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RELATIONSHIP BETWEEN OTOLITHS AND NYSTAGMUS

J B Jeneke L. B W Jongkees and W J Oosterveld

From the Vestibuler Laborasory the ENT Department W thelming Gusthuis
Unh ersity of Amsterdem Amsterdam, N theriands

Recerred February 28 1969

In rabbits the jaflaency of the function  { the otoliths

The physiologic stimutus to the otoliths and
semicircular

sppears (Alexander’s Isw  1911) the quick
ph:schlhculnoppoﬂtcdhucﬁonmtbolluw
one The d} i to
comﬂ:ecycpomfmmun:nmmemnd
to a neutral position.

METHOD AND PROCEDURES

In order to cxamine the relationship between
otoﬂlhsmdnynnpnmp-rm'ukcdbynllnar

camls s well hed. The re
sponse of each separate mbocgan, on the
ocher hand, js questionable, It i8 well known
tbz!mmhrnpmdhnymmlmotnmhs
na y eye
"Ylnalllrml.hnrlccd:nmnrnpecﬂwly
The fact that tagmis can also be provoked
byllh:nrl:cdﬂnmn(e.g.y'lﬂty) makes

we 1 parts of
ths labyrmth.

Surgcal interventons such as cutting the
utrjcular nerve and elimmabon of the saccule
make it possible to prove that the semicirentar
camab do not respond to & lincar acceleration.
It 8, bowever very difficult to perform sclec
trve operations on the otolths in order to test
or elimmate their function without damaging
other parts of the vestibular organ, Le the
canak. It b impossible to state with coafidence
that a of the labyrinth can

basic peinciples of nystagmus provoked by a
linear acceleration are explained as follows by
Jongkees & Philipszoon (1962)° Nystagmus
consists of two components viz & slow and a
{5t phase: each of these has its own threshold.
When the eye is deviated efther by a cupula

be confirmed histologically Micro-snatomical
integnty does pot prove functional pormallty
(James, 1966) For this reason wo did not rely
on We intended to exs-
mme the effects of the otallths by way of physt-
ological recordings. In how far the otoliths are

for can be found out

or an otolith st} the i for &
quick phase b triggered and a nystagmus beat
Thh work

Thls ws mpporsed by a C.S1R. grant, South

1 seiser

byrlmp-by-strp:HmLmtmdvn'bmmb-
organs: first the saccule and then the utricle.

Ervery step of the operation was checked with
Totaben tests about a vertical as well ;s a hord-

Acta Osclarynr 09
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zontal axis, henee a very light anacsthesia &
epential, In our approach toward a selective
Iabyrinthectomy (that is sectioning of the utrd
cular nerve) we encounter & phase where stim-
ulation of the nerve Is very casy Although it
s known that in special circumstances linear
accelerations can give nystagmus (Jongkees &
Philipzzoon, 1962) it Is not clear whether di-
rect electrical or mechanical stumulation (which
provokes movements of the otoliths and thus
may be regarded a3 a more or kess physiologic
stimulus) of the utrcular macula or its nerve
leads to nystagmus or whether electrical stimu
lation influences an already present oystagmus.
Vensteegh (1927) Jompkees (1950) Suliivan
et al. (1957) denled any development of nys-
tagmus by direct mechanical stimulation of the

otolith system
Neither did Ulrich (1935) succeed in pro-
vaking gmus by direct st ion of the

otoliths with 2 human halr but Ferndndez ef af
(1959) found nystagmus when they stmulated
(by cutting the nerve) the utrculer perve of
cats. From the carrent data we cannot come
to a definite conclusion as to what the effects
of artifical stimolatlon on the uiriculus or its
* perve are

MATERIALS AND PROCEDURE

The group of de utricularzed animals coaststs
of more than fifty rabbits of which only seven
were classificd as successfol on both tldes The
labyrinth function of cach animal was evalo-
ated pre-operatively by a torson-swing, a per
allcl-somg, and a barbecoe test.?

The approach to the inner ear was the same
a3 described by Versteegh (1927) In order to
facilitate the sectioning of the utricular nerve,
we tried a few techniques with different de
grees of success

Touchmg the utricular nerve with a hooklet

The barbecoe rotation o about & cephato-candal hork-
rootal body a1k It o a form of a liscar sccslers-
tion and provokes s oystagmms superimposed on 2
compensatory €y movement of otolihic ocdgin s
pele, 1968)

Acta Qrokryat 63

presumsbly grves an intense stimulation which
causes the animal to start struggling. Thk
might result n & tear of the limiting mem-
brane or damago of tho nerve of the latend
semicireular canal, and would cventually kexd
to failure of the operation. The fafture Is In-
dicated by & spontancous nystagmus beating to
the normal side, just as in the case of a pnilate
ral total labyrinthectomy

For this reason we proceeded in some eases
cither by cocaization of the utncular nerve
with & fow drops of a 5% walution or by pars-
lyzing the mnimal with Naxedil 1-2 mg/kg of
body weight. After removing blood clots and
pedilymph leaking from the cochles, the utd
cular nerve was hooked and cut through under
the microscope The hooklet was made n our
workshop and was not bigger than 100 mlcron,
Thereafter the wound was flushed with a penk
cillin solution and closed Penicillin was ad-
minfstered intramusculady for five days post
operatively  Utricular stimulation was pract
sed on seven rebbits, five times this was suc
cessful In two the utricular macula was dam-
aged dunng the stimulation because of move
ments of the ammal. The operational approach
was the same es for & section of the nerve.
A steel clectrode was held 1 position by t
micromanlpulator (made by Narishige, Japan)
5o that cliher the utncke or fts perve could
be stimulated separately A Grass stimulator
was wsed to dellver the electrical fmpubses, end
was set at 0.5-0 8 V open-clreult voltage. The
pulses lasted 01 sccond and were given at 2
ratlo of five per second. After stimulation of
both the macula and the nerve the electrode
was moved mechanically up and down on the
perve and the macula over a distance of 100
microns, with the micromanipulator Ths ok
Jows scparation of the effects of clectrical and
mechanical stimulation,

RESULTS

< 1in

p ystagy from utricu-
Iar nerve sectioning alone was not seen in the
succenfal cases, This colnades with the renilts




of Versteegh (1927) Jongkess (1950) Sullrvan
eta (1957) and Samki (1963) If the Immiting
membranc or the perve from the lateral semi-
arcular canal was ever so slightly damaged
though, sp ¥ ppearcd. The
nystagmus then beats to the normal side a5 m
the case of a unilateral labyrmthectomy Fer
nfndez et al (1957) reported spontancous my
stagmus afier sectioning the utricular perve
- This must be atiributed, we think, to damage
of the canal system Just 21 In our cases which
- wo clasify as popsuccessful  Following the
sectioning of the utncular nerve we potieed &
- tremor of the eyelid, most pronomnced in the
-~ upper onc on the operated ude In some cases
' the membrane nictitans participated. The eye
- ball, however stood still. The eyelid tremor
1 clearly ded by the oy ph and
can ensily be mistalen for cyeball tremors (Has-
 mersms, 1957)
Shirabe et af (1965) stimulated the otolnhs
by ceninfugal force and m this way provoked
- & vertical eyeball tremor (no ) They

Relatfonship between owliths and nystagmus 3
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- mscribed it to eyemuscle cramps”™ which might
- be an otolith reflex according to the authars.
It might also have been only an eyelid tremor
. and not an eyeball tremor This confirms the
necessity for direct observations. The distorb-
 ance of equilibrmmm after bilateral otolith de-
. stroction was characterized by a swaylng of
. the head from keft to nght and vice versa in
;  borizontal plane, abdoction of the hind limbs
+ and 2 broad gatt These disorders appeared in
. all the animals with a selective bilateral loss of
utricular function, es well as in antmals with &
, bilateral total labyrinth destroction. It seemns
that ths unstable conditbon Bs brought about
., by the loss of otolith functlon (Jongkees,
1550)

,  Before we proceeded  the barbecoe rota-
ton we texted again the reactions to both rota-
tory and Imear stimulation. The post-operative
cupular responses provoked by the torsloo-
swing were not identical to the pre-operative
recordings (Fig. 1) The reason for this might

x be microscopial tears m tho fmiting membrane

» or & bleeding m the tymphatic space, such

post-operath  raponses to the tarmon s g

a3 were observed In some cuses of post-mortem
examunations by Michlke (1955 temuon on
soft tmsues) This change of torsion-swing re
sponses might, at first ught, be attributable to
disappearance of otolith infloence. But this is
pot likely slnce wo encountered animals m
which tormon-swing recordings were nearly
pormal. On the parallelswing no trace of resc
tion was cver noticed.

Duaring barbecue rotation the only responses
were those provoked by the romtory accolkers-
tion resoltmg in & tramitory nystagmes. This
is also regarded as & proof of the functionality
of the vertcal canals (Fig. 2).

During comstant rotatson we noticed po re
sponsc at all. The post-rotatory nystagmus pro-
voked In the operated animals could not be

rexson being that

q y
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the canal responses are not 0 clearly demark
ated sy pre-operatively a3 already mentioned.
1If the post-operativt post rofatory nystag-
mus Is correlated to the pre-opemative re
spamses we could not detect the distinct dif
{erence between the prone end sopine stop po-
sitfon—the former stop position virtnally gave
no post-rotatory mustagmus and the latter a
strong post-rotatory response. The above find-
ing corroborates the fact that the difference
between the 2 posibons can be viewed in the
ugmotmmomhmoduhﬁondledmwpum
g oa tho or of the

Concerning utricular stimulation
After the anaesthena had worn off sufficienty
we started our recordings. The salient fentnres
of the clectrical gtrmulation were as follgwy,
No nystagmus was observed by direct ob-
servation. In two animals an eye devation wa
noticed on the nystagmogram while the rest of
the examined animals exhibited a rotatory
(frontal) movement of the eyeballs which wa
not ded on the Mechal
ulpmmmm:uuicuhrnmedidnmpm-
voke any response When we moved the micro-
electrode up and down the utrcolar macgh
we observed an Intense nystagmus i both eyes.
Such a movement smumulates 1 cxmpgerated
form a linear acceleration. After these exper-
ments we destroyed the utricule and the cansk,
and the typical nystsgmus followed, beatmg
with the fast phase to the normal side We now
stimulated the utricolar nerve stump In three
animals a suppression of the mystagmm fob
lowed. The suppresslon lasted till a fow we
onds after the shurulos ceased.

DISCUSSION

ad. Selective Labyrinthectomy

Benjamms & Hulzmga (1927 and 1928) re-
moved the superfor part of the labyrin#
(utricle and canals) on both sides In pigeons
and noticed that the connter-rolling of the ey
remained Intact. If they removed the inferior
part (saccule, cochlea and lagena) counter
rolling was no bonger observed.

Meyer zum Gottesberge & Pleater (1965)
who touched the saccule with a fine nstrument
during stapedectomies noticed that the patied
experiences a scnse of a changs of position #
relations to g” By using the same princlpe
of climination &s Benjamins & Huooweg
(1927) Philipszoon & v.d. Laarss (1967) ae
came to the conclusion that the compensatory
eye movement originates in the otoliths. They
d the saccule and cut the ntricule

nmmnlhlm
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nerve on one side, The contralateral side wxt



destroyed. We are convmced that this tech-
mque provides sufficient accuracy to conclude
that both the comp y eye

Relationship between otoliths and nystagmus 5

test) It also proves that the canal syxtem ks not
gravity scoutive, and cannot be regarded s
a linear atall

and the concomitant mystagnmus during barbe
coe rotatlon are provoked by the otliths.
Here we sce that the canals do not respond
to Imear accekerations and that otalith stimula-
tion can provoke nystapmus Although on in-
carrect grounds, Borries in 1922 was the fist
to mentlon the otolith-ocular reflex arch, Many
years hater Jongkees & Philipszoon (1962) pro-

+ ved that a linear acceleration, which is the ap-

1

propriate stmmulos for the otoliths, can pravoke
optagmuy, From the results of the otricnlar
stmuolation we conclude that two factors are
of value, namely (1) that nystagmos beats can-

. Dot be generated by direct clectrical or mech-

anical stimalation of the utncular nerve, and
(Z)Uu!whhlmdmnnlprunueouthnml-
cular an Intense tagmus results,
We may regard the Latter as an otolith reac
bon bat it may alio be due to & mechanical
disp of endolymph with a
cupuhddhkn.

Now that & more posithre proof of an oto-
lhh-oculnrrvﬂcxlmhuhu,weganbe:m
insight Into the origin of positanal mystagmos.
We do not supgest that the physiology of a
rabbit i3 the tame a3 that of humans, neither
do we intend to exclude other forms of post
tomal nystagmm, but we only want to point
to the Importance of the otollths as one of the
possible causes of posibonal nystagmus.

CONCLUSION

Following & partial labyrinthectomy en both
sides In which the utkcular nerves were se
vered, the sactules destroyed, and the canals
chiudmlbwqemvtmm!nxdthcoon-

Mechanical stimmulaton of the utricular mac
ula might cotroborate the finding that the oto-
hiths can generate nystagmms.
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THE EFFECT OF BLOCKAGE OF ALL SIX SEMICIRCULAR CANAL
DUCTS ON NYSTAGMUS PRODUCED BY DYNAMIC LINEAR
ACCELERATION IN THE CAT?

M.J Correis and K. E. Moacy
From the Defemce Research Exsblishment Downnbew Toromsto Ont, Camads

Recehed Jooe 13 1969

kees, 1968 Jongrees & Philipmoon, 1962
McCabe, 1964 Niven et af., 1966)
Several investigators (Guedry 1965 Jaocke

DRET Raport 0. 728

1968 lanrke & Jomgkees, 1968 Jomgkees &
Phllipszoon, 1967 McCabe, 1964) have sug-
gesied that changing Hnear acceleration stimo-
lates the otoliths and prodoces mystagmms.
Other Investigators (de N6, 1931 Bemson &
Bodin, 1966 Benson ef a! 1967) have sug-
gested that shmulation of the ampullary recep-
tors cames the nystagmus.

De N6 (1931) suggested that movement of
the membranons semictreular canal relative to
the bony labyrinth canses relatve copular de
flechon and nystagmus. Bemson & Bodm
(1966) have speculated that the 1
camls undergo & changs in shape when gravity
is coplanar with the canal and thh deformation
during rotation of the canal causes endolymph
to move around the arm of the canal with con-
poert stmulatioe of e oot Tencke
(1968) has reportedly sectioned the utricular
perve bilaterally 1n rabbits, be reported that
the “hor axis gmm” was hed
postoperatively and he concloded that this oys-
tagmus originates from the otoliths,

The present investigation represents another
avenue of approach to selective ablation of the
P of tho 1 h, and an i
of thewr individual responscs to the dynamic
Iincar doced by b ! axiy

rotation
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METHODS!

Seven cats were given rotary tests and oto-
lith tests, and were then subjected to a bilateral
operation In which the ducts of all six semi-
circular canals were plugged. Ten days post
operatively the tests were repeated. Serial his-
tological sections of the temporal bones of
all scven cats were made later usmg the
Igarashi (1966) procedares, 11 order to con-
firm that the operations accomplished their ob-
jectives without nnintended damage to ampul-
las or otoliths.

Subjects

Seven cats were schkected for this experiment
on the basis of the following criteria. (1) pro-
duction of a continzoms unidirectional hort
zontal nystagmus in response to rotation about
an earth-horzonts]l axis at 10 rpm (60 /sec),
(I) a clear postrotary honzontal and vertical
nystagmus in respanse to decelemtion from 10
rpm (60 /scc) in 5 sec following vertical axbs
rofation, and (iil) absence of spontapcous and
positions] mystagmus prior to and following
argreal deactivation of all six semicrreular ca-
3

learailu

The rotary device wscd permits rotation about
cither an carth-vertical or an earth-horizontal
axfy. By wse of a gimbal system on the vertical
axis, and by selective postioning on the horl-
zontal axis, an animel may be rotated with the
head on the axis of rotation to produce either
horizontal or vertical nystagmmss. The device
has the capability for controfled clockwise
(CW) or counter clockwise (CCW) rotation at
constant velocity up to 40 rpm. The expen
mental animals were secured to the devico by
a box fitted with a head bokder which i3 a
modification of the one described by Henrlks-
son et a (1961) Ipstead of immoblleing the
animals by a wire through the camine tecth, the

Th.p.-hﬂp_uulhbantnrymm-lumurprdw
fied by the American Physiological Socuety were ob-
served during the course of this expenment

Acta Osolaryng 69

second and third premolars on each side of the
upper jaw were drlled and two wires strung
through and stretched. This modificatron,
coupled with taping the animals limbs to It
sides, provided adequate immobilmation du-
ring horzontal axis rotation.

Vertical and horzontal eye movements were
recorded from sat needle el )
placed in the appropriate posibons the signah
were preamplified with a Fryer & Deboo
(1965) amplifier and recorded on a Beckman
dynograph in an adjscent room. The system
time constant was of the order of 10 sec.

Animal head poaition relative to earth-verti-
cal dunng horirontal axis rotation, and ako
rotation veloclty were recorded from three
photo cells mounted orthogonally on the ro-
tary platform.

Surgery

A compiete description of the surgical proce
dure used in this experiment is presented ehe
where (Money 1961) Essentially the proce-
dure comsists of tramechon of the arm of the
semicircular canal by drilling across it with a
diamond burr This causes bons chips to be
packed mto the two open ends prodoeed by
the transection and results in discrete plugging
of the bony and membranous semwcircular ca-
ml ducts, so that endolymph movement
around the arm of the canal n pot possibie
postoperatively Tho cochlea and otoliths, and
cven the ampulla of & canel plugged in this
way remain morphologically normal (Money
1967) This techmque may be used selectrvely
to inactivate any single t canal o
a1l of them g3 in this experiment.

Nomenclature
To facifitate discussion of the rotary conflgur-
tions med in this experiment a gencralization
of the man-referenced kinematc scceicration
lature presented o (Hixson ¢
al  1966) will bo used here.
A skeich of a cat's head showing the card-
nal head axes and linear and angular sccekers-
tlons with respective polarities s presented in




Nvstagrmus In the car §

fied by the angk ¢ with a subscript to Indicate
the azhy about which the vector rotstes For
example, when a eat i rotated bead over tail
sbout an carth-horizontal axis (as o one of
the condijons of the present experiment) the
vectar A, representing gravitational socelers-
pon (g) rotates In the sagittal (xz) heed plane
This may be lndicated by a magnitude, direc
tion notation as A,, =g/ ¢,, in which g=32

ft sec? and ¢, Is the displecement of the vec
tor from ¢,=0 (vector directed slong the +

axls) Simflarly when a cat §s rotated abowut
an earih-horizontal axbs so that the linear &
cekrapon doc to gravity scts m the 1y head
plane (as in another of the conditions of the
present expermment), the gravitationsl vector Is
denoted by Ay =g / &, where ¢, =0 when the
vector s directed along the ~r head axks.

Vestibulor tests

The expenmental sequence, both preopera
tively and 10 days postoperatrvely was a3 f{ol-
lows otollth tests optokinetic stimulation
(OKS-D) carth-vertical axbs stimnlatron  opto-
kinetic stimulation (OKS-II) earth-horiran!
axn 1 optokinenc stinralation (OKS-
un

The otolith function of the cats was asseysed
by tests described previomly (Money & Scott,
1962). These tests, which were done with the
anmal blmdfolded, included slow angular dis-
pla Linear Jeratk and  drop™
tests.

The optokmetic stimalations were carned
out for the parpose of caflbrating the eye
movement records. Each of the three optokd-
netic stimulations took place in u lighted room
ad consisted of fomr 75-second  rotatioes
about an carth-vertical axis at a coostant velo-
city of 5 rpm (30 /sec) The four rotatoos
inchuded two (CW and CCW) about the cats
r axm, to produce boriromtal mystagmos, and
two (CW and CCW) about the cats y sxis,
to prodoce vertical nystagmus.

Vertical axbs stimolation combsted of eight
otary profiles, four about the cats  axis and
four about the y axis. For cech 1 axis snd

Acts Oselarymy 69
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METHQDS!

Seven cats were glven rotary tests and oto-
lith tests, and were then subjected to a bilateral
operation in which the ducts of all ax semt
circular canals were plugged Ten days post
operntively the tests were repeated. Serial his-
tological secthons of the temporal bones of
all seven cats were made later using the
Igarashi (1966) procedures, m order to con-
firm that the operations sccomplished their ob-
jectives without unintended damage to ampul-
lae or otoliths,

Subjects

Seven cats were selected for this expernment
on the basis of the followmg criteria (i) pro-
doction of a continucus umidirectional hori-
zontal nystagmus in respomse to rotatlon about
2n earth-horzontal axis at 10 rpm (60 /sec)
(i) a clear postrotary horizontal and vertical
nystagmus in response to deceleratron from 10
rpm (60 /sec) in 5 sec following vertical axis
rotation, and (iif) absence of spontancous and
posiional nystagmus pror to and following
irpqldualnuunofnlluxnmm:wlum—

1

b
The rotary device used permits rotation about
elther an earth-vertical or an earth-horizontal
axis By mse of a gimbal system on the vertical
axis, and by selective positioming on the hon-
zootal axis, an animal may be rotated with the
head on the axis of rotation to produce either
horzoatal or vertical mystagmus. The device
has the capability for controlled clockwise
(CW) or counter clockwise (CCW) rotation at
comstant velocity up to 40 rpm. The experi-
mental animals were secured to the device by
a box fitted with & head holder whxh Is a
modification of the one described by Henriks-
son et a (1961). Instead of immobiliring the
anmals by a wire throogh the canine tecth, the

The principles of laboratory smmal care a3 speci-
ﬂ.,-db,u, Physiologhcal Socioty were ob-
served during the course of this cxpenment.
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second and third premolars on each nde of the
upper jaw were drilled and two wires stromg
through and stretched. This modification,
coupled with taping the animal’s limbs to it
sides, provided adequats immobilization du-
nng horrontal axis rotation.,
Vcﬁtnlmdhoﬂzmnlcycmmmtxm
recorded from sub needle
placed in the appropriate positfons the signak
were preamplified with & Fryer & Deboo
(1965) amplifier and recorded on a Beckman
dynograph m an sdjacent room. The system
time constant vwas of the arder of 10 sec.
Animal bead position relative to earth-verth
cal during borizontal axis rotation, and abo
rotation velocity were recorded from three
photo cells mounted arthogonally oa the ro-
tary platform.,

Surgery

A complete description of the surgical proce
dure med in this expenment is presented else-
where (Money 1961) Essentially the proce-
dure consists of tramection of the arm of the
semicircular canal by drilling across ft with a
diamend burr This caoses bone chips to be
packed into the two open ends produced by
the transection and results in dscrete plogging
of the bony and membranoas semicircular e
nal docts, so that endolymph movement
sround the arm of the canal & not poasibie
postoperatively The cochlea and otoliths, sod
cven the ampulla of a canal plugped i this
way remain morphologically pormal (Money
1967) This technique may be used sclectively
to imactivate any single semicircular canal of
all of them 2 in this experiment.

Nomenclature
To facilitate discussion of the rotary configurs-
umnuscdinthhexpuinrutugmcnlh:ﬂn

of the man-ref

Iature p d elsewhere (Hixson ¢f
al 1966) will be used here.
A sketch of 2 cats head showing the cardh
nal head axes and linear and angular accelerd-
tons with respective polarttics is presented B




vector @, with a subscript to mdk
c‘t’-helﬂsllcugw‘h::ht.l:»evec!xm‘i:tnl]g,-m:\:l

—&, denotes CW yaw acceleration and
OCW yay ™
Linear acceleration is also denoted by & vec
o A, with a subscript to Indicate the axis
slong which it acts or a doublo subscript to
the planc in which It acts. The direc
the vector A In a given plane is speck-

4

- 1

~nplto
1 or rotu
tated head oy

i1
[ SN
&rrrt A}

ap axis (as m cr

th  on ert experimer

vee ¢ A ravitational mcc

ton ) roat uttal (rz) head p
This nty be m s a magnitude dire
ton rotauon 3. A _ ¢ in which g=32..

ft/sec and ¢, b5 the anplecement of the vec
tor froo ¢ O (vector direied aloog the +
axts) Sunderly when & cat is rotated about
an earth-horzontal axn so that the linear ac
celeration doe to gravity acts In the xy bhead
plane (as m another of the condihons of the
present experiment) the gravitational vector Is
denoted by A, =g/ 4, where ¢, =0 when the
vector s directed along the +x head axls.

Vesubular tests

The experimental sequence, both preopers
tively and 10 days postoperatively was a3 fol-
Jows. otolith tests  optokinetic  stimelaton
(OKS-T) earth-vertical axis sttmulation opto-
tmetle strmulation (OKS-TI) earth-bhorzontal
s lation optokinctic stimulation (OKS-
nn

The otolith functhon of the cats was asscssed
by tests described previously (Money & Scott,
1962) These testy, which were done with the
sanimal biindfolded, meloded slow angular dis-
P linear derath and  drop
tests,

The optoklnetic stimulations were carried
out for the purpasc of calibrating the eye
movement records. Each of the three optoki-
netic stinnilations took place in a lighted room
ind congisted of four 75-sccond rotabons
about an carth-vertical axis at a constant velo-
ety of 5 rpm (30 /sec) The four rotabons
Included two (CW and CCW) about the cats

axh, to prodoce horizontal nystagmn, and
two(CWdeCW)-bou:unw:yuu,
to produce vertcal nystagmus,

Vertal axis siinmlation comisted of elght
rotary peofiles, four about the cats . axis and
foor about the y axis. For each ms
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HORIZONTAL  NYSTAGMUS

ots prior to (Pre op) and following (Poat op) block
of endotymph flow in all six semicircnlar canahs,

ﬂan!lxi:.Twoﬂﬂnurculhcvmpmumm

¥ axms orlentatron the animal recerved CW and
CCW rotations at 10 rpm (60 /sec) and 20
pm (120 /sec) Each rotary profils conssted
of acceleration to coustant angular velocity
maintenance of this velocity for 120 seconds
and deceleration to rero weloaty In 5 sec,
which resulted in an average deceleration of
12 /sec? from 10 rpm and 24 /sec? from 20
1pm. Pnor to vertical axis rotatron, eyc move
ments were recorded In the dark for 45 sec
to test for spontancous nystagmus.

The ¢ight profikes for horzontal axls stinu-
lation were the same as foc vertical axis strmu-
1ation. Rotations were carrfed oat in the dark
with careful attention given to the elimination
of light leaks. Chatter and nolse were created
durmg rotation fn an attempt to kecp the ank-
mal aroused” A one minute rest period was

Acse Orolaryng 69

mars has fast component toward the cat s left.

given between successive rotatom. Prior to bo-
rzontal axis rotation, cye movements were ¢
corded for 45 sec with the anmal's nose suc
cessively up right, left, and down, to test for
positional nystagmes.

RESULTS

Preoperatrvely the otolith function of the cats
was judged normal (Mooey & Scott, 1962) ex
cept in cat 259 (a white cat) which was asses-
sed as otolith defective No clear change in
otolith frmction was observed in any cat post
operutively

Eye movement tracings flostrating the pre-
operative (Pre op) and postoperative (Post op)
respomes produced by the rotary stimull are
presented tn Fig. 2 and 3 As indicated by the
sketches and symbols above the tracings, angu-



Fiz 3 Horizrontal G7) (V) eye
mexss prior to (Pre op) and followkng (Post of) block
o fow cenals.

wnd verticat mo e

vettical axls. Two right traces ahow respomse to CCW

hr accelerstion durdng vertical axis rotation
ind linear acceleration during coastant velo-
chy horzontal axis rotation acted In the hork
Toutal (xy) head plane for the results displayed
n Fig. 2, and m the sagittal (x7) bead plane
for the results doplayed In Fig 3 In both
figures it may be obscrved that the nystagmus
(borizontel mystagmus in Fip 2, and vertical
tystygmus in Fig 3) produced preoperatively
by vertical axis deceleration (CW decel from
120 fsec | 5 sec) 13 abolished following
plugging™ of all cdx sermcircular canals the
Tespome 10 rotatlon at constant velocity sboot
an carth horzontal axis (CCW 60 /sc0) ¢

oye
sponses for all animals observed during expo-
sare to horizonial axis rotation peioc to (Pre
0p) and following (Post op) canel PlUEEing

Nystagmus bn the et 11

rotation sbout sm earth-hormomial axh st 607/sec
The angulsr scceleration fa,) daring  ertical azms
rotation end the Dnear acceleration (An) darmg bori-
roatal axis rotiton act in tho mpttal boad plamc.
The vertical ystapmans bas fast compoment toward
the Iower L.

Mean Instantaneons eye velocity of slow phase
horzonal nystagmus is shown plotted at 30
intervals during 360 (1 revolutim) rotation
of the lincar acceleration vector A, =g, ¢
rates of 60 /sec (Fig. 4 a) and 120 /sec (Fig
4b) Esch point represents the mean of 28
values [7 antmals x 4 revolutions # 1 direction
of rotation] Presented I Fig. 4c¢ m mean
instantancow slow phmse eyo velochty of verth-
cal nystagmus for 60 /sec comtant rotation
of the linear acceleration vector Ax=g,_¢»
Each point represeats the mean of 28 values
[7 animals x 4 revolntions x 1 direction of ro-
tatlon (CCW)). Ako prescnted In esch plot b
an extimate of the mumber of oystagmic beats
occurring during one revolution. This cstimate
Is expressed as beatscycle for both Pre op and
Post op tests.

No piot of vertical nystagmus o
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same phase relationship to the direction of the
A vector relative to ths head In both cases
the maximum magnitode of the slow phase
veloaity occurs near 0 (nose up) and the minl-
mum occurs near 180 (note down} This cy
clic variation of velocity has been observed
previously in humens, aho at 60 /sec (Benson
& Bodin 1966 Correia & Guedry 1966) and
its ongm bas been questioned. The present
data suggest that, in the casc of the cat, the
osclllatlon s produced not by a modulating lo-
fluence of & response of the semicircular ca-
mals to endolymph flow around the canal nor
by a dhy of the t canalsy
relative to the bony cansls, but by some com-
plementary system such as the otollths

The suggestion that complementary systems
may act during horizoatal aib rotatlon has
been made previowsly Correln & Guedry
(1966) speculated that both the semicircular
camals and otolith organs act in concert during
horrontal axb rofatton  (Correla & Guedry
1966 p 307) Yoong (1967) bas proposed a
maodel in which otolithic and semicircular canal
subsystems contribute to the total nystagmic
output in response to dynamic linear accelern-
tlon At first sight the suggestion that two op-
crant systems respond to horizontal axis rota
thon appears In direct coaflict with the data of
Jancke (1968) who found that sectioning the
utricular nerves n rabbits abolbhed the re-
spomse to horizontal axix rotation. Assuming
that the utricular nerve sechoms were discrete,
one could conclude that the otaliths are neces-
sary for the Initistion and maintenance of the

Nystagrmus in the cat |

in several ways: (1) a greater decreasc In slow
phase eye velocity (tlow phasc up) occurred
following canal plugging (Fig. 4¢ vs. 4a)
(2) comistent up beating (slow phase down)
vertical nystagmus was absent both preopern
tively and postoperathvely* (3) consistent op
beating or down beating vertical nystagnmus
was absent at 120 /scc rotational velocity
These differences between horkzontsl and vertl-
cal nystagmus sugpest different respomse char
scteristics for the semsory systems associated
with the two planes of sumulatron Apparenth
no published dats exist for humans ex
posed to bormontal axls rotation so that the
£ vector rotates In tho sagittal head planc
Niven ef al. (1966) bowever oscillating hu-
mans on & track such that the resaltant lincar
acceleration vector swung +30 n the sagiital
head plane, observed po vertical nystagmus al-
ﬂvou;hl}nnnmtthnuimlnlhz}nﬂzouul
head planc produced bort

Thcprtscncnolmon:dmhnﬂng!hmup
beatlng vertleal nystagmuos fn respome to borl-

(Money & Scott, 1962) during angular sccele
ration about an earth-vertcal axis It b beyond
the scope of the present stedy to speculste
upon the origin of this directional disparity
but It shoukd be noted that in the present study
ft was also observed for vertical opfohinede
oystagmus.
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nystagmus a3 well a3 the cyclic modulation of
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The foregoing discusson has been coo-
cened with the borizontal nystagmus observed
during rotatlon of the lincar gravitstional vec
tor In the xy (horizontal) head plane. The verth-
cal nystagmus produced by rotation of this vee
tor in the xz (sagittal) bead planc was different

The membrasom camah werc “acked™ o 1he bony
labytmih by the operaion

Technical was provided by Mr Duke Cinns-
mon esd Mr A Nicholr. Mr Jerry Lanfer
secthons. wns by Me
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ebene pedreht. Die Augenbewegungen wurden wih-
rend der Untersochmng elektrinch reglsiddert.

Nach chirergischer Durcinchneldung und  Plom-
bicrung aller sechs halbrirlelfdrmigen hanlle wurden
e Vestibalarhfunltionen der hatren wieder in der

funde nund Schimafolgerungen worden dishotiert.

Addendion In sddition to the cats whose data sre

Guedry F E. 1965 Orkntation of the rotation sth

H[x’ou,\V C.vacn.l L&Cufn'h,ll! 1966.

nﬂom(rﬂhlpcch]ntnmwvdﬂmlx
pﬂuﬂms). NAMI Mowograph 14 NASAR—?J
aval Acrospace Medical Institnte, Penvacola,

Fh.

Igarmshd, M 1966, A sandard techniqoe for tem-
poral bone prepantion. NAMI uamm 13
NASA RS93 Naval Acrospace Medical Insthute,

Fla

Pensacols,
Janche, I B 1968 On wystagwoes end otoitths (a

Janeke, J B. & Jongleer, L. B. W 1968 Barbecoe
rotation fn combimation whh sinosoldal rotation
zbout & vertical axi. Act Otolarymg (Stoclh)
65 244,

Jonglees, L. B W & Phillpzoon, A J 1962 Ny

Lu’enla&Nd,R.lS’Jl Amp"lhm]uphdm
DlnAnpcnmmldrrﬂug Kmm:bmmdﬂue

Symposizm om The Role
" Orgens in Space Explormion. NASA SP 115 pp.
185-199 1966). Thes same two cats when exposed

Bemson, A. J & Bodln, M. A. 1966, Intersction of
lincar and angular sccelerations on vestibolar re

in man. Aerospace Med 37 144,

) Guedry F E & Jopes, G M 1967
meral canal noity

iaryug. (Stockh) 62 297
Fryer T B. & Deboo, G J 1965 A high perform-
miniatnrized bigtogical ap-

#ace
plications. Med Electrom. Biol. Exgn. 3 203

Acta Osolaryng 69

Ergebn. Physiol 32 73

McCah:.B.]—’ 1964, Nystagmm respomse of the
otolith orgam. Laryagoxope 5 273,

Mooey k. E. 1961 Fanctions of the stparate semiory
receprors of the monawdbory labyrink of the car

In caty. Third Sympasrium om the rols of the vesti-
buler organs 14 spece exploration. NASA SP 152,
p 331
Moocy h. E & Scoft, I W 1962 Functiom of
scparate seosoTy rweeptors of nomaudhory laby
rinth of the cat. Amer J Phvsiol 201 1211
thn,) LHIxm,WC&C:rrch,MJI%ﬂ.

by poriodic
E.nau-ccelcnlbn.An Otolaryag (Sockh) 62

S(m- R W Jr 1967 The inflacace of sxpular sad
lncar acceierasion and thirwed stimuhstion on the
hawsan sewucircuiar canal. Sc D Thesis, ML L T

Young, L. R 1967 Effects of inear scoeleration oo

Thind on ke
role of the vestibuber orpens in space expiors-

riow NASA SP-152, 383

Defemce Research Esteblckment P O Boc 2000
Downsriew

Toroaro Ont Canada



Acta Otolaryng 69 17-24 1970

THE INTERACTION BETWEEN THE UTRICLE AND THE SACCULE
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{unction bave been developed. Several authors
bave shown that the saccule reacts to linear
acceleration whereas others deny that this or
fan exerts any vestibular function. Other au-
thors agam have shown that the saccule reacts
to sound, mdicating that it is a cochlear or
pn (Foc references sce Flunr & Mellstrdm,
1970)

Concerning the utricle, all authors seem to
agree that 1t b an organ reacting to gravity
and lincer scceleration. The theory put for
ward by Breuer (1851), that the adequate sthm-
ulos of the utricle 13 the tangenthal force paral-
kel to the surfsce has been proved by Steln-
bausen (1935) and by von Holst (1950)

The influenco of the otolith orgam on the
oculomotor systera has been studied by several
aothors, but thelr methods of lnvestigation
have genenally lmplied s mass stimulation of
the whole organ and, conscquently the experi-

ments hevo usually resnlted only in theones.
Quite recently Flur & Mellstrdm (1970) have
been able to show tirough clectrical stimuls-
tion of different arcas on the utdcular and sac¢
cular surface on the cat, that distinct eye move-
ments can be released from these aress The
results can be divided in two groups in ons
group alert anmmabk made coordimated eye
movements, and In the other sleeping animals
mado uncoordmsted movements. From the lat
ter group onc can concdede which cye muscles
arc stimulated from respective aress.

