact that the auditory canal and tympanic
membrane suffer some trauma during the surglcal procedure,
some patients may suffer from paln post-operatively. Scheer
says, '"Most patients do not complain of any pain.‘"302
Goodhill states, "There 1s slight pain following this sur-
gical procedure, but 1t 1s relieved by the use of aspirin,
codein or demerol."303 Schuknecht glves the patient aspirin

if there 1s any paln proceeding the operation.304

Antiblotlic Administration

Antiblotics are administered to the patient as a
preventative action agalnst any posslible post-operative
Infections of the external ear, middle ear or inner ear.

Some surgeons adminlister antiblotics before and after
the operation. In thls respect, House states:

An oral antlbilotlic of cholce 1s prescribed at the

time the patlient 1s admitted and 1s continued for 0
three postoperatlive days, as a precautionary measure.3 5

Scheer explains:

Penicillin is gilven the day of the operation and

before discharge from the hospital the next day. One

of the oral %ntibiotics 1s then given for the next
four days.30

3OQScheer,'"Restoration of Hearing 1n Otosclerosis by
Transtympanic Mobilization of the Stapes," op. cit., p. 517.

3O3Goodh111, "Trans-Incudal Stapedolysis for Stapes
Mobilization in Otosclerotic Deafness,”" op. cit., p. T7O8.

3048chuknecht, personal interview, April 27, 1957.
305House, op. cit., p.241.
306Scheer, loc. cit.
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Goodhlll says:
If the patlent has no antibiotic sensitivirtiles,
it 1s our practice to administer Bicillin 600,000 units
Intramuscularly on the morning of the operatlve day,
and to follow this with oral tetracycline.250 mgm.
t.1.d. for five days. 1In allerglc patients, other
antiblotlics or sulfonamides are employed. Y
Other surgeons administer antiblotics only post-
operatively, Myers and Ronis say, "Each patient 1s glven
an antibilotic for a five-day period postoperatively;"308
Rosen and Bergman state, "Antibiotics are given for five

days after the operation, when dressing is removed."309

Allevliatlon of Vertlgo and Nystagmus

Some surgeons have reported cases 1n whlch the pres-
ence of vertigo and nystagmus (an involuntary oscillation
of the eyeball) was noted post-opefatively.

Goodhill states:

Some patients will experlence lmmediate slight or
moderate vertlgo and in some 1nstances nystagmus may
be observed. Such vertigo 1s usually self limited
wlthin a few hours. If it is annoying it may be
alleviated by small doses of Dramamine by mouth,
occasionally by injection.310

3O7Goodhill, "Present Status of Stapedolysis," op.
cit., p. 350.

308Myers and Ronls, loc. clt.

309Rosen and Bergman, "Mobilization of the Stapes for
Otosclerotic Deafness," op. cit., p. 200.

31OGoodhill,"Present Status of Stapedolysis," op.
cit., p. 351.

ar——
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Myers and Ronls state from their experiences:

There were only slx patients with marked nystagmus

and vertigo 1mmedlately postoperatlively. These patients
were given cyclizine lactate (Marezine), 1 cc., intra-
muscularly. In all patients the vertigo_subsilded

within an hour or two and did not recur.

The author found no Information regarding the possible
cause of vertligo, however, Myers and Ronls state 1n refer-
ence to the possible cause of nystagmus, "This nystagmus is
probably due to the sudden mobllization of the labyrinthine
flulds, The fact that it subsided immedlately would speak

against a labyrinthosis."312

Hospital Dismissal

The amount of time the patient 1s required to spend
in the hospital post-operatively appears to be the same, no
matter which surgeon performed the surgical procedure.

Scheer allows the patlent to be discharged from the
hospital the day following the operation.313 According to
Rosen's instructions, the patient ". . . leaves the hospital

n314 Derlacki, Shambaugh and Harrison

the following morning.
say, "The patient returns home the day following surgery and

may then return to work."315 Schuknecht dismisses his

311Myers and Ronlis, loc. cit. 312Ibid.

313Scheer, "Restoration of Hearing in Otosclerosis by
Transtympanic Mobilization of the Stapes," op. cit., p. 517.

314Rosen and Bergman, "Mobilization of the Stapes for
Otosclerotic Deafness,” op. cit., p. 200.

315Der1ack1, Shambaugh and Harrison, op. cit., p. 442,
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patients from the hospital the day following the oper-
ation.316
House dismisses hils patients the day following the
operation and gives them the followlng three instructions:
1. Avold blowing the noise.
2. Avold ailr travel,

3. Avold getting water in the ear canal for a
period of three weeks.317

Dressing and Packing Removal

Most surgeons reviewed by the author remove the
dressing on the first post-operative day. Scheer states,
"The mastold dressing 1s removed on the first postoperative
day and the external canal is cleaned."318

As previously explalned, Scheer does not apply
packing to the patlent's external ear canal durlng surgery,
however, after the dressing 1s removed, ". . . cotton 1is put
into the external canal and the patlent 1s advised to change
1t as often as necessary."319

Goodhill explains his procedure for packing removal:

The cellulose sponge and rayon packing 1s usually

removed about the sixth day, after preliminary appli-
cation of a detergent such as phisoderm or acidolate.
This allows easy removal of the packing wilthout

bleedling. If bleeding occurgé the packing 1s undis-
turbed for another few days. O

316Schuknecht, loc, cit. 317House, loc., cit,

318Scheer,'"Restor~ation of Hearing 1n Otosclerosis by
Transtympanic Mobilization of the Stapes," op. cit., p. 517.

3191p14.

320Goodhill, "Present Status of Stapedolysis,” op.
ci s p' 3510

—
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Derlackl, Shambaugh and Harrison say, "At one week
the cotton ball packs are removed. . ."321
The author found no further informatlon regarding

methods of dressing and packing removal.

