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PROGRESS IN STAPES MOBILIZAY*N SURGERY

Aviation Medicine Implicailons

Surgery for oloselerosiy may restore hearing to o normal level
but may necessitate the permanent “grounding” of flying persounel,
While the otoluryngologist may possess a thorough knowledge of
the physiology of heuring, have the delicate suryg'cal skill necessury
to perforn the procedure, and be well grounded in the indlcutions
for surgery, he may fuil to give adequate conmideration ay to how
the car will tolerate the stress of flying following w specific opera-
tion, Removal from flying statas not only terminates the flying
carove bul also may seriously affeet the militury carcoer of flying
personnel. Some of the factors thal must be consldered in the
scleetion of & surgical procedure for otosclerosis in flying personnel
will bo presented in this paper,

Otosclerosin 18 the most common cause of progressive hearing
loss of u conductive type in adulls,  Aithough it occeurs morc
frequently in females, it iy very often diugnosed in militury
vloluryngology clinies bocauso of the extremely lurge uumber of
male members of the Arnted Forees who visit the clinics,

The diagnosis is reudily established on the busis of history,
examination, and audiometric tests,  The history is churacterized
by the onset of 4 progressive hearing loss in the laute teens or carly
twentics, often present in one cur only at the start, There is u
negative history of otalgio and otitis medin,  The examination is
remurkable for the absence of positive findings. There is no
obustruction of the eur canal or visible abnormality of the tympunic



membrane and middle ear. Thoere {8 no evidence of infection or
fluid. The patient can perform the Valsalva mancuver with ease,
Tuning fork tests reveal that bone conduction {8 greater than air
conduction and the Schwabach test results are normal or prolonged
in the involved car or cars. The audiogram reveals essentially
normal bone conduction and depreszica in the air conduction curve
characteristic of a conductive-type hearing defect.

The pathology of otosclerosis has been deseribed in detail by
numerous investigators (1, 2, 8). When a hearing defect oxists,
the otoselerotic procoss involves the formation of new bone between
the footplate of the stapes and the oval window resulting in anky-
losis.

There 18 no medical treatment that will improve the hearing
or prevent the hearing logs from becoming progrossively worge, A
surgleal procedure which resulted in permanent and predictable
improvement in hearing did not come about until Lempert (4) por-
fected the fenestration opoeration in 1838,  Although useful hearing
could be restored in approximately 90 porcent of patients, the in-
dicationy for the operation restrictod ity use to selectod cases,
The fenestation operation ity a major operative procedure requiring
a4 genorul anesthotic for two to five hours, depending on circum-
stunces und the surgeon,  llearing, for the speech frequencies, iy
improved to 26 db on the average, following the procedure (6, 6).
The surgically created cavity does not complotely hoeal for 6 to 12
weoks and the paticnt must huve the cavity cleaned at loast onee
a yeur forever after., A fistuln to the inner car is present, necos-
situting Hmitation in the performunce of certain types of hazurdous
activity, Because of these disadvantages o simpler and better pro-
codure wus sought by those interestoed in reducing patient morbidity
and possible unpleasant sequelae of the fenestration operution,

Thoe stupes mobilization operation was performed in the nine-
teenth contury (7, 8). It was discontinued within a few years al-
though the exact reason for this s not known. Interest in the
stapes mobilization procedure was revived in 18568 when Rosen (9)
reported his successful technie using the “indirect method.” The
technic wus described as “indireet” since pressure way applied




through an instrument to the neck of the stapes and mobilization of
the footplate occurred indirectly—that is, without manipulation
of the footplate itself. Postoperative complications and patient
morbidity were minimal following this procedure. The procedure
could be performed under local anesthesia and hospitalization of
only 2 or 8 days was required. Only one or twu postoperative
visits were necessary, to remove the small crust from the external
car canal. There were no restrictions placed on the patient's
physical activities following the procedure,

Kos (10) developed an improved “indireet” method of stapes
mobilization and reported this in 19656, This technie will be
deseribed briefly since it was used by the author from 19656 to
Junuury 1908, 'The author was extremely fortunate in having the
opportunity of observing Dr. Theodore Walsh, Dr. Howard House,
and Dr. Clair Kos demonstrate their technics of stupes mobiliza-
tion during 19606.