The supetior sacculer area produced co-
ordinated clevation in alert cats, and in sleep-
Ing cats, tmcoordinated cyo movements, mainty
the activation of the ipsilateral superor rectus
and the contralateral mferlor oblique From
the inferior saccular arce a coordioated de
pression was observed in alert animak, and in
slecping cats uncoordinated eye movements
were obtained, the principal contraction being
that of the Ipsilateral supenor oblique and of
the contralateral inferior rects (Fig. 1)

Sdmulation of the utricle gave the following
results. From the smterior medlal (4Af) and
the postenor hateral arcas (PL) a coordinated
clevation wazr obtined in alert animaly from
the anterior lateral (AL) and the posterior me-
dial arcas (PA) a coordmated depression was
observed. Furthermoce, from the midlateral
ares (ML) there was u horizontal eye move-
ment in coniralateral direction (Fig. 2) In
seeplng  animals, however the phenomena
were more complex. AM pave & contraction

Acts Otolorymg 49
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Fir I Coordinated sand uncoordinated eye move
ments obtained by clectrical stimulstion of the keft
wsperfor and inferjor sscculfar srews

of the ipsilateral superior rects and the con-
tralateral inferior obkque, whereas PL actrv-
ted the contralateral superor rectus and the
pailateral inferior oblgue. From AL the 1pal-
+ [ateral mferior rectuy and the contralateral
superior oblique were activated, while the con-
tralateral micriar rectus and the ipsilateral
supertor oblique were stimmiated from FPM
The arce ML gave the same respomsey =3 in
alert antmals (Fig. 3)
The heltement to undertake the above-men-

rects in the homan contrifage (Brandt & Fluur
1966 19674 b ¢) The results of theso in-
vestigations gave birth to a theory as to the
inflence of the otaliths on the €ye movements.
This theory could not be proved, bowever by
human experiments, but has now been coo-
firmed through electrophysiological salms! m-
vestigations  (Flrur &  Mcllsubm,  1970)
Thanks to these combiped smimal and humsn
experiments it s pow potsible to explain both

Acta Orolaryng 69

how the utricle and the ssccule function In-
dividually and how they cooperate with each
other In this paper only the latter aspect will
be elucidated.

If an Individual Is exposed to Hnear sccele
mton strught forward or 1 centrifoged with
Lhcchnkanc!mdhbfmewwardtbemum,
the eyes are subjected to a vertical d
direeted deviation (Brandt & Fluer 1967 5)
Fig. 4 shows the amomnt of eye deviation In
relation to the actual directron of the resultant
vector There s almost an exponential Increase
1 the size of the deviation for every increase
of @ by 10 The deviation i especially great
between polnts 6 and 7 (50 and 60 resp)
Subsequently the amount of deviation de
creases in spite of further increase in # and

AL e
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Fiy 3 Uscoordiaried ¢y movemests obtained by
electrical stimnlation of different arems om the kft
utriche, Abtmeviations are tho samo wa bn Fig. 2.
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Fig 5 Stmnlated (whi) and Iohitied Gertically

striped) mrex on the wirkuhr sorfaces duriog lnear
accelerabion foruards. The actrrated oye mosckes ar
ahown. Abbreviatsons are the sume a3 in Fig. ..

in the centrifugal force. This depression of the
cycs is induced by stmmlation partly of AL
and PAM on the utncular surface (Fig. 5) and
partly of the inferlor saccular arca (Fig. 6)
The decrexsing depression, in spie of further
increase of stromlus, s dee to the fact that the
resaltant force starts to Influence the supenot
saccular area, which tries to inhibit the depres-
noa of the cyes Thus is stlll more clearly scen
if the same stimulus Is applied, but whh this
difference, that the subject tits his head 50
backwards (Fig. 7) A vertical downward-

‘\\i\%



despite forther Increase in the foree of stimula-
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Fig 8 Stomisted (whitc) and inhibited (vertkally
striped) arems on the left saccolar sorface, whh the

movement (Fig. 8) From animal experments
wo also know that It is easler to obtain cleva
tion than depresston of the eyes during stim-
Iatlon of the otoliths (Flonr & Mellstridm,
1970) The conclusion fs, that there s & red-
procal relation between those arcas oa the utr-
cular surfaco (AL and PM) which result in &
depression and the superior saccular arct
which causes an clevation.

If » subject is exposed to linear acceleration
backwards, or b5 centrifuged with his face &-
rected from the centre, the eyes move vertically
upwards (Brandt & Flour 1967 ¢) (Fig. 9

30° backwards The caplanations &7t
the sama ms fn Fig. 4.
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The amount of deviston n, however consider
ubly smaller than during acceleration forwards.
During acceleration backwards the utncular
aress AM end PL arc stimuolated (Fig 10),
sand gmultancously the inferior saccular area
s also stimolated, which, under normal con-
ditions i always nfloenced by 1 ¢ Here again
we havo two antagonistic arcas the utricular
AM and PL, which arc dlevating the cyes, and
the inferior saccular arca, which tries to cause
ldcpr:ulun.’l‘lnl-ad:nﬂulmmmo{the

fs considcrably smaller than daring
scceleration forwards is doe to fust thhk In-
hiblting effect on the elevation of the inferior
seccular area,

‘ o ¥ o & w w e
L Ll N Y
N A N N N
O accaleration

a
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We have seen that linear scceleration for
vwards and backwards result m vertical cye
movements (Y axis) but no reacth

whereas the rofatory eye movement (Z axls) at
first increascs greatly but subsequently again

aloag

the other two axes (X and Z) If, on the other
hand, a peon 1 exposed to linear accelera-
tion with the force acting in the frontal plane,
Inul cye mo are  observed

along all the three axes of rotatron (Brandt &
Fluur 19674a) If the subject &5 centrifoged
with his head in normal position, with the
centre of the centrifuge to the Jeft, and the
face m the direction of rotation, he i subjected

+ partly to & horizontal eye deviation to the right
(X axis) partly to a depression (Y axm) and
partly to & counterclockwise rotatlon (Z axix)
(scen from the subject) (Fig 11) The move-
ments along the X and Y axes merease almost
uwolformly duoring the whole stimulation,

Fig 13 Summisted (white) and jnhibised (vertically
striped) arcms on the utncular wurfaces dunng Usesr
acoclecation whh the force acting in the froetal
plmmmlvﬂtdqemmdnmm!\bhm
wthoas are the samc 33 b Fig 2.
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d despite the i ing Itant force.
The reason for thrs s more readily anderstood
if the same experiment » made with the sub-
Ject’s head tilted 50 outwards from the centre
(Flg. 12) The angk of the resultant forcs b
then fncreased from 50 and upwards, so that
the force i3 soon parallel with the utricular sur
face, and perpendicular to the left saccular sur
face. At that moment, the rotatory eye move
ment suddenly diminnhes. This depends on the
fact (it the utricular combination AL+FL
sin. and AM+PM dx. (Flg. 13) are together
antagonists to the combimed cffect from the
superior and the inferlor areas of tho kft sac
cole (Fig. 14) Stimulaven of the utrcular
areas gives rise namely to counterclockwse
rotation, while, on the contrary stimulation of
the whole left saccule results In clockwise rots-

Fig 14 The wimalated keft soperior and wmfenaf
sscrmlar arcws during ecar acccheration with e
force acting ia the froatal plane. The activmed ©¢
mches are shown,
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Fly 15 The smount of eye de-
viation

thons are the sxme a3 i Fig. 11

tion. When the resaltant angle s perp
to the left saccule, this organ inhibits the rota-
tory eye movement mdoced by the wutricle,
whach is abo cleady shown In the curves (Fig.
12)

Concermng the two eye movements along
X and Y axes, the horizontal movement Is re-
lexsed from the utricular AL area, while the
vertical movements are obtalned from the in-
fedor saccular areas on both skdes. During
stimulation fn the frontal plane the utricle
mostly functions in producing rotatory eye
movements. This statement is proved by Fig.
15 where the subject Is exposed to

lincar forwards, and camse vertical
eye movements downwards,

B Utncalar aress, where the sensory cells
wre oricntated forwards, arc stimuolated during
linear scceleration backwards, and cause vertl-
cal cye movementy opwards.

C The inferdor and antedor saccular ares,
where the semory cclls aro arrentated down-
wards and forwards, b stimulated daring linear
acceleratton upwards and backwards, and gives

tion with the force acting in the frontal plane,
and with the bead tilted 50 toward the centre
At first a doclwise romtion of the eyes I ob-
tained, but this decreases to 0 when the 1T
sultant angle i perpendicular to the utncular
surface Fimlly when the resltant force has
passed the zero polnt™ the rotation of the
cyes changes 1o the opposite direction.

CONCLUSIONS
Sagintal stimulation
A Utrkcular areas, where the sensory cells are
T d backwards, are d dunng

downwards and forwards and results in verth
cal eye movements wpwards.

E Synergiom exbsz between paints A and
C and between ponts B sod D

F Antagonism exists between points A and
B and between points A4 and D

Frontal stimulation

G Utricular areas, where the sensory cells are
orfentated to the right, are stmulated during
hincer acceleration In the frontal plane to the
left, and cxse parily borirontal eye move-
ments to the right snd partly counterclockwise
rotation.
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H Utricular areas, where the semsory cells
are arienated ta the lkeft, are sumulated doring
linear acceleration in the frontal piane to the
nght, and give rise to partly horzoatal eye
movements to the left and partly clockwne ro-
tation.
I The saccule can give rise to rotatory eye
only if the stHmulas §s perpendl-
cular to its surface, when both the two areas
are stimulated  simut ‘J quently
within 2 very narrow space The left saccule
then functions antagonistically to thoso sensory
cells on the left utncular surface which resct
according to peint G and the right saccule
fanctions sotagonistically to those reacting sc
cordlng to point A
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INTERACTION BETWEEN STATOLITH ORGANS AND
SEMICIRCULAR CANALS ON APPARENT VERTICAL AND
NYSTAGMUS

H fons on the effectly

of the statolith organs

H. A. Udo de Haes and H. Schfine
From the Mar-Planck-lasion fir Verkaltensphiysiologie Scewiesen, Gearmany
Recedved Jumo 23 1969

The effect of y vertical camal

on vertcal was

s function of the it poition &t ®op in & vertical
roll-plane. Nystagmm and mmber of

m well s the ffect the apparest wertical In-

those aher yaw-rotation In the horizotal plane
(Guedry 1965 Bemon & Bodin, 19664) Be
cxmse these findings could pot be caplained
by a direct effect of gravity on the cupula
(Correla & Guedry 1964 Guedry 1965 Beo-
ton & Bodin, 1966 a) the followmg hypothesis
was peoposed by Guedry During rotation In
a vertica!l plane the respanscs to canal stimmla-
tion arc entanced by the statolith organs which
are stimulated by the contimuously re-orientlng
by the Duich G
schappellk Onderwist, Art. 20 sob 2

Wt Weten

linear force. Afier cemation, however there
b a contradictoc between the information
from canal- and gravireceptors. Tho canalro-
coptors sigml rotation, that i, change of posl-
tion, whereas the statolith organs signal a fixed
position. This di canscs the suppe
sion of the nystagmus. Bemson & Bodin
(1966 ) critcized this point of view They
proposed, on the bash of different specific
densities of endolymph and perilymph, a dircct
effect of gravity on the canak. that the com-
ponent of gravity whxch Is co-planar to the
strmolated canals would be effecttve in copula
restocation

As far as the perrottory responses are con-
cemed Jancke (1968) investigated partisl haby-
nnthectomired mabbitx the canal sysicm was
left intact, the saccular maculse and the otri-
cular nerves were bllaterally destroyed. Daormg
vertical plano rotatrtom about a sagittal (roll-)

however had ceased completely This Indicates
that the tin P Y
originates in the statolith organs
gosted by Guedry (1965)

e ing the postr Y rap 1
cotical behavioural experiment with humans
was perform~d by Bemson (1966), the resit~

Acte O
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of whxh also favoured the hypothests of
Guoedry
This hypothesis implies that the degres of
contradiction between the signals from camal-
and gravireceptors increases as the (subject
fixed) plane of rotation is varied from horizon-
tal to vertical. No contradiction 15 cansed after
stop in a horzontal plane because the gravi-
ptors cannot  diff between  posi-
donslnthhplme.lnlvmialmmionphm.
£ 3 differentlate optimally
bctwcenpmlﬂom.!hcm{mllrdegmco{mn—
tradiction has a maximom valoe.
Another aspect of the intersction between
the statolith orgam and capal receptors con-
cems the effectiveness of the siatolith orgam.
Whereas Guedry s hypotbests postnlates maxi-
mal influence of the statolith organs after stop
1 a vertical plane 2 compared with the horl-
zontal plane, it bears no unplicatron about the
inflience of the degree of tit at stop m &
vertical plane In man thi effect of stop posi-
tion on postrotatory nystapmus has been in-
vestigated oaly in the yaw-plane (Correla &
Guedry 1964 Guedry 1965 Benson & Bodm,
\1966a)Thonymgmmwanedlobed}ghUy

(1929) were the fint to notice the high degree
of uncertainty of subjectrve ordentatioa st the
Inverted positioas. This and similar phenomem
havo been confirmed by scveral authors, who
measured the AV variability in different ways
(Fischer 1930° Brown, 1961 Schbne, 1964
Schdne & Udo de Haes, 1968 Udo de Hass,
in press) Including the threshold of the so-
calied  ocalogravic Mesion” (Graybuel &. Pat
teson, 1955 Grayhwel & Clark, 1962) In
cvery instance the AV was much less stable In
the inverted as compared with the normal posi-
tiony.

The hypothesis proposing a decline of of
fectivencss of the statolith organs with Increas-
mg degree of tilt was further elaborated by
Schdae (1962) He related the increasing vana-
bility of the AV 1 the findings of von Holst
& Oriscbach (1951) In prelimmary experi
ments they found that the AV Is affected by
postrotatory stimulation of the vertical canals
m a vertical roll-plane the influence appeared
to be much greater fn the head-down than fn
the head-up position. We rcpeated and ex
tended these experiments.

Also in line with the Mdea of & changmg ef
of the lith organs fs the find-

m the prone (nosc-down) 23 p

' the supine (nose-up) poattion, suggeming,
that the statolith organs are more effectrve m
nppressing the nystagmus in the prone than in
the supine position. To obtam farther informa-
tion sbout the effectiveness of the statolith or
gans we studied postrotatery nystagmos in the
roll-plane, varying the stop position over the
whole range from bead-up to head-down.,

Thus far we lave only discussed nystagmos,
which Is gererally classified as & response to
caml stimulation. Qur nvestigations alo con-
cerned the apparent verticn! (AV) for the per
ception of which the statolith organs play the
prncrpal role the relevant stmules parameters
are directon and magnitude of the gravito-
mertral force (Scbine, 1962 Correis ef of
1965 Miller & Graybiel, 1966 Schdoe ef ol
1967)

As 10 the cffectiveness of the statolith or
gans with respect to the AV Quix & Eijsvogel
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ing of Schinc & Udo de Haes (1968) that the
somatorceeptors of the tnmk affect the AY
most strongly at ths mverted positions of the
head,

A theoretical anslysts of this kind of inter
actlon between sensory systems has recently
been given by Bischof (1968)

In summary our Investigations have three
main aspects.

(1) the mnteraction between the sigmls {roo
canal and statolith receptors on a respoast
genenally occurnng with  canal  stimulatios
(oystagmus)

(2) the same mieraction on & responsc
which is mainly dependent on the stnmulation
of the statolith organy (apparent vertical)

(3) the decline of effectrveness of the stato-
m_hor;nmwﬂhina-culugdcyeeo!mt“kh
respect to the AV and to the suppression of
nystagmus.



METHOD

General

The subject (S) was placed in a bed which
facifitated rotation in the rofl-plane of the bead
(Fig. 1ab) After acceleration of 1 /sect S
was rotated with constant apeed of 60 /sec for
onc minute his eyes were closed. He was then
stopped within 1 sec &t one of the following
posdtions: O (bead-up) 30 60, 90 120 150
and 180 (head-down) In the nystagmus scries
they were to the left, with an crror of maxtmal
6 in the AV experiments they were to the
right, with sn accepted error of maximal 3
In both serdes four independent tests, two
clockwhe (CW) and two counterclockwise
(CCW) were performed with every S.

Nystagmus

Four Ss were investigated They wore Freorel-
spectacles (Flg. 1a) The fast rotatory nystag-
mm beats of the right eye were indicated by
the cxperimenter and recorded on a tape Non-
rotatory movements of the eys were avoided by
fiaton of a timy light The test order was
rndomired, with two tests dafly for each S
The tape records were analysed for number of
beats and nystagmus duration. Ako the time
pattern of the beaty was nvestigated. in order
to get an estimate of both the time comstant
and the initlal vatue of the slow phase velocity
exponental regresslon  analyses  were  per

a) 1« 3]

AV
[
T[r\ VoV \ AYAY
Fug 1

ppar ) Ny

periments; the

(AN (#) Appmrest oxperiments,

() Defintioos. A} apparent  ertical posluom of
B ¥V overtical,
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NYSTAOMUS DURATION IN SEC.

0 0 40 90 hr-4 150 180
STOP POSITION {c) IN DEGREES
Fig 2 Nmmm - function of stop

podtion, sach wthdnu f ono sub-
)ﬂd-()lexroltmmbunTmmn
of the vakms st tho 0" and 30° positions differs

y from that at the 150° and 180° poattiom
(p<0.01 for every S, Mase Whitoey U-tet). (4) Nyv-
tagmus dorston, the watistical evaluation commpon-
diog 1o the above yields p<0.05 for each S.

formed on the reciprocal valoes of the inter
time between soccesuve beats. The initlal valoe
b defined as the valoo at the time 2 sec after
ooset of deceleration (1)

Apparent vertical
Seven Ss, incloding three from the pecvious
series, were used. After stop they kept thelr

Acs Osclaryng 69
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closed for 5 sec. Then a Juminous line
adjusted to apparent verticality at 15 sec
mtervals for 8 min, with the first adjustment
15 scc after stop (1) Between the adjustments
the Jine was moved to and fro The storting
position of the linc apd the test order were
randomued, with two or three tests dally for
each S From the time course of the difference
between the adjustments after CW and after
CCW rotation (average values of all tests) the
effect from the camals was estimated by meaos
of exponental regression analyses.

Acts Owlary Ag 69

change of stop position from 0 to 180 (Fi
24ab)

The analysk of the inter-bent times sug-
gested that both the time coastant and the ok
tial velocity of stow phass chanped with stop
position. the greater the degree of it at stop,
the greater the initial velochty and the slower
Its decline in tlme The average time coostant



B ant

0 0 80 L1 120 1% 190
STOP POSITION {ot} M CEDREES

came of the limrtations of the recording tech-
nique.

Apparent vertical

In Fig. 3athe AV b plotied against time sep-
anately for the different stop positions and for
CW and CCW rotation. As Flg. 3 & demon-
strates, the difference between the CWand
CCW valoes has clearly increased at the In-
verted positions (150 180 ) A more refined
pictore b acquired from the expopential re
pression analyses (sec formula in Fig. 4) oaly
the valnes up to 90 scc after stop were wed.
In order to grve a passable fit of the calculated
curves an addiional coostant (d) had to be
added for each position It represents the CW=
CCW difference remaining 1-2 min after stop
(cp Fig. 4 inset) As the main diagram of Fig
4 indicates, the initlal value of th camal effect
(c) Increased cleary with incremaing degree of
tlt at stop it rexched a mavmusw at 150
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Although for an accurate eakulation of the
time constant the time Intervals of 15 sec ar
too long, nevertheless wseful resnlts could be
obtalned. The time coustant values of the In-
verted positions were gresater than those ob-
teined In the pormal runge of tit: for the posl-
tions 0-120 the averege time constant was
10 sec, for 150 and 180 it was about 30 sec.

A speaxl note should be made about the
150 position. Here for some Ss two distinctly
different ways of adfmsting were possible onc
following the same trend as that from smaller
degrees of tt, the other involving adjustments
in approxmmately the symmetry plane of the
body (cp also Flscher 1930) The cholce be
tween these two was Influenced by the direc
tion of the stop impobe stopping after CW
rotation resulted more fn the onc type, stop-
ping after CCW rotabon more In the other
thus producing the high remaining difference
{(d) at this position (cp Fig. 3 b)

DISCUSSION
Nystagmus
The results of the mystagmos experiments re
scmble those on rabbits of Janeks (1968) who
also found an increase in the number of beats
and of nystagmus doretion from 0 to the 180
position,
Apparent vertical
The canal effect on the AV increased with In-
creming degree of tilt at stop Thhs confirms
the finding of von Holst & Grischach (1951)
of a difference in the effect in the 0 and 180
pasithon, Our resubts further indicate that the
effect b8 strongest at the 150 poution tho
two sdjustment types of the AV may have con-
tributed to the large effect in this positlon.
General
The time congtamt of nystagmus and AV
showed about the same range the valoves are
in agreement with those measured by Mehelll
Jones et af (1964) and Bemson & Bodhn
(1966 b) The duration of both responses aif
tered much more th:?. - of
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the AV Jasted up to 45 sec (cp Flg. 3 b)
whercas nystagmus lasted only 515 sec (cp
Fig. 2 b) The canal-induced change of the AV
therefore scems to have a lower threshold than
nystagmuos. An analogue s found In tumning
chair experiments with stop after yaw rotatron
in a horzzontal plane. the nystagmms hasts
shorter and has e higher threshold than the
epparent movement of a point of light (the
oculogyral Musion™ for review see Howard
& Templcton, 1966)

The data indicate that with Increasing de
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Die Wirkung von Reirang der (e
Malen) Bogengange an! Nytapmos ond ssbjeliive
Vertikake worden aby Fonlton der Stoplage (hBeper

die die i cioer

gree of tilt (1) the suppreson of mystag
decreases, and (2) the canaklndoeed change
of the AV increases. The resnits fit the hypo-
thesis of the declimng effectivencss of the
statolith organs (cp mtroduction)

As to the origin of the decliming effective
pess we may consider the idea of the “blind
spot” of the statolith organs (Qmx & Wernd
ley 1924 Quix & Eijsvogel, 1929) These ou
thors assumoed that the pressure of the statoco-
nisl membranes 1 the effective stimutos for
the receptors. The “blind spot™ concerns the
stimulus stuation m those inverted positions in
no macola exerts pressure and thereforo
statolith organs woukd be out of actiom
-r s3 it 15 now generally accepted (cp.
Lrincher 1962) that the macular receptors are
not stinulated by pressure but by shear force

¥

wet mrost drop the “bind spot” kea,
Beyond that, any peripheral explanation has
o be d d. Recent of Trinc

Ler (pers. comm.) indicate that the discharpe
rate of singkc utncolar afferents is simost as
regular in the 180 a3 in the 0 position. Con-
ly the effectt of the lith or
g.mhmxﬂldymdcpmdouth:mlﬂuy
of the peripberal afference Forther research
is therefore needed to ascertain which physio-
logeal processes wnderly the decline m the ef
fectiveness of the statolith organs.

It might be worth noting that the “break
down” of the cffectivencss occurs In positions
taken up m]yoccuionauy by hmmm. n
which ) of the
Wmmmhmm
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ULTRASTRUCTURAL LOCALIZATION OF DPNH-DIAPHORASE
IN THE COCHLEA

D J Lim

From ke Otological Research Laborstories, Deportment of Otolaryngology the Ohio
State Unirersity Collepe of Medicine Colwmbus, Okio US.A

Recefred May 21 15969

Sobmboxcope  locaHmtlon of DPNH-Gaphorme
(NADH. chi C redi In the
hyde prefixed Inner ear of the laboratory snhmals

) differences of Introstty of resction among the Inter
~ dcutal celbs, possibly indicating different sages of
enTyme activity

The distribution of axidative emzymes in the
scusory cefls of the inner ear should be of con-
niderable significance i understanding the bio-
synthesis of chemicals incorporated in the pro-
cess of hearing. It is sssumed that high energy
s needed to tramsduce the physwal stimull mto
chemical energy at the termmal sense argan,
namely the hair cells of the ocgm of Cortl.
Many investigators, mostly wing light
d to histo-

1963 Vinnikov & Titove, 1964 Koude ef Al
1964 Nomura & Balogh, 1964 Nakai, 1965
and others) Recently Nakal & Hildlng (1965),
utllizing TNBT (tetranitro blus tetrazoliom) &
an indicator & rated suctanke dehydrog
nsse and DPNH-dlaphorasc localimton in the
unfized inner car at the electron mkroscopc
level,

Tho investigation reported here was carrid
out 23 e paralle]l study of the enzyme chang®
in ears under conditions of auditary fatigoe.
Its purpose Is to demonstrats the detribotol
of DPNH-dlaphorase In the peefixed cochid
of the normal guinea pig and chinchilla on 8¢
light and electron microscopic kevels utilirdf
TNBT as an electron scceptor

MATERIAL AND METHOD

Thirty temporal boaes of ten normal gon?
pigs and five chinchillas were subjected to ?
Ught and electron microscople examinati?
sfter incubation for emryme reaction As 300
23 the temporal bones were remroved from 8¢
animal, they were prefized in refrigerated 1%

microscopy P

chemically and cytochemically the activity of
oxidative enzymes in the mner ear (Vosteen,
1960+ Gerhardt, 1961 Spoendin & Balogh

DPNH {diphosphopyridine  oncleatide,  rednced
form) same as NADH-cytochrome C redoctase (oico-
Mmmrm;
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glataraldebyde in O 1 M phosphate bulfer s
tion at pH 7 4 for one hour The ballze of ¥
temporal bones and the apteal portion of ¥
cochln‘mopmtdwdluwtbcﬂuﬂ"v
flow into the membranous labyriath. Al &
same time the stapes was removed and 2 19
plpette was used to agitate the fixathe ¥



L
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the cochlea and vestibale to obtain maxmmum

were rmsed m cold 0.3 Af sucrose in 01 Af
phosphate buffer at pH 74 After 4 changes
of the buffer solutien over a period of one
bomr the temporal bones were incubated In
the substrate sotution which incloded the in-
dicator TNBT In DMF (dmethyl formamide)
for 1 bour at a temperature of 37 C. To make
the substrate solstiom, this TNBT in DMF
solution was mmed with an equal part of
DPNH 1n phosphate buffer soloton. The solo-
tlon was filtered before It was wsed During
this Incubatlon the termporal bones were aglh
tated gently with fine pipeites. A control tem-
potal bont was incubated In a solution, which
did not contaln redoced diphosphopyridine mu-
cleotide (DPNH) to exclude the possibilty of
mbsinterpretating 2 pompeafic redoction of
TNBT After the incobation the tcmporal
booes were washed m 03 A sucrose
soluthon and then the specrmen was fixed In
1% osmic scld for onc boar After the fixs-
tion In osmic acid the temporal bones were
debydmated m graded alcohol, ded in

of DPNH-diaph in the cochlea 33
EMU 3 F eclectron microscope with magaifica-
thon varying between % 1000 to 30,000

RESULTS

Light microscopic findings

The intensity of DPNH-dhapborsse distribation
in the cochlea was found In the following order
(from most to least) the outer hair cefls, Inner
hair cells, Rebsner's membrane, superior and
inferior aspects of spial ligament, mesothelial-
ke cells of the basllar membrane, connective
tissue cells of the spiml ligament, Interdental
cells, connective tissuc celbs in the spiral lom-
bus, nerve fibers and endings end infrequently
In the cpithellal cells of stria vasculam (Figs.
1 2nd 6)

These findings were rather comslstent in all
turm. With the light microscope the distribu-
tion of TNBT formaran seems to coincxde with
the dntribunon of the miochondrla in the
outer and inner bair cells. However In Rem-
ner’s membrane, the interdental eefls, the spinat
ligament and the basilat membrane, the en-
ryme distributlon seems to be somewhat dif

epaxy resin and hardencd in the oven.
Following the herdening the 1 bones

fuse O Iy the eazyme reaction was
foond m the pillar of the pillar cells. It is also

were cut in half through the axls of the mid-
modiotus by a jewler’s saw Each turn of the
cochlea was scpanated and remounted on an
empty epon capsule. After trimming, each turn
of the cochica was sectioned between 1 and 3
microns thick and mounted on a glass slide
for phase contrast fight microscopic examina-
tion. The thyoes were not siained  therefore,
oy colored pigment could easily be recog-
ored. Represcutative areas were selected foe

ing to observe that some interdental
cells in one microscopic field seemed to show
sirong emxyme sctivities, whereas, others did
pot show positive cnryme stain (Fig. 9)
MesotheliaHike cells covering the scala ves-
1buli just above the Relssners membrane at
tachment also 1thowed strong reaction (Fig. 6 A
and B) There were no npoticeable differences
of enryme reaction between cunchilla and
guines pig cochleae,

Elertron microscopic findings
The stroogest reacton was poted in the mito-
of the outer hair cells and to a lesser

ooly with alcohollc uramy! acetate These sec
tioms were picken up on copper grids coated
with a formvar membrane. The electron micTo-
scopic Investigation was done on the RCA

-y

extent along the endoplammic reticulum. The
appesrance of a reaction resembled elther a
fige lin=ar aggregation or a diffuse duot-like
aggregation (Figs. 2, 3 and 4) Quite frequ-
ently the reaction was seen along the miero-
omes F3 d The

Actes Okl
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contrest micrograph of the rgan
of Cortl of a chinchilla jHustrating DPNH-dlaphorase
ditributron fn the outer and fnner halr celk The
reaction b stronger at the base and alorg the wall

Fig I A phase

af the outs halr cells (arrows), wherens, in the in
per halr cell & weaker reaction can be observed in
the upper purt of the cell (arrow). Occasiomally the

Inner hair cell mitochondna also showed dia-

/)pborm reaction but It was much weaker than

that of the outer halr cells

T}n;ub—synnp(ncmcrmofl.bn outer hair
cell freq ly showed p reaction
along i3 membmnows structure (Fig 3)
Whether the enzyme reaction in the nerve end-
ing was present or not remained controvernal
on the light microscopic level. Electron micro-
scopically there were indications that some of
the nerve endmgs did react. There was no clear
cut mitochondnal focallzation 1 thesc nerve
codings, mather the reaction was found dif
fusely in the cytoplasm (Fig. 4)

Occawonally  myelinated  nerve  flbers
showed moderate enzyme reaction The reac
tion deposits seemed in some Instnnces to be
related to the mitockondris (Fig. 5) The blg
lipld granules of the Hensens cell showed a
wiroag reaction along us surface. However this

Acta Otolaryng 69

reaction of the myelin sheath and Hemsens
cells can be observed among the control group
which does not contaln s substrate suggesting
these reactions could be nonspecific,

Reissner s membrane showed strong rex
tlon with a distinct DPNH-daphorase disirits-
ton pattern found more closely associated with
the endoplasmic reticulum than with the mio-
chondria (Fig. 7)

A few epithelial cells of the stria vasculars
stained positrvely while the majority did nob
When there was & reaction It was conflned 0
the endoplasmic reticutum (Fig 8 A)

The interdental cefls showed inconshtent
reaction Some interdental cells showed ¥ery
strong reaction while the remabning did oot
suin (Fig. 9 A) ﬂmdccu’cnm}ﬂmcopiﬂﬂ

led strong dhap distribe-
ton along the endoplasmic reticulum b
microsomes (Fig. 9B) A mitochondrial disth
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lnnhnc:nlxducem«:d-mmgth:lmudemd
cells but it 4 less interse than that fomd la
the endoplasmic reticalum.

The comnective tisue cells In the Lmbus spi
rliy showed 3 srong reaction, Th  dustribu
ton in these cells teemed to be related dorely

with the endoplasmic reticulum and to a besser
degree with tho mitochondds (Fig. 10} When
the endoplasmic retkutum i engorged, the en-
"yme precipitates are seen on the swollen mem-
brane (Fig. 10 A) These conmective thyoe cells
suppoaedly secrete fibers of the limbuos.



DISCUSSION

Dehydrogenases participate in many steps of
the Kreb s tricarboxylic cycle. The metabollsm
of carbohydrates, fats apd proteins cannot be
completed without these enzymes, The mcth-
ods for demonstrating dilaphorase and DPN
or TPN-dependent dehydrogenase are related
in principie since the demonstration of & speci-
fic delrydrogenase Is accomplbhed through the
diaphorases (Barker & Andenon, 1963) Be
/cnnseof!hzdhpho:mc:d}vityo{cy‘todmxne
C redoctase preparations, and of their similar
ph'ydnlpmpcrthmddb‘u-ﬂmthu,nhnbem

Rosa, 1959 Scdar e ol, 1962 Barmet,
1959 Scarpelli, 1961) have adopted “tetrazo-
Tizm salt™ to demonstrate succinic dehydrogen-
ase and DPNH or TPNH-dlaphorase distribu-
ton. The tetrazollum salt which §5 colotks
will turn into blue formazan pasticics upon the
acceptance of clectrons refeased In the process
of dehydrogenation. These particles are -
soluble #nd can be clearly resolved with both
the light and electron microscopes.

The formazan partickes resufting from coe-
ventiomlly wsed nltro blue tetrazallum (NBT)
vary in size between 300 to 1000 A. The lape
size of the depod leded

suggested that DPNH-cytoct C
and DPNH-ciaphorase are related emxymes.
The cxact matore of this relation still has not
been resolved  (Garfinked, 1957
Masscy 1958) For the foregolng reasons dia-
phorase activity in the inner ear bears con-
siderable significance In the understanding of
cell respiratton whreh provides energy for cel-
Tulsr activity

Since histoch y and cy y can
be techmcally intricate, one may raise ques-
limsr:;ud‘mgl.bcmﬂ.hoddogynscd[nlhb

branous Jocalzati of“’a enzyme
systems | the mitochondrial cristae. Stodits
by Novikoff et al. (1961) and Nachlas ¢f a
(1957) have polnted out cestain difficultes &
wing NBT for staining intracefiular stroctarct
which are in close proximity to lipxd zqueos
Interface, and the tendency for this particuiat
dinhro-fmmmnm\'ﬂlua’mmuhhw

tcal jons has been goized for
1m):umMmrmﬂy'1ﬂ1TNBTlsd’
electron acceptor it has been possible by vir®
of the smaller formazan deposit formed, to 7
sobve succinie dehydrogenase enzyme &t
dt:sm:amrl.ng}OlndOAinlbcmnﬂophI‘

fize of crutas of mitochondrha (Sedar

and its nterp With these
qncftwmh:mind.lmldl[kemdbamwm
of the rationale of the method ployed tn

this stody Vadoms hvestifators (Sedar &
Acsa Osoleryng 69

dl., 1962) Ross & Tsou (1963) compared thest
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two tetrazoliums, NBT and TNBT in regards
to their cytochemical behavior and concluded
that TNBT i, 1n sprte of certaln peculiar fes-
turcs, a more sultable salt than NBT

Altbongh localzation of cyto-
chemical resction such es succinke dehydro-
genase (SDH) m beart muscle (Barroett & Pa-
lade, 1957) and SDH and NADH-cytochrome
C redoctase in rat kidney (Scarpell, 1961)
were reported, there was some critichm con-
cerning the we of frah tssue for the cyto-
chemibstry (Scarpelii & hanczak, 196%)

A systematic investigation of o varlstv on
mono- and dialdehydes as pots tml { atrves

Fiy 4 The affercut oerve
endinps (\E) of the outer
{ balr cen OHO) whoming
deftuse for
{ marao particles in ks cyto-
4 plsm

for uitrmstructural cytochemisiry by Sabatin!
and his assoczates (1963) has led to the intro-
duction of several additional substances which
arc capable of preserving both fine structure
snd enzyme sctivity The akichydes which in-
clude glotaraldchyde azre apparently active
enough to preserve both fine structure and en-
yme activity (¢ & Sadler 1957
Fem & Filachlone, 1957) Scarpelil & hanczak
(1965) have soccessfully demonstrated such
enrymes as cytochrome axudase and myoflbril-
lar ATPase using glutarakdehyde prefixed tis-
we Our results, using a glotaraldehyde pre
ted cochiea for incubation to demonstrate

Acta Otolerys”



DPNH-duaphorase resctran, was in agreement
with Scarpelll & hanczal (1965) in terms of
fine morphology and an appreciable enzyme
reaction.

In view of the findings that TNBT permitted
fine localizavon of the enzyme activity and
that the gplutaraldehyde prefixation provided
superior preservation of tissue, the technque
employed m thi siedy was fclt to be fustified.

Our finding s m agreement with Nakai &
flding s (1968) observanon that the formazan
deposits are found in the mitochondris and
along the cisternal lamellar strocture of the
outer haw cell wall which 18 belbeved to be a
modified endoplasmxc retenlum. The postiive
enzyme reaction slong the aisternal lamellae
bn:ppoﬂ:dbytbcbmhcmblevidmc:tbm

Ins  DPNH-cyto-
chmmch:duclme(Ermmud 1962) Thrs
czyme system b also capeble of reducing
tetrazolium (Novikoff 1963) Quite frequently
an mtense dizphorase reaction could be ob-
served at the Hensens body of the outer harr

throngh the endoplasmic reticulum mem-
brane, undergoing glycolyss there, and the gly
colytic prodict feeding directly to the mito-
chondna,

Nomura & Balogh {1964) compared the ds-
tribuson of DPNH and TPNH-disphorsase In
the cochlea prepared by frozen sections and
those prepared by perfuston utllzing NBT a5
the electron acceptor There way a decrene
of enzyme sctivity among the perfused coch-
leae The decrease of emzyme activity was
particularly evident in the stria vasculards. This
brings pp the serrous question of whether »¢
are losing any free (noa-structure bound) of
mxcrosomal enzymes. This enzyme Joss might
be atributed to penetration of the stma v~
culans, or it may be that the free enzymes
were washed out during the perfasson and sub-
sequent {rsue prepanton.