Healing of the Surgical Fileld

It appears that little time 1s required for the skin
flap and tympanlic membrane to heal from trauma suffered
during the surgical procedure. In thls respect, Derlacki,
Shambaugh and Harrison state, at one week post-operatively:

The drum membrane and flap will vary 1n appearance
at this time from near normal to a still brulsed look.
. . At the second postoperative visit at one month
the drum membrane and canal appear quite normal, 322

Scheer explains:

A coagulum of blood seals over the area of the
incision. Thils hardens to form a hard crust, which
can be readily removed between the third and fourth
weeks., The tympanlc membrane assumes a normal ap-
pearance between the second and third weeks. When
healing 1s complete, the skin of the external canal
18 normal. There 1s no scar visible where the
original 1incision was made . 323

Goodhill says:

When the packing has been completely removed 1t
willl usually be observed that the flap 1s well healed,
the tympanlc membrane appears mobile, and in most
instances 1s translucent. No further dressing 1s
employed after the packling has been removed., It 1s
rarely necessiry to treat the canal with any type of
medication.32

321Der1ack1, Shambaugh and Harrlison, loc.clt. 3221p14.

3233cheer, "Restoration of Hearing in Otosclerosis by
Transtympanic Mobilization of the Stapes,” op. cit., p. 517.

32“Goodhill,'"Present Status of Stapedolysis;“'gg,
cit., p. 351.
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During the healing process a serous fluld may accumu-
late in the surgical field. Goodhill says, ". . . serous
effusion 1s encountered only rarely postoperatlvely and
usually subsides spontaneously."325
Presence of serous fluld may affect postoperative
hearing to some extent. Scheer explains:
Patlents who heard well lmmediately after surgery
may state that within the next few hours a definite
drop In the hearing has taken place. This 1s com-

pletely relleved when the seros%%%uineous fluild 1is
removed with a suction tip. . .

Post-operative Audlometric Testing

In order that the post-operative hearing of the stapes
mobllization patient can be properly evaluated, 1t 1s neces-
sary that 1t be tested periodically over a consliderable span
of time. Only one surgeon, reviewed by the author, mentiloned
In his publication the amount of time required for periodic
post-operative audiometric testing. House says, "A post-
operatlive audlogram 1s obtalned at three weeks, four months

and one year following surgery." 327

326Scheer,'"Restora'cion of Hearing 1in Otosclerosis by
Transtympanic Mobilization of the Stapes," op. cit., p. 517.

327House, loc. cit.



CHAPTER VI
EVALUATION OF STAPES MOBILIZATION

Within the time span of five years from Rosen's
revival of stapes mobllizatlion in 1952, to 1ts current
status today, many otologlc surgeons have performed this
operatlion, evaluated and reported theilr results and expressed
thelr oplnlons regarding the value of stapes mobllization as
a surglcal treatment for otosclerotic deafness.

This chapter of the study willl concern the evaluation
of the stapes mobllizatlion surgical procedure in light of
some of 1ts successes and fallures, and the personal opinions
of some of the surgeons who have performed this operation.

The discussion will be divided into the following
three sectlons: evaluation criteria, revliew of some stapes
mobilization results, and some personal oplnions of surgeons

regarding stapes mobilization.
I. EVALUATION CRITERIA

Evaluation criteria concern the varlous standards
set forth by the operating surgeon to ald him in his judgment
of the success or fallure of a particular stapes mobllization

operation.
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Such standards are generally stated in terms of pure-

tone alr conduction acoustic thresholds. For instance, the

standard for "normal hearing" would be a pure-tone air con-
duction acoustic threshold ranging from -10 db to 15 db.

The author learned that most surgeons who were reviewed state
the values of acoustic thresholds as belng an average of

the two best alr conductlion thresholds of elther the 500,

1000, or 2000 frequency levels. Therefore, in the following

dAdiscussion regarding evaluation criteria this formula has
been used in arriving at the various criteria thresholds.

The following information concerns the various eval-
uation criteria used by operating surgeons 1n determining
S tapes mobllizatlon results as belng successful, producing
Partial galns, or indicating operation fallures.

The author learned that such criterla are not standard

among the various otologic surgeons.

Success Criteria
When consldering the success of a stapes mobilization

Operation it is necessary that the state of the patient's

Preoperative hearing be taken into account. Generally

SPeaking, a patient with a complicated case of stapes ankyo-
Sis (accompanying nerve impairment) will seldom, if ever,
Obtélin as favorable a post-operative galn in hearing as

the Patlent with an uncomplicated case of stapes ankylosis.
¥hen speaking of a favorable hearing galn, the author 1s

r‘efel"ring to a post-operative gain in hearing by air

) -
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conduction that falls within the range of normalcy (-10 db

to 15 db) or falls within the range of soclal adequacy (-10
db to 30 db). As previously mentioned, the amount of hearing
gain that can be obtalned from the stapes mobillzation oper-
ation 1s greatly dependent upon the state of the cochlear

nerve. In thls respect, Goodhill says:

in all fairness, the title of "success" in
stapedolysis surgery must be a dual concept, and must
Include elther the achlevement of the 30 db. level or
the elimination of the conductive block, as evldenced
by an eradication of the bone-alr gap.l

Achlevement of the 30 db level. As previously stated

1n this study, the 30 db level indicates the most extreme
air conduction pure-tone threshold one can possess and still
be within the range of soclal adequacy.

The author learned that most otologlc surgeons use
the attainment of a 30 db acoustic threshold as one criterion
in judging the success of a stapes mobilization operation.
Some surgeons allow 5 db more and set the success criterion
as belng the attainment of a 35 db threshold level.