The patient i prepared for surgery with a barbiturate at
bedtime. An antibiotic is ulso administered the cvening before
surgoery, and is usually continued for 6 days. Dreakfast {3 withheld
on the morning of surgery. Ninety minutes prior to surgery the
barbiturate is ropented. ‘Thirty minutes prior to surgery morphine
pr. Y iy given intramusculurly.  After the putient is placed on
the operating table, the Zeisy binocular microscope s brought into
position and focused on the tympanic membrane.  All the adjust-
ments on the microscope are tightened und it is moved uside. A
hearing test is then curried out. A speech reception threshold s
obtained using a modified Mohawk reception repeater, This in-
strument hus a range of 80 Jb.  Attenuation can be carrfed out in
b db steps, 'The sartridge of the instrument containg u W-1 word
list on the tupe.

After the surgeon serubs, the auriele, canal, und surrounding
exposed skin are prepared with 'higohex and Zephiran and sterile
drapes are applied. Local ancsthesia is oblained by xylocaine® with
adrenalin, injected into the skin of the external canal at the
junction of the cartilaginous and bony meatus,  An omega-shaped




incision is used. For the right ear it extends from *7 o’clock” to
about “1 o’clock.” The incision should be 6 to 7 mm. from the
tympanic membrane at ils mid-portion. The skin of the extornal
canal is elevated from the bony canal wall down to the tympanic
membrane which is then dissected from the annulus and reflected
forward. The chorda tympani nerve can be visuaiized along the
lower edgo of the bony canal wall, It is then cavefully dissected
away from the cunal wall so that it is not damaged when the lowor
edge of the canal wall {8 romoved with a curet.  Usually the micro-
scope {8 brought into position at thig point and the remainder of
the operation carried out under 16 power muagnification. The
middle car and round-window nicho are inspected. A pick is then
inserted into the capitulum of the stapes through the incudostu-
pedial joint and the degree of fination iy determined by palpation.

" Mobllization is initiuted with a gentle rocking motion at u right

angle to the long axis of the footplute, The force applied is slowly
increused until some motion {8 detected. The direction of the
force applied iy then directed toward the long axis of the footplate
and finally @n the long uxis, Mobility is felt through the pick and
can be observed visuully. The mobility of the stapes is usually ob-
tuined gradually although it may at times vecur suddenly. After the
stapes 1y freely mobile, the tympanic membrane is returned {o it
normul position and the flap is repluced. ‘The speech reception
threshold 18 again obtained with the Mohawk message repeatoer.
If tho hearing improvement is satisfuctory a pledgoet of Gelfvam
sotked in thrombin ig pluced over the inclslon.  1f thu hearing int-
provoment oblained iy not satisfuctory, the flup and tympunic
nwmbrane may again be elevated and furthor manipulution carried
out. No packing is used in the external cunal. A piseo of cotton
iy loosely applied to the external meatus, The patient is usually
discharged from the hospital on the duy following surgery. Since
Junuury 1968, the author hus used chisels direetly on the footplate
when mobillzation could not b wecomplished by the technic just
doseribed.  'The use of chisels will be discussed later,

Because of the high incidenca of fuilure to mobilize the stapes
by the “indirect method,” improved technices woere investigated, By
1967 most otologists were using the “direct mothod” to mobilize
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the footplate. House (11) snd Goodhill and Holecomb (12) used
neecles on the murgin of the footplate. IHeermann (18), Schuk-
necht ot al. (14), and Derlacki ot al. (16) explored the advantages
of chisels and gouges on the footplate, Fowler (16) developed the
technic of anterior crurotomy and Meurman (17) used serrated
knives on the footplate. Portmann (18) developed & technic using
& micro drill to perforate the otosclerotic focus,

Since an increased percentage of stapes were successfuliy
mobilized by these “direct” methods, these procedures gained added
proponents, Although the percentuge of successful mobilizations
using the direct method reached 70 percent or more by some sur-
geons, the passage of time brought the bad news that there was
a regression of the auditory acuity in a high percentage of “initiully-
successful” cases. As a result, various newer proceduros are boing
oxplored.