Bournt & Allen (1941) postulated that most
of the process of respiration and glycolyss
sctually takes place in the cytoplasm. They
notcdlhlt d.l."ﬂ'rn!hl centrifugation of el

o has d that meat of

the respansible for the glycolync eyl

often surrounds the rmho-;hmdﬂ:. Bourne
(1962) socculated that when the mitochondria

hmbccn!cmndmbeprmmmbululhe
supcrnatent or in  microsomes” and those £00-
cermed with the cytochemical syyem a98
hrebs cycle sre localized specifically in 1
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mitochondria. In view of thesc findings, the
commonly beld view that dkscrete histochemi-
cal localization limited to small cytoplasmic
foci are necessarily more accurate than diffuse
oncs, must be sbandoned. As pomted out by
Nachlas et a (1957) widely-dispersed cyto-
plasmic depostts of reaction products may m-
deed represent a true dustribution of an intra-
substrate However 1t shonld be added

this only applies when it is amured that

wr the enzyme nor the reaction prodoct

the organ of Corti when Incubated for succunke
dehydrogenase On the other hand, Vosteen
(1960) showed very strong sucemic dehydro-
genase reaction In the nerve endings. Gerhardt
(1961) reported that there Is & diffuse scatter
ing of formazan partiles in the cytoplasm of
the nerve endings and also of the unmyelmted
portion of the nerve fibers Our material sug-
gests the reaction in the nerve endings 15 amch
less Intense than the outer hair cell body with
some evidence of diffuse distribution io the

iffused from & focus of con {on and that
the histochemical reagent or reactlon product
had pot been preferentially bound to certain
Intracellular sites Unfortunately the abscnce
of these cooditions is difficult to establih.
Nevertheless, the view that the diaphorsse dis
tribution s diffuse tn the outer hair cells and
stria vascularn In frozen sections s not without
support. Since microsomes and  endoplasmuc
reticulum are abundantly found in outer halr
cells, It also coukd be postulated that the dif
fusion of diaphorase m the outer hair cells
might be the resnlt of the diffuse distrbutron
of these cytoplasmic structures

The enzyme reaction present in the perve
ending and nerve flber & coatroversiad
Spoendlin & Belogh (1963) reported that there
Is no formazan depoait In the nerve endings in

Acta Orotaryng 69

cytor
Strong activities of succinke dehydropenast
(Spoendlin & Balogh, 1963 Kolde e &,
1964) and diaphocase (Nomura & Balogh
1964) tn the upper and lower portion of te
spiral ligament has been reported, while te
mhki-porbon  was considernbly weaker Ths
finding could be attributed to the fast penctrd
tion rate of the Incubation media from i
scels vestibull, where the Incubation meddd
were Introduced The other possible explsms-
ton can be made by the fact that they ¢
eazyme sctive. The external sulcus behind ¢
spim! prominence always contains abundast
vascularity and therefore, it is concervable thaf
this area could participate in an actrve meE
balic role.

The enzyme resction bn the interdental oclf
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W any gven time The level might be geared
10 the rate limiting factor of ghycotyas

Fig § (A) An kectron
of

aloeg endoplawmdc reil-
cofom {arTos ) Af Mio-
chondria

there may be possible differences of enzyme
foci amoag the organelles of different cochlear
cels. Same results have been observed m the
cells of other organs In glutaraldelr de-fixed
Tiver and kidocy the formsran deposits were
Iargely lunited to the membranes of the endo-
plsmuc reticulum and the external membrane
of mitoch whereas, in my dhum, de
posits were found | endoplasmic reticulam
and within the mitochondria in relation to the

Acta Oplaryay 69
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Fip 10 (A) An slectrom micrograph of the connective (B) An electron micrograph  f the
toe ccll of the Bnbos (pines py) showing e me cell of the Imbus thowing extensive aphores
endoploem  rytecsium Exieasire the
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cristde. Mitochondrial preference was distinct
in the halr cells of this matenal. But in the
interdental cells, connective tissue cells of the
spical ligament and of the limbus spiralis, the
epithelial cells of the stna vascularis, and
Reusner's membrane there seems to be more
related to the endoplasmic reticulum than to
the mitochondria.
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THE ULTRASTRUCTURE OF THE SPIRAL LIGAMENT IN THE
RHESUS MONKEY

T Takahashi and R. S Kimura

From the Department of Otoloryxgology AMessechusetts Eye and Ear | firmary
and Harvard Medical School Boston M o USA

Received June 23 1969

spiral ligament of the Rhesus monkey and in-
tends to pronde mseful information on its func
tion and also to establish a bash for effective
evalnation of human material,

This work wm supported by US. Public Heahth
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MATERIALS AND METHODS

Four adult Rhesus monkeys (average weyht
5 kg) and one fetus were nsed n thb study
Animals were anesthetred with an Intraper-
toneal administration of pentobarbital sodm
(25 mg/kg) The middle ear was surppealy ex
posed and, after removing the footplate, 1%
phosphate buffered csminm (pH 7.3) was b
jected and agitated through the oval wmndos
Anlmals were terminated immediately after i
jection of the fixative The cochlear apex of
the exchied ear was opened and the finame
again agitated through the cochlear apex, ovdl
window and punctured round window mes
brage

The cochleas were embedded in Epon, 22
trimmed specimen sections were cut on 4 pla
paraliel to the long axis of the modiolus i
an LKB ultrotome The entire arca of the s
! Ligament, except the area adpacent fo X
endostenl layer was exsmined and phoio
graphed with a Slemens Elmiskop 1 rasp¥
from 1500 to 36,000 x magnification.

FINDINGS
Splm!llmmnd[xrmwmmdarfﬁ"
The spral ligament in this area o

of mesenchymal epithelial cells, ﬁh'x’""
capillaries, and ntercellular subsancer. T
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mtudrynnlepuhdnlcclh,themtypcul
cd]DbﬂvcdluRz].m‘\er‘xn‘lcmbrmg_mfc'
in number and are scartered Most of the sur
hc:o(ﬂwuxl.mtibuﬂkmndml.hﬂbm—
mmwmmoraum
The cell layery arc more compect near Reuss-
oers membrane (Fig. 1) but redeced In pume-

-

ber and wider interceflular sproes
(F'l-l)ln'heuppudmnporﬂomTheﬂbm-
mudtmanmmumom-m:hmcmum
(Fig. 3y fascha occludens which shows farion
durmner)uﬂeuof:h:unkmbrme,oc
¢ caslomlly macula sdherens  which demon-
m‘llullhbkcnlngofm.:phmamm
4 mdlud;-dhcem‘nhuvndjnctmqmplm

e condenmation Is noted. The bawl lamma
hno(fmndhclo'ﬂrsch]hytrL

In both muperficial and deep parts, the fibro-
Cytes thow varlatons in cytologxcal detalls,
The fibrocytes near the flud surface tend to
show more organclles than others they con-
uh:ml.nymd-ihupcdmhncbnndrh(mol
which show L cristac),
vﬂdq,Gdgllppannn,lymmmdm
fllaments. The cell organclies are
r:hummdtbenmﬂml‘heremmmlm‘g
and brreguler cell processes One process may
ibuwmluyccﬂc‘rgnneﬂn‘tﬂemh:r]xo-
cexses of the same cell may show fow

Oneollbehtrmdngupccbdmrnqm
—
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Jocated near the scala vestibuli fs that bundles
o(ﬁbrﬂ.xmfounddouloﬂ)cplum:mm
brane facing the lumen (Fig. 2) Such fibrils
midcnl.kulmlhusewmlnl}ndcepcrpan.
Bc]owﬂnmrllce.thcﬂlnﬂsmlcann:dmd
crisscrossed (Fig. 4 A) In both diffuse and
bundle forms. When transversely cut, each
fibril (100 t0 120 A) appears in rectangular
form (Fig. 4 B) 130 to 230 A apart. The fI-
bril is surrounded by a Lght zone and s im-
bedded in a diffuse electron demse substance,
ard often scens to be composed of four or
mmhunjlﬁhmum_Saneﬁbrﬂ.xlppcu
larger and round in shape, Fibrils are not seen
in direct contact with the plasma membrans
of fibrocytes however when the bundles of
fibrils are found pear the membrane, there ks

Acta Osclaryng 69

1 TaarnL *

Bundles of fibrils are found freqoently wth
deep Invaghations formed in the cell bodp
and/or surrounded by protruding cell proe
ses The plasma membranes adfacent to ¢
fibrils show vaginatons forming poded
which contain & diffuse substance similar 10 8¢
Interfbrillar matrix (Fig. 4 B) Whea two e
processes of the same cell overlap infobdf
fibrils, fascia occludens and macula adbere®
arc established between them (Fig 4 B). OF
lagen fibers of band form arc mot obsertd
Capﬂllrbuurlhcu:hchmcu!ﬂ“b‘R;

cytes, fibrocytes and fibrilks, The
cells show no fenestration, and lack a sm0c®
muscle layer as well as peural clementt T
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The basal colf layers crtablsh a demarkation
bﬂvacnu:endlvucnh:uudthetp{nlllp

i-mim:

ment (Fig. SA) The basal cell layers are a
few cells thick and lic paralle] to the uminal
surface of the sirin vascularh. They abut the
basal part of the endalymphatic eplthelium of
Rehuner’s membrans on ons side and the spi-
rul prominence epithellum on the other sbde.
‘The entire ares covered by the basal cells Iacks

Acta Opleryng 69
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¢ 4 Intercellolar fibrils of the spral hgament.
(A) A wpical ammypement of fbnk found In the
deeper part. They crimcrom in a wide fluld spece

32,000
(B) Two cell proceyses of the same fibrocyts sur

the basal Iamma this is the only area in tho
scala media lacking a basal lamina beoeath
the epithelial lining, exccpt the habenula per
forata, However a short basal lamina-like sub-
stance is sometunes found between the basal
cells and fibrocytes, and even behind the
fibrocytes. Outstanding festures of the basal
cells are that they contain numerous fllaments,
are rch in RNA partickes and lage osmlo-
philrc bodies, and establish numerous eell func
thons, maculn adherens and fascla occludens,

Acte Osolaryng 69

Below the basal cells are oac to three kagery
of fibrocytes in an arrangement similar o the

these fibrocytes arc light i cytophismic deo-
sty though sometimes differentiation ks ob-
scure particularly in the first row sdfacent 0
the basal cells. The cell membeanes between
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bgament
brocyws are loose. Many macwts sdbereny (arews)  aliet. Note cefl jonctsoms (arrewes)
cel

the basal ctll and fibrocyse run paralicl, dem-  spaces ln which burdles of fibrils and a dif

ting arras The  fuse clectron dens= substance are found. There
15pace between them b very marrow however  are two types of ccll junctions between basal
2t both ends of the sria vascularks erc wide cells and fibrocytes the farcia occludens (Fig.

Haryng €,
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cells abm the spira! prominence epithelmm (SP).
Note abience of the batal lamioa between them (o
row).  7500.

3 A) and the mxcula adherens (Fig 3 B) At
the macula adherens the intercellular space ks
cnlarped and oval In shape, and tho outer lea
flets are separated and between them is an

Acta Osolaryng 69

(B) Undernesth the epiibelicm are cells (Tyre X

) Ughtly packed and rich m mochosdil
Galgl metwork and vesicher, Note the panafid o
of long mitochondria whh cristss longimEmly ¥
rangsd 5000,

electron dense substance on both sides of ¢

macula adherens the cuter leaflets joln formef

the fasca occludens, :
In the Relsners membranc sttachoe®
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area, cellular organization B more h

basilar membrane (Fig. 6 A). The cpithelivm

and compact. Facng the scala media, the
epithelial cells of the Rebssner’s membeane be
come continnous with the marginal cells how
ever another type of cell sometimes adfomy
the margiml cells of the stna vasculans. In
thrs tramsitonal arca, the epihelial cells are
flat, contain small numbers of mitochondria
and RNA granules, and show some cytoplas-
mic infoldings. The basal parts of these cells
are cosely underlined by a few layers of basal
cells (Fig. 1) which arc contimons from the
stria vasculuarks and lack the basal lamina, The
epithelial cells of this transitionsl arca are cal-
led spindleformed cells” by Katagid et of
(1968) The tight Junction is obscrved throngh-
out the lummal surface from Reminer’s mem-
beane to the margmal cells, Fibrocytes in the
Renmer’s membrane arca are rich in vesicles
and mitochondria which sometimes show long-
imndinally srrapped cristae The basal lamina
of the Reussncr's membrane often ends at the
basal cells or extends Into the masses of fibro-
cytes, basal cells and fibrils it takes a shart,
wavy counse and abruptly terminates,

The fibrocytes deeper In the spural lgament
(Fig. 5B) arc loosely organized and form a
complex network with their cell procemes ex
tended In all directions. The cell body s well
as the cell procemes form fascra occlodems
(Fig. 3A) macula adherems (Fig. 3B) and
fascla adberem (Fig 3 C) The fbrocytes con-
tain few mitochondria, vesicles, Golgi network,
lipofaxcin granules and filaments. The ttracel-
lnlumlmummmymdmenppu:m
run i the same continuous direction as the
tercellular fibrlks the continuity of these m-
ra- and Intercellular fibrils is not established.
The Intracellular filaments are smalier 1 dis-
meter than the ntercelular fibrils.

Spual ligament odjacens so the spiral prom-
thence and bavilar membrane

The spiral prominence eprthelium fs & ratber
ﬁmmuhyﬂ'“lbmnhmmlphmm—
brace infoldings. 1t b useally underiioed with
the basal lamina which ls continnous from the

s partly sdjoined below by basal cells from
the stria vascolaris. In this case, the basal [am-
inz is often fragmentary and b located below
the basal cell Iayer

Behind this epithelial Jinmg and the basal
cells arc abundant fibrlls and fibrocytes. The
fibrocytes show numerous cell processes with
some Interdigitation and lic adjacent to capil-
larics and the root portions of the external sul-
o cells, They contam many rod-thaped mit
ochondria, a large concentric arrangement of
smooth endoplasmic reticulum, short smooth
and rough endoplasmic reticula, and numerous
vencles (Figs. 6B and 7) Some mitochoadria
are very large, often L in paraflel array aod
show longitudinally aligned cristac Occasion-
ally these huge mutochondria contam a diffuse
clectron dense matrix and show extensive pleo-
morphism (Flg. 7) which appears to be a result
of thelr fuson

The surfaces of the external sulcus cells arc
often exposed to endolymph (Fig. 8 A) bat
arc partnlly covered by the spiral prominence
epithelfum and/or by cells of Clandius, Thewr
luminal surfaces under the cclls of Clandhus
are ot contineous  sometimes the basal lam-
ina which & continuous from the basilar mem
brane loops between the cxternal sulcus cells
to he adpcent to the narrowly exposed part
of the cels of Claudmrs. Thus the channch™
formed by the basal lamina of the external
sulcos cells extend to the cells of Claudius at
onc end and open Into the connectrve thsrue
space on the other (Fig. 8 B) The channels™
often contain fibrils and the processes of fibro-
cytes, The external sulcos cells arc arranged
in clusters and thelr nockd are foand both pear
the fluid surface and In decper zones, Includ-
ing an area behind the spiral prominence eph
thefium. Thelr shape & frregnlar with thelr
cytoplasmic processes divided imto a few root
like extensions toward the zoae behind the sph-
ral prominence epithellnm even sbutting it
(Fig. 6 A) and extending behind the stria vas-
cularis Roct processes from  different celis
converge and penctrate the fibrillar extension

Acta Otoleryng 69
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Fig 6 The spind Lgament behind the spiral pro-
minence

(A) The root portioas (R) of the external sukcos
cells abut the spiral prominence eplthelum (7L
Note absence of the basal lamma between them (o
row). 7500

3 A) and the macula adherens (Fig. 3 B) At
the macula adherens the intercellular space is
enlarged and oval in shape, and the outer kea
flets arc separnted and betwren them b an

Acta Otoleryny 69
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(B) Underncath the opithellum are ecth (Tymt P
ﬂbrocym)ﬂlhﬂyp-cknimdrkhhnhod’"“
Golgi natwork and vesickes. Note the panDd ¥n*
of long miochondria whh cristac Jongitsdanlly ¥
ranged 5000,

electron dense substance on botl sides of &
macula adberens the outer leaffets fofn for™=/
the fascia occludens,

In the Reksner’s membrane anachd®
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Frz & Portioms of the external sukcos calls (ES)
facing Lhe acais medla.

ferent bundles lncu;hbundk,cd]pmc:uu
Interdigitate extenabrely but only a few macula
nﬂ:ﬂunnndfmocdmdcmmobsamd.

cemes (arrow) and some Intsrdigitason of the [ateral
membranes. (AAf) buallar membrane. 1500,

or space (errons) Ooc of these chamneh™
extends deeply Ino the cells of Clandies. (BV) best-
lar membrane. 5000,

The root cell processes are contmeowsly sur
rounded by the basal Ixmiz and a zooe of
fibrils, except where they abut the spiral prom-
bcm::epﬂ.btﬂum(‘ﬁ;ﬁA)Thtyu;

Acta
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to the fibrocytes but contact s not observed.  The apreal and perinuciear zones are nch with
Thelr basal lamina and that of the caplilary parallel rough endoplosmic reticula, rosece
wall approximate and sometimes become con- form RNA particles and Golpi  apparates.
tinuous. Long mitochondria and long, stacked smootd
The external sufaus cells often contain mr-  endoplasmic reticula are found 1n the root por
merous filaments (63 A in diameter- Fi. 8 A tion Vesicles are alo found closc to the basd!
fnsert) o both fetus and adalt Rhesus mon  lamina and also at the plasma membranes o
m}-‘;hm:nhmgencmﬂyfwndmnduw the adfacent root cells.
mockeus and are present m varymg amounts  Fibrils of the basflar membrane are paralk!
in the deeper cellular processes where they are and amanged tightly At the crista baulans
longitudinlly aranged but wavy and parallel. they spread In all directions, more fibnls beef

Acta Osoleryry 69
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directed toward the spiral prommence and be
hind the stria vascularis. They are approxi-
mated by other fibrils of the same size and type
and crisscross. At the Immediate attechment
area of the basdlar membrane there are po
cells and a Iitle farther laterally the space be
tween fibrik &5 cocupied by slender cell pro-
cesses of fibrocytes, similar to those secn at
the spiral prominence These fibrils of the bas-
ihr membeane and Intercellular fibrils come in
contact with the basal lamina of root cells.

Spiral Ugament adfocent to the scals tympani
This area Is essentlally composed of two types
of cells: mesenchymal cpithelial cells at the
Tumioal surface and fibrocytes below (Fig. 9)
In contrast to other areas of the spiral liga-
ment, these cells and fibrils are more loosely
organzed and show wide Intercellular spaces
throaghont.

The mescrchymal epithelial cells are few in
comparison to the number seen at the basilar
membane. Their cell bodies are elongated but
do not form a contimoous Iayer over the con-
nective thisne clements Thekr cytoplasm s light
'hhc:ﬂuhrurpneﬂ:x.'ﬂrycomnh:aGdgi
network, some rough ER, free RNA particles,
mmany vescles and some ntracellalar filaments.
The cell attachments, macula adherens, arc ob-

hmmmdammmmnmmduym-
Plsmic condentation at the adjacent plasma
membranes (Flg. 3 D) The spaces between the
mevenchymal

space and tntercellular space of the spiral liga-
Dent are In free communxeation. The mesen-
chymal epithelial cells lack the besal lamina.
ﬁ!rocmroundnnﬂ.tmlummmduug-
uted and tend to show more cy or

more looscly spread than In any other part of
the spiral ligament. Fibrils are m bumdke form
and tend to be directed toward the basilar
membrane. Blood vessels are free in wide con-
nective thsoe spaces, Thelr endothelnal cells
are surreunded by one or two layers of peri-
cytes.
DISCUSSION

The maln type of cell in the spiral ligament Is
the fibrocyte. The chromaffin cells described
In the gunes pig by Hilding (1965) could not
be found 1 our specimens. These cells and
other types of cells, if present, would be lm-
ited in number The stroma cells arc reported
in the spiral prominence of the rat by Spoend-
Iin (1967) Our observation of the same area
In the Rbesos monkey revealed compactly ar
ranged fibrocytes rich in cell or fles, There
scemed 10 be some morphological differences
amoag species c.g. the fluxd transport charac
termtics of these cells are promment 10 cmall
animals such as the bat and mat, while sach
cvidences are not striking in the Rhesns man-
key The fibrocytes containing many cell er
ganclles arc also found adjacent to the external
sulcns cells, to some extent adiacent to the
scals vestibull, and very few ncar the scalx
tympani. Ther dbtribution pear the flurd sur
faces suggests a cime relation to fluid metabo-

rilymph and /or endotymph.

In coatrast to these cells near the floid sur
faces, the cells behind the stria vascnlarls and
slong the entire kength of the decper part of
the spiral lipament contmn relatively few cell
organclies. The cell processes of = single cell
show comskderable morphological variations
some ook slmost empty while others contsin

poelies than those found i the decper part
Some of them resemble the cells behund the
‘W“prmcmnhﬂn; parallel rough
endoplasmic reticols, many mitochondna, ex

many mitochondriz. These fibrocytes are scat
tered in 2 wide spaee bat their long cell pro-
with

ceLsey
cach other Since differences 11 morphology

teosive Golgi etwork, lysotomes aod rumer
©ut vesicles, Fibrocytes in the deep zome are

and ditriby of f ytes are observed, we
proposc to clanty them as Type T and Type
H The Type I florocytes are numerons, appear

Acte Omdary
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quiescent, and are located away from the flud
surfaces of the scalae. The Type 11 fibrocytes
are active and are located at the fluld surfaces
of both scalae vestiball and tympani, at the
spiral prominence, and near the caternal sulcus
cells,

The fibrocyte Type Il freqoently contains
long mitochondria with longitudmally arranged
cristac, Mi dria with longitudinal cristae
are observed in the neurons (Palay & Palade,
1955) Fawcett (1966) shows mitochondria
with tramverse cristac in the proximal tubule

tion between the stria vascularis and the spal
ligament is rather ught, while at the habensh
there are intercellular spaces between the nene
fibers.

The external sulcus cells are of considerable
interest recently Thesc cpithelial cells are wn-
usunl, being located below the other ephthelnl
cells or on the fluld surface Surrounded by
the basal [amina, thelr cytoplasmic proceses
divide and cxtend upwands even behind the
mid-portion of the stna vasculars. The pro-
posed function of these cells varies. endolymph

of the summer frog changmg Into longitudh

(Shambaugh  Se., 1908 Lawrence,

cristae after starvation. The presence of this
type of mitochondrla s comsistent In the Rbe
sus monkey and Is therefore presumed to be
a normal occurrence  However some of these
mitochondria appear to Increasc n matrix
density and fuse together thus resalting In a
huge or grotesquo shape They may represent
a tramitronal stage of mitochondnal degenera-
tlon. It Is interesting to potc that the fibro-
cytes In the sprral promynence and external sul-
cus cell areas appear more volncrable than
those In other arcas as jndicated by the venous
obstruction experiment of the labyrinth by Ki-
~mura & Perlman (1956)
The basal lamina fs lacking below the cell
+ along the scalac vestibuli and tympanl
There are numerons intercellular spaces at
both of these scalze, particularly adjacent to
the scala tympani suggesung that the fluld in
the spiral lignment and perilymph are similar
in thelr chemical composition. Presence of
these spaces suggests further that any minute,
injected substance in perilymph Is likely to be
found in the spual ligament, probably more
in the spiral igament adjacent to the scala tym
panl. This type of finding Is not necessarily
related to flukd resorptive activity of the spiml
ligament but could be associated more with
pumber and size of the intereellular space The
basal Jamina 1 also lacking betmd the stria
vascularls, In fact, tho scala media s com
pludymrmundcdhyncomlnwmbanllnm
tna of epithelial cells except at the stria vas-
cularis and the habenula perforata. The junc

Acta Owlerysp 69

1956) and endolymph resorption or phago-
cytosh (Fleandt & Saxen, 1936 Altmann &
Waliner 1947) From our ultrastructural stady
we cannot determine whether they are invohed
in secretion or absorption In spreement wah
Duvall (1969} it seems certaln that there b
no secretory duct, although iatercellular chan-
pels have been observed in this region (Tiberg
et al. 1968) In the Rhesus monkey long cos-
nective tissue channels between the externa!
sulcus cells extend to the cells of Clandus bet
do not open dircctly Into the endolymphatc
fiuld space. The physiologcal significance of
these chanoels is not understood at the present
time. The filumentous nature of the exterm!
sulcus cells and celiular locatbon could be 1ag-
gestive of the myoepithelium which is thoughd
to regulate a seeretory product by meams o
contraction (Ellis, 1965) However the pre
sence of fMaments, even in the fetus, b moee
indicatlve of a supporting nature, postibly ¥
the spiral ligament and basilar membrane. The
external sulcus cells show o close relatiomt?
to the basilar membranc, fibrocytes Type I
and blood vessels, The mechandeal movem<s!
of the basilar membrane could be tansmicd
1o the extemal sulcus cells and may kndirectly
influence vascular flow through the stria ¥
cularls and the spiral lgament, and of tnfle-
ence faid transport sctivity of fibrocytes Ty
11 in this area.

The intercellular fibrils are reparded as &
tein 1n nature, different from collagen and €3 )
tn (lurato, 1962) Clges (1965) bebeves B ¢
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the spiral ligament fibrlls of the human are
reticnlin, and that age prodoces no changes
in the ligament proper bat cames diminution
of the elmshic stroma of the basilar membrame.
Hamilton (1967) bs of the opmlon that the fI-

brils of the vestibular periltymp space are
keratm. The fiwils of the spiral Lgament of
the Rbers monkey are similar to those of the
vestibular labyrinth a cross section of fibrils
ofien shows four subfibrib. However other fi-

The dgnificance of these differemt types of fi-
brils 5 not clear althongh they arc presnmed
© be produced by the same type of fibrocytes

There are three types of cell functions n f-
brocytes: fascla occtudens, fascla adberens and
msculs adherens. Fumon of the outer Jeaflets
of the oult membrane was not observed o the
Tibrocyte of the rat inner car (Hamilton, 1967
Tuup 1967) The presence of the zonula oc
clodens and desmosome between the basal cells
of the sria yasculans i reported by Spoendtin
(1967) In our specimens, the fascu occludens
Is the most common type of ccll junctoa and
b obwxerved even between the cell processes of
the xame cell. This tight ncton may serve to
retain secretory substences In the small enclo-
furt of channels n which fibrils ere formed,

L i5pe, cxeepe that the leiter two growps ehaw
Lh‘mnmorcﬂequmﬂywh:h&tmlmh
sdhereny and fascin occladens  alfernating.
Mmldmwldonmugnmshmnuweﬂ
¥ x light sea) to the stria vascalaris. The spiral
ﬁpm:ntphy:lmajnrrdoo(mpponfmlbn
endolymphanc epithelial lining, and ako ap-

Pears 10 take an active part in cochlear flukd
metabolnm.
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The foer ar of gumes piys was iradined with the ultrastructural level and to stody the cy

s o o 00 R Xoraps A election mleo- o1yl alteratlons which could not be suffi-
{ the orpan of Cora performed

glﬁ:mgmo ™ clently anatyzed in the light microscope

Chezgn  ert noticed m the outer hur cella of the

™ baml cofls while the {nner bar ceth, the otster

:;ctﬂ: of the two apkcal cods and the sapportlng MATERIALS AND METHODS

e Bormal.

Tha foet changey were obaved bn the aocki sad Fourteen gunca plgt were irradiated with

mﬂl‘:du(chmmu(tbe\:hrmnmnnim:lmn

:;mmhnhmmm single doses of 7000 R. They were sacrificed

153 4 uud6hmmnﬂcrmp¥eﬁonol
I8 te cyiopiasm the early changes were: the
o Al l-crr; imdlf\ﬂoLn"’ﬂwmrmul:udhu?;&l
In the rumbet of shycopenike  ated at 290 kV 12 mA, and cquipped with 2
of Thoruuxfﬂterl](ﬁBmSu,U.ﬁmmCu.
o e h‘h‘mp““:n“'h“i““’ aod 1 mm AD Focusskin dutance was
e by & double o1 dagle membrane, BZmDownmn!hcxhcotﬁnmncrw
Severely ahered eefls apoesred e, w3 200 R/min. The X ray dose way delivered
POy e m"“““’ wthnklth;ﬂolﬁclkunlhroughum
n::-n:af gnhxopenlng(’).()mmxl‘lmm)ﬁnnladlbeci
(lhlckmmimm)whid:nlm-hh.lduithn
m!u(thel:dmeForiun}mdmﬂnmgmﬂn;
!hecxpu{nrntxllmmah,ﬁ:nhndmﬂonm
- dh.hu,mthndmimctry the reader i re-
“sm-c;:wupknnaymmudyde. rmm-mmmmwsqb)
mmx"‘m y:hlmlll:moquﬂfo{ 'Ihzulnnpipmdccapiu(ndmdﬂn
frradia changes were found lower faw the museles on the giull
2 the el of o oxter hair celle iy the baad byl
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In a Ight nncroscopsc study on the carly de
feoetative changes In the organ of Cortl fol
h"fﬂix-rtylrndhﬂn,cbmge:mnfmmd
In the maclel of the outer hair cells mn the basal
coll threz hoars after the trradistion (Winther
15692 and b) After mx bours, degencrated
outer hair cells were found in the same regioo.

The present electron microscopic Investiga-
ton was undertaken 1 ocder to elockdate the
paciear alierations of tho outer halr oell at

the ultrestroctural kevel, and to stdy the ¢y
toplasmic alteratfons which could not be soffi
cxently analyzed in the light mscroscope.

MATERIALS AND METHODS

Fouriten gumea pigs were ifmadiated with
single doses of 7000 R. They were sscrificed
t /o 3 4 apd 6 hours after completion of
the Irradustron. The source of radiabon was 2
Semens Stabilipan roentgen apparatos oper
ated at 290 kV 12 mA, and equipped with a
Tharsens filter I (0.8 mm Sn, 0.25 mm Ca,
and 1 mm Al Focm—skin distance was
+32 mm. Dose rate at the mic of the inner car
was 200 R/min. The X-ray dose was delrvered
to the left half of the skull through a rectan-
gular openung (20 mm X 17 mm) in a lead sheet
(thickness 105 mm) which also ghreided the
rest of the animal. For farther details regardmg
the expermmental amimals, the frradiation con
ditons, and the dosimetry the reader b re
ferred to & previous paper (Winther 1969 5)

Tho guinea pigps were decapetated and tho
lower Jew the muscles on the skull base and
the aintng brac were ved. The
temparal booes were folated and 3 wide open-
lng was made 10 the vestibulum Tho utrkcuhs
and the sacculos ey well g1 the round and oval
windows were opened and a hole was made
i the bono et the apex of the cochien. Within
273 win after the animaly were sacrificed, the

Acm L
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labyrinth was irrigated with the fixative solution
through a thin plastic catheter connected to a 5
ml syringe. The flxative used was mainly vero-
aslacetate buffered 1.5 % osmium tetroxide ata
temperature of 4 C. The temporal bones were
in this soludon for 1~2 hours and then

 in physiologweal saline. Some of the ani-

. y/)len: fixed for 2-3 hours In cacodylate buf

" e

BODRGNGESISANY

Fig [ Schemath drawing
of the orgam of Corti. Ot
er hair cells {O/ICY iomer
hair cells (JHCY Phalas-
geal cells (Ph); pillat celly
(Piy Hetsem cell (He); B
sllar membrans (Bm); Tec
torlal membrane (Tmk
tunnel of Cortl (T}

fered 2.5% glutaraldehyde with the same tech-
nique and after nnsing In physiological saline
the material was postfixed in 1.5 osmlem
tetroxide for 1-2 hours.

After partinl dehydration in ethanol spech
mens from cach of the four colls were ®-
Tected under a dissecting mkcroscope Defydra-
tion wns then completed and the specimess

(0#C) and tuner (HH0)
semory celly of the orpad
of Cortl. Nocews (V)
muochondria (Afy st~
sarface chuerns (5c)
Heman bady (/14 Gl
complex {Gek granals

endoplrumic
{(GERY cuticular plate
(Cay stereocilia {S13
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ch

000,

ol 3 bouns  The arToms pomt to myelin-lile stroctures formed &Y

grnalar e~ the uacks of chierm. The cuthular plaz (€ )
on both sider  stereonila hxs  pormal appearance.

an ougter
the stack
T (GER)
with armxy of wmooth endorirunuc reticalom (SEX)

-fizs-
)]

Flxaton @ ooi=?
methods employed  (Mannozn & Gauter  Gon i ommm tetroude and stupmng ¥

staming procedures. |

It 1+ known that the appearance of the no- wm,dcandaunm‘.,mwamumd..
1962) Normal and irradiated speamens were  wramy) acetate and or jead atrate I agree

cems s dependent oo the fiaton stammg  prmary fixabion in glotaraldehyde  post

outer halr cells therr nocmma) wlrastructure de therefore imestrpated folloming ™o fivated

serves a detailed descriprron.
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ment with Fawcett (1966) the so-called hetero-  The beterochromatin fs distributed afl over the
chromatin was foand to be more heavily nuciens, malnly In Isolated or Interconnected
stained {oliowing 1he sccond procedure, but oo masses and i particulary concentrated aloog
relevant qualaatrve differeaces were found In the nuclear membrer (F . 3 and 4) The Io-
the micrographs of the muckeus of the outer h b consists of

bair cells, b interch granules of 80 A 10 170 A often grouped In
tinle material, and mockolos are distispushed & pamber of four o eizht, & rmall
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10 M»Iudwndrhﬁnnmwla’h:kceﬂof
animal socrificed 4 bours after the

Nuelbmnh(mr:)wﬂhhlhnﬂocbu&h
Gragular (GERL 52000,

Ies of about 350 A, and an apparently

w ground substance The nucleolus,

n 1 p in diameter i located off centre,

1d is composed of four parts as In other types

of crlls (Bernbord & Granboulan, 1968) The

pars fibrosa, the pars granulosa, the pars

amorpha, and the nucleolar assoctated chroma

tin (Fig 3) In none of the controks did the
findings differ from the normal picture

Irradfated material

No changes were noticed in the inner halr cells
or the supporting cells when compared to the
controls Tho outer hair cells of the two apical
colls were usually normal abso In the outer
hair cells of the basal coll and § In

trary since tramsitional features arc cncous-
tered thus Indicating that the degenerath
process b a contlnuous phenomenon. In speck
mens from animals sacrificed four amd st
hours after the kradiation, all stages of k¢
degencration process were observed In spec
mens from onimals sacnficed at onc-and-a-ball
hours mastly nuckear changes were encosD-
tered.

Stage I This stage was charactenzed by 83
clear changes without evident cytoplasmic &
terations.

The chromatin was clumped In large deost
masses, more conspicous than m novmal B
LcrbLAlwxhcrmnl.lcrgnnulcsof!hCi“"’
chr were mne

the outer halr cells of the second coll from the
base of the cochlea, nuchear and cytoplasmic
changes were found. To make the description
of these changes casker a division into stapes
is adopted This subdivision s somewhnt arbi-

Acts Oxclaryng 69

pocked Large  electron tramsparent 337
were thos created withln the nucteus (Fig™ $
and 6) The nucleolus was apparcaty

and the nuclear covelope ond the pores *T7°
as in the controls



Stege Il The muclear changes were of the
same typo &s m stage one, but more
and d by cytoplasmb

X-ray bradiation of inner ear of guinea plp 69

reticnlum (Figs. 8 snd 9) The cisterns of gran-

Small scparate mawses of the nockeolar pars

some extent the Hemen bodies but Iacked the
orderly arrangement. In the apical and Infra-
ooclear porhoos of the cell Jong cisterns of
pranular endoplasmic reticulum were observed,
Frequemly the clsterns wers continaous with

ular s were cither bolated
or grouped In stacks comsbstmg of up to elght
cisterms. At places the stacks formed whorled
myelin-like structures. Ribosames were lacking
at these places cven If present on the rest of
the cisterns.
The mitochondra were usoally normal, but
in & number of cells mitochondria with crystal-
1ike inclustons were observed (Fig. 10)
Bodiey, limited by a dngle membrane, and
contaning grannles of various diameter and
electron density were founrd more frequently
than in the controls.
Stage N Th nuclear and cytoplasmc
changes, athouzh more pronounced, were uso-
Arl-OfoLryu(ﬂ

-



Acta Otolaryng 69~ 117-122, 1970

AN AUDIOMETRIC SURVEY OF THE INCIDENCE AND CAUSES OF
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2504000 cpe &t an

Hearlng defechh were formd in 1210 and 1126%
repectively wh comdnctive defects 6.15 and § 03%
respectovely defects 595 and

occurred a comsiderable decrease In the incid-
ence of hearing defects among the draftees,
mnce at this time between 309 and 500%
were exempted because of bearing defects or
car discase cither at conscription or after the
beginning of traling The proportion of
chroakc middle-ear inflammation seems abo to
some extent to have decremsed compared with
the earlier period In that between 108 and
2.35% of the comscripts were exempted for
th reason

In order to obtain a clearer picture of the
incidence of hearing defects and their seticlogy
amongst young men of comscript age, the au-
thor ducted mass and: x
during 1954-1955 of the draftecs in Nyland's
and Vam military districts (Jusellus, 1962)
The hearing tests, which were performed on
= total of 2071 young men, were conducted be-

Lateral middie-ear Inflammation, Already dur
Eng the perlod 19461954 there scems to have

tween the freq 2504000 cps at an Io-
temsity of 10 dB Hearing defects were detected
in 114% seosorincural defects tn 6 08% and
conductive defects In 4.20% of those exa
mined. The majority of the conductive hearing
defects were caused by sdbesive or chronic
otitls, or as a couseqoence thereof. 179% of
ull those exammed had unr or bilateral ad-
bestve otts wnd ” 12% unk or bilateral
chronx middlecar mflammation 063% of
the cxam ned h 1 a residiral hearing defect of
at lexst 30 <8 .o the better ear In more than

Acte Osolaryay 69



118 H Jusellus

half of these cases (8 out of 13) the baskc
camse of the hearing defect was adhestve onils
or chronic middle-ear inflammation.