Derlackil, Shambaugh and Harrison state that stapes
mobilization successes.include,'". . . all cases that were
at or above the 30 db limit of practical hearing at the

MOSt pecent test one month to 24 months after operation."2

_—

o1 1Goodhill,'"Present Status of Stapedolysis,” op.
t
—_— ., p. 354.

2Derlacki, Shambaugh and Harrison, op. clt., p.443.
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Scheer evaluates a stapes mobillization operation as

being a success if post-operatively, ™. . . the alr conduc-

tion reaches the 30 db. level or better in the speech fre-
quencies."3

Myers and Ronls conslder an operation a success 1f
the post-operative hearing falls, ". . . within the 25-35 db
level, which could be conslidered on the border line of prac-

tical serviceable hearing."4

Eradication of the alr-bone gap. In regard to the

eradication of the air-bone gap, Goodhlll evaluates a stapes
mobllization operation as belng a success providing the
patient's, ". . . last postoperative alr conduction is above
the level, at the same level or not more than 7.5 db below
preoperative bone conduction."D
Derlackl, Shambaugh and Harrlison state:
Cases are also Included as successes when the last
test was within 5 db of the prediction for fenestration
(20 db. below preoperative bone conduction), or when it
exceeded this prediction by 10 db (within 5 db. of
eradication of the preoperative air-bone gap).6
According to Scheer's method of evaluation, a suc-

cessful result 1s a "Group A" result. A "Group A" result is

one in whilch the 30 db level had been attained or:

3Scheer,'"0bservations of Five Hundred Cases of Trans-
tympanic Mobilization of the Stapes," op. cit., p. 245.

uMyers and Ronis, op. cit., p. 31l2.

5Goodhill, "Present Status of Stapedolysis," op.cit.,
p. 355.
erlackl, Shambaugh and Harrison, loc. clt.
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. « « One where the alr-conduction comes within 20
db. of its bone-conduction potential. . . . This general
classification 1s necessary because cases wlth varled
levels of bone-conduction are accepted for surgery.

In explaining the above statement, Scheer says:

For example, a case wlith bone-conduction at or
sllghtly below the 30 db. level may obtain a post-
operative air-conduction level at 35 or 40 db. after
a galn of 30 db. Thils certalnly must be classified as
a successful mobilization.8

Partial Gain Criterion

Goodhill was the only author among those reviewed who
established a "partial gain" criterion in evaluating stapes
mobilization results. Goodhlill states that a "partial gain"
is one in which, ". . . the last postoperative air conduction

is 7.5 db or more above the preoperative alr conduction, but

less than ‘success'."9

Fallure Criterla

According to the criterla set forth by Derlackl, Sham-
baugh and Harrison, operations were considered failures if

they:

. « failed to reach the 30 db level and were
within 10 db of the preoperative level (no change);
that were more than 10 db. below the preoperative
level (worse), and then gained more than 10 db but
falled to come within 5 db of the predicted result
of fenestration,lO

7Scheer, "Observations of Five Hundred Cases of Trans-
tympanic Mobilization of the Stapes," op. cit., p. 245,

81b1d.

9Goodhill, "Present Status of Stapedolysis," op.cit.,
p. 355.

10Deerlack1, Shambaugh and Harrison, loc. cilt.
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Goodhlll classiflies his operation fallure as elther

"no change," or "losses." This author states that "no

change" in indicated, ". . . where the last postoperative

alr conduction level is within plus or minus 5 db of pre-

nll

operative ailr conduction. According to Goodhill, "losses"

n

are indicated, where the last postoperative air con-

duction level was 7.5 db or more below preoperative air

conduction." 12

Over-all Evaluatlon Criteria

It should not be assumed that the authors quoted
above are the only surgeons who evaluate thelr stapes mobil-
1zation results according to a particular set of criteria.
The above mentloned authors were 1included only because they
had made specific comments regarding stapes mobllization
evaluation criteria. However, 1t appears that such comments
are generally representative of most evaluation standards
employed by surgeons 1n Judging the results of thelr stapes
mobllization operations.

The author determined the evaluation criterla of other
surgeons by reviewling thelr stapes mobllization results.

The most conslistent criterlion for stapes mobllization
success that appeared among the reviewed surgeons, 1s the

attainment of at least a 30 db pure-tone acoustic threshold

1l6oodn111, "Present Status of Stapedolysis," op.
cit., p. 355.

121p14.
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All authors felt that a considerable closure of the alr-bone
gap 1s significant towards success, although the exact amount

of closure requlred varied.
II. REVIEW OF STAPES MOBILIZATION RESULTS

The review of stapes mobilization results that will
be consldered in this section of the chapter will concern
specifically, the operation results obtained by various

surgeons revilewed by the author.

Results Obtalned by Goodhill

The results of 189 stapes mobilization operations
performed by Goodhill will be consldered in the following
discusslion. These operations were performed between Nov-
ember, 1954, and December, 1955.13

When reporting his results, Goodhill divided the
entire one-~hundred and eighty-nine cases 1nto two groups.
The first group included the first one-hundred patients
operated upon and the second group included the remaining,
or most recent, elghty-nine patients operated upon. Good-
hill says, "This somewhat arbitrary division into two groups
1s based upon both chronological order and technical change"ll4
He did not explaln the nature of hls change of technique,
nor did he explain the significance of basing the divislon

upon chronological order.

13Goodhill,'"Present Status of Stapedolysis," op.
Cj-t~, pO 353‘

41h14.
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As previously stated, Goodhill used two evaluation
criteria when J:dging the results of his stapes mobilization
operations. Such criteria being either the achievement of
the 30 db alr conduction acoustic threshold level, or an
eradication of the air-bone gap to at least 7.5 db of pre-
operative bone conduction. All of the results that are
reported include the Judgment of success or fallure using

one or both of these criteria.