NEWER PROCEDURES

Shea (19) developed the following technic: A bllateral crurot-
omy was performed with exelsion of the superstructure of the
stapes.  Ie thon fenestrated the footplate and covered the fenestra
with a veln gruft. 1f the footplute Iy thickened by otosclerosis he
uses o micro drill and dismond burr to thin the footplate which iy
then fenestrated. A polyethylene prosthesis {8 used to bridge the
gap betwoeon the voin graft und thoe incus. 1le was still using this
tochnic in Fobruary 1960 (20).

Portmunn (21) hay developed a4 new procedure in which he
does u stapedectomy. Tho oval window 1s covered with a vein graft
and then the intuet stupes, or the crurs if the stapes has been
fractured, is returned to the normal position,

When anterior and posterior or ranrginal otosclernsiy is prosent,
Juers (22) performs a bilateral erurotomy, e then nweerates the
central portion of the footplate and transposes the posterior crus
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so that it comes in contact with the macerated portion of the foot-
plate. This technic is called stapedioplasty.

Schuknecht and Oleksiuk (23) use a similar technic; however,
they remove the superstructure of the stapes immediately. After
macerating the central portion of thefootplatethey insert a tantalum
or stainless steel wire prosthesis, one end of which is placed against
the footplate and the other clamped around the incus. A more
conservative approach is used by House (24). When the oto-
sclerotic lesion is limited to either {hg anterior or posterior portion
of the stapes, he performs a crurctomy of the affected crura and
fractures the footplate distal to the lesion. In bicrural involvement
he follows the technic of Shea as described above.

Kos (25) has developed a new technic which apreaars very
promising. It incorporates the better features of several of the
procedures already discussed. The middle ear is exposed by means
of the tympano-meatal flap, described above. A complete stape-
dectomy is performed. A 5-0 stainless steel vire is tied around a
section of vein 1 by 3 mm. in dimensions. This vein “plug” is
packed into the oval-window niche. The other eud of the wire is
crimped around the distal end of the incus — similarly to the Schuk-
necht procedyre. The sir-bone gap can be completely closed with
this procedure.

AVIATION MEDICINE IMPLICATIONS

The exact incidence of otosclerosis in the Air Foree flying
population is not known. Inone major Air Command waivers have
been granted for failure to meet Flying Class II audiometric re-
quirements st the rate of 5.6 per thousand flying population, or
0.566 percent. These waivers were granted for all types of heuring
defects and not otosclerosis specifically. A review of the consul-
tation reports of all flying perreonnel referred to the ENT Branch,
USAF School of Aviation Medicine, who failed the audiometric re-
quirements for Flying Class 11, reveals otosclerosis was the eticlogy
oi hearing loss in 28.6 percent. This is an indication that approxi-
mately 2.0 per thousand or 0.2 percent of rated flying personnel
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have otosclerosis to the degree that they fail the Flying Class II
audiometric requirements. These requirements as stated in AFM
160-1 are as follows:

250cps 500 1000 2000 4000 8000
Detter ear 20db 20 20 20 No requirement

Worse ear 20 20 40 40 No requirement

This is fairly consistent with the incidence of otosclerosis in
flight-line personnel. An evaluation of flight-line personnel with
Class C hearing revealed 22 percent to have otosclerosis (26).
Class C hearing, as defined in AFR 160-3, means that there is an
average loss for either ear of 20 db or miore in the speech fre-
quencies.

When a diagnosis of otosclerosis is made on an aircrew member
who is on flying status, serious consideration of numerous factors
must be given before surgical treatment is recommended. First,
consideration must be given to why the operation is recommended.
Performing the operation simply for the reason that the patient
may attain the audiometric qualifications for Flying Class II is not
necegsary, since AFM 160-1, par. 127¢, provides thit anyone who
fuils the Flying Clasgs 1J audiometric requirements may be given
an in-flight hearing test, and if he performs satisfactorily a waiver
may be considered without the necessity of any operative procedure.
I have never seen — nor do I ever expect to see — an aircrew mem-
ber with a conductive-type hearing loss due to otosclerosis who
cannot, in the presence of aircraft cockpit noise, hear as well as a
person with normal hearing. The hearing defect induced by
otosclerosis does 1ot, of itself, interfere with the performance of
flying dut.es.