The results from the two military districts
examned showed no significamily Jarge differ
ences, with the exception of the frequency of
hearing defects caused by inflammstion the
incidence of adhesve ofits (192%) and
chronk ottls (272%) wm greater in Vasa
milrtary district than in Nyland s military dis-
trict (167 and 1 92% respectively) This dif
ference was thought to be coutributed to the
fact that, at the time of the examination, there
was a yet no ENT speclalist tn this srea,
whereas most of the country s otolaryngolog-
ists had practied In Nyland s county for seve
al decades,

The investigations conducted In 19541955
tncluded young men of 19 years, representing
the age-groups born 1935-1936 Thess groaps
doring childhood and adolescence had possi-
bilitles for treatment of possible middle-ear m-
with sulpt ides, which were
Introdoced for therapeutic wse at the end of
the 1930s. As it would be mteresting to seo
to which extent the incidence of inflammatary
ear disease and subsequent hearing defects has
~“decreased after the Introduction of penicillm

other antibiotics In therapy it was decided
/Idcou:luctnnewmvu‘ﬁg:muunlhemme
prmaples in the agtumn of 1968 in connection
with the cooscription m the Vasa military dis-
it

fl <

The Actual Investipation

The examumation wias conducted fn Septem
ber—October In the military dstrict of Vasa
The substance of the investigation consisted of
1155 men, all 19 years of sge and bomn in
1949 who sccording to the law must presemt
themselves for conscription at thrs age.

equlpwdwhhmhc-bwmdhndpbomol
gypcl.{E’.m,mmcdfort.bc:um.hanu.

The hearing teats wers conducted o a quiet
room, and the so-called screening-method was
used. The screeming was performed within the
frequency range 250-4000 cps with an foiea-
sity level of 20 dB (1SO) A camena sllerta wn
oot available, but at the times of the testings,
it was quite casy to find a room where the
cxternal notse was fsignificant. Each conseript
exsmined was placed face turned away from
the andiometer and was instructed to rake the
ipsilateral hand when the topo signal was heard
in the same car In order to eliminate disdms-
Iation, the tono signal was changed at random
from one car to the other The signals were
given at different intervals and were of varyig
duration.

Thoso of the examined who perceived o
tones at an intemsity of 20 dB were comldered
to have normal hearing A heanng defect of
at least 25 dB or mare for two tones In the

range 250-2000 cps, or at least 30 dB for
tone in the range 4000 cps was copsidercd
pathological

All the examined, judged by these criter
to have diminished hearing, wero referred fat
2 thorough otological examinstion, coampre
hemsive speech and whispering wests, comple®
air copduction audiogram wuhln the ot
range 250~8000 cps and booe conduction &
diogram within the tone range 1504000 g5
Tympanic membrage examnation iavolved 15
routine procedure, and any susprion of 4 8-
hestve process was further investigated whb 2
Britnings Sleglc s pucumatic ear specalim. #
adbesive otitls or tubal occluwsion wis
pected, tubal cathercrization was
after which the hearing function was re-sseed
with the audiometer A tumng fork te< 38
ased when necessary

RESULTS

Tho overall incidene of heanng defects 594
comscripts s Mlostrated in Tatle 1 For O
parative purposes, the results from the P
in the same milimry distEt

Before the the aud: was
calibrated by means of an sruficial ear

Acta Oroleryns 63
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Incldence and causes of hearing defects amongt draftees

the audiometer used for the tests in 1954 had
bern adfisted to a different calibration stend-
ard (ASA 1951), the results from the earlfer
cumination  were comverted to  correspond
with the calibration standard of the transistor

19

Table 1 Inckdence of audiometrically diagrosed
monaural or binawral kearing defect amony draf
iees In the Miltary District of Vasa Finkmd
1954 and 1968

tzed audiometer (ISO 1964). All decibel values T o h v Movih
that hereafter are demonstrated in the text and No. bearing heariog hearing
tabies refer to ISO 1964 values, which are on Yo teed defect  delex  debect
average approximately 10 dB higher than the 9% 992 1D
(1210 ) 69 (656 ) 51 (314 )
corresponding ASA 1951 valoes (Davis, 1965) 1968 1138 lw(llzs.gw(w)!zuﬂ)
DIAGNOSES

car and cases of dry drum membeane defect
To the & ic group of Ipingitis have or lae following operation for chromk
been included il cases of tubal ocdlmsion, suppuration.

where with the help of tubal catheterization,
with or without parecentests, the hearing func
tion has been restored o normal levels or con-
siderably improved. The dlagnostic groep thms
ouly includes cases where the prognosh with
regard to the possibilibes of restoring the hear
ing has been contidered good.

Otitls media adhesiva chronica
Inlhh(ﬁlpmﬂcgwph:nbccnlndwdcd
ctses where, with the help of Briamgs-Siegie s
rpccu]nm,obviomvcﬂrnueldhniwprm
s¢s have existed, and tubal catheterization, no
o a very Insignificant mprovement in the
bearing was achicyed, although sir wes able
o pass into the middle ear

Otitis media suppurativa chronkea et reddua
This group comprised cases with a contino-
h;chmnkmppunﬁvepmomludnmlddk

Hypacuris conductha e causa ignota
Within ths diagnostic group have been in-
cluded exses with diminished hearing of con-
ductive type, that could not be classified under
the aforementoaed diagnostic groups.

Hypacusis perceptiva

Within this group have been included cases
with normal car drum findings but diminshed
bearing of sexsorineural type. It signs of sen-
sorincural bearing defect have appeared in
conpection with an obvions adhesive process oc

genenal heading of condoctive hearmg defects.

In this group there s a relatively large number

of holated bearing defects of cidip type.
Hearing defects that have been camsed by

lelemmumdhrHemvjhﬂhxmmdmdbbmdhmqummgNﬂwSaﬁm
men in the Milltary District of Vasa Finland, 1954 and 1968

Obth metis  Othsmedm  Hypacma
adhactia
chroekce chromea anm igoa perceptive
193¢ (N texted. 992)
Aen wkh bistiog moneanl or
binmwra) hewriog delect 19 (152 ) 277 ) 10210 ) 59 (595 )
1965 (No. tessed. 1155)
350 with Jesting monserel
bl hearing deteet

18 (136>

1313 ) 1 Q9% T2 (623%)
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Table 3 Casuses and Incidence of lasting biwmeral hearing defect among National Sercicemen i the

Mitary District of Yasa Finland 1954 ond 1968

Otithy medin Otlthy medha Hypacutls
adhacsiva supparathia condoctiva ¢ Hypactme
chronka chronica o ignots pereptha
1954 (No. tested. 992)
Men with brsting binaural
hearing defect 7@7.) 9 (091 %) 1 (Q10%) 26 (160 )
1968 (No. tegted 1155)
Men with lesting binaural
hearing defect 1 Q09 ) 4 (035%) 1813 )

otitls medla adhesiva cofronica otitis medla
suppurativa chronica et residua, hypacisis con
ductiva ¢ couss fgnota and hypacusis percep-
fiva have been considered as Iasting Here the
possibility of improvement by means of opera
tion or bearing aid has not been taken Into
account.

The causes of the lashng hearing defects are
analysed in Table 2, which also demonstrates
the interrelationships between the two exami-
nations conducted m 1954 and 1968,

In Table 3 the causes of the bilateral lastin,
hearmg defects d st both inath
are Dnstrated.

Table 4 shows the incidence of different de
™ 5 of lasting bilateral hearing defects m

young canscripts, The analyals has been
¥ hade “sccording to the degree of the dimin
ished hearing of the better ear withm the tone
range 2504000 cps.

In Table 5 a correlation is drawn from the
examinations in 1954 and 1968 of the cases

Table 4 Incldence of lavting binmural heering
defect of rarying degree among Natiomal! Service
men in the Militery Districr of Vasa, Finland
1954 and 1958

Chmified according (o bearwg jows (n (e betier ear
wathin the frequency range 2504000 cps

<40 dB 4-dB  >MdB

™o
Yerr  tested  (IS0) s0) aso0)
194 992 3303 ) 38 ) 2@™ )
1963 1155 17(147.) 504 ) 1@0% )

Acta Osoloryng 69

of lasting, relatively high-degree bimsural hear
ing defects. The table shows diminshed hexr
lng fn decibels (ISO) within the tooc range
2504000 cps, as well as within the so-calied
most important speech ares, namely 500-2000
cps. The hearng Joss of both the better and
the worse car as well as the nature of B¢
hearing defect, are demonstrated in the table

DISCUSSION

A comparison of the results from the examiss
tions in 1954 aod 1968 in the military distridt
of Vasa clearfy shows that the mckdence of
chronke middle-car inflammation and sequel
bave considerably decreased, In 1954 chroax
middlecar nflammation or after cffecS
thereof were found in 2 72% of those ex
ined, as compared with 113% in 1968 T
introduction of antlblotrcs In therapy b o
viomly contributed to this decrease, bot &
st also inclnde the cffect of the raused 532
ard of lving and better public health At B
tme of the fit examination there was @
ENT specialist Ip the whole of the co=='¥
of Vasa, the Central Hospital tn Vasa 62
1mto eustence m 1956 and jt 13 ooly from &
tone that a specmlist ear nosc and throat 5
partment hay been avallable Thos the DO
possibilties for diagnosts and treatmedt B¢
surely played & considerable past i B¢
creased incidence shown from the

of these series,



Incidence and causes of hearing defects amongst draftees

Table § Afem with lasting relatively severe deafmess Degree and cawse of deafress

Heuring low within freqoency
e

2504000 eps,  500-2000 cps,
In ¢B (150}  In dB (TS0}

<
i
2
B3

b3 ]

2
»

Worse sar

Better sur
Worse ear

¥ sgs2Ezaces

E& ES 292833

The lnckdence of adhestvo otltls seems to be
thout the same In both the groups, 192% and
156% respectively The most probable ex
planation for this could be that the besic asto-
Iogy stemmed from untreated otosalpingntis In
childhood.

The incldence of chronic binaural middle-
mlnfhmmlhnlholbcrnunmflcmfynnd
distinct detrezse from 091% to 0.35% in the
two iovestigations. This diserse 1eems nowa
days to play & contlderably smaller part than
Pftvbmlyulamedmﬂn;mkmu(

Dugnosis

Hypacush perceptive

Otith medn soppurtiva chronica

Siatm ex operations rdicall anris medise

Residoa pox otrthn cum perforatione
memnbrarme tympan

Statms ex operutione rchcall urls medine

Reskdua post otitim cum perforations
membranss

Otitls media srpporativa chrooka

Reskdom post otitin com perforatione

pecsiriento membranso tympanl

Otk media supporstive chrome
Resclua poxt otitin com perforatoos
membrinse

Ot media wdhaesta chronica

hearlng function. In 1954 the cxamination re
vealed that half of the cases (5 out of 10)
with lmting bifateral bearing defects of at least
40 dB were camied by Inflammatory car dis-
case, wherems in the 1968 cxamination only
2 out of a total of 6 cares were of an o
flammatory senclogy

In sbort 6% Of all thoso examined m the
two agr mioupe kemsorinemal bearing loss was
founi (nt f be 131 young men with somord-
peuctl hex n .3, 53 had worked in notsy
Jobs It L | -ble that most of the sensork

Acte Owleryny 69



122 H Juselins

neural hearing defects in these 53 were in fact
noise Injunes Through intensified mformanon
and poise prophylaxss, the meidence of such
hearing injunes coald be reduced to some ex-
teot.

The quitt high madence of sensorinenral
heanng defects amongst the conscripts empha-
sizes the fact that it would be desirable to ex
amine the servicemen s hearing with an sudro-
meter as extensively as possible cither at the
conscription or at the start of thelr military
service. There 1s always 2 certamn risk that a
sensormeural heanng defect s worsened as a
result of acoustic trauma during military serv

Acts Ototeryny 69

ZUSAMMENFASSUNG
ahren 1954 vnd 1958 wurde i dem Mdfiyr

]

4000 Hz bddnrrlntmdd!vm"OdBlSOll'ﬁ'
defekie worden bei 12,10 brw  11,26% festprvied,

gkeh bei 615 bow 5M%
und 595 bow 623%
Dic Freqnenx der In den bekden My
terhafien war 152 trw 1.56% Eoe dentlicho A>
nehme in der Freqoenz chronbcher medny
koante fextgestellt werdes; fm Jabmo 1954 war dir

Freqoenz 2,72% gegenliber 113% o Jahro 1961
Im Jehre 1934 wurde bel (0% von den Uster
bestehender  doppeksentiger  Hicredon
dB ISO des bemcren Obrs fes-
% im Jahre 1963 Die Uriache
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CAN HEARING AIDS DAMAGE HEARING?

C. Roberts!

From the Departmens [ Sociel & Occaparional Medicine W elsh \ational School |
Medicine Card ff Great Brad

Recehved Apell 29 1969

A aw report of permanemt  perceptive  mcoustic
trerm following (e provision of  bessing aid

For over a quarter of a century there has been
concern over the possible barmful effects of
smplificatm on bearing. Holmgren (1940)
stroogly affirmed that in his experrence ampli-
fication never adversly affected hearing and be
went on to say that n many cases the applica
tknoll}.uﬂngddhadmimprm{ng:ﬂcu
oa residual hearmg. Hbs views were suppocted
by Whetmll (1964) A recent Workd Health
Orpruization report on the Easly Detection
*d Treatment of Handicapping Defects in
Children (1967) stated 5t was formerly be-
Ueved that the use of an ald might cause hear
g 10 detenonate, bat there b no evidence
whatioever to suppart this miggestion™ Littler
& Rice (1964) after 3 years experimental work
0a bearing id design considered that there was
ampie evidence to show that conttoned wse of
sound prewnre levels above 125 decibels may
Causc further deterioration of bearng. Bar &
Wedenberg (1965) followed up B4 chfidren
“ith bilateral perceptive deafness uatil they
were 1S years old, during which time all wore
bhearmg aids. They fornd that none of the chil-
dren whose deafness was doe to rubella or
beonatal factors showed any progression of
bearing loss, but all those whote bots was due
1o menlngitis, and over balf thase who had an
hereditary 1oss showed spontancowm progres-

Lecturer b Socis! Madicme.

slon. They concluded that progressive loss was
probably due to heredhary factors.

The stody of the pomible adverse effects of
ampilficaton on heanng of children appears to
be hampered by two man difficuthes—firstly
the dlagnosis of deafness may be made, and
amplification provided, before an sccorate au-
diogram can be obtaned, and secondly in some
cases there may well be a spontancoas deterd-
oration of hearing. It therefore follows that this
problem can ooly be studied m cases where
reluble andiograms are svailable before ampl-
fication ks begun, and where amplificaton has
been provided in one ear only so that the un
axded ear can be vsed a3 a control.

Between August 1965 and August 1968 1
cxamined 278 chikdren with perceptive deaf
ness at & reglonal audiology centre m South
Wales, All the children were reviewed approxi-
‘mately three tunes a year and all wore hesring
alds. During ths penod a deterforation of
bearing was recorded In 16 (6%) of whom
6 had sibs with perceptive deafness and a
further 3 gave a hnstory of perceptive deafness
m a close member of the family The high
prevalence of positive family historles of deaf
news and the absenco of any potential acticlogi-
cal factory 1o the obsictric, neonatal and past
medical histories of thess children strongly sug-
gested that the cbserved deterioration of bear
Ing was doe to hereditary factors. These find
ings support those of Barr & Wedenberg
(1965)

Acsm Osole
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Fig 1 (a) Daw of tzst, Mar 1965 (b) dute of test,
Sept. 1965 (o) dase of test, Nov 1967 () date of
test, Jan. 1969
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A base Jine pre amplification pure tone au-
drogram was not availahle for 13 of these chil
dren since the deafness had been disgnased be
fore 3~4 years of sge Serial andiomctiy b
the remamning 3 children showed evidencs of
deterforatfon of hearing in the afded ear i all
3 cases. The case report of one of thesc k
described briefly below

CASE REPORT

Johns language development durleg mfancy
and childhood was considered normal and &
3 years he spoke using 3—4 word senteoess,
but with defective pronunciation. At that tme
there was no family history of deafness, d
John s obstetric neonatal and past medical ki
tory were normal, but his parents had begm
to suspect he had difficulty in hearing. At e
ago of five years (March, 1565) an avdiometrc
examination at the local uthority ciine re-
vealed a genty sloopmg high frequency por
ccpﬂvedcatn:n(P‘ig.la)Hemrdumdgg
pecult Ination i September 1
when the diagnosis and degree of hearing ks
were confirmed (Fig. 16) Ear level ampiicr
tion (right ear) was prescribed in Febrsty
1966 An audwogram in November 1967 (Fi
1 c) showed severe deterloration of heariny ®
the nght car most marked at 4000 cyckes Pr
second—the clamical C5 dip of acors®
trauma. In December 1967 the ad was &
continued but follow up audiometsy in Jars®
1969 (Fig. 1 d) showed po improvement | &
huﬂngmmmthmmmappﬂﬂd"
be permanent. It will be scen that from

1965 to January 1969 there was osly 8 0
decibel deterioratian of the hearing b the &
trol ear (left), and this occurred over the W
of the frequency range (unlike the 50

high frequency deterroration found fn the

ear)
In December 1967 John's younget &7 %%
lkcfoundtohnmpcrcepﬂwmw
In degres to that shown In the fint 10507
In Fig, 1 Over the next 14 montks be bes®
dmodlsd:cl'bcld:m-brmmth"‘:
ﬂnvhdefrqucncymg:,h!hﬂlw




amplification. This finding confirms the diap-
nosis of progressive hereditary perceptive deaf
ey,

CONCLUSION

Evidence by presemted which snggests that the
we of amplification in chiidren with progres-
sive berediary perceptive deafoess may canse
scourtic trauma and thus accelerate tho bear
g deterioration in the ampliffed car F
mately this condiion n (peobabl
less than 10% of all childhood perceptive
bearing losses) but pevertheless it Is essenttal
to Mentity this type of hearing Joss before de
cding to provide amplification The presence
of aay er some of the following featurcs may
Indicate that progy hereditary p .
deafness b present—a family histary of per
ceptive deafness the discovery in childbood,
of a gently slooping 40-50 decibel perceptive
bearing loss a history of a reasonably normal
peech and lnguage development In eary
childhood (suggesting that hearmg wes either
vormal or minimally affected durmg this pe
nod), and finally a histocy or record of dete
Horaton of hearag over the previous 2 or 3
yeany,

Y
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ZUSAMMENFASSUNG

Es wird {lber einen Fall von
H3ewaboe henm,
numg cines HOMpparates

danernder neurogener
g als Folpe der Benot
bericheet.

Dept | Social & Occupational Medicine
W lsh Nasonal School of M dicine Th Parade
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They stressed abnormalcy of the sina
N as an important early finding, and
| Jostulated that the deafoess of Hedlund mink
resulted from inability of the stria to prodoce
normal endolymph
Schuknecht er al (1965) have recently re
vicwed the many kinds of deafness that eventu-
ally manifest the histopathological hndings of
cochlco-saccnlar degeneration™ They discus-
sed several species, induding dogs, cats, mice
and human, Part of the picture of cochleo-
saccular degeneration in several anmals 13 col
lapse of scala mecha With grossly iadequate
yolurne of endolymph. Waltzing mke were dis-
cussed by van Lemncp (1910) who was pro-
b;bly(hgfunwmﬁbmzdafumtonmphy

work was mpporied by u grant from the Deaf
:’: and gramt 3995 from the

Research Foundation,
Natioas! Instimto of Neurological Diseases and
Blindnes.
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of the atria vascularks Waltzing gninca pigs
(Lurie 1939) albino cam (Wilson & Kane,
1959) and Dalmatlan dogs (Hodson & Rubes,
1962) lack endolymph volume Shaker | mie
represent a stran of animals with heredity
cochleo-taccular degeneration which does aat
exhibit collapse of scala medm (Kikuchl & Hi-
ding, 1965)

Gulld (1927) performed » sencs of Prusizt
blue infection experiments which provided coe-
vincing evidence that cochlear endolymph B
absorbed In the endolymphatic sac, His results
tend to support the concept that endolymph
Is produced by the stria vascularls A pumber
of workers have subscquently come o ¢
same conclusioas: Yamakawa, (1929), St
(1942) Secretan (1944) Anderson (1948) &2
Engstrdm & Hjorth (1951)

The purpose of this report b to deci®
our light and electron microscopic fmdisgs B
Hedlund white mink at vadous stages &
birth Our results from study of the org of
Corti, saccule, utricle and semicircutar cxils
are mcloded. A subsequent paper will dexrt
crreulatory sbnormalities of tie st vascwlans
i thrs animal (Sugiura & Hilding, 1969

MATERIALS AND METHODS

Mr BrownleSmlno!Co&cbﬂ:rw
supplied us with normal-hearing. ﬂ*’*“"mm
mh:klndwhhhomozygw:thmﬂd‘d“
mink, We studied twelve normal 20d ™

. i T P



Cochleo-saccular degeneration in Hedlund white mink

Hedlund fmmatare animals at various stages
from newborn to six months Elght adult Hed-
tund and eix adult normal mink, werc wed.

Hearng scaty of esch antmal was tested
b!nlﬂkl’tipunetulnnddlp:mdwh}sﬂu.
Electrical responses from the round window

127

Fig 1 Adprstable hesdholder with hol-
bow ear barw Clicks were delivered from
Lhe bearing ald transducer throagh the
bollow bars to the mink ear By ap-
proprrate sdjestment of caliper and slid-
I g bary, u good fit could be obtamed
st svery sisge of development from
newbora to sdult.

Fip 2 Norma! round window responses.
a1 recorded from normal enimal 4
weeks after birth,

Fig 3 Hedluad mink st 4 weeks. No
Jectrical respoase could be demon
strated jn Hedlond arink st any stage
comparable to the mormal oo of Fig. 2.

were postosmicated for one hour Dehydraton
was followed by imbedding in Epon 812. Sec
tloas were cut for light microscopy at 10 u
and for electron mocroscopy st 300-600 A
with glass and dismond knrves on an LKB
Ultratome Coatrast for the clectron micro-

geoerated by Tedtronx pube and wave form
mRﬂundﬂndowmq)omn‘mlm—
Plfied by RM122 preamplifiers and exhibited
OnuTc\‘hmnSS-tosdﬂoscopcuhhlmp
STEIL A Polarold back was wsed with C 27
qm‘mmdmpmtscs_Amﬂ.npcchl
Popose computer (CAT) was used to sum-
mmﬂnd'mdawmpmulmmmnor
mal and three Hedhund mink.

After recording was completed, the antmals
MT® decapristed, and thelr temporal bones
*€Te quickly placed in buffered 3% cold glua-

:hnhn-l-'o:hwmnmno!lhecndolymph-
doct 10 cac, via) perfmion throagh the
was wed. After washing, all specimens

scope was cnh d with uranyl acctate stain-

(1 ~
1 L%
’1,-5 ){71(;}’:’
i
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unders (1965) fist described collapss of
media with degeneration of the organ of
Cortl in Hedlund white mink. Hilding e/ af
(1967) publshed a preliminary electron micro-
scopic study of atologcal findings 1 Hedlund
ink. They stressed abnormualcy of the stna

culars s an important eardy finding, aod
ostulated that the dexfness of Hedlund mink
resulted from nability of the strla to produce
normal endolymph.

Schukoecbt er al (1965) bave recently re-
viewed the many kinds of deafness that eventu-
ally manfest the histopathologreal tmdings ot
cachleo-maccular degencration™ They dscus-
sed several speces, including dogs, cats, mice
and human. Part of the picture of cochleo-
saccular degenenation 1n several animals s col-
lapse of scala medis with groaly {oadequate
volume of endolymph. Waltzing mice were dis
cussed by van Lenoep (1910) who was pro-
bahly the first to attribote deafness to atrophy

This work was swpported by & grant from the Dewf
and grant 1993 from the

nesa Research
Ntlooal Ingtitme of Nemrological Dbzases and
Bnstnenm,
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ol the stna vasculars, Waltzing guboea pigs
(Lutle, 1939} albino cats (Wibon & Kex,
1959) and Dalmatian dogs (Hodson & Ruber,
1962} Iack endolymph volume, Staker | mat
represent a strain of amimaly with hereditay
cochleo-sactulsr degencration which does aat
exhibit collapse of scals media (Kiknchi & HE-
ding, 1965)

Guild (1927) performed s sevies of Prowis
blue Inpection expenuments which provided coe
vincing evidence that cochlear endolymph #
shsarbed In the endolympéatic sac, His el
tend to support the concept that esdolyspt
Is produced by the stris varcnars. A pumb
of workers have subsequently come © 8¢
same conctusions Yamakewa, (1979) Sad
(1942) Secretan (1944) Anderson (1945) =
Engatretm & Hjocth (1951)

The purpose of this report i3 to descrk®
our light and electron microscopls findinss ¥
Hedlund white mink ar varions stages 1%
birth, Our results from study of the o
Cortl, saccule ubricle and semicircuar €55
are included. A subsequent paper Wil &<
eirculatory abmormalities of the stria yaxma®
In thrs animal (Sugiura & Hitding, 1969)

MATERIALS AND METHODS

Mr BrwnkSmlnolCdchdiﬂW{Md
luppﬂcdmwﬂhnmmﬂ-lﬁﬂﬂ&m‘g
mink and with

mink We studied twelve normal #d P
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(Friedmann er af  1965) were often found in
the upper portion of hair cells as was previ-
oasly reported (Hilding ef al. 1967) Both af
ferent and efferent nerve endings of outer hair
cells appear nearly pormal st this and subse-
quent stages (Fig. 7) Normal appearing wner
hatr cells necve fibers and cndings at 5 wecks
are demonstrated In Fig. 8 Tuanel fibers are
also evident. Abonormal hair cells were found
carlicst in the besal turn. Degenerative changes
of the organ of Corti appeared Iater in upper
torns.

Our findings i the stria vascnlaris will be
desczibed completely In enother report (Sa-

Acta Oiclaryng 69

giura & Hiding, 1969) The changes of U
strial eputhelinm ted to chronolopeally port
Iel thoss of the organ of Cort. At 2 o¢3
weeks, the cytoplasm of marginal cells of #¢
basal tumn bas a reduced content of @

of the basal tumn becornes atrophic. Mesr®
ments showed a redoction to abont 0% &
sarmal width and thickness,

The endolymphatic layer of Retssaer's 262
brase is somewhat thinper with fewer mT
villi than normal by 3 weeks, but e P
lymphatic liyer develop plasmic 4




Cochleo-saceudar degeneration In Hedlund white mink

ancies (Flg. 10) Microvilli are scarce ou the
endalymplutic surface of Rehsnct's membrane
hmoﬁn&mmm
fates and otoconia arc sometinws found be-
tween layers (Fig. 12) At § weeks, no eodo-
ymphate space can be found between stna
viscilars and Rebaner’s membrane (Flg. 9)
Pecullar opaque gramules about 2 4 In dia-
meter were found in the endolymphatic layer
of Reinner’s membrane Marginal cells of the

tizls lack thedr pormal complement of mito-
chondria.

Large defects of the saccule wall coald be
demonstrated as early as 3 weeks after birth
by light microscopy (Fig. 13). The cells of the
sac wall were swollen with loss of Hmiting

131

o

A
Ie
N
“A T4
Fg 9 Atrophing wna vecalarhy of 5 werk Hed-  of Rebnocrs arc opeqoe graswies 2 o b dameter
Mud. Retmner’ membrane (2) contacts the marginal 4200

ol (AN Iaper Whhin the endolymphatic (E) hyer

3

fe-N

membranes Often, otoconm were misang from
the tumen of the saccule. Electron mxroscopy
of 6 wecks specimens showed thickenmg of
the saccole wall with sccommbation of non-
particulate debris In the small collapsed spacc
between the wall and semory eprihelium (Fig
14) The endolymphatic layer of the ssceuls
wall developed cytoplasmic folding and pro-
cesses similar to secretory epitbelia ehewhere.
In sduh spect there is a d de
gree of this abortive convermon to secretary-
type tissue (Fig 15) The sac wall was folded
upon imef i all adult specment

phatic surfsces are adherent n Fig. 15 and
the perilymphatic layer is closest to the sensory
eells. Discontlnuity of the sac s cbviomly a

Acwm Owlaryne
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13 wall to face the hair cells

Light and electron microscopy of the endo-
lymphatic duct showed nearly normal findings
in Hedlund mink. In the intermediate or
rugows™ portlon of tho sac the lining cells
were somewhat Jess well-endowed with micro-
villi and cytoplasmic folds than normal

The arcas of secretory epithellum on the
dopecflhea'lsuuhldmrmnllpparmgccﬂ.x
by electran microscopy

DISCUSSION

Fig. 11 Normal mink Refsoer membrane 3 werks
afice Brth, Microvilll cover the endolymphenc (B)
surface. A basement membrane (BAf) Ues moder
endolymphatic leyer and thero aro refatieely o
openings between peritymphatic layer cefls (amwe)
5600

the amimals studied at 2 weeks in our previes
stody (Hilding et of 1967) gave sodiof
startle responses, but maturation rates 87
and most 1n our present series did not P
reproducible responses yotll 3 weeks &he
birth. With our recording technique ciph®
ntmmponmw:dcmomﬂ:wdﬁﬂl‘”d
summation at 3 wecks and directly at 4 weeks
By 3 weeks, the tunnel of Cortl is opea B
most tarns (Fig. 1) and cochlear maturaos ¥
nearly complete. Efferent and afferent kocr
tlon can be demonstrated. Thus, nomsal =
seem 10 follow the patiem finst described b
Wada (1923) of most animals by aimost €=
pletmg histological maruration of the o

Auditory function normally b PP
n mnk 2 weeks or more after buth. Most of

Acse Croloyng 63

before signiflcant auditory functioa spperrs- |
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'
Fp 12 Owocomia (0) were cbeerved in Refmoer  otoconh
membvene jo adoht Hedlned mick.

mg compaicr-summated. Otber strains of here
ditarfly deaf anhmaly have early perods of
fabty good hearing. Evidence of temporary
bearing has been partcnlady well docamented
B shater | mice by Mikaclisn & Roben mink. A major tear was demonstrated In the
(1964)

Sabtlc hatr cell aboocmalities first becowme
spparent by 3 weeks in the organ of Corti by
electron mncroscopy m Hedlund mmk. At this
stage, normal mink regulsrly have auditory re probably not artefactual becanse pothing simi-
spomtes. It seems Ukely that vacuolbrtion of
e cytoplasm and noclesr swelling arc merely
morphologxcal maniestatons of cardier major
pirysiological wadequacies. These carly histo-  specumens showed folding of the saccule wall
logical changes may reflect & gronly abonormal  with two or more layers attached w each other

Agp Droleryxg 63
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The swccule wall, pear tbe roptore (errow), 8 layer (E) of the oppomtc wall f
somewhat gwollen. The semory eprthelum is pormal  developed folds and proceres sugpesting

ot this stage. 150, been converted o secretory function, No e
Fig 14 Saccule, 6 week Hedlund Debris (D) fils were foond in the Jumen. 5600
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The perilymphatic surface was observed within
the lumen” of the saccule facing the sensory
cpitheliom
Subsequent to the 3 week stage bypertrophy
of the sac wall cells was observed. Redundant
cytoplasmic folds were formed in an apparent
effort to form a secretory epithehum Otoconla
were found withm the Jumen of the saccule un-
6l about 6 months. Afterwards, they were ab-
sent in the saccule However otoconia were
observed trepped m the perilymphatic Iayer of
Relssmer’s membrane, suggesting that they had
escaped from the saccule mto perilymph and
had drifted into the cochlea.
Schuknecht & Seift (1963) described the ef
fects of fistubous comnections between endo-
Iymph aed perilymph. Small tears of Reusner’s
membeane caused Jocal damage. Duvall &
Rhbodes (1967) also found localzed damage
to cochlear harr cells from small expermmental
tears of Remsner’s membrane. Igarashi (1965)
showed that extensive damage to the saccule
failed to Interfere significantly with hearing In
a scries of experimental lestons of squirrel
monkeys. In Hedlund mink saccular rupture
bines with fmadequate production of endo-
lymphbymumphknrlamcul&rh"ﬂm
may have a deleterions effect.

Sagging of Rebssner’s membrane became ap-
hd after 3 weeks This could bo attributed
to a masuve endolymph lesk from the saccule.
However atrophic changes of the stria vas-
cularis are noticeable by this stage and be-
come mare obvioms By the adult stage, the
stris s only half the width and two-thirds the
thickness of mormal. Ultrastructnral abnormas-
litles of the striz become more marked as ma
nunﬂonprowcd&}v{hocbandrhmrpammd
other cytopl
:du!!m;:hlpprmdrcd.lnd}lﬂmcr‘!mm

ochiea, Zerrehsung der Wand dey Saceuks, wed
Atrophie der Stria Vascularis wurden ab dref Woches
b {t Sekretorische nnd rische Erithelen oie
des Utriculos und der GebScampolien waren norpal
Nur minimale Verhoderungen wardes In der Bkl
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trutkors in stapes and cortical boos from individoafs
with otosceronls was compared to that of booe from
coatrols. No iz differ

wero observed.
Etcdogeal factors comsidered responsible for
the development of ctosclercsis have been re-
viewed previomsly (Altmann, 1962 Soder ef
al  1965) Studwes made on the Inarganic con-
stitutents In otosclerosis have been limited to
walchnn and phosphorus levels In sera (Fowler
#48 Seiferth, 1937 Breytmann, 1933 Rbs-
1949) and more recently a report on
calcrum and phosphorms concentrations in os-
scous tissies was presented by Maurer (19617

1962 and 1967)
1n pursuance of aberratrons and underying

possible. In order to overcome these limb-
tions, neotron actrvation analysh was used b
this investigation for the amlyshs of bwvganc
constitvents. Unlike more conventional chemi-
cal analyses, neutron activation analysis am
be lshed oa  mk pic quanties
without handling Josses.

Neutron Actrvation has been used o deter
mine inorganic constitvents from varioss &
soes and flukds In the mnge of 01 to 100 5
per sample (Ogborn ef o 1961 Hall, 195¢
Kruger & Gruverman, 1962 Samsahi & Socr
mark, 1961 Saw& Norrls, 1950 Bemsok
1959 Helwig er ol 1954 Nalyama & Bloer
strand 1961 Reiffel & Stowe 1957) Adk
tons! advantages of neutron activation I3
lyses are high precsion and exceikent accery
po sample preparation ki necessary- #t b 2o
destroctive and It b quantimte a5 well ®
qualitative Because of these advantages. X%
tron activation was used to compare t I
organic coastituents of boae from otosciero
Individusls with bone from noa
controfs.

PROCEDURE
Inmmﬂmmuphmeﬂﬂ'ﬁ“’b
mvestigation is kradiated with newtrons fo2
cither & muckear reactoc or & acttron prXT

X
+



The cements in the imradiated sample acquire
n energy characteristic of a specific umtable
sotope  The indoced radsoactivity of the
1mple it tmalyzed to determine the elements
present in the sample. The quamtity of each
tlement present B determined by the amount
of radioactivity which Is directly proportonal
to the quaatity of each elerment.

Samples
Stapes and cortical bonc samples were ob-

Lok ok
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tor (0483% cobalt) These flux monitors were
wed to correct for any varistion In neotron
flax daring the irradiation of each sample and
standard,

Quantiathve determinations of calcdfum & phos
phorus tn samples

Caldum. Whthin two miautes after frradiation

each Individual sample, ss well a3 the caloom

carbonate standard, was transferred from bs

tained from the same ndividmal. Eight sta-
pedes were cbtatned from individoals with oto-
scierotic ankylosis  elght non-otosclerotic sta
pedes were obtatned at antopsy as controls.
Five cortical bone samples were obiained

five of the paticats with otoscleroth

1 lock

ir iner Into an unirradiated poly
cthylene vial and tramferred quickly to a so-
dium-fodine multl-channel gamms-ray spectro-
meter for collection of a gamms-ray spectrum
of the tnduced radioactivity within exch sample

of the mapes, and two, from the noa-otoscke
rotic coatrols. Coctical bone samples were re
moved from the posterior wall of the external
wanditery meatus. All samples were placed in
dmﬁ‘”bmblmnnd’mdyumnrm
from the patient. After obtatning all tweaty
thres samples, they were dred to comstant
welght end then placed In therr own mdividual
colldose capsules (dze mumber two) which
were b twm placed in polyethylene vials (two
cm?) for Imradiation. The omeous tissney were
walyzed for thelr in © by

and standard, The sity for quick handling
of the sgmples and standard and coflection of
data s doc to the fact that the radioxctive
notope caldum-49 which Is produced when
aldum bs {readiated and whose activity was
wed to determine the amomnt of cakdum pro-
sent in the samples, decays with 2 halfife of
8 8 min.