Results of Goodhlll's first one-hundred cases. In

regard to the results of the first one-hundred cases, Good-
hill reports:

. . a total of 39 per cent of the cases in the
first 100 may be classifled as successes by one or both
of the criterla of success; 14 per cent showed useful
gains but were below the criteria necessary for success,
and 47 per cent could be classified as failures (no
change or losses% . « « 15 per cent losses, 32 per cent
no change

Results of Goocdhill's second, or most recent group

of eighty-nine cases. According to Goodhill the results

of hls second, or most recent group of elghty-nine cases as
compared to those of the first one-hundred cases are as
follows:

The feature of greatest importance . . . 1s the
increase in the percentages of successes from 39 per
cent to 56.2 per cent, with partial gains of 11.2 per
cent.... . . The no change category has been reduced
from 32 per cent to 23.6 per cent. . . the losses en-
countered . . . are reduced from 15 per cent to 9 per
cent,16

151p14., p. 360. 161p14.
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Goodhill further states:
It 1s of interest to note that the 1lncrease in suc-
cesses 1s more marked in the group wlth bone-air gap

eradication rather than in the 30-db. level group.
This may reflect a definite improvement in technique.l?

Goodhill's over-all results. In order that the reader

may obtaln an over-all plcture of Goodhill's reported results

involving all one-hundred and eighty-nine of his stapes b
mobilization cases, the author computed the percentages of ‘
these results as they appeared 1n each of hls above mentioned

categories. The over-all percentages are as follows:

SuccesSsSes . . . . . . . . . . . U71R
Partial gains . . . . . . . . . 1l2.6%
No change . . . . . . . « . . . 28%
LOSSES . v v v 4 o« . . .. 12.1%

Goodhill did not mentlioned the time span between the
operation and the post-operative audiograms upon which these

results are based.

Results Obtalned by Derlacki, Shambaugh and Harrison

Derlackl, Shamgaugh and Harrlson report the results
of four-hundred and forty stapes mobillization operatlons
performed by them during the twenty-five month period between

September, 1954, and November, 1956.18

They have divided
the group of four hundred and forty cases in the followlng

four groups:

17114,

18Derlacki, Shambaugh and Harrison, op. cit., p. 420.
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. . the first 54 operations in which Rosen's
technique was largely employed; the next 26 cases
where a sharp pointed mobillizer was used for applylng
force 1n various directions according to the method of
Kos; a third group of 48 cases where the procedure was
controlled by direct visualization of the footplate
under 16-X magnification; and the most recent group
of 312 cases under direct visualization of the foot-
plate, the blunt ended (Derlacki) mobilizer and the
sharp pointed mobllizer were used, applylng force }5
various directions but especially directly inward.

Success criteria used by these authors concerns
elther the establishment of at least a 30 db air conduction
acoustlc threshold, or the eradication of the air-bone gap

to at least 20 db less than the preoperative bone conduction,

Results of technique #l. According to Derlacki, Sham-

baugh and Harrison, Technique #1l, produced thirteen (24%)
successes and forty-one (76%) fallures.

Among the thirteen successes the post-operatlve
hearing of eight cases reached the significant level of 30
db. The remaining five cases were proven successful
according to a significant eradication of the alr-born gap.

Of the forty-one fallures, one case obtained a post-
operative gain, but this galn was not significant accordlng
to the evaluation criteria. Thirty-elight cases resulted in
no change. The remaining two patients recelved a post-
operative alir conduction threshold that was 10 db or more

worse than thelr preoperative air conduction. 20

19Ibid., pp. 443-44L4, : QOIbid., p. 443,
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Results of technique #2. Technique #2, produced ten

(39%) successes and sixteen (61%) failures.

Among the ten successes, eight cases were proven suc-
cessful according to the post-operative 30 db alr conductilon
threshold criterion. The remalning two cases achleved a
significant eradication of the air-bone gap.

Of the slixteen fallures, four cases obtalned post-
operative galns, but such gains were not significant
according to the evaluatilon criterlia. Twelve cases resulted
in no change. There were no cases 1n this group that
recelved a more severe post-operative loss than they had

preoperatively.21

Results of technique #3. Technique #3, produced

twenty-six (54.5%) successes and twenty-two (45.5%) failures.
Of the twenty-slx successes, seventeen cases obtalned
a post-operative 30 db air conduction threshold, or more,
and the remaining nilne cases were evaluated as successful
according to the significance of the alr-bone gap eradlcation.
Among the twenty-two fallures, two cases received
post-operative gains that were not considered significant
enough to be classified as successes. Seventeen cases
resulted in no change. The remalning three cases received
post-operative air conductlon results that were 10 db or

more worse than thelr preoperative alr conduction.22

2lrpid., p. L4k, 22Tp14.
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Results of technique #4. Technique #4, produced one-

hundred and seventy-seven (56%) successes and one-hundred
and thirty-five (44%) fallures.

Among the one-hundred and seventy-seven successes,
one-hundred and thirty-eight cases obtalned post-operative
30 db air conduction thresholds, or better, and the remalning
thirty-nine cases were evaluated as successful according
to the significance of thelr post-operative alr-bone gap
eradlications.

Of the one-hundred and twenty-five fallures, elghteen
cases recelved post-operatlive galns that were not considered
significant enough to be classified as successes. One-
hundred and six cases resulted 1n no change. The remalining
eleven cases recelved post-operative air conduction results
that were 10 db or more worse than thelr preoperative alr

conduction.23

Over-all results of Derlackl, Shambaugh and Harrlson.

The following iInformation was obtalned from the above authors'
report of results and complled by the writer.