A gsecond and most importunt consideration is:  Does the
hearing defect interfere with the performance of nonflying duties?
This will depend not only upon the degree of hearing loss but also
on the type of ground duties which the individual is required to
perform. Aircrew members usually have {o participate in group
discussions as occur in briefings, lectures, conferences, ete. These

B LU Y hiom et T i Ve L Uhbmen Sl emme o MM T P e

s RS Ve et S ] 11




individuals may be seriously handicapped in the accomplishment of
the nonflying phases of their flying duties.

It must be kept in mind that any treatment recommended
should not unnecessarily jeopardize the alrcrew member’s physical
qualifications for flying. This is imperative for two prineipal
reasony,  Iirst, the cost of training a puot to combat-ready status
in jot bomber aircraft has been conservatively ostimated at
$300,000. When a crew meoember {8 removed from flying duties,
a replacement musgt be provided,  Second, when an airerew member
is removed from flying status his career 14 likely to be soriously
affected If not stymied, since most command positions require an
officor be fully qualified, profoessionally and physieally, for flying
dutios.

Of all pationts with houring defeets those with otosclorosis
rocoive the most satisfactory benefits from a hearing afd. These
dovices are avallablo to Alr Forco porsonnel under tho provisfons of
AR 160-87, Dozens of alrerewmoen are among the milllons of
sutisfiod users of heuring alds in the United Stutes today, 1f
hearing afd falls to satisfy the hoaring requiremoents of cortain
alrerow mombors, bocause of unusual elreumstances in thelr non.
fiying dulloy, such ws participating in group conforencos und
briefings, surgleal corrcetion muy be consldored,

T'he feneslration operation {8 ordinarily considered dinguality-
ing for {lying dutios bocuuse of the dungor of {ncupuciluting vers
tigo although u walver muay bo granted by the Surgeon Goenoral,
USAY, in indlvidual fnstunces,  T'o my knowlodge no spoeific policy
has boen furmuluntod concorning physieal qualification for flylng
followhig funesbration of the fuotplute of the stupes or stapedocs
tomy, followud by a graft of voin, fud, fuseln, or plustic ovor the oval
window with or without reconstruction of the ossleular chudn by
polyothylene or metal prosthoesis,

Compllentions which could sorfuusly compromlise in-flight por-
fornminnceo followlng these proceduroy wro not unkuown, urtlul
degeneration of the cochlen huy oceurred, rosulting in o pereoptive-
type huearing loss,  Ouenslonully labyrinthdtls dovelops and as a



result complete degeneration of the cochlea and peripheral vestibu-
lar system occurs. The patient must thon go through a period of
compensation while the remaining vestibular apparatus undergoes
a period of readjustment due to lack of inhibition from the de-
stroyed labyrinth. During this phase of recovery from sequelae
the patient may be completely incapacitated because of vertigo and
impairment of balance. This period of compensation muy require
more than 80 days. The compensation may be adequate for main-
taining balance and orientation on the ground but whether it is
adequate to enable a pilot to maintain coordination and orientation
in the air cannot be predictod.

Although the middle and inner ear soom to tolerute the graftu
and prosthoses, surgeons who roconstruct the oval window in this
way warn that only the passage of time will reveal the eventual
outcome (23, 26)., What might Lo the effect of repeated atmon-
pherie preseuro changes within the middle car cuvity on tho graft
or feotplute of the stapes by u prosthosis? It cun be postulated
that tho graft muy develop a perforution due Lo pressure noecrosis
as tho prosthesis i forced agulngt tho graft ov footplute with ros
current tympanic membrane movomonty; thoe prosthosts may ontor
the labyrinth and moechunieally gtimuluto the snceuls I such n
elreumstance; tho perllymph may oseapy from tho {nnor our with
resultant  degoneration of tho wembrunous labyreinth or luby-
rinthitis,  Ono investigator found, to his surprise, thut the saooule
wur torn in threo of ton cats {n which tho Tootplate of the stapos
wiy Tenostrated (23),

Most job adreraft are flown at altitudoes of 80,000 foot or Wighor,
These adrernft cablng are ovdiuwedly provsurizod to o much lowor
altitude,  Tor instanco, whilo tho fight altitude nny be 30,000 feot,
tho cabin altltude will bo 12,000, Tallure of this prossurization
system muy occur el any e, resulting in violont prossure chungos
and some tympunle membreane movement,  ‘he abmosphorte pros-
sure at 84,760 foul i8 180 mn ly, or ono-fuurth utmosphiore.
1f the alrerow nwember gy wmeble to vonldlute the milddle oar
o yupkd doscont from thiys altilude the onr that has had one of
these procadures will bave W tolovate a rolutive negative prossury
of D8O i, Hy within tho middlo sur. Wo are all famillar with the