Phasphorus Twelve days after frradiation,
the stapes smmples and the corneal booe sam
ples were moumted on aluminom discs using
thin mylar tape and thelr beta particle sctivity

DeTiron activation amalysls.
’m’dhﬂ”ﬂafmplu

Foree Nuclear Engincering Center (AF NEC)
& Wright Patterson Alr Force Base, Ohlo, was
mcdmhnﬂ‘mhmmmﬂc
m"m“ﬂtAFNEmedm
€xpote each individual sumple for trn minutes
lnnnmnmﬁnnlﬁxm“n:uuompu
foare centimeters per second (nfem? sec) A
km'nw! of cakium carbonate to be
med 21 & compurative standard for the deter
mkation of calctum was similarly freadisted in
the preumatic tramfer system for ten minutes,
Each wsmple, 23 well #s the calcim carbon-
A2 comparative standard, was tradiated along
with an wtomigum-cobals alioy wire fiox monk

1 unng a beta sensitive 2 v propor
tional commter

Initally alumimum absorbers were used to
determine the maxmmum betn partile encrgy
present in the samples =8 well 21 any peces-
sary background correction  (Overmann &
Clark, 1960) Also the beta activity present
In the samples was recorded cvery other day
for tourteen davs to determine the halfdife of
the beta-emitting isotope present in the sample.
Usling these techniques, It was determined that
the maximum beta particle energy was 1 7 Mev
and that the half-lfe was 14 3 days. Both of
these valoes are characteristic of the radioac
tive ksotope phosphorus-32, which b produced
when natural phosphorus is imradiated The
amount of phosphorus in exch of the samples
was then determined oung the beta activity
recorded dordng this analyshs.

Acw Ot
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Fig 1 Typical gamma-ray spectrum of & stapes.

RESULTS

A typkcal example of & gamma-ray spectrum
collected fram the induced radloactiity of the
samples analyzed dornng this study s shown
in Fig. 1 Gammn rays from radioactive iso-
topes of zinc, magnesium, sodium, as well as
cakiom can be scen.

The calcium and phosphorus content in six
teen stapes samples, half being from otoscle
rotic and half being from nop-otosclerotic pa-
tients, show no significant differences (Table

,,»’ DISCUSSION
Several ivestigators (Fowler 1948 Sefferth,
1937 Breymann, 1933 Riskaer 1949) have

attempted to determins if the caldum and
phospharus concentratioas in serum from indi-
viduals with otosclerosts differ from the coo-
centrations in serum from individoals without
otosclerosts. The results have been conflicting,
Calcinm and phosphorns copcentrations in o3-

Table 1 Calefum and phosphonus comcentration
& stapes and cortical borte determined by newtron
activation analysis

o mg
Weight  Calcium/ Phosphons!
Sample (mg) mg booe g bone
{1) Control stapes 2778 o Q113
(] 3452 o7 o
2601 0297 0.109
2508 0305 ol
22 0301 ale
2189 it 18114
2091 0264 Qs
313%0 0263 ol
o 30}
10008 +0002
() Otoscierotic 2561 a.lo7
sapes (O) 4916 009
2203 (%38 a.107
2686 Qs all
22m 0300 [:B}
270 az77 a1
2541 oz a1
3548 0266 0105
0.2%4 (1331
+0.007 0.004
(3) Control cortical 2635 47 [157.3
booe 2y 139 0158 aoms
40011 0.006
(@) Coctical from 3 157 Q258 0.0%)
otoscierotics (5) 1284 0385 o6
9% [+%r] 3113
147 0303 001
003 aon
0021 0005
Standerd arror of mean.

were Jower In ossicles from mdividuals Wi
otosclerosks.
With the use of the ultra-semive tech2R™

: from individuals with :
have been Investigated by Maurer (1961/1962
and 1967) In his investiganon, calchum was

same range a thome
(1961/1962 and 1967) We
bowever to depoastrate that the cakiom
phosphorus  concentrations fn osscost
from otosclerotics ditfered migalficzntly £°°

molybdate Maurer’s results indicated that the
concentrations of calelum  and  phosphorus
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cmm and phosphoruy jons In pormal

otosclerotcs,

K Bchen o pro Ende der bimteren

gywand m bestimmen. Zlek, Natrium, M -

sapes aMd ot difter slgnificamly from those D, M p L Phosphor worden eatdeckt, Dra
in otosclerotic stapes or in cortical bone from  atdum- und Phosphock m Selgbl-
el und hmochentellchen vom Ende der

GebSrpangywand Pailerten mit Ototkle

Also the caleum to phosphorus ratios In the
various osem tissoes examined did not differ
1t woald be expected that the results obtnined

with a scnsittve procednre such »s peutron acti-
vation analysis would be consistent with the
difference reported by Maurer if soch & dif
ference does exist in otosclerosis. The incon-
sstancy between these two reports remains un-
explaincd.

Aflempts to correlate calciom end phos-
phocm concentrations In the thsue [nvestigated
with respect to age, sex, or degree of otoscle
rotle growth in foatplates also were negative.
The calciom and phesphorus conc on

Altmapn, F 1962 In Otowdferods (ed H Scr-
knecht) edn | chapr 2, p. 15 Lhle, Brown &
Com. Boston, Mes,

Bemson, A. A. 1959 Afethods ix Exnymology 1 1

the basis of & dry welght of bane show 0o dif
ference in erther lamellar or non-lamellar bone.
The origmal intert of this investigation was
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CLINICAL HISTORIES

Case 1

This was a five year-old girl who was admitted
to bospital in April 1964 after a few days of
flincss with headache and vomiting as predom-
nant p Soon she developed a pasal
speech and difficulbes in swallowing. A para-
hysis of the soft palatc and of the left side
of the pharynx was registered and an encepha-
ltbs was swspected untll the gl after about
8 weeks of Olness indicated ache In ber keft
ear The esr drum was red and bulging and
her symptoms scemed to derive from an acots
otitis in the Ieft ear An X may of the skull
was d pormal (see madialogy) Anti-

toma
o the cerebellum (Zdich, 1956 Russel & Ru-
bateln, 1959 Stuangshotl ef al  1968). Two
s of rhabdamyosarcoms of the
mddle car both with hnracranhl speead, will
be presented to [ustrate these polnty.

blotle treatment was given withomt Improve
ment and m the carly May of 1964 & grayhh-
red growth was scen jn the external anditory
canal. The growth was considered to be a boil
in the bottom of the canal. A bropsy was taken
(sec Tablke 1) Very soon thereafter & left-sided
{acal palsy devcloped. A new Xy of the
temporal booc was taken and thowed destroc
tons in the middle car As these were comsid-
ered to bo caused by osteomyelith, a mastold
ectomry was done on the 15th of May In the
antrum and in the tympankc cavity the smrpeon
found thos of to-
mor rether than wsoal infectous granntatioes.
They also bled very emily A ncw hiopsy waa
taken (Tabde 1) The gid's general condition

Jt-CLl
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Fig 3 Cawm 1. Tamogram, Stemcrs projection of
the same Jevel in the pyramide On the right sde
() noomal pictore. Cn the keft @ destructhon of

cellolar systems of both middie ears were poor
Iy developed and tho keft uide showed de-
creased acration. No definite destructions were
seen. Three weeks later encephalography re
vealed the left cerebello~pontme cistern to be
clevated and deformed laterally with a suspect
filling of the cistern. This regon coresponded
to the upper margin of the left pyramid above
the internal porus, Tomography of the middle
cerebral fossa displayed a destruction of the
medial part of the left pyramid. On June 18
a tomography of the ear showed a large de-

action In the reglon of the left muddle ear

inner part of the outer auditory canal and
#5T parts of the apex of the pyramid (Figs. 2
and 3) No acditory casicles were scen on the
feft side and large portlons of the pyramidal
portion of the carotd canal were destroyed
The fugular fossa was preserved The Jocaliza
tion and appearance of the knom made a neo-
plasm very likely Repeated examinatons on
June 24 and 29 showed rapid progress of the
destructons.

PATHOLOGY
Case 1
Biopsles Four blopsies were taken during the
course of the disemse (May-August, 1964)
They were all exemined by experienced patbol-
ogists at & large center and the duagnoses va-
ried from grannlanon thsue to neuroblastoma

Acts Osoleryny 69

the cntire pyramidal apex to the cochics, the ah
of which are pertlally destroyed.

(Table I} All specimens duplayed a polypoid
tissue with mucord stroma wnd loostly ¥
manged, round, polygonal or spindie-shaped
cells with small, dark mockei. No ecrossstro-
tlons were scen. The stroma was vacals
(Fig. 4)

Autopsy The relevant findlogs were cos-
fined to the skull and brotn, There were
distent metastases, The vault of the skull 38
normal. The mentnges of the cercheftum ad
pons were gray opaque and thickened Into 8
sarcomalike tumor In the left cerebellopos-
te angle measuring about 2 x 1 x 1 cw (Fe 5
The Ieft petroos bone was spongy and solt 0
chiseling, a grayhh opague thsue was fouad ©0
occupy most of its Interloc and seemed 2 b€
contrauons with the meningeal process teough
the Inper porus and continued alocg e 38
tory nerve

wwczbepeumm-mbdus*:;
fied, sectrons from the
¥as examined. They contalned a pitomorpte
lummdﬁuc,hpaﬂwﬂhﬂtﬂm’rm
as were pfcscmini.hcbhpdu-lﬂw
there were several areas of Jong spindic
cells, of which many displayed
(F}g,ﬁ)mmnmewemmof'm‘h"’ﬁ
conustent  with the medullomyoblaston
Zilch (1956)

The decalelfied thssoe from the petrows b
was composed of all previowsly w
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oor components. The middle car was com- large veswular mucld, thought 1o be rhabdo-
pletely filled with tomoc consisting of small, blasts (Flg. 7). Long spindlc-shaped cells
round or splodie-shaped cells in & mucoid stro-  with cross striations were also present in a mod-
ma snd, in addiion, large, round cells with  erate number

Acm Osxlaryny 69
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Fir ¥ Cax 2 Tooopre. s rooecoom of
e e Mol B the ~rmi Op e npin slde
(H) nxrmal peore. O2 e M a2 &xrwmirm of

celtlar svres of both oiddle errs wese poor
v devedoped aod the ki1 mde showed de
areased 2rewm. o definmz desencboos were
seen. Three weeks leer, eoceplomrasiy e
v=led e 12 cerelvello-paathae oslern o be
dovred 223 defoeried Ineralh wrd 2 soeet
iy of e oxen. Thes repen correspondzd
0 the opeer mergm of the 3 prrmid above
the ] porns. Tooomz~ir of the mddle
cereirl fossy Gsplxred @ deyeocnos of the
Dol part of the kft prremd. Oz Jroe 18
wormrin o fe exr showed 2 I de
=307 @ e repoa of the 1eft oAl ear
e pot of the omer o el @nd
& s o the zpex of the Pzl (Fips 2
232 3) No o osulss woe seen oo the
2 axds pod Lopr porneey of the pagzondal
poea of o caroad oyl memr dostroied.
The yi=ler fosse w2y prrsepved. The localza-
o 223 rezrance o te koo crade o neo-
pa= stn [eh Reered exxmmanens o3
Jeme o 2xd 29 showed rapxd propess of the
destrasnons

PATHOLOGY
Caoe !
Bw~res Fo boposs wee taken donep the
comne of the &seme (Mrv-Argost 1969)
Ther wer= 27 exxr—==d "1 expenenced padol
offsts @ a bepe oemer d the fapacses v
ed foo oo e © ofmohasiom

A3 Ozozryer €9

the e=rT ] apex 1o the cocklex, e vl
of aint rre gty demroy e

(Ta%e L. Al specrmens displaved 2 poival?
ftmsor ¥ mmoeed stroma 2od kooskth E
rzoged. round, pohpoal or spefieateed
cells wrh smll dark ooxdn No o
oS were seen. The stomy wn TS
(Fig.-)

Axopsy The releramt findiys we o
fimad 20 the skl #nd brom. Ther w2 &
distamt maceastases. The vauh of the skel v8
mmmpdmmd
pows wert grav opagoe and Uuckensd £ 2
serroenBle womor f the kft el T
e maple measurmp sboct 37 1 1em (B L
Th= 1eft pecroms bone was spoagy zad 12 0
damm;:pmnhmwmfd”
ccom o8 of 15 mienor ad seenet B E
mmmmmfr‘-ﬁ
drzzn:rmndmdz—lqt‘m&
v e

Phde the peiroms boae was besp
fied. sectons from the crrebellomoo=w FFF
s exxmmed. They commamed 2 o™
tmoor bsse, m pan wih ghe sz S
nmmmﬂ:hﬁ"ﬂﬂ-b’j"ﬂ
there were several zreas of lon st
cells. of wioch mzav dirined qossT=2T
(Fig 6). At ths mmr the oy ¥8 7
comssiemt wrh the med Tomiohlseos3
Zilss (19%6)

The decalerfied tassee from the petress B
2 componed of 2 presomy Aasied T
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ol
i
KRS
Cme 1 Blopey from graanistions of the Jeft  cromsriaied celh aro prosent in the thene. Hemas-

ooaT exr camal Noto vascular mocold stroma wnd  toxyllneoaln. 190,
small celfs with dark nwclel No rhubdomryoblesty or
The

large vesicular muckel, thought to be rhabdo-
myoblasts (Fig. 7) Long spindle-shaped cells
d stro-  with cross striations were also present (n a mod-
ma ond, in addition, larpe, round cells with  erate number
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Fig 6 Cuse 1 Largo fmmtumomm mﬂnmdmoﬂnmm&nﬂymﬂm
nudopklcthl;.S Spindle-thaped ceils with

After the decalcification of the petrous bone  Care 2
the comeept of the origin of the tumor was Blopsies Three blopaks were performed Tk
changed and the final diagnosis of embrvonal first two (June § and 14) were Htcrpreted b
rhabdomyasarcoma of the middle ear with me  an experlenced pathologist ay a mafiguax &
ningeal metastases was established. This was  mor probably originating In the ganglioa ®
7 months after the first blopsy cum (“paraganghoma™) The thid, dooe?

?@"&\E&'{“ "Q’QW J‘;’*" : u %‘

2 e R .
T g‘ ﬁhg 'g“',.,,




aferentisted

Arcoma, i

Flg. 8 Cc 2. Blopey from omier ear casal. Foorly
ementlally

sother hospital was diagnosed as embryonal
thabdomyonercoma of the middlc ear (Jane
28) The histcdogic details were tho same a3
fomnd f the polypoed granulations of Case 1
(Fig. §) No rhabdomyoblasts of cross-striated
cells were demonstrated, pot even In PTAH
:’::‘d‘hﬂ?;.t. contelbuting factor facili
L dagnoss was the pathologist's
tamiBacity with Case 1
Awdopsy The post mortem findings were
YTy stmilar to those of Cate 1 The beft pet
Tom boac was very soft and spongy The i
{temtoral mentoges were opaque and—ln
Mdhﬂnﬁnﬂhm 1—thes change
" sought for and found also on the sorface
 the left anditory nerve In contrast to Case
1 however thers was no circumscnbed tamor
O te brain, The braln welghed 1468 grams
Ctpected wright 1200 g) and showed edema
The sections revealed diffuse sar
Dmaioshs of the infratentorial meninges. As In
hlﬂrﬁmnmmﬂv.hdm—
wxd cofls dinplaylng crows striations. The mi-
Tocople pictnre of the decalcified left petroat
9% wis cwenthally wmular to that of Case 1
#xiuding tho presence of cros-strated cel.

Embryond rhabdomyosarcoma of middle ear

lar to the blopikes from Cese 1 (Fig 4). Hematosy
liweoxtn. 190

DISCUSSION

The two patents with embryonal rhabdemyo-
sarcomas of the middle ear presented show an
almost Kentical pieture. They arc sho 1 full
agreement with cases reported carfier (Ma-
conde, 1944 Holman, 1956 Mehr, 1960- Vi
dal, 1964)

The described cases have all been chidren
who have presented themsclves with casily
bieedmg gramulations o the external auditory
canal wnd with early neurological symptomms.
On X-my there have been extenmive, rapidly
progremive destroctions m the petrous and
maswid temporal bones. In almost all of tho
reported cases the changes in the muddle ear
have been reqarded a3 Inflammatory in origin

1944 Vidal, 1964) the cliniclan .;,.) -



Acta Otolaryng 69 152-154 1970

MUCOVISCIDOSIS AND NASAL POLYPS

J Fonsman
From (ke Otolaryngpoiogical Clinic the Unf erslty Hospital Copenkaren Denmari
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The symp logy varies erabir
dependent on which of the orgams are the most
affected It should be mentioned here, on 2~
count of the origmnal name of the disease, that
tho pancreas need not necessarly be fvobved.
Ten per cent of the patlents dic at birth froe
mecontum fleus. Partlal or total obstroction of
the bronchi feads to emphysema and atekerts
sis, recurrent pocumonia and finally peimo-
nary fibroghs with cyanosis and clobbing of the
fingers, The wntestnal symptoms resembie cor
Luc synd. There may be hepatic cirrbash,

to the early diagnosis and treatment, and per
haps to 2 prolongathan of the patients life
The underlying cause of the disease 1 8 de
fect in the muciparons glands, which causes the
secretion to be more viscous and results in the
obstroction of the excretrve ducts. The swest,
salivary and lacrumal glands may also be at
tacked. Investipation of sccretion has reveaked
abaormal mucoproteln with a high content of
fucose and aiabc achd, and sweat examinaton
hes shown that the sweat from these patients
contalns considerably higher concentrations of
sodium and chiodds than these pormally
found.
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gastric ulcers and rectal prolapse

Of special Interest for the otologist are tbe
carly symptoms from the nosc and susct
such as recorrent sinusiths, nasal stencsls and
nasal polyps. The floding of a patient wef
MV cannot be 2 rare occurrence, since Amest
¢can writers report that this recesuve bereditay
disease i3 demonsirated in one out of &
thousand five berths n Amenca, and that 10%
of the patients have nasal polyps. Accor
0 Schwschman eral (1962) thess wre o
:crw:duaﬂyum1.!:.:1‘9:012)’¢=1“-‘(""J
unmlnaﬂono!beshm;hondcmcm
of the mexillary and possibly other
Puncture of the maxiilary slmuses penerally =
veals a thick greymh-green mocus Macroscef?
of the sinus macous membrane ar pasal oy
" Yarge, ded submoa®
glands in an oedenmatous membrane The
polyps may be very larpe and may eamse 5%
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Fe 1

preasurs on the nmal strectare that saddle nose
and broadened nasl bridge may result i the
patient lives for many years (Fig. 1)

ADergy has been suggested as & contribo-
tory {actor in masal polyps, but there i3 no de
finite proof of this. However antihbtamine
s antherotonine tretment seems to have
o cifect ca the growth of the polyps.

The focressed conteat of sodium and chlo-
nde in the sweat of MV patieats can be utilred
1 Cagnosts. Gahn & Schwachman published
£ 1956 a simple method for determination of
that condition. The paticnt s hand b placed oo
A0 agar plate prepared with siiver nltrate and
Potissium chloride, If the patients sweat b
wormal, only & weak precipitation correspond-
123 o the hand-print will occur an the plats,
whereas fn the caso of patients with MV the
Preciphatlon ts comiderable, The sweat can
50 be cxamioed by meam of pllocarpine
%hlhﬂ'mhtbocﬁmm

Mucoviscidosit and nasal polyps

Fy 2

stool examination. Previomly the prognosis
was very poar and the average length of life
after ik of the sy was 6
years In some cascs, however the disgnosis is
made in okder children or adalty {the levs se
vere casex) ofien because of recurrent sinusitis
and nasal polyps. Eardy dizgnosis and treat
ment are of course of great significance, and
here the otologist can confribute by bearing
in mind the possibility of mucoviscidosis when
observing recurrent masal polyps In children
and young persoms.

The ownl treatment consists of the preven-
tion of pocumonia and atclectasis by means
of respiration cxercmes, the me of ultrasomie




156 K. Jokinen

1500 3000 5000 6000 and 7000 Hz were
mcluded, The time used for threshold deter
minaton at cach frequency was 30 secy, and
thus testing ol frequencies took about 6 min,
while the testing time, employing all combina-
tlonts, wos about 40 min for one ear The
method of adjustment was wed, the subjeets
presing the key as Jong o3 the tonc was heard
and releasing it as soon as it disappeared
From the threshold excursions, the aratiamd
xod mioimal valoes were tabulated and the
midpoint of these two figores was recorded &
the threshold for that particular frequency The
statistical treatment of the dats took place o
the computer centre of the Unbvernity of Osla
Students f1est was wed in determmation of
the statisea)l significancies, and the valo
p<001 was taken as the level for sipnfisat
differences.

RESULTS

Fig. 2 shows the average threshold curves ob-
tained with the three different pulsc darabons,
170 500 and 1300 rosec, (o the varions [
quencies. The Interrupted line marks the threr
holds obtained with the rate of 2.5 dB/sce and
the line those ob d with the e

. msec with md decay ume of myee

4 = off Ume of 170 mwec. Cratre {pulxe kenpth
500 macc), the risc and decay tme b 60 msec and
the off penod 300 mwe Lower the pube length
of 1300 mwr bas 1 rre and decay trme of J0 mwc
with an off Uime of 900 msec. The scale b diferemt
n each oscillogram.

pulse as well as tho oo and off timey were re
corded. The pulse duratroms thus obtamed for
the rate of /4 pulss/sec were 1300 msec with
an off thme of 900 msee, the me and decay
times belng 50 msec The corresponding values
for the pulse frequency of 1 pulse, sec were
500 300 sod 60 msec, and for 2 pulses/sec,
170 170 and 50 msec, respectively (Fig. 1)
The raie of mtensity change was 2.5 apd §
dB/sec The studies were started from 250 He
proceeding to the higher topes up to 8000 Hz
in addition fo the fulloctaves, the topes of
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of 5§ dB/sec At low frequencies, the oS
show an even level a1 about 10-15 d8 {150}
and 1hen a gradoal decllne from 1000 Hr
sboot 55 dB for 5000-5000 Hz. The rasge
between minimal and maximal averape thT+
holds 13 1520 dB for al! frequencies.

To study the effect of pulse length on 1%
hresholds, the indrvidaal diff sere
ulated far ench pair of pulse duration BT
comparisan aed the average differcnces €3+
culated. These are shown in Table 1 with I
standard deviations for varous pulse
comparisons. Application of r-test o these A8
showed that there were o significant differ
ences between the thresholds obtaied whb 1
three pulse durations at aay freqoency €&
cerned (p>005) This overdapping of 42
b stmilar for both rates of mteosity b
2501 5 dB/sce.

Compartson of the data obtained with 8 &
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tth preysemb 11 feactiom  { pube espth and
Ioicawty chage. The two Jower groups with $00
e 1700 mmiec paba length are aruficially separated
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tooes at ll frequencies. The differences were
vgnificant at the level of 005 for 4000 Hx

Presbyacusis. Il 157

between 170 and 500 mmec tone pubses, be
tween 170 and 1300 msec pubses for 500, 1000
and 6000 Hz, and between 500 and 1300 msee
foc 500 and 7000 Hz. Using the rate 5 dB/sec
the dilferences were clearly less marked Sta-
thatically the daff were only sugpesth
between the tones of 170 and 1300 moecs
(p<005) at 2000 Hz and significant at 4000
Hz (p<001)

With the 170 msec pubes the excursions
were generally smaller for 2.5/scc Intemsity
change than for 5 dB/sec. The differences
were slgnificant (p<001) at 500 Hz and sug-
gestive at 1500 and 4000 Hz (p<005) Wih
a pulse length of 500 msec, the excursion am
plitedes were abo smaller at the slow rate (2.5
dB/scc) of miensity chanpe than at the fast
mte (5 dB/sec) Statistically the differences
were significant (p<001) for 2000 Hz and
soggesthe (p<0.05) for 500 5000 7000 and
8000 Hz. As for the tone pulses of 1300 msec
duration, the mate of 25 dB/sec somctimes
produced even larger threshald amplitodes
than obtamed by the mate 5 dB/sec bot, sia-
tistically none of the values reached the signt-
ficance level of 0 05

DISCUSSION

In pormally hearing young sdulty, tones ex
ceeding 150 msec prowde lovdness equal to
longer tones (Garner 1942) and thus identical
thresholds. Tones shocter than 150 msec arc
likely to give poorer thresholds than loager
tones even If the difference becomes critreal
only foc tones shorter than 100 msec (Garoer
1949) In recent studies comparison of coo-
tinnous tooes with 130 250 and 500 msec
pubse tones showed identical thresholds (Palva,
1956) Similar results were reported by Flomp
& Bouman (1959) Caspers et & (1960) and
Taniewski (1967) though, according to the lat
ter two, tones shocter than 500 msec might
already give poorer thresholds than longer
toocs In all thess comparksoms the require
ment was that the ulent interval b sufficlently
loag if it & kept very short, short duration

Acta Otclary y&9
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1500 3000 5000 6000 and 7000 Hz were
included. The time used for threshald deter
mination at each frequency was 30 seey, and
thus testing all frequencies took about 6 min,
while the testing time employing all combina-
tions, was about 40 min for one ear The
method of adfustrrent was used, the subjects
presung the Ley as long o3 the tone was heard
and releasing it os soon as it disappeared

From the threshold excursions, the maximal
and munimal values were tabulated and the
midpoint of these two figures was recorded
the threshold for that particular frequency The
statisticn] treatment of the data took place #t
the computer centre of the Umiversity of Culn.
Students r-test was used in determination of
the statstical mpmificancies, and the vale
pP<00l was token o3 the level for significant
differences.

RESULTS

Fig. 2 shows the average threshold cunes ob-
tained wath the three different pulse durations,
170 500 and 1300 msec, for the vadous fre-
quencies, The interrupted line marks the thres
holds obtamed with the rate of 2.5 dD/sec ad

the rate of 1/; pubse/scc were 1300 mscc with
an off tme of 900 msec, the rise and decay
times being 50 msec The correspondmg values
for the pulse frequency of 1 pulse/sec werc
500 300 and 60 msec, and for 2 pulses/sec,
170, 170 and 50 msec, respectively (Fig. 1)
The rato of Intemity chanpe was 2.5 and 5
dB/sec. The studics wert started from 250 Hz
pfocccd]nglol.hCh]gbcIlOﬂcst(omHz.
in addition to the fulloctaves, the tomes of
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the ¢ lIine those 1 wrth the ri¢
of 5 dB/scc At low frequencics, the ans
show an even level at zbout 10-15 dB (150)
and then a gradnal decline from 1000 Hz to
about 55 dB for $000-8000 Hz. The oo
[ and ! average s
holds is 15-20 dB for all frequencies.

To study the effect of pulse length on ¢
thresholds, the 1ndividual differences were 8
ulated for each pair of pulse duration w&X
comparson and the average differencet al
culsted. These are shown in Table 1 wih %
standard deviations for varlous pulse
comparboms  Applicatron of s-test to these 38
showed that there were po signicant et
ences between the thresholds obtamed with &
lh::epubcdumﬂomnxnnylrtqucnc)‘“"'
cerned (p>005) This overlapping of s
Is stmilar for both rates of intcnsity ch3%
25o0r 5 dB/sec.

Compa:bono(lhtdauounmdnuham‘
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from the 170 wrec groop by 30 and 60 dB, revpec
thely The middle corees in each group show the
r‘bﬂmhdd:vhmu-nmmmmm

trinical and maximal average thresholdy. An In-
Scutky change 25 dB/sec 1 hodicated by  broken
T, $ dB/kes by a contlomous Iine.

or
Oysl'fznifhnld‘fcaxuuthethrubdds

i

the effect of the two rates
latensity change and the three pubse tone
durationt on the threshokd amplitudes at vark
O3 {requencles, With the rate of 2.5 dB/sec,
the excursion mmplitodes were slightly larger
{::’mmncmuuthmmeOorSOOm

at all The didferences were
Sgnlficant ut the level of 005 for 4000 Hz
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between 170 and 500 msec tone palscs, be
tween 170 and 1300 msec pulses for 500 1000
end 6000 Hz, and between 500 and 1300 msec
foc 500 and 7000 Hz. Using the rate 5 dB/sec
the differences were clearly less marked. Sta-
tistically the differences were only sugpestive
between tho tones of 170 and 1300 msecs
(p<005) at 2000 Hz and significant at 4000
Hz (p<001)

With the 170 msec pulses the excursiom
were generally smaller for 2.5/scc intensity
change than for 5 dB/sec. The differences
were slgnificant (p<0 01} at 500 Hz and sug-
gestive at 1500 and 4000 Hz (p<<005) With
a pulse length of 500 msec, the excursion am-
plitudes were also smaller at the slow rate (2.5
dB/scc) of intemity change than at the fast
rate (5 dB/sec) Statlstically the differences
were significant (p<0.01) for 2000 Hz and
suggestive (p<005) for 500 5000 7000 and
8000 Hz. As for the tome pulses of 1300 msec
duration, the rate of 2.5 dB/sec somctimes
produced even larger threshold amplitudes
than obtained by the rate 5 dB/sec but, sta-
tistically none of the values reached the signi-
ficance level of 0 05

DISCUSSION

In pormally hearing young edults, tones ex
ceeding 150 maec provide loudness equal to
Jonger tones (Garner 1948) and thms identical
thresholds Tones shorter than 150 msec are
likely to grve poocer thresholds than loager
tooes even if the differenco becomes critical
oaly for tones shorter than 100 msec (Garner
1949) In recent studics compariton of con
tinvows tones with 130 250 and 500 msec
pulse tones showed identical thresholds (Palva,
1956) Similar results were reported by Plomp
& Bourmum (1959) Caspens et o/ (1960) and
Tamowskl (1967) though, according to the lat
ter two tones shorter than 500 msec might
already give poorer thresholds than looger
tones. In all these comperisons the require
ment was that the mlent knterval b sufficiently
long: f it B kept very short, short duration

Arﬁaw
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Table | Adrerage differences In thresholds obtatmed
by rarious pulse durations end rates of intensity

A pegathe dign Iodicates that the threshold was poarer
with the Jongrr puhe duration

Poke 170-500 macc  170-1300 muec 500-1300 rmec
tioa Avenage A crape Average
{fre- & i of

qoency) faence xn. ferece b, ference 1Dy
Intewsity change 2.5 dB; sec

250 26 ss 26 19 -0l &7
500 o 66 18] &x -29 52
1000 16 30 -28 L) -44 71
1500 o7 54 26 90 -13 19
2000 ~11 57 -il 29 —40 71
000 -~23 44 36 24 08 67
4000 ~22 53 36 82 -13 6.6
00 17 [:33 3o 138 14 122
6000 13 32 07 8l -24 78
7000 11 122 -26 16 -15 114
8000 a0 73 -07 32 -08 91
Intensity change 3 dB{scc

2% s s -07 67 02 74
500 10 &85 o3 69 -07 45
1000 17 43 12 &1 0 13
1500 20 53 4 £ 74
2000 04 61 -09 &8s -0S5 10
3000 os 70 -09 64 14 i
4000 ~05 7 -2 60 -17 52
5000 02 41 oS &2 (k] 76
6000 ~-17 26 [:7:] .0 17 49
7000 -31 64 -13 64 16 63
8000 o3 63 a4 | 84 ar 110

lb{:l Average differences in thresholds obtaired
oy 2.5 ond 5 dB/sec Intensity change ai carfous
pulse durations

Puhe 170 meec 300 myec 1300 msee
durs-

o Averege A erage A cage
(e~ o ddf ddf
qoency) ference &b, ferencw ¢ Jerence AD
%0 -10 &6 13 89 12 L?
S0 -17 73 @63 74 -19 B89
1000 @1 3 al 735 -3s 107
1500 14 63 o} 71 -14 101
2000 07 &2 0p 74 35 102
3000 15 57 -1% 58 -1z &L
ey 12 107 -04 40 02 80
00 -08 67 o8 13 20 27
c00 -04 104 3t 6.6 10 113
o0 05 64 24 96 o6 1L
s00 25 107 22 16 13 s

Table 3. Excursion amplitudes as a function of
pulse duration and the rate of intensity chage

FPobe
duration

170 mace 500 maec 1300 trwee

Qre —_—
quency)  Men ap. Mean Do Mean 1o,
Intrnyity chape 2.5 dB scc

250 170 72 154 34 193 112
50 143 4.1 142 5. 172 12
1000 n7 435 151 42 170

1500 143 46 153 41 1723 Lt
2000 141 45 142 KL (41 ©2
3000 143 51 s 53 168 &l
4000 106 104 147 35 146 (13
Sn00 120 3.6 24 1§ 12 no
£000 123 43 135 65 163 31
7000 134 €2 100 113 5. 12
000 1.6 3123 63 150 Ta
Jatemrfly champe 5 dB sec

pa ) 187 75 113 60 172 77
500 170 L7 189 44 167 &8
1000 162 56 158 7 162 57
1500 173 44 172 50 18] (1]
2000 153 47 181 58 1435 63
3000 160 58 162 64 136 71
4000 151 57 178 77 (63 1
5000 A1 1o 151 112 12 1L
000 136 112 158 &6 171 134
7000 156 72 155 64 162 8
&000 147 66 156 69 149 M

auditory fatigue may show its effect [o thres-
hold (de Maré, 1951) When the silent knter
vals exceed 100 msec, this phenomernon 6063
not affect the threshold fn Wituch's (1966}
expenence a 2000 Hz fest tone of 250 wet
at 53 dB SPL loses only 0 7 dB of ity toudsest
level after & sllent interval of 160 msect.

In the preent group of presbyacusis, 170
500 oc 1300 msce tome pulses, with sieot ¥
tervals of 170 300 and 900 msee,
yiclded similar heanng thresholds ar all fre
quencies. This shows that a 170 msce too¢ b3
a sufficent legth for fufl Joudnoss valiz 208
that, with increasing length of the pubsc 10
1o 1300 mscc, the threshold remalns #o8
to that of & short tone. Thus It secms ¥ €
the interruption procedare as such that &=
the heanng thresholds n presbyacushs 0 P
better than with contimuous fone prescatifict
(Jokmen, 1969)

A change in the tntensity raee resulted, B
a normal material (Corso, 19573 in about §



dR better thresholds if the rate was raphd (5
dB/sec) than if it was slow (15 dBfsec) In
this materlal, using the hntenuty rates 2.5 and
5 dB/scr, the thresholds were stathsgically the

length of the pulsed tonc With the mie of
2.5 dB/sec micnsity chanpe, the threshold am-

at the rate of 5 dB/scc. Thresholds with 1300
moec tooe pubses were umilar at both tensty
raies. Short tooe pulses, in this study 170 500

Tuog 2.5 md § dB/sec) mad bel
lmmmlmmmmwu
tregen jeneih 170, 300 ond 900 rmeec. Dat bed or
tchiedenen

Erigien ketne bedemwnden Differenzes bef der sia-
thixchen Ammertang. Der Ustfang der Schrw elicy-

Presbyacusis I 159
smplhnden war getinger bel Tbnr-nul'lﬂlnd!w
erpleichywense bed
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Table | Arerage differences in thresholds obtained
by rarfous puise durations and rates of Intensity
change

A negatfve sign indicates that the threshold was poorer
with the Jonger pube duraton

Pobe 170-500 maec  170-1300 rmsec 5001300 mmsec
toa Average Average A crage
(Tre- [:iig dir
quercy) ference D, ference &, ference tn,
Ixtendty change 2.5 #B sec

250 16 1t 26 23 -al Ly
500 o 6.6 01 88 -29 92
1000 16 30 -23 A3 -44 71
1500 o7 54 -26 950 -33 19
2000 ~11 57 -%1 9 40 71
3000 -22 44 -36 14 -03 67
4000 —2 358 36 92 -15 66
5000 17 &6 o0 138 14 182
6000 13 2 -07 &t 24 78
7000 -1 1 ~26 86 135 114
8000 oo 73 -07 2 -0s8 21
Interosity change 5 4B sec

0 -09 8y -07 67 02 T4
500 10 6.6 03 &9 -07 A4S
1000 17 43 1< 61 -03 73
1500 20 3 02 24 -18 74
2000 -04 61 -09% 85 -0% 70
3000 0s 70 -09 64 -14 58
4000 ~035 57 -22 a0 -17 5.
5000 02 41 as &2 o3 76
000 =17 9.6 00 58 17 49
000 -3t 64 -—18 64 16 63
2000 ol (%1 o4 L & ar 1.0

d:ic 2. Arerage differences in thresholds obtaiwed
¢ 2.5 and 5 dBjsec Intensity charge at various
pulse durations

A negatne ogn [ndicates thot the threshold obtaied by
the 15 dB sec rate was poorer than the $ dR'sec rate

threshold
Palse 170 maec 300 rosec 1300 msec
cors-
1lom Average A crags Avernge
{fre- ad dr dd
quency) feence xn. ference sD. foence xo.
2 -0 6.6 15 89 I. 7
500 -17 73 o3 74 15 ze
1000 21 e o1 73 iz a7
1500 14 &3 o1 71 14 101
2000 a7 (-9 a0 T4 s 102
3000 13 57 18 LY B 1 34
1000 2 107 04 40 -02 %0
S0 -05 &7 Q% 73 .0 7
00 -04 104 31 &6 1D 113
2000 05 64 24 96 Q6 23
$000 25 187 16 1.3 116

Table 3 Evcursion amplitudes o3 a function of
prise duration and the rate of intemsily chomee

Puhe
?fm-ubo 170 macc 500 omec 1300 meece
re-
quency)  Meaz £p. Mesa xn. Mean so
Ixtensiry change 2.9 dB sec
2% 170 72 154 54 193 112
$00 43 41 M2 52 112 12
1000 137 45 181 42 119
1500 48 46 153 41 113 4l
2000 M1 45 M2 39 181 &
3000 143 351 145 53 165 @)
1000 106 104 147 55 146 &
5000 120 56 &4 136 1. 11D
6000 123 48 115 65 165 Ll
2000 114 62 o0 13 k2 12
8000 126 535 123 63 150 72
Intemsiry chamge S dB, sec
2% w7 13 173 60 172 17
500 170 87 169 44 167 &
1000 162 56 153 87 162
1500 173 172 30 Js1 &0
2000 153 47 L1 58 M5 &S
3000 160 58 162 64 136 I
4000 151 87 178 77 163 13
5000 11 1a1 15t 12 132
6000 136 112 159 &6 171 9
7000 156 72 155 64 162 ¥
3000 147 66 156 69 148 T

auditory fatigue may show its effect in thre-
bold (de Maré 1951) When the sifent it
vals exceed 100 msec, this phenomepon &t
not affect the threshold. In Wittichs (1%9
expenence, a 2000 Hz test tooe of 250 ot
at 53 dB SPL loses ooly 0 7 dB of its loodee®
level after a silent interval of 160 msecs.