There were two-hundred and twenty-six (51.3%) suc-
cesses and two-hundred and fourteen (48.7%) fallures in the
entire over-all group of stapes mobillzation operations
performed by Derlackil, Shambaugh and Harrilison

Among the two-hundred and twenty-six successes, one-

hundred and seventy-one cases obtained post-operative 30 db,

231p1d., p. 445,
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or better, alr conduction thresholds and the remaining fifty-
flve cases were evaluated as successful according to the
significance of their air-bone gap eradications.

Of the two-hundred and fourteen fallures, twenty-five
cases obtalned gailns that were not considered significant
enough to be classified as successes. One-hundred and
seventy-three cases resulted in no change. The remaining
slxteen cases recelved post-operative alr conduction results
that were 10 db or more worse than thelir preoperative air
conduction.

In regard to the permanence of the above reviewed
results, Derlackl, Shambaugh and Harrison state, "These
results are preliminary, and thelr permanence 1s entirely a

matter of conjecture.'"24

Results Obtalned by Scheer

The followling review will concern the results of 500
stapes mobilization operations performed by Scheer, published
in 1956.25 Scheer says:

The first case was done in March, 1954, two and one-
half years ago. Since then, a total of 500 operative
cases have been performed and observed, so that now
certaln %onclusions can be falrly defilnitely estab-
lished.?

As previously stated, Scheer classifles a successful

stapes mobilizatlon result as a "Group A" result. A "Group

2hrpid., p. buT.

25Scheer, "Observations of Five Hundred Cases of Trans-
tympanic Mobilization of the Stapes," op. cit., p. 245,

261bid.
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A" result being one that reaches the 30 db level of practical
hearing, or a significant eradication of the air-bone gap.

Scheer reports the following results:

There were 176 Group A results obtained in this

Serles of 500 cases. One hundred thirty had air con-
duction at or above the 30 db. level in the speech
frequencies. Forty-six cases obtained Group A results
by our bone-conduction potential standard but did not
obtain the 30 db. level because of their poorer bone
conduction preoperatively.27

However, after a perlod of time post-operatively,
Scheer states:

There has been a reccurrence of the hearing loss

in 35 (20%) of the Group A losses. The alr conduction
in these cases returned approximately to its pre-
operative level. The majority of these patientg lost
their initial result within five to six weeks.?

Scheer performed second stapes mobilization operations
on nineteen of the above mentioned thirty-five patients
whose hearing had regréssed to 1ts approximate preoperative
level. 1In regard to the amount of fixation observed by
Scheer during these second operations, he explains:

All cases that were revised (19 patients) were

found to have as equal or greater degree of fixation
when compared with that at the original mobilization.<9

Of the nineteen patients who recelved a second oper-
ation, Scheer reports the following results:

Eight patients have had a permanent return of a

Group A result following revision. If the revision
18 successful, the hearing gained has little tendency
to deteriorate.

Scheer offers the following conclusions:

°T1b1a.  2B1pid., p. 246. 1pid.  PIbid.



The percentage of Group A results that can be
obtained(36%) was established early in the course of
this work. It has not been possible to improve upon
this flgure using the present operative technique.
There 1s a recurrence of the hearing loss in 20% of

cases, approximatel% half of which are improved when
a revision 1s done.31

Results Obtained by Rosen

The followlng 1s a review of the results of Rosen's

stapes mobilization operations. These operations 1nvolved

229

two-hundred and eleven cases operated on between April, 1952

and August, 195432
Rosen divided the two-hundred and eleven cases

according to thelr preoperative bone conduction. Rosen's

divisions are as follows:

. Class A cases (maximum pre-operative loss of

10 db. by bone conduction in the speech frequencles).
. . Class B cases (maximum pre-operative loss of 20

db. by bone conduction in the speech frequencies). .
. Class C cases (maximum pre-operative loss of 30

db by bone conduction in the speech frequencies). . .33

Rosen and Bergman report the following over-all

results:

If the percentages of improved patients 1in the C
category (generally less sultable) are added to those
of A and B, 37 per cent reached levels of 35 db. or
better by pure tones, . . while 30 per cent rﬁached a
level of 30 db. or better by pure tones. .3

Rosen and Bergman did not report any successful results

evaluated according to significant alr-bone gape eradication

criteria.

311bid., p. 253.

32Rosen and Bergman, "Restoration of Hearing in Oto-

Sclerosis by Mobilization of the Fixed Stapedial Footplate.
An Analysis of Results," op. cit., p. 23.

331p14., pp. 255-256. 3HIbid., p. 256.
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In regard to operation fallures, Rosen and Bergman
state, "In none of the unsuccessful cases did the hearing

fall significantly below the pre-operative level."3D

Results Obtalned by Meurman and Meurman

Meurman and Meurman report the results of sixty-three
stapes mobilization operations. The report was published in
1954, Meurman and Meurman state:

The operations were performed by both of us, about
an equal number by each, five by Dr. Rosen, and flve
by Docent Vaherl. The age of the patients varled from
20 to 74 years . 36

These authors divided the cases into the following
three groups:

Group A, the pure-tone audiogram showed an alr con-
duction between 30 and 60 db. Bone conduction was not
lower than 25 db . . . in Group B, the air-conduction
hearing loss did not as a rule exceed 60 db. Between
2000 and 4000 cps bone conduction declined to 30 db.
or somewhat lower, belng, however, distinctly higher
than alr conduction. The cases of Group C showed an
ailr-conduction curve lower than 60 db. The loss in
bone conduction was greater than in Groups A and B,
and there was a greater decline toward the hilgher
frequencies, 37

According to the results reported by Meurman and
Meurman they obtained good improvement in all groups. A
total of 58.7% of the cases were improved. Among these,

39.6% obtained good improvement, and 19.1% obtained slight

35Ibid.

36Meur'man and Meurman, op. cit., p. 167.