“fistula phenomenon.”  When a fistula to the labyrinth is present,
cither positive or negative pressure induced in the car canal by a
Siegle's otoscope will caude nystagmus and vertigo due to mechani-
cal stimulation of the sensory receplors in the labyrinth,  The in-
duced vertigo may be of such severity that the patient {s comipletely
incapacitated.  This factor could lead to disastrous results if it
happened to a pilot making an emergency descent, as deseribed,

I sincerely hope that all of theso factors will be consldered by
the otolaryngologist beforo a stapes mobilization procedure iy con-
templated for flying porsonnel with hearing defeets due o olo
sclorosfy,

1 do not feel that tho bouefit of good hearing should bo
donfed anyonoe, Teast of all an afrerowman whoso reaponsibilitios in
nonflying dutien royulre acute houring. 1L would be wrong to con-
domn all surgical procedures devisoed to hmprove houring,  Hows
ever, 1t would seom wise at thig thime to use connarvative tochules
which will nol utnocossartly jeopmdize the alrerow mombor's
physical qualification for tlylng, und which do not offor sorious
compromise of tho wbyrinthine functions cssontinl to tlying sutoety,

In twonly-six “stupos mobllizution oporations” on olghtoon
alrerownien T hinve aployed the orlgbnal Kon technfe or the use of
t chlvol on tho foolplute,  Evoryono of those individuads hias re-
turned to full tliylag duly within 830 dayn,  Noue of thom have
sutfored any wdvorso of foets or soquolue from tho oporation, 14 ix
extremoly grabifying o obsorve the fneroased offoetivonous of
thoso putionts ta tho porfoemancs of tholy nonflying dutlos,

1 whould ko to emphaslzo that wll of tho procoduros doseribud
I thiw pupor wre callod “stapos woblibzation procoduros”  'Uhow
procodures e all porformad by mows of the sante surgleal ap-
proach Lo the mlddle oar cavity, One cannol, by exntalnliyg the
o lornal sur canal and tynpanle montbrano aftor surgory, dotorming
whut the surgleal procodure was or whul, 1 any, prosthesin was
Bortaed,  IU I8 ossontiad Lo hava an operation roport Lo detorming
oxuetly what wan done Lo, and with, tho stupon and oval window

10

PR P T T T o TR L



al the time of surgery,  Only by careful examination of the roport
and clinleal evaluation of the patient can the physleian properly
assess the implications of the surgical treatment of oteselerodis in
the pationt required to participate in aerial flights,

SUMMARY

Otoselorosis 1s the most commion enuse of progressive hearing
loas of o conductive type in adults,  Stapes mobllfzation effeeted
by the dircet method was revived in 1968, Recent proceduros in-
volve fonestration of the footplute, the use of a veln graft, and
recongtruction of the atapes with tantolum or stadnleas steel wire
or u polyethylone prosthests,  Fonestration of the horfzonial semi-
chratlur canal {8 ordinarily constderod permunently  disquadifylng
for flying duties and aowalver enn he graaited only by the Surgeon
Genoral, U S0 Afr Toreo, An Alr Foreo polley has not been
formulated with rogord {o fenestration of the foolplate of tho
stapos,  Avintion modielne prineiptos should be considered {n the
choleo of a surglenl procodure for oloseloerosls pertformed on an
adhrerow miembor, Mobllization of the stupos nehfoved consorvaidive-
ly by muanipulution of the howd of the stapes or occeasionully by
ehlsels i roconmonded and has bheon demonstrated  not Lo v
advernely wffoctod tho porformance of flylng dutlon’ by ulrerow.
ma, Untl i haw been definitely detormined thot the milddly car
vt Lolorite fonestratioa or ramoval of the foolplate, nddition of
grafts and prosthoses, without contprombudng the fntogrity of the
Inner ope while bolng subjoctod to the nevitable, ropogted bouts
of overo wlmonphisele pressure changos oncountorod in millluey
whrerudt, {6 would soot wine to rofraln from uslng thowe procoduren
on flylng pornosnel,
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