In the present group of presbyacusis, 17
500 or 1300 msec tone pulses, with sient B
tervals of 170, 300 and $00 msec,
yicided similar hearing thresholds at afl £
quencies. This shows that a 170 msec oo B
a sufficlent length for full loudness vafoe 2
that, with Increaseg length of the paise 1O
to 1300 msce, the threshold remals sl
fo that of a short tonc Thus it seems 0 1€
t.beum:rmpucmp-rc:cv:duneun.vchlk-ﬂ““"J
the hearmp (hresholds In presbyacuds 10 ¥
better than with continuous tone prescotad
(Jokinen, 1969)

Achmgemunhm:ynumdwd‘;
2 norma! material (Conso 1957) o abo®



lel 10 a plane tangent 10 the col of the stra.
In eddition, three adolt Hedlund mink and
three normal edult mink were perfsed with
fermtin to stody circulatory capability Com-
merchlly prepared fermtin (Manm Research
Laboratories, NY ) was infected at 2 dose of
20 cc/K into the exposed left ventnicls after
Bpation of the descendlng sorta. After three
Tinmes, tho animals were decapitated and the
omer eans d for clectron Py
Blood samples from normal and Hedlmnd
sdults were screened for arborvires amtibody
by Jordl Casals, M.D,, with bis for

161

Stria vascularis of deaf Hedlund mink
1

signated the width of the stna. The averagoe
width m the mormal basal and mddle tom

hemagghutinaton-inhibition (Casals, 1961)

appr ly 250 u In Hedhmd
muk, companable specimem averaged & width

Acta Osoleryny 69
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162 A Sugiuraand D A Hilding

of 140 p The ditance from the endolympha
tic surface 10 the deepest layer of the cpithe
Tm was called the thickness of the stma. It
was measured at varous polnts in a mumber
of normal and Hedlunds. The thickness aver

Acta Ootarvry 69

enythrocytes tham veweh
of the epithelivm of the
stria (5). This b probably
related to the pormal sow

Fig 4 Ferro partcics e
the Blood plareag withe 3
vewel of the atrly oo

larf. Betw cen the enthr
e (RBC) nd the ead>
thetlal wall t£) & lar

mumber of fine opage kT

4

-t 7

aped 30 4 in cormals and 18 p to Heliod
mmk.

Fig. 3 & a compomte electron mucrogr®
of normal munl. stria vasculars. The vesschs of
the epithelium are flled with dark, bomafr™"
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Stria vascudaris of deaf Hedlund mink
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Stria vascularis of deaf Hedlund mink
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Fig 10 Low posereiee
tron micregraph of kowgh
fodinal scction of Hedued

electron micrography fustrating the same type  poor circulation Fig. 7 b8 & vexscl from 8%
of comparison between epithelial and connee connective thssue bepeath the stnia of the 53¢
tive thsue vessels i Hedlund mmk The lumen  Hedlund specimen, 1t contalns a Jarge amoet
of the strial vessels is densely filled with homo-  of fermtin, showing that s pecfusron wes 8
geotons materlal Fig. 6 shows a higher mag-  quate

nification view of an epitheliat vessel after fer  Tangential sections of the stra were ot #
nun Infection. Ferritin b absent, as was nsual- an effort to peovide a better three:

ly the case in Hedlund strial vessels, tndicating  d of its epitheflal airculatory P
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4 4 b moc xbich meam
Sy A A
£ Lt () & approsching
I 7} 29 000.
¥ Fy 8 o the normal D d Serfal sectwons revealed complete oc
Wkn{m—nlvmckhhnyn;hu:led clusron of many of these veasels.
Anssiomatic

branches are seen. Fig. 9 & a sl
Y prepanasion from an edukt Hedimd muak
Odly 2 few veuels remaln. Thoy ba c few

Fibnn in blood clots was demomtrated I
several Hedlund specimeps. As Hlostested [n
Fig. 11 typical fmely stristed strands of fibcin

—
Al Otolaryny 69
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were often found alongside  erythrocytes.
White thrombi™ as scen I higher magnifica-
tion In Fig. 12 and plackets (Fig 13) were

fairly common
Fig. 14 shows a mixture of depenernting
sthrocytes and very dark plasma  perhaps
free hemoglobin in Hedlund sria near a

ous
k’\‘-’heﬂ specimens from carlker stapes were ex
amined to find the earliest evidence of im-
pawed circulation in Hedlund mink, endothel-
o} ywelling wos found m eanty as two weeks
after birth Fig. 15 shows 2 normal two week
strial vesael, Flg. 16 is a comparable specrmen
from a Hedlund animal The lumen b almost
completely occluded by a swolken helial
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Fre i+ Blood cht  hba
adull st ewel Mamy of
the enthrecyke bave be

demonstrate significant ttees of any of the
common varictics of arbovirus.

DISCUSSION

Thanks to the imapmatve work of the Foske
& Fowler (1950) there has been much ktered
in the possible Importance of sludped blood”
m otic abnormalhies. hnbsely (1941 1955
1961), and his followers gencrated coasakr
able discussion with reports of blood sindge 8
on impormnt factor in numerous SsovES
(Bloch ef ol 1956) Helmbecker and Bapeio®
(1950) reported that peneralized intravasce®
agglutination of erythrocytes followed mraps
with by shock. David & Lamd®

cell. Serial sectioning showed that this repre
sented the widest portion of this constricted
sepgment, Under higher magnieation aboor
mal cytoplasmic particles (Fig. 17) were noted
In the cytoplasm of this swollen endothelm!
cell, They have some features in common with
arbovirus partickes Dr Jordi Casals, of the Do
pariment of Epkdemiotogy Public Health, per
formed 8 series of screcning hemagglatination
mhibation serologicnl studles which failed to

Acte Dilarreg 69

(1956) described characteriste  pallbed
conjunctival vessel changes whxch they cooid
recognize In 80% of patieats with rheumst
fever or rheumatic heart discase Recently &
forts have been made to refine
mettxxiLZhnmcr&Demh(l%-‘)“*dM
sion cinematography to study human cofs”
ous vessels, and Br&ncmukzld-(lz‘;?:
veloped a tubed pedicle flap of skin

arm which was fitted with o small chro™T
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Stria vaseularis of deaf Hedlund mink
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Fiy 16 Hedlund sirfa o
calarls at thres week stage.

pemuting high quality ph
circulaton fn small human vessels,
Inancx:d.lanm:dy which avolded the
culthm  which has tended to dis-
Ctislons of ths topic, Ditzel (1959) performed
& &t of expertments winch thowed that mtrs-

aphy of

may sometimes act a5 a factor
I the formatlon of thrombi. (He credits Coe
cims for first obserying red biood cell clumplog
m1852)

wolien cell
(E)  4550.
In resp to many stinmll, smafl blood

vesscls change as part of the [nflammatory pro-
cess. Clark & Clark (1935) published an ex
cellent descriptron of the shterations they ob-
served in vessels of the tadpole tall They Bsted
& progress of endothellal changes from mo-
mentary sticking of kucocytes to emigrapnon
of levcocytes and the final stage of actual
extrasasation of erythrocytes. Recently Mamo
et ol (1961) have studled vascular re-
sponscs to histarine and serotomn by Lght
ard electron mrrowcopn  They shoved that
colloidal HgS particles whih rang~d from 70
1o 350 A lkeaked through the endothel um of
affected vessels. These leah  were confined to

Acta O
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were often found

alongskde  enythrocytes,
White thrombi™ as seen in higher mapnifica
tion in Fig. 12, and platclets (Fig. 13) were
fairfy common.

Fig. 14 showi o mixiure of degencrating
crythrocytes and very dark plasma  perhaps
1th free hemoglobin, in Hedlund stria near a
,htomb\n

“ When specumens (rom earier stages were ex
amined to find the earfrest cvidence of im-
parred crrculation in Hedlund mink, endothel
fal swellmg was found as early as two weeks
after birth Fig. 15 shows a normal two week
strial vessel. Fig. 16 Is o comparable specimen
from a Hedlond animal The lumen is almost
completely occluded by a swollen

dothelial

‘5* T3 s i
] r"‘f‘* R
ST

:r' W
[

Fip 14 Blood che itm
adult stria eviel Maay of
the enythregyios hne be
fun 10 breal dowo ad
kone their cef] membraott
5700,

demanstrate signficant tires of omy of te
common vareties of arbovirs

DISCUSSION

Thanks to the imaginative work of the Fos'
& Fowler (1950) there has been moch bterest
in the possidle Importance of studged bood”
in oue abnormalives. Anisely (1941 (935
1961) and his followers penerated comber
able discusston with reports of bood sudge &
an Important factor in numerous diordss
(Bloch et al  1956) Helmbecker and Bigeh™
(1950) reported that pencralized bntrn

agglutination of erythrocytes followed trzof
with by shock Davd & Land®

cell Serial sectioning showed that thls repre
sented the widest portion of this constricted
scgment. Under higher magnificatron, abnor
mal cytoplasmic particles (Fig. 17) were noted
in the cytoplasm of this swolkn endothehal
ccll, They have some features In common with
arbovirus particles. Dr Jordi Casals, of the D
partment of Epldemiology-Public Health, per
formed a series of screening bemagglutination
inhfbition serologeal studies which fafled to

Acte Otolerysy 69

(1956) described charscteristic nafieed !
conjunctival vessel chanpes which they
recognize In 80% ofpauenuwllhfhf‘m“:
fever or rheumatic heart discase Recently
forts have been made to refine obseTvis™
methods. Zimmer & Demis (1964) used 57
slon clnemat to stody
mmhﬁ?xﬂmktld(lW);
veloped a tubed, pedicle flap of skin fr®
nrmv.hkhwnsﬁu:dwhhlmlld”"w



pairment of circulanon. The vascular retwork
was much amplified in Hedlund stria with ak-
mast po asastomotic charmels croming be-
tecen loagitmdmal vessels.

The stm vascularss of deaf Hedlund mink
b atrophic. This atrophy 15 sssocmated with &
severe cuculatory mpalrment which exagger
atrs the normal sluggshness of stmal blood
fow  Intravascular fibxin  strands, white
thrombi and adherent platelets mierfered with
flow of blood through these vessels cnough to
prevent entrance of small partcies of ferritn
Marmy of the normal vessels comprning the net
work of strial blood supply disappear during
matmbon of Hedhurd mink.

ZUSAMMENFASSUNG

Dic Sirix vawcalars  on tasben Hedlnnd-Merren Bt
wirophich end [hre Gefissversorgung it besonders
t¥i Dw mimfire Anordmmg st primhner sl bel
den normalen Tieren, denn vicks pormado verbindende

Tutrwvask! Aoogulieroag wnd
Scireliong wirden In chesen Gefhrsen
bernacke.
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OSTEQGENESIS IMPERFECTA
Light and electron microscopic studies of the stapes

P Bretlay, M. Bahbler Jorgensen and H Johansen

From the Osopatholarical

Usd ersity ENT Departwrent

Laboratery
Rigshospitale! Blepdamive] ard the ENT Department Rigihospisalet Tapecrel,
Copenhaven, Denmarl

Recetved Angoat 20, 1969

“The Lght and ¢lectron findings in 1be

stapes from a putient whh

are correlated whh the findiaps In the pormal and
e sapet. Jo b fmperfecta there

due to an otowckeroth focus, in other caves to fibrous
degeneration of the stapedial crom,

Osteogenesls imperfecta (oL} #s & faidy rare
discase  hereditary or sporadic, which affects
alnly the bony tissue, but which may abo in-
ve other mesenchymal tssues (skin sclerne
ments, and fasca) It maaifests ftsell cinkc
y in two types, a congenital and a tardive
type. the Iatter setting in after the 2od decade
The bones arc abnormally brittle and multiple
7 frac Inlly of the long
bones—therefore common This s because the
cortical layer of the bones and the trabeculae
of the spongiosa are thin (Mchusick  1960)
The sctiology b unknown, but a deficient
of the s believed to
be the reason why rormal compact bone does
not form (Wilton, 1932) It has not been pos-
sible to demonstrate changes in the caldum and
phosphorus metabolism (Albright & Relfen-
stein, 1948)
The characteristic syndrome of blue sclerae,
btk booes with a tendency to {racture, and

Acwm Otolaryng 69
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hearing loss of o conductive type b generslly
related o the names of van der Hoeve and &
Kleyn who were the first to suggest, ln 1918,
that the bearing Joss was due to ofosckrmst
Since then severnl suthors have discussed the
possible relation berween o0 and otoscherom
on the basks of histological studies (cf. Bretim
& Jorgensen, 1969 Ophelm 1968) Most &
the studics have been done post mortem o
temporal bones from patients kaving oaly ol
(as & rule, congenital more rarcly tardieel
Temporal bones from patients with ol bt
shown histological ofosclerosis In the labyrir
thine capsule In oaly 3 cases (Ruuln, 1925
Gimplinger 1976  Bretlau & Jprpenss,
1969) cspecially In the area of the oral »a
dow

Surgical treatment of the conductire beari
tmpairment In panents with of. has

a possibllity of studying the removed Dos®
histologically This applies to fenestration 0P
lkmu:vﬂ]mtuunpcdcc(mnlnmwﬂ"d
these patients have exhibited otosclerotic fod
at the same time, the bistolopeal structere
the two diseases could be compared.
Since, however ol is a rare dheass, O
histological investigations of operation &7
are few and far between in otological liera®
On the bashs of such histulogical #032
Wallstein er af (1960) and Ogivie & B




(1962) among otbers, have sdvanced the
theory that oL and otosclerosis are based upon
& common genetie aboarmality and that oto-
sckerosis 1 usualfy & focal manifestation of o.f
This theory has recently been contested on the
tasm of clinical and histolopreal studics (Alt
wann, 1962 Altnarm & hornfeld, 1967 Bret
lm & Ipegensen, 1969 Ophetm, 1968)

lnspaccfv.hecuuﬂu}ngm-xcawcmlng
the histological appearances of the two diseases,
thelr cfinical festures are very moch allke
Neverthieless, only a few paticnts with 03 have
been sublected to operation, Shambaugh found
ouly 3 emses of o jo 2000 subjected to fepes-
ration of the lateral semicurcnlar canal. In all
three he found gromly typical otosclerotic
changes of the bony tissuc at the antedor part
of the oval wmdow but a histological study
w3 not performed (Shambaugh, 1959) Che
vance (1965) stated that only 8 cases of ol
were foond among 2500 stapedial operatons
during 3 yean. This b p By doe to the

Osteogenesty imperfecta 173

st =3 2 result of & congemtal defect in the
osteoblasts, This was suppoted to result [a focal
absocption of the bonry tissue in the labyrinthine
capsule, whereupon oew booe formation occurs
Iater

Ogilvie & Hall (1962) stodymg the temporal
boaes from 7 cases of ol, claimed to have
observed otosclerosis as a local manifestation
of o1 However the otosctitrosds could not be
conflmned histologically

In 1963 Shea ef al reported on the results
of stapedectorny on 6 patients with all. (9 cans)
Only onc case was examuned histologrcally and
in thrs case Altmann found an otosckrotic fo-
cus at the tip of both stapedial crura. In every
cate moch soft abnormal bone, covered by thek
hacmorthagic mucopenostenm, was noted in the
stapes and oval window niche.

Altmann (1962) and Altmann & Koenfeld
(1967) were umbk to find otosclermds in
studues of the temporal boaes of 5 patients with

ital o4,

rare ocenrrence of the disease, but perhaps also
o tame reserve in operating on patients with
o4, sece apart from the cood! foss thetr

Andenen (1968), operating wpon 3 patients
with oL, found typical bistological changes of

distase often has an apprechable clement of
PeTceptree bos (Ruttin, 1922 Clerc & Déu-
mder 195§ Ophenn, 1968)

Beickley (1947), Jelnes (1949), and Cremin
(1952) were the first to report results of fenes-
tratin operatioms on patients with ai, but
oot of them obmitted histological proof of

In 1958 Clerc & Déumier found otosclerotic
changes In 3 patients with ol who had been
treated by stapes mobilization. On the other
tand, Sooy (1960) could find no grom evidence
of fxation of the foolpiat in 4 petients with
ol on whom be operated becanse of a sph
<on of otosclerons.

Iz 1960 Wallstein ef af. repocted the result
of histological stodies of bony peeces removed
by feneymation operation from 2 patients with
nndtrHoneuyndrmmGnng:-mguﬂvc
of otncleroals were found fn both, and the
xnthors emphasized the histological smilarity of
the two diseases. They Interpeesed the otoschéro-

sis in only one.

Mast recently Opherm (1968) bas reported
4 cascs In which mobilzation of the smpes was.
perfornmed in patients with oi. He found po
ngns of grows otosclerosls fn the stapes or
labyrinthing capsule On the other hand, be
was the first to emphmize that the condnctive
bearing loss in patients with ol may be duc
1o fibrous degeneration of the stapedial crors—
a3 2 revult of peneralized skeletal disesse, This
degeneration may result in fracture of the stape-
dial crora, eomprombsing the conduction to the
footplate. This finding is supported by Hall &
Rehrt (1968} who found stapedial degenerenon
in the histological study of sermal sections of the
stapes from a patient wuth coogenital o

Recently we had ocoaslon to perfom sys-
temate histological studies on the stapes from
a patient with od. tarda who underwent staped
ectomy These studies were supplemented by
clectron microscopic mvesnganon of the booy
thosue,

Acsa Opl?ﬂ.-
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1 Grow appearance of the removed stapes, show
b the hesd neck, and art of both cruma of the

CASE REPORT

A woman, aped 60 with blue sclerae and a
history of innumernbic froctures. Since tho age
of 13 stendily increasing hearing loss in both
ears without tnmitus or dizzincss No family
history of hearing impawment Heanng ad
since 1946

When first admitted 1n 1967 she had a bi-
lateral, symmetncal, mixed perceptive—conduc
tive heanng loss of 70-80 dB 1n the speech
ranpe. The perceptive compornent made up
about 40 dB Discimination less on the might
4% on the kft 16% The ear drums were

Acia Otoleryng 69

stapet. Note the brittle tranymrent bony tase st
a uton (L -

normal without Schwartze s phmancnm-g‘
could not hear whispered volce while com™
sational volce was just percewved close 10 ¢
car Tubal and vestibular function normal

Tn May 1967 stapedectomy by the metod
of Shea was performed on the left Postope™
livd}ﬂvehmringlmlmprwrdfurﬁmmm
but thereafter deteriorated 10 its former
Re-operation i January 1968 showed the
thesis to be in the middle car Slace the k&
crmotheLnnnmLhinnndlncbdh’“T"'
tympanoplastic repair was carned out, 55t
did not improve her hearmg much.

In January 1969 s Shea stapedéctost ¥



#53) Other X-rays, of the temporal bones and
Mrmummﬂmwmm
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urinary wnvestigations have shown no signs of
changes in the calcdlum or phosphorus metabo-
Them.

OBSERVATIONS
(a) Gross

On both sides the long, crus of the jncus was
thinner than nonmal almost atrophie, The sta-
pedial crore oo both sides were fractured,
stender and discoonected from the f{ootplate.
The removed part of the stapes on the right,
compriting the head and part of the crurs, was
plump deformed, and almost pellocrd (Fig. 1)
On the figure it & posnble to make out also
cavitations at the neck of the staper.

On both sides there was a thick layer of
mucopentosteum  covering the oval wmdow
Both footplates were fixed in the oval windows,
bt only on the left was there an otoscleratic
focus antenody bat not mvolving the oval
window The footplate itself on thiy side was
very thick, while on the right it was nodular
porous, and moce yellowlsh than ugoal in oto-
sclerosh. When the right one was removed, in
A-5 picces, it was found to be more brittle than
Is unml in otoscleroais

The round window was normual on both sides.

{b) MEcroscopic examination

Only the right stapes was stodied histologically
Techrique The stapes removed at the staped-
ectomy was fixed immediately in n solation of
2% glumraldehyde mixed with cacodylate
bufter pH 72. After 24 hours at 4 C in this
solution the stapcs was decakeificd In 2 4.5%
solution of EDTA 2 Na adjusted by NaOH to
PH 7.2. After rinsing m Tyrode s solution and
post fixation in 4 % osmic ackd OsO,, the stapes
was dehydrated and embedded in Epon as ad-
vocated by Luft (1961) Epon solmtion A and
B b muxed at thoratlo 7 3

From the preparation block, survey sections
of 1-2 g wero made for light microscopic stud-
fes These sechions were stalned with 1% tolok-
dine bive in a saturated solution of borax
Vanous mtes were selected for electron micro-

Acwm Otolery ng 69
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Fig 3 Light microecopt
sppearance of the peck wd

scopic studies, and thereaflter the entire stapes  Light microscopy

was cut into 1--2 x sections to show the canities  The sections through the stapedial arcadé
in the neck. The cltrathin sections were col-  the picces of the footplate clearty showed
lected on copper grids and contrasted with normal compact booe to have been rephct
uranyl acetate and basic Pb citrate for $ min by more Irregular conrsely fibrillated bony
2t room temperatore, The electron microscopie  sue of immature type.

studies were performed with a Philips 100 B I-‘lg.2;:!1':scm.|lcrcm—u:aim1111'0‘11'4";hc
electron microscope. crura. The boay thsae is loose, with fewer b

Acts Orolery £69



ellated arcas than normal Part of the boay
e thows mumerous trregular

resorption

pacny connective tasre, alternating
wih arexs of demser booe Only 1 few faintly
Orgraired Haverstan systems were foond m a
few rections. Od fractures were not observed.
H‘Jﬁlnm’m:llcmu-:uionﬂnmﬂldu
md‘h“mmmbwymm
vl lange cavites ioed wih mhddle-car -

The tizrne pleces from the footplate (Fig 4)

Osteogenesis Imperfecta 177

Fig 4 Part { the footplake
showlag

porous, fragile
booy tmne lyeg Iz denso
connective treoe No signs
of otosclerosls 57

show marked fragility of the booe, major vas-
cular cavities with connective thusue belng scat
tered in the osseous tissoe. The booe has in
several places preserved its lamellation, but
without showing dishact Haverstan systems.
The osteocytes are typical, numerous and round
to spmdle-shaped, while there are but few csteo-
blastfike cels Thrs boay tissoe 13 sarrounded
by abundant connectrve tssus with scanty fibres
and crlly almost ensheathing the spanse preces
of bone Within this connective tissoe, scparated

Acss Osclaryng 69
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Fir $ Reichart anopiral-contrast (pegative contras)
nbotoricrograph of the bead of the stapes shoming

the remaining bone, there b a thin, new

wmed, non-Jamellated osteoid nssue contaln-
mg oely a [ew osteocytes

These bony changes were present also in the
crura and head of the stapes, but in these sites
the thsue showed a tendency to denser structure
with several normal Haverslan lamellar systems.
This might indicate that partially normal re
building of booe wus tokag place here. Theso
sections also revealed cementing Lines, separat
ing bony tisuc formed at different times.

The sectlons showed on the whole, only a
few blasts and no 1 In partic
ular there was 0o otosclerotic tissue

Electron microscopy

The ultrastructure was studicd in the arcas
framed In Figs. 2 snd 4 In the bony matrix
the normal regular arrangement of the collagen

Acts Otoleryng 69

the dicarrangeroent of the Ha enlan sysem. S

fibrils could not be traced. The arrangemet
weos extremely brregular (Flg. 6) the collye
fibrils being in some areas short, broad bunds
ocicntated in different directions, while In ot
sections they showed no orientason at all Te
most characteristic finding was mcreased coe
nective tissue and thinning of the collagen
(Figs. 8 9) The stnation of the fibrils was pre
served and therr thickness pormal

The Iscunoc in the bony tissue were loosslf
encircled by fibees. Some contaaed a gramis
matertal and cellular debris (Fig. 7) Ln o
respects the cellular structures were ot thored
as compared with normal bony tsuc. T
osteocytes in the lacumas wero of aniform %8
and not more numerous than usual. Only 8 5%
ccllul.nrcm'ga,rn:llc:wvrep.rcscm,mcl.rcuﬂﬂl‘hﬁ
the osteocytes might be resting. Tho osteors™
showed no signs of lysis, On the oder
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mucrograph
(e wen indicased In Fug. 2) showing the domrrangs-

there were occastonal osteoblasts I the perd-
ostenen (Fig. 8) At thls ghte the cell noclel were
typically

5 ‘} "y
3\"?‘? ?l-;f*\ ‘5{ '
LSO ot O I
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Osteopenesls imperfecta

LN .
"
{'} R

¥ h

from the stapedinl crarm ment of the matd  with cavities filled with debh

and grasader material. 9570
DISCUSSION

The normal structure of bony theue and its
transformation into compact bone depends opon

and dc activity [n patients
with ol this structore s Incomplete, the dif
of the i bewng deficlent.

On the other hand, the growth and differentia
Acw Otoleryng 69
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Fig 7 Blectron micrograph from the stapedlal crum
(the srea indicated in Fig. ) showing an osteocyte
(01 The cell has  targe muckews with hreguharly

tion of the cartilage are normal (Follis, 1953)
OL b essentinlly a fallure of perlosteal and
endosteal membrane booe formation (Rubin,

1964)

In ol. there is in the compact bone an ab-
normal distribution of mincral salts and of the
arrange of the collagen fibres (Engfleldt et
ol 1954) This immature fibrillar bony tissue

disperied chromatln. Some pranular mawcrial sed 2
few mitochondria in the scanty cytophsm. 7709

In normal boae new formation and destro
thon are going on all the time. Resorption pacc
form and fill with new bony substance, makitd
up new Haverslan systems (osteons). On RET™
redlography of nocmal boa¢ (Amprino & ExS°
strom, 1952), therefoce, the Haverslan syt
do not show unlform calcification, the ot
bone contaming most calcium, On the o
hand, microradiography of bony time @

s reminbscent of the new farmed TH
bone found in newborns and children.

Acsa Owlaryng 69

patients with oL (Engfeldt et af., 1954) 0%

3



o and blophysical studies of
booy tume tn patients with ol have beea

Osteogenests Imperfecta 181

done on sectioms from the loug bones. In the
otological [literature the findings m temporal
bones, stapes, af bony hesue removed in fenes-
tratlan procedures have been extremely varied.
Some workers have found otoscleroshy in the
bony tssue, others otosclerosis-like tissue, while
others again have been unable to find such
changes It had been hoped that sinmltancous
studies of bomy trssue from patlents with od,

Acis Otolaryns 69
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Fip § Electron sicrograph from the stapedial foot
plate (the area indicawed in Fp 4) Now the Joox

both from fractures in the loog bones and from
the stapes or labyrmthine capsule, might sobve
the actiology of otosclerosis (Weber 1930
Frost, 1960) Unfortimately there B no proof
that ol. and otoscicrosss are alike fn anythmg
but histological structure while the aetiology
secms to differ

In a previows paper (Bretlan & Jprpensen,
1969) we have emphasized, as did Almmann
(1962, 1967), that when otoscierous and ostes-
g:nczhhnpcdmamprrscmlnlhenmcbmy

Acta Oolarvag 89

bony matnx with Joose cofbgen fibrik (CL)
smpkc connccthe tsoe (CT). 6760

trssue, the two cooditions may be distingmsbed
histologrally from one another

Our findings in the present patient confi™®
Opbeim s observation (1968) that the cond™®
tive hearing loss In patients wth ol ooy ¥
dmwmxcomdcgmcnﬂono!thamﬂy
crura and need not necessarily be cansed 1Y
oloscleross.,

Opundoumlbekffﬂ!dmwh
1967 revealed an otosclerotee focus which, bo¥
ever did not involve the oval wimdow 03 &



other hand, the crura of the stapes were frac
tured and the footplate was considerably thick
e than normal, a fisding which has also been
repocted by otbers (Sooy 1960 Shea ef al.
1963) However we lack histologlcal study of
the stapes removed from this side. Tomography
of this ear at a later date coafirmed the suspl
dan of am otosclerotks focus

On the other hand, the right car has not
shown, either at operation In Jamuary 1969 or
ot tomography any evidence of otosclerois,
and histological exzmination fafled to reveal
digns thereo! In any tectlon. On this nde 100
the stapes was slender and fractured. The foot
platz was poroms, delicate, and boused mymer
ous small islets of mucosa, This k i keeping
with the chunges found in other parts of the
skeleton in patients with o i, Chevance (1965)
s reported the same findiugs in the stapes.

Tomography on the nght ear showed a nar
rowed gval window However this nerrowing
may well be due to the very thick mucosa found
mhﬁhdﬂnltthnmlwindowmmng_
1969). Shea er o (1963) have made the same
findg,

Our fight as well as clectron microscopec
unda in thiy case have confirmed the well-
known fact that the boay troe In osteogenesls
Impertects exhibats quantitative, not quakitatve
changes & compared with normal booe The

bat the appearances are more

Osteogenetis imperfecta 183

the osteolyss which we have found previomly
In otoscierotic foci (Chevance et d  1969) Thn
might indicate that the ostcocytes do not play
any major role in the bane resorption In patents
with o.l. However it must be barne in mind
that our materal is from a patient aged 60
It would be more interesting to recerve boay
material from a younger adult, or better from
» child with ai. for electron microscopic in
veatlgation

After the reports of Opheim and of Hall &
Rohrt from 1968 wt reviewed the senal scc
tions from our two previously publhkhed cases
of ol (Bretlau & Jorgensen, 1969), but without
being able to demomtrate any degencration of
the stapes

On the basit of cur findings wo dedoce that
the conductve hearing loss in patients wnth od.
may be duc to an otosclerotre focns, but that
it may also be the result of a degenerative pro-
cess in the stapedml crura.

We thare Altmanns view (1962, 1967y
that the histological findmgs In oi. and oto-
sclerosls are so different that they cannot sup-
poct the view that oi and otosclerosh might
be of the same besic actology

ZUSAMMENFASSUNG

Die Hcht und eicktronmilrotopachen Befunde im
Steigbugtl von cinem Patent mit Oxtrogrnews Jm-
perfekta wind rmt dm Befunden m pormalen tad
ok g

fgle skeizton In 0. » not due cxclusively to
te Bk of normal compact bone, but also to
the wrogular amangement of the fibeils in the
OrganC matrix,
Comparison with the ultrastructure of the
momal stapes (Reydon & Smith, 1968 Frank
1ol 1968 Chevance ef dl., 1969) reveals that
“‘Wcmnp:cthomhmplwdby.
cowrier imregularly fibrillated booe with an io-
Teased quantity of comectve trssue

The ddructore of the boary matrix is remi-
Eent, 10 several respects, of the findhogs in
Oosclerots but fs much looser Another fm-
Portam difference relates to the cellular stroc
mmmdﬁwmd@so{

Feowsis
mitgeteilt wnd, werden m clner
Dne Schmllehmepmcirs erbdngphelt
im cimgen Fallen von elsem otoaklerotischen
verurnacht, in andern von einer Degoncration
Luedgbogatschemkel.
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GAS DIFFUSION THROUGH THE TYMPANIC MEMBRANE

A model study In the diffusion chamber

A ELNER
From th Department of Otolerynpology University Hospisel Land Sweden
Recrived June 10, 1969

history of ear diseases, The whols tympankc
membrane with {ts apnoles fibrosus was re
moved and two small circular parts with an area
of 13.8 mm were cut out sharply from the pars
tensa. The preparation was doos as s00a as
ponaible after death, but for different reasons
such a3 delay In the ward, transport to the
pathological department etc. the measurements
could not be made until approximately 6-8
bours later During the preparation the tym-
panic . s ttened
with Tyrode solution to prevent drylng and 2

h being wsed. The prepa-
rathn wock was done under an operation
mcroscope, magnification % 10 The parts cut
out were immediately placed fn Tyrode solo-
tion, One of tho two parts was frozen in liquid
propane and liquid nitrogen and after histologl-
<al preperation with the bone] techalg
far cutting and colouring was exammed for
preserved hntological structurey and thickness.
The sccond part was examined in a diffesion
chamber wsing CO,. To a small giass chamber
3 cc fn volumo (determined in a microbalance
wsing distilled water) was attached an Ingold

pH-l de with a ground neck (Flg. 1) Ona
level with thih pH-clectrode and conrected to
it was apother small chamber made of plexi-
glaxt 1 which the circular piece cut from the
tympame membranc was plsced (Fig. 2 a wnd
&) The preparatron of the membrane was placed
$0 that the side Lined with mucoas membrane

Acta Orodaryng 69
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QAS DIFFUSION THROUGH THE TYMPANIC MEMBRANE

A model study in the diffusion chamber

A. ELNER
From the Department of Osolery ngology Untrerdity Hospisl Lund Sweden
Recrtved June 10, 1969

wh of COrdiffoion through the
e and pimae B 6691 10° wl t

history of ear discases. The whole tympanic
membrane with its snnules fibrosus was re
moved and two mmall curcular parts with an area
of 13.8 mm* were cut out sharply from the pan

Presexe. This makes 0 432 ml for the whbole tympanic
oembone (approx. 30 o’ for 24 hoom, When the

tema. The prep was dont a3 3000 33
possible after death, but for different reasoos
sich a3 delay in the ward, tramport to the
pathological department ctc. the measurementy
could pot be made untl approximately 6-8
hours later Duning the preparation the

L was contl N
with Tyrodz solution to prevent drying aod a

tmique being used. The prepa-
r:ﬂmmkvmdwcundermmﬂnu

The norml tympanke membrune,
therefare, doss ot mem to be able w0 contribul to
O vemBntion, of ear und tho celiubar

Pl membrane prepamations 1 & diffusson
chamber modified after Stespd & Thews (1962)
TECHNIQUE AND METHCD

Temporal booes were taken from dead sub-
Jects’ with normal otoscopee fmdings and o

x 10. The parts cut
out were jmmedistely placed b Tyrode solg-
tion. One of the two parts was frazen in igmd
propenc and Lquid nitrogen and after

el p with the i

b) The

vo thay e ration of the membrane was pl ced

the side Iined with mocous membrane

Acoa Osoburrra &
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Fig 2 and b. Plolighm chamber for tympansc mem-
brane preparationt.
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contaiuiny
4 solmtlon of 0.001 N NaHCO,

faced the Jumen of the glass chamber The
chamber was fillked with 2 0001V sofetim
of NaHCO, and in some cases wih Krels
solutfon To avold the buffermg effect of the
later solution, phosphate was exctuded and
it was made 0 001-¥ regarding NaHCO,

A reference clectrode (Radiometer K 100
was immersed @ o branch tobe to the pass
chamber and the clectrode was comnected o #
pH-meter (Rodiometer Copenhagen) Teo
plexiglass chambers were used differing from
each other only in the diffuson area, wha
was 84 and 66 mm respectively The whoe
apparatus was immersed in a water bath, Wik
a temperature of 37 C, controlled by a tham>
uat, and a magnetic stirrer was comected 0
the gloss chamber The whole system was ¥
to stabilize for 30 nin pH was lntially abost
8 Fresh solutions of Nt\HCO and hrebs wer®
wsed when poasible and tho clectrodes
PH meter wm calibrated agnimst smndard phov
phate buffers (pH 6 840 and 7.385 at 37°C
according to NBS) before every
Pure carbon dioxide, heated to 37 C by p==¥
throagh a copper coil in the bath wis ¥
troduced wnto the plexigloss chamber nd 8%
into contact with the tympankc membr*
Megsurements of pH wero mado at short 1%
vals over a total period of 60~90 mm.

!



Gar diffusion through the tympanic membrane

Principle of determination

When COa aher diffnsing through the tym
pnicmunhan:.cmmimowumctwhhtbe
saluiion of NaHCOs, HyCO; B formed and
npidly dissociates to equllibeium

H,CO,@Ht + HCO,

kuk.:lheﬁrnim:gmryimbadmcno—
stant of carboo dioxide

Ky~ 107* ™ we can write
(COy > K, = (HYx(HCO)

The concentration of H -ons rises o direct
propartion to the amoont of CO; that has pas-
ed through the tympanic memboane, while pH
deereases. At the same time the solution of
NaHCO, also gets HCOj-fons, bt the amount
& tmll and vnimportant m comparson with
that already present n the solubon.