37Ibid.
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improvement. There were 41.3% of the cases that remained
unchanged. Meurman and Meruman did not speciflcally state
what criterlia determined good 1mprovement, slight improve-

ment, or cases that remained unchanged.38

Results Obtalned by Myers and Ronls

Myers and Ronis published the results of thelr experi-
ence with stapes mobilization in 1956. Thils experience
involved one-hundred and thirty-nine patlents on whom one-
hundred and sixty-one stapes mobilizatlon operatlons were
performed over a perliod of elghteen months. Myers and Ronils
state, "In some cases a revision was done; in some the other
ear was done."3? The revisions concerned a later operation
on the same ear.

The results of these operations reveal that there
were sixty-five patlents, or 47% of all patients involved,
who obtained post-operative Improved hearing.uo Myers and
Ronls state:

These patlents had a total of 77 operations, or

LB% of the total number of operations. . . . Of the

77 successful results, 14 or 18.1%, had the hearing
restored to the 0-15 db. level, or approximately normal
hearing; 47, or 61%, had levels of 15-25 db., and 16,
or 21%, had final results within the 25-35 db. level,
which could be consldered ﬁ? the border line of prac-

tical serviceable hearing.

Myers and Ronls further state:

38Ibid. 39Myers and Ronis, loc. cit.

HO1yp14. "lip1q.
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The unsuccessful cases numbered 74 (53%), on whom
84 operations were done. On three patients bilateral
operations were done without result. The unsuccessful
cases were chosen wilth the same care as were the suc-
cessful ones. In the maln, they represented ideal
patlents for surgery.42
Myers and Ronls did not report any successful results
that were evaluated accordlng to significant alr-bone gap

eradication criterla.

Results Obtained by House

The following informatlion concerns a review of the
results obtalned by House 1n a serles of stapes mobllization
operations involving four-hundred patients. House published
these results in 1956.43

House states 1n reference to successful results
obtained by ideal cases:

In ideal cases with a bone-conductlon loss of 10 db.
or less in the three speech frequencies, approximately
two-thirds of the patients mobllized . . . reached the
30 db. level, or better, by air conduction and ﬂain-
tained their improvement for one year or more . %

House further adds:

Consldering other than the 1deal cases, where the
bone-conduction curve was depressed below the 10 db.
level, the followling results may be reported: (a)
Approximately one-half of the cases with a bone-conduc-
tion loss of 11 to 20 db. at the 500 and 1000 frequenciles
and 30 db. or less at the 2000 frequency achleved the
30 db. level postoperatively. (b) Approximately one-
fourth of the cases wlith a bone-conduction loss of 20
to 30 db. at the 500 and 1000 frequencies and with a
loss of 30 db. or more at the 2000 frequency reached
the 30 db. level postoperatively.

AQIbid., p. 32. 43House, op. cit., p. 235.

Mrpid., p. 243, 451p14.

————
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In regard to closure of the air-bone gap, House

reports:

(1) 67% of the cases operated on closed the bone-air
gap 25% or more. (2) 33% closed the bone-air gap by
50% or more. (3) 25% closed the bone-air gap by 75%
or more. (4) 11% of the}%ases operated on closed the
bone-alr gap completely.™

Among the unsuccessful cases, there were some cases

whose post-operatlve alr conductlon results were worse than
their preoperatlive alr conduction. House explailns:

Flive per cent of the cases operated on were worse
by 10 db. or more in the three speech frequencies four
months after surgery. Of this 5%, 4% were worse by

10 to 20 db. and 1% of the cases operated on were wogse
by more than 20 db. in the three speech frequencies.47

Review of Slignificant Trends

Because of the variety of methods the above surgeons
employed in reporting their results, 1t 1s possible only to
approximate the current trends.

It seems apparent that the above surgeons are re-
celving from approximately 30% to 56% successes in their
stapes mobllizatlion operations.

The perliod of time between the operation and the
stabllity of hearing galned from the operation, appears
slgnificant in evaluating post-operative results. As Scheer
reported, some patients who were considered to have obtailned
successful results after a short perlod of time followlng the
operation, lost some, or all, of the hearing galned after a

longer period of time had lasped post-operatively.

H61p1d., p. 2u43. bT1p14.
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Of the operation fallures reported by some of the
surgeons, a small percentage of the patlents recelved post-
operative alr conductlon results that were 10 db or more
worse than thelr preoperative alr conduction.

By improving thelr stapes mobillization techniques,
some surgeons have increased thelr percentages of operation
successes,

III. PERSONAL OPINIONS OF SURGEONS REGARDING

STAPES MOBILIZATION

Thls section of the chapter willl concern a review of
the various opinions of the surgeons reviewed by the author,
regarding the stapes mobilization éurgical procedure as a
cure for otosclerotic deafness.

The review will be divided into the following three
parts: general opinions, comparison of stapes mobilization
to the fenestratlion merit, and future prospects of stapes

mobillization.

General Opinlons

This review of general opinions willl include those
regarding the current status of stapes mobllization, success

determinants, and causes of operation failures.

Current status of stapes mobllization. In a paper

read by Goodhill at the meeting of the Western Section,
American Laryngological, Rhinological and Otological Soclety,

San Francisco, January 21, 1956, he stated:



235

Stapedolysis 1s an approach requiring varylng tech-
niques to cope with pathological variations. .
Precise microsurgical technique controlled by surgical
audlometry 1s necessary. . . . The technically complex
and dellcate surglcal approach 1s, nevertheless, benign
for the patlent; 1t 1s quilte free of operative and post-
operative dangers.

House said in a paper read before the Annual Meeting
of the Pacific Coast Oto-Ophthalmological Soclety, Phoenix,
Arizona, in April, 1956:

I routinely advocate stapes mobllization as the
surglical approach of cholce 1in patlients with clinical
otosclerosis. . . . There are many different techni-
ques beling employed at the present time in mobillization.

. « The more experlence one has 1n this type of surgery,
the more one realized that the word "simple" should never
be attached to thils procedure. Stapes mobllization is
a very palnstaking surglcal procedure, not without the
possibility of complications.%9

Meurman and Meurman stated before a meeting of the
Finnish-Oto-Laryngological Society, October 30, 1954:
We. . . advocate stapes mobilization in cases of
otosclerosis, On the other hand, we realize that,
as regards the number of cures, this operation has not
so far glven as good results as might be desired.b0O
Scheer stated in a paper read before the Eastern New
York Eye, Ear, Nose and Throat Association, Schenectady,
New York, January 6, 1955, "The fact that this transtympanic

technique can restore hearing to patients with otosclerosis

is established. . ."51

48Goodhill "Present Status of Stapedolysis," op.
cit., pp.333,380.

——

“9House, op..cit., p. 243.
50Meurman and Meurman, op. cit., pp. 164-172.

5lgcheer, "Restoration of Hearing in Otosclerosis by
Transtympanic Mobilizatlon of the Stapes," op. cit., p.534.
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In 1955, Rosen and Bergman stated:

Audiologic evidence indlcates that hearlng improve-
ment following mobllizatlon of the footplate of the
stapes has already been malintained for periods up to
two years.b52

In 1956, Goodhill said:

A significant number of successful results have been
observed for perlods of six to 12 months as stable
gains. Further long range observation 1is essential.>3

In a paper read before the Middle Section Meeting of

the American Laryngologlcal, Rhinological and Otologlcal
Soclety, Cleveland Ohio, January 10, 1957, Derlackl, Sham-
baugh and Harrison stated:

. . Stapes mobllizatlon 1s a relatively new proce-

dure, with little or nothing known as yet concerniﬁg
the ultimate duration of the hearing improvement.5

Success determinants. Derlackl, Shambaugh and Harrison

explaln the varlous factors that determine post-operative

stapes mobllization success 1n the followling manner:

Our present discussion offers the patient a 40 to
50 per cent chance of initlal success. . . . We bring
out the fact that the success of mobillization depends
as much upon the extent and pattern of the otosclerotilc
involvement of the footplate as upon the surglical tech-
nique, so that the outcome of this procedure 1n a par-
ticular patient cannot be predicted until the stapes
has been exposed and examined.

52Rosen and Bergman, "Mobilization of the Stapes for
Otosclerotic Deafness,” op. cit., p. 205.

53Go0odhill, "Present Status of Stapedolysis," op.
cit., p. 380.

——

54Der1acki, Shambaugh and Harrison, op. cit.,p. 422.

55Ibid.
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Causes of fallures. As previously discussed, stapes

mobilization fallures, those results that fall to meet the
criteria for success, 1ndicate no gain in hearing or reveal
post-operative alr conduction as being worse than pre-
pperétive alr conduction.

In reference to fallure causes, Goodhlll states:

In the final analysls, except for the 10 per cent of
immediate re-ankyloses, 1t seems that simple lysils
fallure 1s the main cause of "1mmedlate operative
failures."D

Myers and Ronis explaln:

It 1s difficult to assign specific causes for failure.
We do not belleve 1t 1s only due to fracture of the
strapes crura, because we can usually determine this,
It 1s amazing how much pull can be exerted before the
crura fracture. Possibly, after the stapes 1s mobilized,
the simple fracture at the footplate become healed, or
perhaps the ragged edges of the fracture lock and fix
the stapes agaln. Unless we have oppprtunity of eval-
uation after reoperation, we will be unable to know
the reason for failure.5!

When considering the causes of post-operative air
conduction results belng worse than preoperative alr con-
ductlion, Derlackil, Shambaugh and Harrison state:

Some of these are accounted for by fracture of the
crura, lncreasing the conductive loss; but others are
the result of cochlear damage as evidenced by a drop
in bone conduction acuilty, due probably to hemorrhage
into the labyrinth, or to concussion from use of the
pneumatic hammer.58

6
> Goodhill, "Present Status of Stapedolysis," op.
cit., p. 364.

5"Myers and Ronis, op. cit., p. 320.

58Der1ack1, Shambaugh and Harrison, op. cit., p. 446.
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Comparison of the Value of Stapes Mobilization and Fenes-

tration

As previously stated, both stapes mobilization and
the fenestration operation are surgical procedures adminis-
tered as treatments for otosclerotic deafness. This part
of the sectlon will involve varlous comments made by experi-
enced surgeons comparing the value of stapes mobilization
with that of fenestration, i1n the alleviatlon of otosclerotic
deafness.

When comparing these two procedures, Kinney states in

regard to stapes mobllizatilon:

While the technique required to do this operation .

18 more delicate than that required to do a fenestration,
the time consumed 1s shorter, and certainly the post-
operative care of the patient is reduced considerably.>9

Meurman and Meurman explain in reference to results

obtailned from the stapes mobilization operation, "The improve-
ment in rany cases exceeds that attained by fenestration." 60
In this respect, Belluccl says:

Excellent results have been obtained more frequently
with the mobllization procedure. More consistent good
results,_h%wever, are obtained with the fenestration
operation, 0l

Scheer explains:

If the mobilization were a major procedure, like
the fenestration there would be no point in attempting

59Charles E. Kinney, "Statistical Analysis of the
Stapes Mobilization Procedure," The Laryngoscope, 66:1345,
October, 1956. :

®Meurman and Meurman, op. cit., p. 171.

61Richard J. Belluccl, "Present Status of the Operation
foréMobilization of Stapes," The Laryngoscope, 66:292, March,
1956.
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it first when only 36% good results are obtalned, but
night stay in the pospital, medifies ¢his thimking. b2

s .