The smomt of CO diffused fhrough the
tympenic membrane can be calculated from the
equution

10

4005

mx[(ﬂx—m).]
where A CO, b the iocresse of solved CO,

In mmad/ml of solotion and (H )y aad (H )
a0 the concentration of hydrogen los at the
ad and the beginplng of each messwTement
foternal,

The volame, V' of the ghas chamber 15 3 cx
nd the ciffosion area, A i 8 4 and 6.6 mm
Tespectiyely This gives.

400, v 23 10w,
Ar Al A

[ 0o )

223 it the mol volume of 00,) thn being the
amount of CO in ml that ks diffusing through

fbe tympankc membrane pr unit of thme wod
B

MATERIAL
The materhl combst of 13 tympanic membrancs,
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Table | Tympanic membrane preparations

Thme
Thickness  after desth

Ho. [} ()

Comment

| nBEB | agd
-

z

Te

SESSomue o aw

CODBAR—A WV N9

8sx i kn

Mean thicknenm 83  (prep. 00, 9 Enctoded).

d 1o history of car diseases (Table 1) The
tme elapsing between death and the begioaing
of the messurements vaned from 6 to 11 hours,
the mesn being 78 hours. The part o be
cxemined histologlcally was frozen approx
tmatly at te sme time as tho dffusion
were slarted, In some cases slightly ear
:.n Trer The histological examination bas
performed on only tem out of thirtern
mmddlﬂmzmwmb.
ey ¢ preparation and cuttung, The
of 5- ven in Table 1 ks the mean valuc
8 micrescopic meanurements

The revaltc RESULTS
T given in Table 2 The amount

‘3652)(10?‘“;11;1? ard mm  vanes from
52
valoe b 669y % 10* ml The mcan

I DISCUSSION

nh‘:m'%“‘mmﬂr prd

%hu:mtmmd“'
o P e
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Table 2.

M O fmin o
10~

I3

M~6691 10
so.-1H 10
sE~05)7 10

AT R -
S

abtorbed into the surrouading tissues and this
volume ks compersated by air entening through
the Eustachlan tube if it I fusctioning normat
iy Under normal condliifoms, the Eustachian
tube Is closed but openy at swallowang, yawning
etc. This happens quite frequently and no po-
table underpeetsure will develop in the middle

(Ungebtedt 226! 1967 Runderantz, 1969) md
this ean be secentuated in some people

We arc thus dependent on an ad~quatz veo-
tilation of the middle ear system for 2 normal
hearing capacity

The mwddle ear can be compmeed to an opes,
non veotilated gas-pocket acvording 10 Rabe
(Fig. 3) Jn connectlon with the atmosphere
through the Eustachlan tube Carbon diexide
will rapidly come into equillhrmum with the st
rounding tnsuey and aft r that there is bo net
diffusfon of thix gas Oxygen and nitrogen. o
the other hand, are continuously sheorbed ol
restored through the Ewstachian tube. It s of
some Interest to find out whether the tympank
membrane can—In any way—take prrt &
the gus exchange between the car and the
surrounding atmosphere and iof s0 which roke
it can play quantitatively In compansoa to B
tubal ventilation. Investigations with xepom™
(Rlu ef al 1966) do pot Indicxie an txchies
of any Importance but this has not yet beet

blished fos the respl Y et

ear and 1he cedlular sysiem But the situntion is
different if the tube B not functioning normally
and only opens ot high peestures in the thino-
pharynx—the Valsalva  manotuvre—as  may
happen in diseases such as the common cotd.
Hepce there 1 o feeling of “locking” which
Indicates 2 slowly rsing underpressure in the

sed cavily of the ear The Eustachian tube

ction ako varies according to body position
P

Atmosphere

Tissues

n,;o;zumnvuuﬂ:udmdnmh
Raba.

Acw Oroberyng 89

In this work carbon diwxide has been wied
The resson fs that CO, affords the best =4
caslest laboratory potsibilitics and (s bas &
certala advantege over & direct study wih 0%
oo and nitropen Sipee the relgtion of CO
Oy and N 1 fairly stabic as regards solubiey
and the duffusion coetficlents, informanon abost
0; and N can be gained from
data with CO

Tabk 3 Gas composirion in the middle ear &
cordintg 1o Melcille Jores and Rix, Floftes Bowck
and Le Den

N oo O
Mikfle Jomes P
Vol “ ?
Partm! pressare men Hg sy M1 O
Riw o1 ol

EL

Vol 1 9.3 3
Pastial presare, me Hg w6 617 L

Lo T®
The perthal pressures caicalsied oa 713 om HE
mm—he partie] pryssore for weicr Yapoat.



Gas diffusion throxgh the tympanic membrane

The gnes I the mddle car system have
been stodied by Matsumura (1955) Melville
Joocs (1961) Rin ef al (1966) among others
(Table 3) The partial peessure of nitrogen In
the middle car can be cakculated to approx-
mately 600 mm Hg and that of oxygen to ap-
proximately 66 mm Hg at an atmosphenc pres-
sare of 760 mm Hg

The difference between the gas pressure In
the middle ear and the surromnding thsues
constitutes the "driving pressure for the cif
famon of the gases In question

Pux— Puuw = Pusy,
Puo= Pom o™ Panto,

The partial pressare of nitrogen In the surround-
ing atmosphere i 573 mm Hg at 760 mm Hg
Hm. preysure, which i less than that i the
raiddic ear A ditfusion of nitrogen from the ear
to the atmospbere should therefore be possible

wih 2 driving preysure  of approximately 30
mm Hg,

P = Pemxx30 mm Hg

The sltnation for oxygen should be the reverse.
The partial pressure In the middie car is abogt
66 mm Hy and the partfal pressure in the at
an:h:rehlbmnlwmmHg(mpmnﬁngZO
Yo%) at 760 mm Hyg.

Punc~ Pao,=74 mm Hg

A driving pressure of sppraxumately 74 mm
Hg should exkst from the atmosphere to the
middle car The partial pressure for carben
dioxide In the ear fy about 45 mm Hg (Table 3)
=d in the atmosphere nearty rero.
"m-”—co.tlimm}-lg

A diffosion of CO, from the ear to the atmos-
mmb‘mﬂnqmptnkmnmm
h'd"'mﬁ‘:"l?'(ll:lpmxl'.l'.lumly9mm. The
wrea b about 57 mm? 1f the handle of the mal-
¥us &1 exchuded there are abowt 50 mm? keht
5 a dfffuslon area,

189

In 24 hours, pure carbon dioxsde to an
amount of 0482 ml could pass the tympanic
membranc at 760 mm Hg.

6.691%107$x 50% 60 %24 =0 482 ml

At Pan 45 mm Hg 0030 m!=-30 mkroliters
could pass.

According to Handbook of Resplrabon
(1958) the relatiomhip between the diffislon
coefficients of O and Np ks 1 046 and of Oy
and CO; 1 36 cakulated for connectrve tissue
and at 20 C. The diffasion coeffictent of the
gases rses 1% per C and the relationahp b
the same at 37 C. The tympank membranc

tive The diffusion capaaties between the res-
piratory gases are thus approximately

Co, O, N

Purc oxygen at atmospheric pressore could
then pass to an approumate amount of.

=021

0.452
T-Dﬂllﬁ ml

Pure nrtrogen could under the same circumstan-
ces pess to the approximate emount of.

0482

T—D.mml

I Par Op b about 66 mm Hg ths makes
66/713 of the atmospheric pressure (760 mm
— the partlal pressure of water vapour) and

%-omlzs ml = 1.26 microliters

coadd diffmse through the tympanrc membeane
every 24 bours.

If Posr N 15 about 30 mm Hg at 760 mm Hg
0008 30

3 = 00003 m!=0.3 microtiters

could pays the membrane every 24 honny
The total exchange through the tympanic
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membrane should be 30 + 03 + 1.26 =~
31.56 microliters /24 hours. Of thi, 30.3 micro-
Iiters (CO;+Np) pass from the ear to the
atmosphere and 1.26 mkcroliters (Oy) from the
atmosphere to the ear (Fig. 4) The carbon
dioxide in the ear ks, however in comstant equk
libnum with the surrounding tissoes and will
not contribute fo the net ventilatron of the
ear Oxygen and nitrogen diffme in the reversse
direction and only 126 — 03 = 1 mucroliter
should pass from the atmosphere to the car
The total amount of gases pasing throagh
the Enstachian tube in 24 hours ks about 1-2
r_!g(lngrhxcdlad. 1967) and the amoumt of
dHTusing to the ear through the tympanic
brane B8 only 0.5-1 . of the tubal
ount. According to this, the normal tympanic
membrane fs unlikely to play any rofe fn the
ventilation of the muddlc ear and the cellular
system. If we have thin and extershve scars m
the tympank membrane the sinmton might
eventually be more favourable but this has pot
been stodicd. The investipation has been per
formed m tympanx membranc preparations.
When there 8 no circulanon the values are not
quite relevant for the situaton /fn vho The
diffusron of e.g axygen 1 the living individual
is forther complxcated by a metabolim with
consumption of oxygen. Onc dares to sy
however that the situation in vivo is pot more
favourable for the gas exchange of O and Ny
and the approximate values calculated above

Acta Osstarvng 69

should be Jower even if the tympamc mem-
brane is thin and sparely vasculamsed i i
central parts The knvestigation has been per
formed at 37 C. The temperature in the mide
ear is about 37 C but ks lower in the ear camal.
A difference in temperature exists between the
experimental and fn vivo simations, bat thk 5
oot Jikely to change the figures calculated vy
much, and this dilference & pot favourabie ©
the in vivo situation. The histological examin-

drud von 760 mm Hg md der geprbenen
druckonserschied rwischen Mitclohr und der megr
benden Atmosfire durch das Tromenelf 1] dffodicmt
kbante wiirde ako 02 brw 1.6 | betrayes Du &
L tber die O =l

lensystema betelllgt ist.
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membrane should be 30 + 03 + 126 =
31.56 microliters/24 hours. Of tha, 30.3 mxcro-
liters (COy+N2) pass from the ear to the
atmosphere and 1 26 mucroliters (O;) from the
aunosphere to the ear (Fig. 4) The carbon
diwoxide in the ear Is, however in constant equi-
librlum whh the sorrounding thsues and will
not contribute to the net ventilation of the
ear Oxygen and nitrogen diffuse In the reverse
direction and only 1.26 - 0.3 = 1 microliter
should pass from the atmosphere to the ear
The total amount of gases passing through
the Enstachlan tube in 24 hoors is aboat 1-2
rnl (Ingelstedt ef . 1967) and the amount of
5 diffusing to the ear through the tympankc
mbranc i oaly 0.5-1 /e of the tubal
ount. According to this, the normal tympanic
membrane s unlikely to play any role in the
ventiation of the middle ear and the cellular
system If we have thin and extensive scars in
the ' the si might
nmmnﬂybenmfnmnunbmthhhumi
been stndied The investigation bas been per

should be lower cven If the tympank pem-
branc 1 thin and sparsely vascularised fn by
central parts The investigabon has been per
formed at 37 C. The temperature in the midfe
car is sbout 37 C but is lower in the car cxal.
A difference in temperature exists between th
experimental and i vivo sitmations, but this s
oot likely to change the figurcs cakulsted yry
much, aod this difference bs not farourable o
the in vivo situation. The histologlcal exsmiss-
tion did not show any autolysh or strectwad
changes, but the fact thot the measuremests
bave been mede some time after death oot
of course be remembered.

Zusammenfassung
Dic Daffusion von hohlkendsoryd durch normule, pos-
Trommelfelle warde in etaer D

rischem Druck 6,691 x 10 ml per mm' und Misic.

Dxeses wilrde anf das ganzo rnmn:i‘kl-d

Sid. wmpercchnet 0482 mi erpeben. Die Diffmics-
und Saveruolf fm Verkdm

machen. Die /
wahtscheiallch die fmm o Werte da bel
Bluthrelslauf em Verbrauch von
transport von Stickstoff vorlomet. Aul Graad desd
hmnnnmchxmbnrn,d:udanumhﬁ‘;
melfell an der Durchilfung des Miticlohrs oder
kentyeems betefligt st
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formed in tymf prep

When there is oo circulation the values are not
quite relevent for the situation in vhio The
diffusion of e g oxygen in the living indrvidaal
s further complicated by a2 metabolsm wmih
consumption of axygen One darcs to say
however that the situation in vivo Is not more
favourable for the gas exchangs of O, and N,
and the approximatc values calculated aboye
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mk.Thewc'nniqnefurmdhgthccochlnr
pocnﬁah,cochlnxmkmphonic(CM) action
pot:mhlhth:mﬁtorym(!\l‘)md:udcw
cochkupmmﬂ:l(EP)mLhcbanlmbas
mfuﬂydmﬂxdlnudrrpapux(fmu
et o, 1952 hoanhl ef af 1961 and hoaishi
¢t 1966 Tonc bunts were used a3 sound
stimoli.

Endolymph collection and its analysls

The techniques of sample collection and ana
fyss of codolymph used in this experiment
were essentully the same a1 those

chiewhere (Mendelsohm & honkshl, 1969) A
Souble-barreled microclectrods was

the tip of whxh was spproximatcly 5 to 10
micra. Ooe barrel was used for collection of
the endotymph and the other for recording de
poenml The double-barreled micro-pipeti
was imaerted into the scala media throngh the
spiral Lgament. When EP was recorded at the
f2p of the recording barrel, the fluid was gently
scked fmo the samplecollecting barrel. The

mination of sodium and potassinm concentra-
ton of the sample were made folowing the
technique deserlbed in detail by Rogers &
Chon (1966a) To determine the volume of
the sample, an cqual amomnt of KC1 solution
of known concentration was expelied into 2 ml
of dhtilled water and tho dilution factor ws
aaiculsted by measuring the fisal concentration

of potastum with the flame spectrophoto-
meter

The perfusion technique and test solutions

The perfotion techmique used in this experd
ment way folly described in other papers (Ko-
mitt et af, 1967) Alo the armmgement and
procedure for infection of a test solation into
the scala media were described in detall else
where (Ronbahl ef al, 1966). Approximately
5 microifters of the test solubon per minute
were miroduced Into the perilymphatic sace
The period of injection of 2 test solution mto
the scala media was 10 to 15 min and its total
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amount was estimated as 05 to 07 micro-
Hiters.

The test sotutions employed for the perfu-
slon of the perilymphatic ypace were 10 * ©
10 * M outbain dissolved m Ringer Locke s
solution (m3f NaCl 147 KQ 56, CaCl; 216,
NaHCO, 240) Sodlum-free Ringer Lockes
solution was made by sabstituting choline chlo-
fide 175 mAf for NaQl In the sbove solution
In cases of injection Into the scala media ooa-
bain was d 1 a solution ining one
puanRlng:xLockt:solumunndnhrcpuu
of hotomke KOl solution and its concentraton
wes 10-7and 10 M

RESULTS

Alteration of Cochlear Potentials
Perfusion with pormal solitions
lthubwnsbcwnbym(xonnhl&xan
1968 @) that the cochlear potentials dd Dot
chxngclppmd:blydm‘ln;thepcrfminwbeu
Ringer Locke s solubon was introduced  into
d:emhqmpanintberma(pafuﬂmdu-
cribed in Methods. Similar data have been r¢

by Taaki et ol (1952) and Moskoviz
& Gannon (1966)

When potssstum-rich Ringer Locke s solu-
ton wes injected into the scala media at &
coustant rats of injection EP remaiped un-
chmwd-ndCMwndl-ghﬂy&pnutdduﬂng
the micro-dnjection. As reported by us (1968 b)
d:etempotlrydeprﬂﬂondCMm?O—70%
o(tt:mpmlnlm.CM;hnwcdcompunre
au‘veryvilhlnlOmlnl!tcrLbemdoldx
micro-mjection. AP usmlly did not show agy
detectable changes dunmg or after Infection.

Trearment with ouabain

1 Changes in EP With 10 M ouabeln
Ringer Locke s sohution in the scata tympanl
EP began to decling 3 to 5 min after introdoe
donTbedcprm}ono(EPretcbedlbume
of the onpnal magnitude at the end of the
p:dlmon_lnllmcullnclmEPlbowcdm
recovery even ff omabain solution was washed
out with pormal sojutions (Fig. 1) The mag-

Acm Osolaryng 69
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pitude of EP ranged from 30 to 10 millivolts
1 hour after perfution. None of our cases
showed negative EP at the end of the observa
tion period The depresuon of EP was sull
observed to a lesser degree with 10 * A oua
bain solution In the scala tympanl. Concentra-
tons of ousbaln lower than 10 ¢ Af dd not
depress EP when Introdoced into the scala
ympani. EP Ined i d or showed
a slight increase during the perfusion. This in-
crease of EP cannot be attributed to an in-
crease of hydrostatic pressure of the scala
tympenl dunng the perfusion, because rapid
perfusion of the scala tympant always commter
cts this increase of EP

~—
-
-

388380988y
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Fig 1 Changes of EP CM and N,
during and after perfusion of scab tym-
mi.  pani with 10~ Af ovabaie solxtoe.

30 2

In order to compare possible differences it
the effect on EP of the perfusion of scah ym-
pani and scala vestibull, 10 * M ouabain soi-
tion was injected into one ar the other of thex
scalze during one minute Our results showsd
no significant differences m the bebavor
EP i elther case (Fig. 2).

When 10 2 or 2X 10 3 Af omabain salutin
was injected into the scala med, EP did at
show immediate changes. EP exhibuted a sight
Increase dunng the injection which, howere
did not exceed a 10% increase EP retumed ©
s original magnitude and was slightly deprey
scddurlngJOmInohscrvnlbnpeﬂodlfHﬁ‘
injection (Fig. 3)



1 Chonges In AP The most rapid change ob-
verved afier the perfosion of the scala tympand
wih 10~4 M ouabaln Ringer Locke s satution
wn 4 progresstve decline of AP as ghown In
Fr 1 Even it the cusbam solution was again
replaced with normal Ringer-Locke s solution,
there was po reappearance of AP With 10
M ombain sctution In the scala tympani, AP
decreased its magnitnde to S0% a1 the cud of
e perfusion and was barely visibie S to 10
o after the end of the perfusion. Washing
o the scala tympanl with pormal Ringer
Locke s solntion was effective I restoring AP
“ben carned oat early But o full recovery
of AP was observed in our cascs Concentrs-
oms of coabain lower than 10 * M did not
&pren AP when introdoced Into the scaln
Ympem. In some cases AP showed a slight
focreass afier the

As shown In Flg. 2, AP duappeared 6 min
Mer the beginofng of the perfusion, when
10~ 3 ouabain soluon was injected into the
sala tympan! during one minute. Tho effect
ol the perfuion of the scala vestibuli was
tightly lew tn degree than that of perfusioa of
e scala tympecl. On the other band, AP was
0ot affected when 10 or 2% 10 M ouabam
wlon was injected into the scala media a1
“wwn in Fig 3
3 Chenges in CM CM showed a progressive
decling during and subsequent to the perfinion
of the scala tympani, when tho concentration

Effect of ouabain on cochlear potentials 195
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of ombaln was higher than 10 * M (Fig. 1)
With 10 * A omabain solution in the scala
tympani the depresnon of CM was found to
be approximately 90% at the end of the per
foskon and CM contlmned to drop cven after
washing with pormal solutien. The input-out
put curve of CM recorded 15 minutes after
the end of the perfusion with 10~ M omabein

w
Teeo-
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T
Tnput-outpn retatiomblp o (M tufne od
the perfrion of scaly t

bain durrg 10 Yepenl with j0 a1

mhn, ¢
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indicates that maximum ocutput of CM wus
greatly depressed and Implies dysfonction of
the hair cells (Fig. 4) The perfusion of the
scaln tympan] with concentrations of cuabaln
lower than 10 * Af did not result In a marked
depression of CM The slight depression of CM
observed during and after the perfusion was
also scen In the control group as mentioned
above and therefore the depression within this
range of concentration cannot be attributed to
the specific action of ouabain,

When 10 2 A oc 2% 10 2 Af guabain potas-
stum-tich Ringer Locke s solution was injected
Into the scala medla, CM began to decrease
duaring the injection Maximum loss of CM
ranged from 30 to 50% After injectlon,
CM showed partial recovery In most cases, as
shown in Fig. 3 With 5% 10 * M ouabain Iy
the scala media, the maximum depressfon of
CM was opproximately 70% of the orignal
magnitode.

Treatment with sodlun-deficlent otrabaln

If the above mentloned effect of ounbain on
the cochlear potentials is produced by the in-
hitntion of sodlum tromsport, lowening the con.
centration of sodlum In the peritymph should
minimize the action of cunbain A series of
experimrents was carried out, in which sodtum
as replaced by choline
'Aswercpancdpra'buﬂy (Konlshi & kel
sty 1968a) sodium lack in the perilymph
caused revensible depression of AP buot CM
and EP were not seriously affected. The perd
lymph tn the scalae vestibull and tympanl way
replaced with choline Ringer Locke s solutfon
until responses became stable Choline Ringer
Lockes solotion with 10 * M ouabaln waa
then Introduced into the peritymphatic space
duning 10 min. Again, washing was carried out
with normal Ringer Locke s solution.

Fig. § illustrates typlcal behavior of EP and
CM in an aoimal pee-treated with choline
Runger Locke s solution and In & control Len
depression of CM and EP was observed durlng
the introduction of choline Ringer Locke s s0~
Jution with 10~ A ousbain than when pormal

Acw Owtaryng 69
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Fig 3 Effect of sodinm deficiency in test soltion
on the respome decline aduced by 107 Af ombol.
o, perfurion with chollne Ringer's solution cooiziekey
107 Af ouabaln normal Ringery with 107 &f
ouabain.

Ringer-ousbain solution was used. The -
mvrryolEPwmcﬂad:dpmnmﬂyb?"“h'
tog with pormal Ringer Lockes sotnbon &3
CM did not show sny decline &=
ing the period of washing. As AP disappesred
during the period of perfusion whth chof®
Ringer's solution, it was Impossibls to comp®
the changes in AP camed by sodnm defioeet
otabain solution with those in coatrols. Fo*-
ever thero was a chear cut difference o B
recovery process of AP during the wmb=t

Alteration of Endolymph Compositos
Thuteﬂsoluﬂmwnslmmdnwdtﬂwﬂ”“h
rymp-mdurkugwnum,&.ump!eolﬂ"‘;
lymph was collccted 15mlnnnerlhnmdo‘
the perfuron. The peendothresholds of
ond AP a5 well as their mput-output foocto®!
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Table 1

Theethold shilt (dB)

Endolymph

o AP
Anirsa] EP X Na
. TXH: 1KH: O025KHz (§XKHi) (o) (mEqD {mEqm
(1) Comtral swlution b scele 1 spani
sn 1 s 9 T n 1526 13
m ] 7 . 7 B 1427 57
«r 3 ) a 6 1 140 37
611 -3 s -4 4 70 147.0 12
13 1 1 0 3 0 1560 24
Mex 1 44 22 16 0 197 30
(2) J0-4 3 oumbrale dn scalt 13 wpomi
bord 6 2 p23 [ 33 1566 27
st ] 3 12 w0 46 159 39
56 £l 2 10 » 3 1433 73
“5 3 1 1 L] o 1555 108
) 10 M onabuin i scuis tymopessi
555 16 n 13 1532 17
= 9 1 10 3 [ 1418 193
bl 13 9 3 90 16 1312 13
75 i) 9 4 100 1472 47
a [] s 6 96 16 1079 97
s s 3 i n 1143 120
1 10 9 93 % 1440 14
L) 7 u ] L 24 1280 133
Man 129 104 [x} o1l 185 138 1n2

were messured before and 10 min after the end
o the perfuzion, and EP was recorded when
the double-burreled pipette was Inserted into
be scala media, As shown in Table 1 sdmmi-
tiration of control solution Into the scala tym-
pani produced Iitle change in EP or threshold
of O and AP The potassiom and sodiom
soncentrations in the endolymph were 149 7+
42 mEq/t and 30+1.6 mEq/l respectively
There were o signifleant differences between
these valoes and those obtalned in non-treated

mxﬁmpﬁpmmmw

concentration of the endolymph were found
©be 1536+31 mEgq/] and 6.6*32 mEq/l

respectlvely when the sample was collected 15
mm after the perfution. The statisticsl trest
ment did not show aay significant devixtions
from the coatrol valoes at the level of 5%
Increase of concentration of ousbam to
10 M camed marked depression of the coch-
Iear potentnls at the moment when the sample
of the endolymph was collected The chemical
anatyiis of the endolymph revealked comsider
uble increxmse of sodium and decrease of potas-
slum cootent as shown fn Table 1 The mean
value of sodium content was 13.2 mEq/1 and
fs standard devanon was 43 mEq/L This
valoe wn statistically significantly different
from the control at the kevel of 1%

DISCUSSION
Action of ouabain
There s saiple evidence that the pharmacolog-
jeal effects of ouabain are speaific. Schatzmann
(1953) reported that cardire glycosides (like

Acta Orolaryn ﬂ"
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sirophanthiding in Jow lons act to
Inhibit active sodlvm and potassium transport.
Caldwell & heynes (1959) showed that oua
bain nhibits the active extrusion of sodjum
Irom the giant axon of the squid only when
it is applied to the external surface of the mem-
brane Although other actions of cardiac glyco-
sides have alio been repocted, cg., inhibition
of tramport of supars and amino acids, effects
on excitath lon pling in cardioc
muscles (Glynn, 1963), cardiac glycosides have
been used to distinguish between active and
passive tramport across ihe ool membrane,
Therefore there {3 pood reason to assume that
couzbain introduced into the cochlea exhibits
its speafic inhibition of eation tramsport,

The depression of the cochiear retportses &
jrreversible even alter the perfusate containing
ocuabaln & removed by washing with Ringer
Locke s solution. In most cases these responses
continue to diminkh durdng apd after the
wathing. Only wth coocentrations lower than
10 * Af did the cochlear potentinls show de
layed and partial recovery ofter washing. It
mey be that ousbain Is jreversibly bound to
s gte in the cell membeane or that ombaly
causes keakape of sodium chioride and water
duting inhibhion of tramport. This progressre
depression of the cochlear p taly conld be
T ially prevested by lowesing sodium con-

tration {n the perfusate. Since this perfns-

Jowers the elecrro-chemical gradient of so-
drumn across the cell membrane, this fact seems
to imply that the inhibitory eflect of cushaln
on the cochlear acthity is camsed by interfer
ence with sodium transport.

As cardfac glycosides do not affect pasive
tragsport, sodtura and potassiom move taward
equilfbrium between the perilymph and endo-
lymph Therefore aliemation of the jonic con-
centaton of the endolymph after treatment
with ouabain can be surbued 0 the pestive
diffasion of cations acrass the cochlear partt
ton. This b alyo sappested by the fact that

trapsport B stopped by anoxia of afier death
{Rogers & Chou, 1966 b Mendehioin & Koo
uhi, 1969).

Rage of actlon

The rate at which ouabain depeesses (he cock-
lear potentials b determined by the tie wbid
is neceasary for oushain fo diffise 1o by ste
of action 2nd to manifest fts pharmscologea
effect. Frank & Goldsmith (1967}, repwd
that the electroretinogram was abolished iz 6
min with 10~* A ovabain and depresed ©
90% with 3 x 10-% M guabaln, The applicaie
ol 10 * A! puabaln to the giant axon of e
squid promptly slows the sctive extrsiog of
sodlum  but there 1 no detectable chanpe b
the resting or action potentaal (Caldwell & Key
nes, 1959) Birk (1963) found that digoxts it
varlous concentrations greater than 13 <10%
A required at least half an hour o prodxe
trnsmissfon block i the fine motor termmas
of frog skeletal muscles. These facts can be
explalaed by the lact that the seoyithiy o
different ammals to ouabaln vares within wik
timits (Skow, 1965) and also the anatoesall
reiation between the surlsce ares and the vk
nme of the stractures affected differs fn vinows

species.

Site of action
Identificaticn of she sltes of petion of orabe?
18 not possible from our experimental dafa, Nt
ouly ouabain but also other tlectrolytes Ak
1 KOl affect AP faates srhen introdoced
the scalx tympani than Into the scala vested
However thnnmﬂﬂhdﬂmhmh:
bavior of EP and CM between perfusie
scala tympan! and scals vestitall Thnf“’:
poses an Interrating goeshon i
funetion of Relssuer’s membrane. Reuch ¢
(1963) reported that radwsctive poteehit &
ters the endolymph throngh Refsser’s BE™

sodin?
breanc at & greater rate than
(La ¢t o 1961) ako suggeved o2

similar changes in Jonke Jon of the
have been produced by locally in-
duced anoxfa or by death, becawse the active

Acsa Owlary £ 69
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If this i the case, the Introducton of cusbain
into the scala vesttball shoold have a more
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THE INFLUENCE OF QUININE ON THE AMPULLAR RECEPTORS
OF THE ISOLATED POSTERIQR SEMICIRCULAR CANAL
OF THE FROG

Y Harada

From she D partmens of Osoloryagology Hirorvkime University Schost of Medicine
Hirashima Jepan

Recrived Sentember 3 1969

The action of quinine hydrochlorkde on the ampullar
poserior

pullar nerve fs isolated in Tyrode solution wnder

cana!
has been etodicd, piing ]

pic control A thin glass pipetre 8

sncthods.
In the Tyrode solution sdded with quining hydro-
chiackde both the respoose to stimulaton of the am-
pullar receptors and the spontancom actl [ty were
promptly inhited at 2.5 p;ml of quinlee hydro-
chioride and almost completely blocked ¢ 20 7 mL
Following [rrigation of solution to wash out the
quinine the reypome to stimukaion of the ampullar
receplors and the spontancows activity wers o ghtly
recovered.

It bas been well koown that some drugs such
as quinine salicylates, nicotine, arsenlcs, strep-
tomyces antiblotics and others may cfuse toxic
lesions of the lnner car Enormous studies on
fluence of dihydrostreptomycin upon the
ryear using clectrophysiclogic, histopatho-
¢, chectron microscople or blochemical meth-
ods, have been repocted. These ototaxic me
dicaments have proved to cause degencration of
the receptor cells, ganglion spirale and nerve
fibres
The author obtained the potential from an
isolated posterior semicircular cansl of frog to
obtaln some data on the changes of the potential
under direct mfluence of quinine hydrochloride
an the receptor cella

METHOD

The posterior semicircular canal of frog (Ranz
esculenta) together with the corresponding am-
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d into the posterior end of the nolawd
canal The pipette is connected to a micromekt
syringe filled with Tyrode sotution. By rotaimg
the micrometer syringe at certain degrees, 4
controlled flow of fluid in the canal and in te
ampulla can be obtained (Fig. 1) About 0.15
1ot the fluid In the canal n ampuliofupaly
aspirated by = trigger this manipulation s wed
a3 a standard stimulus for the preparation
The cut end of the ampollar nerve is socked
to the opening of a second pipette provided
with two platinum electrodes, by meass o
which the action potentials arc ked-off and -
served on a Bram tube oscilloscope. The 1
sponte to the stimulation has been craluawd
bymnt(n;thcnumbero(&p&mmsa‘v
discharged within 7 sec immediately after 0
stimulus, utilzing an clectronic ~ouner
Since the responss of the semiarcular a0
bcomes constant at about 20 mun afier te &
section, the value at 20 min way adopted 82 %
inittal value Then one minute atter the additiod
of quinlne hydrochloride to the bathiog f&
the response was determined
were repeated every 6 minutey 43 min aft
the edmlnmustration of quinine the
was washed repeatedly with freh Tyrode 0%
tion and further determinations at 6 min 0
vals were made
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In ths expenment were 2.5 7/ml, 10 y/m! and
20 7/md in the bathmg Tyrode solutlon.
At least five expermments have been performed

after quinine administration  the
mumber of spikes decreased 1o 1158 (72%)
from the inftlal actrvity of 1589 (100%) after
19 min, and to 1017 (64 %) after 43 min.

o different prep for each

By st ton of 5 /ml the inhibition

bon of quinme hydrochloride A control was
performed for each group of treatment in Ty
rode solution without quinine,

RESULTS

Response of the preparation in ordinary Tyrode
»olution (Control)
Tmmediately after dissection the preparation
thowed mmch less actity but 20 min after
dhecction 1000-2000 spikes could be counted
“thin 7 sec on the stpvulation. This mital
activity was foflowed by a slight ascending ac
After changing the Tyrode solution at 45
fa the number of the spikes further mereased
U 10 125% of the Inithl sctivity (100%)
hhilhﬂmu(mcupcﬂmun(upmas
o) the number of the spikes dud pot decrease

Ieflutnce of quinine hydrochloride on the o
portre

Al lerels of concentration under 17 ml of qui
gine by drochloride in Tyrode solution the m-
nnm:'dﬂrdmgm\hnponmxm

canal was not remarkable 2.5 7/ml con
%\nmﬁ:mhhibnuxm}vhyhn—

ws still more marked. inrtial sctrvity was 1914
(100%) after 19 min bang 876 (45%) and
afier 45 min 793 (42%)

At a 10 y/m! concentration of quinioe, [nitial
sctivity was 1682 (100%) after 19 min 500
(29%) and after 43 min 441 (26%)

At a 20 y/m] concentration of quinine, infual
acilvity was 1450 (100%) after 19 min 418
(28%) and after 43 min 345 (16%)

Recovery with change of Tyrode solution

After 45 min in quinme solobon the bathing
Tyrode solution was changed sevenal tunes to
wash off the qumine as completely as possible,
and further estimations were made

In the group which had received qumine i
concenmanoms of 2.5 mland 5 7 ml, recovery
of the clectric activity showed approximately
70 of the inrual actvity

In groups edmmntered with qumine in con-
centratioms of 10 ml and 20 y ml the re
covery rate was only 45 and 49% respectrrely
The recovery followmg change of Tyrode
s dubon »as slow but after 4 min the maxi-
mom was reached and th level was mamtained
thereafte
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The Infltence of quinine hydrochloride on the
sporilaneous discharpe

The number of spikes obscrved within 30 sec
previous to the stimulation was tdered as
the spontaneous acthvity In the control group
the number of spikes increased slightly with
lapse of time, and with a change of Tyrode
solution the increase became marked

By the administation of 2.5 y/ml quinine

drochlonde the spontancous spikes, ap-

ximately 500 (100% ) before the edministra-

on & d in number I diately after the

sdditron of quinine, but 19 min later it then
shightly recovered to 300 (60%)

Tocrease of the spontancons sctivity immedi-
ately after the change of Tyrode solution was
temporary and complete recovery could not be
observed.

By quinme admimistration at concentration of
5 y/ml splkes decreased from 450 (100%) to
45 (10%) recovery by change of Tyrodo salu
tion being only 90 (20%)

By the administration of quimne hydro-
chloride of 10 y/ml and 20 y/ml the iohibition
of spontancous activity was masked and change
0[Tymd.owhﬂbnnﬂrr43mlnn:suhcdiuno
recovery
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DISCUSSION

Quinine has Jong been wsed for the treatment
of malaria and it s also well known foc yestt
that hardniess of heaning, tinnitwms, vertigo, bt
ring of vision and photophobia may occar dor
ing and after quinine therapy and that the od-
minstraton of a large quantity may possbly
cause delirjum, dyspnea or even death of e

Concerning the ototoxicity of this substas®
Falbe Hansen (1941) has reported thrs to be ?
conductive deafness, whereas Forbes (1949
and Roed: er af (1952) and many others &
sidered 1t to be a perceptive deafpess.