At this point, the author feels 1t necessary to
emphaslze the fact that other surgeons are obtaining more
ffavorable results than those referred to by Scheer in the
above quotation.

Goodhlll states 1in regard to the significance of his
present results obtained from stapes mobillizatilon:

These encouraging results seem to 1ndlcate that stape-
dolysis 1s a Justifiable first cholce in the surgical
treatment of otosclerosis. 1In the event of fallure,
recourse to a successful fenestration 1s still possible63

In the event of stapes mobllization faillure and a
fenestration operation 1is performed, House states, "My ex-
rerience indicates that a previous mobilization attempt in
no way interferes with the subsequent fenestration r-esults."64

When consldering the employment of the stapes mobil-
ization operation 1n place of the fenestration operation,
Derlacki, Shambaugh and Harrison say, "In no way should
stapes mobllizatlon be presented as a substitute or alter-

native to fenestration."65 These authors further explain:

. . we refer to stapes mobilization as a prelimin-
ary exploratory operation, to be followed by fenestration

625cheer, "Observations of Five Hundred Cases of Trans-
tympanic Mobilization of the Stapes," op. cit., p. 253.

63Goodhill,‘"Present Status of Stapedolysis," op.
cit., p. 380.

64House, loc. cit.

65Derlack1, Shambaugh and Harrison, op. cit.,p. 422.
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six months later when the extent of otosclerotic in-
volvement prevents mobllization or causes refixation. 66

As a final opinion in regard to the comparison of the

value of stapes mobllization and fenestratlion, Scheer states:
Mobillization and fenestratlon must be consldered as
partners in the surgical treatment of otosclerosis. It

should not be a question of competition as to which
technique 1s to be used or preferred.®7

The Future Prospects of Stapes Mobillization

As previously stated 1In this study, there was much
skeptliclism among otologlc surgeons regarding the value of
stapes mobllization shortly after Rosen revived the surgilcal
procedure in 1952. However, with the advent of more improved
mobllization techniques producing a greater percentage of
favorable galins 1in hearing, attlitudes are changing. Derlacki,
Shambaugh and Harrison explain:

Our changing attitude toward mobllization 1s evidenced
by our preoperative discusslon of surgery with our
patients wlth otosclerosis. Two years ago we discouraged
patlients who expressed 1nterest 1n stapes mobllization.
If the patient wished to try this experimental procedure
we would do 1t, but did not advise 1t.6

Kinney 1s of the opinlion that future developments in
mobllization techniques may 1ncrease the value of stapes

mobllization surgery. This author states:

There 1s good reason to believe that some additional
refinements in the technique of the actual mobilization

66Ibid.

67Scheer,‘"0bservations of Five Hundred Cases of Trans-
tympanic Mobilization of Stapes,”" op. cit.,p. 253.

68

Derlacki, Shambaugh and Harrison, loc. cit.
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will be developed which will certalnly increase the
chances of any one person obtalning a successful
result.

House says in reference to future standardization of
stapes mobilization surgical procedure:

Because of the varlation 1n the anatomy of the
stapes crura and footplate and the varliation 1n the
histopathology of otosclerosls, I do not feel any stan-
dard routine technique will be developed for thils pro-
cedure. Each case presents 1ts individual problems,
whilch must, of necgssity, tax the ingenuity of the
otologilc surgeon.7

Schuknecht stated:

I am now using the Heerman chilsels on the footplate
on all cases, 1 strive to get the footplate loose and
to have one or both crura 1n continuity with a part or
all of the footplate. Our results are better, but we
still have a long way to go.7l

Kinney, op. cit., p. 134k,

70House, loc. cit.

71Schuknecht, personal correspondence, July 18, 1957.



CHAPTER VII
CONCLUSIONS

This study was undertaken with the purpose of deter-
mining the current status of the stapes mobilization surgical
procedure as a treatment for otosclerotic deafness,

After reviewlng and analyzing the publlished materlals
regarding the various aspects of stapes mobilization and
observing and assisting 1n three stapes mobllization oper-
ations, the author offers the followlng conclusions in

reference to dlagnosis and candidate selectilon, the operation

and post-operative results.

I. DIAGNOSIS AND CANDIDATE SELECTION

1. A thorough otologic examination and audiometric

testing battery are necessary in the dlagnosis of stapes

ankylosls,

2. Post-operatlive results cannot be predicted
accurately. A stapes mobllizatlion candidate classifled as

"31deal" cannot be guaranteed a successful post-operative

result.

II. THE OPERATION

1. The stapes mobilization surgical procedure 1is

not a standard operation. Surgical methods that are employed
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depend upon the otologic surgeon performing the operation.
2. Stapes mobilization surgery is not "simple,"
1ts administration requires a skilled otologic surgeon.
3. Surgical audiometry 1s essential as a gulde to
ald the surgeon in determining the effectiveness of his
mobilization techniques.

4, Preoperative and post-operative care are minor.
IITI., POST-OPERATIVE RESULTS

1. Stapes mobilization has restored normal hearing
in some cases.

2. Operative complications can produce post-opera-
tive hearing losses more severe than preoperative hearing
losses.

3. Immediate post-operative successful results
have regressed, in some cases, to thelr preoperative level
over a perlod of time followlng the operation.

4, The time span between the operation and post-
operative audiogram is significant when evaluating post-
operative results. The amount of time necessary, before a
post-operative gain in hearing will stablize, ;s unknown
at this time.

5. Stapes reankylosis can result post-operatively.
However, 1f thls occurs, another stapes mobllizatlion oper-
ation on the same ear, or a fenestration operatlion on the

same ear, can be performed.



oLl
6. Recent improvements in mobilization techniques

have 1ncreased the percentages of successful results.
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