Wittmasck (1936) consdered the chaner of
the spirml ganglion, especially of the Nl
bodics, and the hypotonic degenerstion of 1
cochlear receptors ay changes produced by "
nine This hypothesis was mppoﬂ:dbluf'
glndl(l%S)wuﬂcdmddymph:ﬂccaﬂFF
son theory But from the fact that this P
tonke degeneration, which was ascribed 1o ¢
lapss of the Refsser’s membrane, us ofict
been found both 1n apimals fixed wids intra”®
and postmortem perfusion, which B
a4 an artifact by Fernindez (1958).
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On the other hand Covell (1938) reported
ou the degencraton in the stz vasculards, the
outer hair cells and the primary cochlear neu
Ton, this betng supported by Riled: efal. (1952)
Whimasck (1936) states that the ototoxclty
of quoine n hypotonic degeneration of the
cochlear and Cowell (1938) proposed that it is
the depeneration of the halr celk, stra vascul-
™ and the primary cochlear neuron,
Hemebert & Fernfndez (1959) made a further
bvetgaton. They injected quinine solution
k1o the middle car space of guinea plgs, and
ubs:mdthenhnrmalrryotponummdpon
Totatory mystagnros and aigoes usually scen after
wiateral labyrinth y In the
distrocthon was histologically proved.

strong influence on the response was observed,
the number of spikes after qumine admmstrs
tion descended to some 70* of that whuch was
found prior to sdministration. Change of Ty
rode solution to wash off the drng after 43 min

He ahio examined the mfluence of qumine on
®e az0n potentnl (AP) and cochlear poten-
tal (CM) and observed & remarkable decrease
= clectric potentiahy. In the histology of these
taimls destrucion of the outer halr eefls,
E“ﬂ’mmmmcuh.rh‘nmkd.‘h)ch
8 mote marded tn the neghboring portion
v the roond window Cortl's spparatus was
Beerotic. In anmmaks sutfermg from chronre in-
wm‘uhqwﬂnhzthemd:h:mpom
M estingulshed or at least dhordered The

frachvely  Hintopathologically the outer hair
ol wes stroogly damaged in the basal turn
H e

P dd not provrde sufficrent recovery

By 5.0 y/ml qumune hydrochloride the num-
ber of spikes decrrased to some 40% of mittal
activity with a fall of potentials. After washmg
off the medicament the dixcharge recovered up
1o 70% of the initial actrvity

At 10 y/m! and 20 7/ml concentratiom re-
sponse in the form of spikes dimmnhed to 28
and 20 » respectively and recovery followmg
exchange of Tyrode solution was as wsufficent
s 50%

At each copcentration the inhibition of both
the number of spikes and amplitnde of poten-
tals was remariable immediately after quning
adminlstraton, and became still more marked

Acw Otolery ng 69
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with the course of time. Recovery of the ¢
sponse by woshing wath Tyrode solution ran
rather slowly reaching it peak at 24 min after
washing, followed by a slight dscrense. This
fact may be due to the solubility of quinine or
to 1ts strong affinity to the surface membrane
of the semicrreular canal receptors.
Observation of spontancous actrvity showed
that with higher concentration of quinine th

Fie 4 Resporm 0 sthoabados of

@
19 after sdminktration of quiy by
drochilor 2.5 p/mE (J) quin. byde
chlor 70 y/ml

activity 1s due to direct action on the receper
cells interfening with respiratory metabolise,
or do¢ 10 some Influence on the membooe
potental is still unknown. However Heaoer-
bert & Ferndndez (1959) hn his acute exper

muddle ear space, reported
the Cortl’s apparatus and the vestibolar =+

spontancous spikes beeame less and
recovery to the initial activity by washing with
streptomyces  antibiotics was not seen. With
Ranamycin, for example spontaneous activity
showed marked Increase mmedmtely after
wishing off the medicament (Haradz, 1966

n
- Hennebert & Ferndndez (1959) dropped qu-
_.ne solotion on the round window to nvestt
gate changes of CM and AP He reported that
cochlear response rapadly fell within several
mimutes and the amplitude of CM diminished
to 50% after 12 min

In the present study & 2.5 7 'ml concentration
of quinine was enouph to affect the activity of
the semucrrcular canal receptors, and with 20
+/ml a very strong Inhibitton of the potentials
and a decrease in the nomber of spikes was ob-
served. Recovery after washing with Tyrode
solution was incomplete In preparations with
bigher concentrations. Purthier longer action
made the 1nhibition irreversible.

\hether this Inhibitory cffect on the electric
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HABITUATION OF NYSTAGMUS AND SENSATION OF MOTION
AFTER ROTATION

D D Johnson and N Torok
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The babituation effect of repeated rotatory sthnula-
tlon on pocmal young sduhs was stodied. A total of
0 identical rotatory simulations were applied and
the p ¥ ny wn regh by the

Le, varlable respormses bt no signs of habliastion.

The present study will be concerned primarily

with tho nystagmus response as induced by

means of a rotatory acceleratory and decelera-

stimulatron as well a5 the sensation of

ing. experienced following a complete de
teration of the rotatory stimulus,

Hundreds of studles have concerned them-
selves with the variables of the rotabon-
induced nystagmus. One of these variables is
that of habltuation. The term habituation™
a3 it refers to the mystapmus reaction was first
introduced by Abels (1906) Henriksson ef al
(1961) utilzed the term to indicate the pheno-
mencn of progressive reduction of the nystag
mus response to cither repetitree rotatory or
calonc sttmull. Bven more specifically Barber
& Wright (1967) have defined habituation as

a response decline doc to repeated pemicr

process of habituation was orighnated by Hal-
pike & Hood (1953) m an effort to clminske
certaln difficulties of terminology coacorog
the effects of fatigue and edaptation and o
allow those authors and other rescarches ®
speak of the habltuation process witbout speck
fying which of the two phenomena (Tatipse @
adaptation) was the eausal factor

Habituatton as it concerns rotation-indiced
nystagmus

According to Griffith (1920) the method o
rotation to elicit & nystagmic reaction was
used by Purkinjc as early as 1827 and almst
every Investigator gnce his time has ued K
in one form or another Habituntion of the my¥
up-nmmpunutotbu:mwrymmﬂﬁ“’
been observed In humans by many researcher:
However the procedures for measaring aod e
cording thelr objectlve respomses havo vaned
widely moking it difficult to deterod®
whether thelr specific experimental coodition
could have caused the apparcnt varisnce {2
their reported results For example.

1 Dodge (1921 19?3)utﬂmtdlckﬂd'¢)‘
fechmique to record the mystapmm #nd, VY
means of a mirror recorder recorded PO
graphically the eye movements that were bid-
den under the closed lids. Results deme®
stated that the ampliode of postToUti?

decreased from

gmus  (after-n; )

cular canal stimulation, calorc or .
The term  response decline  to describe the
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w3 aho a tendency for the amplitude to de
aere from record to record withln each ex
permnental day”

2. Griffith (1970) wtilzed an open-cye tech~
okqoc with an cxperimentor counting and re
cording the mmmber of mystagmos responses
Ax acceieranon to full speed of 180 fsec was
chtained In ooe sccond. After a gradual stop
the postrotatory nystagmus reIpoASCs were Te
corded and led 1o the following conclusiom
At turming i repeated from day to day the
dorttion of the after-pystgmus, the mumber
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ter parameter of mystagmus Intensity Of 1m
ponmmth:pn:umpuptrmurlmthnt
the resalts indicared that po sign of habitua
tlon existed. Moreover an Incresse in Mtensity
with repetition was seen fn two of the eight
sobjects

The above few examples Mustrate the pomt
that & nystagmus respoase decline does appear
to occur under some cxpenumental conditions
while pot wnder others. Possible important
nrinhlcuppeumbc(l)\hccondn)ono{mo
mwmmopcnmdnnmdinhshnm
in darkpess, or chosed during the recording of

The major part of this decrease occurs within
the finst few daye, The decrease takes place not
oaly from day to day but also within a period
o ten triah on xny single day The ampliade
of the ocular movements and the number of
oovenents made per second also decreasc as
repetinons Increato™ It was abo found that
“te time [duration] of mystagmus changes

the and (2) the method of evaluating
the nystagmus responsc ({requency couat, o
phase veloaty ovstagoes daration, or amph-
tude of the nystagmus) Many other vanables
appear 10 exist such as stimulation strength
obulneddmhgthecuumo(uchtthtbe
ate of alertness or relaxatlon of the subject,
direcbon of rotatlon, time Interval betwecn
i o Tidl

“h“lﬁpccdnlm;nﬂonandwimﬂnnm
ber of revolutions and that it iy Increased when
the ehair Iy abruptly balted™

3 Brand (1968), utilinng a closed-eyc tech-
nique for ex

test,
(mveﬂlbulﬂrldmuhﬁommdlunohﬂlnd
light)
Onc of the purposes of the present study 18
(o demonstrate that under certain controlied

Posed s subects to varkoms degrees of angular
wrtlenauon from a2 mintmom of 7.5 fsec to
& marimm of 60 /sec In varying orders. Us-
g 4 weasure of the angular velocity of the
tlow phase of the post ro-

dits it bs possible to perform several
comecutive trials utiling rotatory stimoll
without producing the phenomenon of “hatd
tushon  Or mcd:dim"lndhﬂal;’m:-
athons itm:ybeneccsurytorepatccﬂlln

#onses, be wag abls to ato that habi-

test p d On the other hand, it has been
ntloned (Guedry 1965) that the effect of

taton did occur on the fint threo of nine
Cﬂ:cmﬂv:dminmmht}wnmw-yum:

h turning
4 Torok  (1969)
Bed  ohotoed
(PENG Nykiel & Torok 1963) with goggics
Over open eyes In darbness. Wesker (45 [sec
end velocity followed by & sodden stop) rnd
stronger (90 /aec followed by a sudden stop)
rotatory st were ered. A

utllized a standard-
hi

i responses, nystagmus frequency count and
slow phuse velocity was carried oot It was
coridered dimt the focmer fs possibly the bet

rupnmcdccllncmlylntlorpcrlod;dday:
or weekn Therefore, it would be of import
ance to determine whether or not under certain
test condifious a responso declme may be cli-
minated fn splts of repetitions of stimulation.

Habltuation as I concerns rotation-Induced
subfective sensation of movement

Many rescarchers (Griffith, 1920 van Egmond
et o, 1948 Hallpike & Hood, 1953 Henrlks-
son ef of 1961 Aschan er o 1956 Forss-
man, 1963 to namo & few) have studied the
perception of movement which occurs during
and after rotatory calone or other sthmull

Acke .
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This phenomenon s often described as dizzi-
ness, sensatfon of sphnning, sensation of move-
ment, et Concomitant with the sensation of
dizziness elicited by vestibular stimulation, ap-
fonomic nervous reactions frequently occur
These reactions may tke the form of nausen,
vomiting, persplration, flushed face or faclal
pallor etc. These reactions hove been reported
1o show a response decllne (Loch & Haines,
1946) but this should not be equated with the
concomitant perception of motioa which is of
interest in the present srody

In the present paver Interest in the response
decline of the perception of motion will center
upon the problem of fts occurrence with re

This condition of relaxed mental alertness
was also noted by Torok (1969) In reference
1o the climination of habituation of the wy-
lagmus response He referred to thos staie
one of relaxed attention™ Torok bndicated
that relaxed atiention could be brought aboxt
simply by instructing the subject to “keep ki
cyes open in the mid-position, and to awd
blinking as much as vossibic™ To prevent the
effects of eye fixation from light or other &
trancous atimuli, the subjects cyes were Lept
open in tolal darkness with the we df
the photoelectric nystagmus-pick-up poggo
(PENG)

Thus, It will be poted that under certae
test condi some rescarchers have food

peated rotntory stimulath fally ms It
occuns in conjunction with the deceleratory
phase of rotatory stimulus. In his study of the
“Post rotational  turning sepsation™ Brand
(1968) pointed out that there was  clear evid-
eoce of a response decime protrably attri-
butable to habitvation peocesses which are
akin to the ‘tolerance which develops on re
peated exposure to other {oens of unfamiliar
tabyrinthine  stimulation™  Guedry  (1965)
stated that the major responise decline seemed
to have been restricted to the  unnatural antl-
synetphe semsory Input occasioned by heed
movements during the whole-body rotation”
od that (for cats) it may be specific to the
ection of response repeatedly elicited doring
bitustioa

Benson et al (1966) stated that thelr experd-
ment  demonstrated  upequivocally that the
dunation of the reported after-sensation evoked
by an impabive angular stimulus was [nflu-
enced by the instructions recefved by the sub-
jects” Ako mentioned was the [act that
strong  Instructions could Increase the
daration of the after sensation, thus eliminat
ing the effects of a response decline while
weak” instruction allows habrtuation to oc
cur Althongh there wus no proof that intensity
of arousal was eohanced in the strong instruc
tion condition, the authors foferred that this
provided a defiute posalbility for the presenco
or absence of habituation of after-semsation
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It possible to elimlnate the effects of respoose
decline of the perception of motiop. Hulk &
Joungkees (1948) attempted to fumish Informs
uon for a normal  sensation cupulogrem &
rived from the Information gathered froom kst
ing 50 pormal subjects. They thooght &
(from n diagnostic standpolnt) there s 13 mock
qQuantitative imporiance 10 be gleaned trom ¢
sensation cupulogram as from the nystzEme
cupulogram

In the present study It will be of et
to determine whether under some pre<sia-
lisked test conditiom the respoase declix
the perception of motion might be observed

In summery the two questions to be &
swered o this cxperiment are the fobowiE:

! Under some pre-cstablished test condé-
tons, s it possible to ellmmnate the cffecs &
response decline In the post rofatory Ty
mus response to repeated rotatory
tions?

2 Under the same test condstions, 1 8 P
sible o cllminate the effecty of respoa® &
cﬂnclnthcpoummmypcmeptkmdm
ment?

METHOD
Apporatus and conduct of expertmat
Rotatory stimulations wmperrumtdwﬁ"
votonteare Oy S
have been msed. Angolar acceleration 1t ¢




of 2.5 /sec? to a maxlmum of 180 /scc was
spplicd. This coastant velocity of 180 /sec
was mamntaned wntil all acceleratory nystap-
s had subsided completely as indicated by
the mystagmogram The chair was stopped -
santdy throogh sn electromagnetic brakung
mechambm camsing the coastant velocity speed
10 drop from 180 /sec to & complete stop in
b than onc sccond. Nystagmus was recorded
by meam of the photoclectric

(PENG) described by Torok ef af (1951) and
Nyldel & Torok (1963)

The subject was seated comfortably and the
followiog Instroctions were grven. In a few
moments, the chair In which you are scated
¥l begln to torn. However this movement
“mPl'Dblh*ynotbcnpidmmghtoumcmy
pparent scomtron. It will turn for appe
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nique for counting nystagmus In five second
Intervals was utllized and has been described
fully by Torok (1948, 1966) and by Torok &
Derbyshire (1969) In accordance with Torok s
findngs (1968) the frequency of the fast phase
of the nystagmus responsc was used to estab-
fith nystagmes Intenuty Between two succes-
sive trials, a five mimito rest interval was al-
lowed. Durmg this penod, room lights were
torned on, the adapter plate opened and the
subject wsked to relax hm eyes by closing or
opening them as desired bat the poggles wers
not removed.

Dauring each of the four test days extending
over a two week period, five trials scparated by
five minute infervals werc sdministered making
2 total of twenty trials for each subject.

mﬁynnﬂm:.(oﬂcwtdbylmddcnmp.
You will be warned fust praor to stoppmg the
ciar It & important that durlng this enure
Procedare yon keep your eyes stralght forward
=d do pot bitnk. After the chair has stopped,
¥ may have the sensation of moving in the
opasite direcion. Immediately at the begin-
g of the senmation, you must say NOW'
m“%hﬂmmﬁnzmlbndh&p—
Peary, you will fndicate it by saylag 'STOP ~
m‘hhﬂmammmemdmmau;h,dxy

P P of was ded by
the examiner marking the beginning and end
of the sensation directly on the graph paper
as Indicated by the subjects NOW™ and
“STOP™ responses a3 mentioned above.

Subjects

mmb}cmcmtedofﬂwwlum!un
men and onc woman, aged 20 to 36 years.
None of the subjects had any history of neuro-

WOt repeated until the subject d he drug loa for at least 24 hours or
wedersiond ) clprmnnnok}ng{mukmawbuurprhr
Following the imtructions, the p i tothe test tion was allowed
:ﬁemplmdmttnwb}ccucynmd

hq’m‘dﬂ]iﬂLphtemomq'cdbvmd RESULTS

to be b
ot a 10° cye deflection to keft or nght corme
tponded to a 10 mm pen deflection on the

recordmg graph paper The subject s bead was
®en placed to an approumate 30 forward
Position (xnd held m pontron agamst a bead-
50 o invure optimal stmulation to the semi-
Sreular camals The sdapter plate was fhen
€lored and ol room lights turned oft.
D‘““Blﬂphmo(u:mrmdso!mn
rupmsesmcmxdevmhmndud
D’mﬂlphmdnucqmpmenx'hhh-ﬂmn
meelmmnﬂyfk'td-Amcb—

Habltuation as it concerns rotation-indwced
nystagris

This preliminary study was designed primarily
to deternune whether it would be possible un-
der certaln controfled cinleal test coaditions
to prevent respomse decline  in both the post
rotetocy noystagmos and  after-senvation of
movement. The dexign of the stimulation sericy
a3y described above allowed the experimentor
to look for any effects of habituation within
indvidual tests on a smgle day ns well wy (e
same effect over an extended perkul of time

1 hitihdar e
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Torok (1969) stated that it & possible under
certain test conditions and without the aid of
especially designed arousal techoiques such s
mental arithmetics to keep the patlent in a re
laxed condition of mental alertness These test
conditions are met In the PENG technique
which employs the use of speclal goggles with
2 photoelectric pick-up unit. The technique al
lows the patient to keep hhs eyes In a relaxed,
but wide-open state while maintaming dark
ness to prevent fixation oc other tervenung

vamables d 1n 8 light envi
It was obscrved that pot only was there no
sign of habl in the

with repeated stimulation under these condi
tions, but two of cight subjects actually dem-
oastrated an increase in nystagmus Intensity
with repeated stimulations.

Some of the resulis of the present study are
iliusteated m Fig. 1 which s an averaged post
rotatory mystagmus frequency count for the
fist and fifth trials for all five subgpects over
the foar testing sesstons. This figure demon-
strates that for five subjects with normal hear
ing and vestibular functions and utilzing the

Table | Comstngency table d vt the
actwal rumber of times the aystagrens frequency
cowtt of Trial 1 was greater than that of Triel 5
and the probability of swch on erent

No. of actial Protabrdty
Trial no respome occorences  of ropome
1 19 a8
s [ a3

sponse phenomenon was observed to exbst be
tween the trials of all subgects durmg of of
the test days n the series. Also evident in fhe
figure Is the orderly fashion in which the »-
tensity increase has occurred thropghom te

entire duration of the response corve.
Accepting the hypothesss gencrated by pat
work concerning habimation, the frequesy
count of Trial 1 will always be greater tn
Trial § The Sign Test was acplicd to a suzpe
of palrs of observations (Tnal 1 verus Tod
5) Table 1 ks a contingency table msde oo of
these sample pairs of observations. It ¥©
found that only 19 times out of 85 was tie
f valee of Tral 1 grestet

test conditions referred to above, hab
does not occur with repeated stimulaton. Also
indicated in Fig. 1 »s the fact that an mtensity
increase from Trial 1 to Trial 5 occurs
roughout the entire duration of the post
atory nystagmus response  Although not
_ own in the figure this eahapcement of re-

) I

—

than Trial 5 Utllizng the values in the cov
ljn:cncyubk.z’mwmtcdcmhywd
the following formula,

2ml
VN
This data yleled a z* valoe of 788 md %
verted to a Z seore of 2.81 Entering a nord
distribution curve wath this Z value yielded =
alpha of 0003 Therelore, the

found could enly occur 0.3 percent of the %
by chance. Now the problem is how to cuss®
ponmutm'ycntnncem:moffﬂm‘mm
petition of the stinmulus.

- A

DISCUSSION

In order to explamn the conditions oecesS
for the elicitation of respome

with repeated atimmulation, some of the fol7¥

1mg condltions will need 1o be cxamined:

1 Eye condition Will respoase cnbt™™



ment occur tmder all open and closed eye con-
dmons? Brand (1968) demoostrated that habi-
tmahon occors when the closcd-eye techmique
b esed In conjunchon with the ENG technique
of rerording the post rotatory mystagmus fe
spoese Griffith (1920) demonstrated the pre
sence of | of the nystagr P
with an open-cye technique in a lighted envi-
ronment with an experimentos counting and re
cording the mumber of mystagmos resporses.
Tordk (1969) has indicated that the effects of
hab af the mystagm; p can be
efiminated by the we of PENG (open eyes in
daikesy). Therefore, unce the PENG tech-
Dlque was utilired m the present study it seems
ez to determine if enhancement of oys-
Bgmes response occurs under other eye con-
ditloes 21 well.

2. Instructional technique Is the method of
strong mstruction necessary for eliciing en-
hancement of responsc? Benson ef al. (1966)
Wort able to show that the decay of post-rota-
7y mystagmus was peolonged by the effect
of strong fostroctons, In the present study
Te ingrechom have reeeived  additional
strength, perbraps, by requesting the subject to
obcrve and mdicate the duration of the afier
xmaton of movement Torok (1969) has in-
dﬂ‘tdihnlmr;l:mrwhunmhumuep
B cyes open, stralght ahead end without
binking for the duration of the test Jend
coough strength to prevent habitustion o nys-
‘gmos response. Therefore, during fotare ex
Permenty it will be pecessary to determine
wixther ths simple instroctional techmique will
Fuffice 0 elicTt response cabancement with re
Peated stimulation.

3 Type of simulus Does response en-

003 of the present stdy- that b, an acccle
"‘“’“pecdolu [sec? in m counterclock
I;dﬁ'tcﬁonmlcnm‘mmgulnvelodzyd

ll-‘.l:tnl]omdbymlhn—upidcoe!mmu?
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counterclockwise) apparently had no effect on
the post rotational mystagmus responss &5 cal-
culated by & measure of sngular veloaty of
the slow phasc allowing the cxperimentors 10
combine the valoes for rotation to right and
left, Henrikssom er al. (1961) have demon-
strated the effects of babituation on the calord-
cally Induced nystagmus respamse Thas, it il
be tmportant to demonstrate the presence or
absence of cnhancement of rospomse under
some of these varied expenmental cooditions

sponse has been establshed with nystagmus
frequency mied x5 a measure of response in-
tensity Hood & Pfaltz (1954) have noted the
absence of response decfine in man following
calorkc stimulabon when the duratoa or fre
quency of mystagmus were used as measures
of response intensity Brand (1968) utilized the
measure of slow phass velocity to demonstrate
the presence of habitnation of the post-rota-
tory nystagmus response  Although Torok
(1969) has demonstrated the cffectivencss of
the frequency count as a measore of the io-
temity of the mystagmus response, a future
study shoald aticmpt to determine whether o
not the angolar vekocity of the slow phase will
demonstrate the same type of respoose en-
hancement that a count of mystagmus frequ-
ency did In the present study

5 Pre-establithed mental set. The cohence-
ment of the Y p
could be dependent wpon the mental set with
which the subject first enters the test cnviron-
ment.

Daring the present cxperiment, it s possible
that at least two varfables were contributing
factors for the pre-establkhment of a mental
1ot on the part of the subects =y they fint
entered the test environment; (a) previous ex
periences they may have had in which diziness
and fts frequent coocommitant  autonomic

a the p
tohitution in confunction with several ac
a speeds. In the Bemsan ef af study
mﬂzdhmbuo!mdcn(dockwmm

nervous og some type of in-
tenss rotstonal stimulaton (skatmg, carnrval
ndes, etc) and (5) a concomitint Increase in
the mean number of mystagmos beats which

Acaanipnﬂ\
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Tabke 2. lilstration of the changes in means and
standard deviations of the mystagmus frequency
response taking place during the flrst twu S-second
{nterrals ocer 4 test xesstons

‘The figures Inckode all 5 trizh for afl § subjecty

I Ind

S-second S-srcond

Interval interval
Test

Mean FE.3 Mean o
1 1504 N 124 233
2 1564 2.61 14.08 210
3 1864 290 1384 239
4 1932 18 16.00 10

could be recorded with each subsequent test.
Table 2 Hustrates this phenomenon with the
means and standard deviations for the first two
five-sccond intervals for all subjecty Although
the differences from test to test were pot al-
ways significant, a definite and consistent trend
docs appear The same type of trend could be
scen for each subject within each test sessbon
Further cvidence in support of the possi-
bility of a pre-cstablished mental set comes
from consistent remarks made by all subjects
cxcept Subject 1 These remarks were to the
effect that whereas they hod usually ap-
proached the Initlal trial in each test with some
anxwety by the fifth trial they were somewhat
d, but actually enjoying their experience.
s anxiety over the imutial trial was never
_stroog during the It two tests and had
subsided almost completely as the subjects ap-
proached the final test session. Gnifith (1920)
received saimilar comments from some of his
subjects in his stody on the effects of dzzd-
ness. Thus, it scems plausible that the subject
may be entering the test situation wath a pre
establshed inhibitory set which may effect the
ystagm P Moreover rep d st
ulation withont apparent adverse ¢ffects may
serve to relieve the anxicty and thos, allow
for the recording of nysmgmus responses Ilke

¢ il ™
%gw willili
i i

Erm i
¥ -

o8 B

tason of durstion o

PORt-TOLSL0TY nmmmmd;mmaml’yf'"“ﬂ:
of movement following repeated rotatory wioosk
180" per second im & counterclock wi direction

Habltiation as it concerns rotation-induced
blecthe on of '
In this stdy one of the problems was 10 &
tempt to establish whether or pot under certi
tutcnndjﬁmunwuuldbepmnhkwdhﬂr
the effects of a responsc declne in the po%
rotatory perception of movement with repeed
stimulations The idea was that a stabie 1
;pozm:mlgmlmwlmpnrmm:\ttrﬂt'ﬂll:l-'h"i"i
standpoint.
chuﬂinvudpmunkendymﬁm‘:
noticed a response deellne of percepon
under ceriain ctineal text coof-

those seen In the response enh noted
w the present stody However much more

evidence 18 needed to suppert such a theory

Acse Osolarynt 69
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same decline with other clinical techniqoes-



Table 3 LMeon (20 trials) duration of post-rotatory

xrXagmm and perception of mocement responses

for 3 subjects

Stiobation in all ceses was an Jnstantaneom stop from
et velockty of 180°/sec counterciockwise rotation

Duration of post

Dwration of post Totatary perception
mttt) opagmes  of movement

Sabect

m. Mem . Man n

1 35 319 2130 .62

2 710 151 n% 416

H 563 298 140 156
3450 308 213 130

3 3718 236 n7s 20

&‘znlﬁm&mu&nd&
(o seconds) of both post-rotatory
g and pereeption of movement re-

]

1 .

% /i n & counterdlockwise direction. The

;:T'mﬂlﬂﬁwmbkcumrtponcdby

b munber In this representation, tt should
mmubsu-vcl.heeﬂecuofmyn

mdmﬁmboxhwnh].ntm-ndm

. Sabject 1 and I scveral in-
o Subpeet 2. However the reasons
l’"hnlv.mpmbublymttheumo
™0 mubjects. Subject 1 reporied that
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hec was pot sure of what he was to look for
and after Trial 1 it was necessary that he be
refnstrected. In several instances where this re
versal occurred for Subject 2, the duration of
the two responses was very close, and the re
versal might be accounted for on the baus of
chance vanation. The mean duration of the

F3 D for hundred trials (all
trials for all subjects) wus 34 07 sec with a
standard deviation of 598 The mean percep-
tion of movement durmtlon for the same one
hundred trials was 21 62 sec with a standard
deviation of 5 81

Table 3 represents the mean durations of the

post-rotatory nystagmus and perception  of

P and therr dard devia
tiors for all five subjects. According to an F
ratio performed on the varmances for the nys-
tagmus respomes, the results of Subject 1 are
significantly different (P—005) from those of
the other foar subjects. Of interest here i the
fact that Sabject 1 was the oaly subect that ap-
peared to soffer from the effects of the rota-
vonal expericnce and never felt  relaxed
throughout the entire test series as evidenced
by his auplaints of slight dizzi
and nausce, cic. This fact may bold Implca-
tions for the mresence of a pre-cstablhhed
ps grcal set loned above M
although the mcan durations for the other four
subjects are quite variable from subject to sub-
Ject, the within subject varmance from trinl to
trial mnd test to test 13 very somll and pot sign-
{ficant (P=005) Thesc facts demounstrate that
although tbe mean duraton of the post-rota
tory nystagmus response s Iiable to vary con-
siderably between subjects, thes type of objec
thve measure provides similar information from
each person.

The Fratio scores for the perceptoa of
movement response dicate that there are
significant differences (P =0 05) between almost
all subjects although the mtra-subject varis-
bility did not appear to be so great The wds-
cattons bere are that each subject fa responding
to his own concept of perception of movement.
Since thhs concept varies substantially between

Acra Orlery ng 69
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subjects, It does not appear to be an adequate
measure for dlagnostic use as has been recop-
nized repeatedly by clinicians,

DISCUSSION
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durch die photockkirischs Methode (PENG) reg-

wriert. Bel fm Dunkein geoffacten Augen wurde de
e Tntomsit

terachieds regelmas
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LABYRINTHINE DEFECTS AS SHOWN BY ATAXIA AND CALORIC
TESTS

A R.Fregly ond A Graybiel
From the \aval Aeroipece Medicel Inxtitwte Pessocola, Fla, USA

Reveived Angnst 20, 1969

Most of the Indrviduah with labyrinthine defects se
vere enongk 10 produce ataxba test  performance
scores within the Jowest 3% of the normal distribo-
tom aho showed thrahold caloric test resporsey
which fell withia the same range Simfarly almost
2 many individuals wiih & catork
text respontés also shomed poor alsa test perform
ance scorer Whike vestibalar influcoces goveramg
threihold calorkc lest resporaes sre far moce speci(ic
than those affecting resuls on the atsxiz tauty, the
high sgreement thown between resals of each in
groam of individusls with rarious lon or disturbancs

regard or misinterpret their handicap m poc
athietic ability”™ Moreover ataxia ;s well 8
o loss of scmicircular canal functon oy P
undetected during rootine medical cvakado
because of lnsuffidently precite measaeman.
Our findings with the threshold calorie iest 1
the quaatitatve ataxia test battery have b
15 to suspect shaormal scores on both i et
one s aboormal. The purposc of this repodt
s o d thelr d te viime B

of labyrinthine [unction implies & common
effect 10 a comiderable degree

As part of our study of the problems of mans
gravioinertial force environment in  space
flght, particular attention has been given to
testing the vestibular argans to determune their
lemmmslblhtytowuhundluchunm

onment. A threshold catoric test (McLeod &
Y, eeh 1962) and an stexia test battery (Geay
el & Fregly 1966 Fregly & Gruyblel, 1968)
were Imtroduced recently as part of the testing
procedure at thiv isboratory They serve as
raprd, reliable screenung tests for selectmg in-
dividusls without known labyrinthine defects
{rom those who have such defects, and provide
a means for comprehensively studying their
vestibular apparatus.

Slight, even moderate, degrees of vestibular
ataxis may go umrecognhed in persons who
either Go ot challenge their capabllines in this
Thit research was condncted nnder the sponsonhip
of thy Offics of Advanced Resesrch and Technology
Nesional A ks and Spaco A or
der no. R 93 -~

»
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dependently and foinlly besed oo an amh®
of the scores obtained on 365 individmbs i
sified cither as normal subjects or as peross
with varlous diseases and diorders of the e
ear

PROCEDURE
Subjects
The vestiular namal group comisied
240 men, m the age range of 17 to 63y
who had been tested by the threshodd
and by the aaxm foxt bastery The grom
cluded student military awators,
Navy enlisted yesearch subgects mcjd’:
dents, Navy decp sen divers, indmiduais ¥
vru'k:dt:&peﬂmmeocuuv.-mr!.(us'ﬂ-“”‘““Biwy
and civifian technical and scentfic
All wers in good health and free of wny k7™
vestibular disturbance, and had had beell
recent medscal and andiometrc
Tbegmupofpmentswuhmbd"‘d
mcnmdwmcu(N-76),mlhm'F“n§ﬁ'
18 1o 71 yeam, who were refeaed frot



nry eed evillan physicdans because of verbgo
© 2 major symptom or comolaint. The great
majorty of these referrals presented a diag-
nostic probkem  some had received a F

Labyrinthine defects 217

Jury and who were screened from a larger pop-
ulation of deaf students and faculty at Gallau
det College. All were in excelient health and
good to excellent physical condit

dispnoan, while the fymptoms of others could
mot be dlagnosed. Dragnoses of the remakning
few individuals represented the following clas-
sifications.  vestibular peuronry, typical and
aypical Menldre s postural ver
i, positional nysmgmm, labyrinthine artery
occhelon, post-traumate pscudobulbar palsy
womtic trauma, longstanding deafness, ortho-
static ighthcadednesy, cerchral vascular insuf
fickeocy and psychopenic disorder The bealth
aad physical status of thess patients were ade
quate for underpomg teshing.
The groun of bilateral labyrinthine-defective
(BL D) subjects comisted of 26 men, 18 to 48
Yerrs of age, in whom meningitls or mastoidis
bad develope ] eardy in [He. Ten of these sub-
X8 have participated frequently n the vesti-
bitr research program at this labocatory
(Graybicl, 1964 and 1966) the other 16 sub-
¥ with highly stmflar afflictions had been
n"—'ﬁntdfmﬂylmmlhrptpopuhﬁono(
deaf students and faculty at Gallandet College
for the purpose of thelr participating in vesti-
balar research. The health and physical status
of these mdruduahy ranged from good to ex
elent,
Eleven individualy constitated the group of
wiltteral labyrinthine-defectives (UL-D1) and
men and women, In the ago range
33 10 58 years, who were treated surpeaily
for acoustic neuroma (House, 1964) onc-half
YU {0 three yeans prioc to threshold calore
=d wtaxia testing. Thelr health and physical
s were sdequate for undergoing testing.
The poup with Meméres syndrome,
mtﬂdvthlﬁtpmmydnmlhmmnymnpn
Yiouly (Graybicl e ol. 1967) was composed
dlhfum4l$0|nd56\mo(-p,lnd
¢ woman, 49 years of age. Their bealth and
Physical status were adeqmate for testing.
Another group consisted of flve men, 21 to
uye-no(ng\:,l.nmmloulurnartmﬂ
deafoess had occurred as & resubt of bead in-

The group of congenitally deaf subjects con-
sisted of two men, 19 and 20 years of age.
and onc woman, 19 yeans of age As estb-
lished from avaflable health records, qoestion-
palres, and Interviews, all of this group had
been totally deaf since birth or before their first
birthday The ctiology was not known. Their
health and physical condition were good to ex
cellent.

APPARATUS AND METHOD

Threshold caloric test. The apparatus xnd pro-
cedures were highly similar or idembcal to
thase described previowsly by McLeod & Meek
(1962)

Rall and floor ataxia test banterles The
scven performance test Hems are described
here only boefly since detalled descriptrons
have been previowsly published (Graybiel &
Fregly 1966 Fregly & Graybiel, 1968) The
tests were administered in the followmg sequ
ence- (1) Sharpened Romberg (SR), i
of standing on the floor with cyes closed for
60 sec (2) rail walking and rail standing (3)
standing on one (esch) leg oa the flooc with
eyes closed far 30 sec (SOLEC R and SOLEC
L) (4) walkmg a 12 foot linc on the floor
with eyes clored (WALEC) scored as inches of
deviation from the line Rafl walking and rail
standmyg comsisted of (a) walking with eyes
open (Walk E/O) on a /ginch by 8-foot rail,
scored ws number of steps (maximum of five
steps per trial) (b) standing with eyes open
(Stand E/O) on the /cinch rall, scored to the
nearest second (maximum of 60 sec per trial)
and (c) standing with cyes closed (Stand E/C)
on a2 / by 30-inch ral. also scored to the
ocarest seeond with a maxmpum of 60 sex per
trhal

RESULTS

The dbtribution of the threshold calordc re
spoases of the pormative” growp and of the

An-orob‘y}



218 A R. Fregly and A Gravbiel

group of paticats referred because of vertigo
are shown in Tables 1 and 2 respectively and
the Individual threshold caloric test responses
in the five other groups of subjects are shown
10 Table 3

Abnormal” threshold caloric responses are
defined arbitrarily as responses having & 5th
F tile or lower equival (<345 C I
relation to the distnbution of responses in tho
less senutive ear of the normative group (Table
1) Similarly abpormal ataxia fest perform-
ance skills are deflned arbitrarfly as scores
having & 5th percentile or Jower equivalent in
relation to normatlve standards of performance
in various age classificatiom, as reported ehe-
where (Graybkl & Fregly 1966 Fregly &
Graybkl, 1968) For example, scores having
5th percentile rankinps in 8 control (standard
iratron) group of 17-42 year-old normal men
were 171 (SR) 6 (Walk E/O) 11 (Stand
E/O) 15 (Stand E/C) 56 (SOLECR) 59
(SOLEC L) and 24 (WALEC) and In a con-
trol (standardiratron) group of 18-29-year-old
woumen the g scores were 35 5
11 16 27 36 and 24 on these tests

Table | Frequency distribeition of threshold
caloric respoase levels and their percentile equi-
ralents in the comtrol (mormatice) group of
“restibwlar normal” AMen (N ~240)

tted hine - ertwtrary cot-off crierion of “sboormmaBity”

Lers senmihe ear More serastna ear
Responss Respoost
interval  Percentile ioterval  Perceritie
¥oCO equiviient N (°O) equivalent
I »360 Mth-99th 201 3.0 1Tth-9%th
2 358239 Mrd 15 358359 l&h
14 356-357 24th 10 356357 10th
10 354-355 1%th 7 354155 6h
10 35.2 353 14th 4 352153
7 350-351 10th 2 150-351 1st 2nd
MM Th 0 HE-H9
1 M6HT Sth-6th 0 MeMT
IR 1oMAMS Im
2 52633 Md
1 36325 2nd
4 206305 1st 2od
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Table 2. Frequency distribution of threshold
calorle responses in patlents with rertigo (X~7)
Dotted fine = acbitrary cut-off eriterion of “sbocumig

range s kwm car scnitive e
N om) [yo)
M 21-69 134 3D 360-358
§ 2761 423 353359 358366
6 150 443 336357
11 2068 390 354355 354-3654
1 68-72 MO 352 353 356350
4 4169 35135 350-351 158-364
o Heuy
o 67
3 250 327 1BEHS
2 20-53 415 326-338 M2 360
1 n 20 24
2 410 206305 126362
2 41-58 495 116-MS$ 13.4-362
1 410 106-115

Group differences In abnormal responses io
lests

As shown in Table 4 the threshold alod
respoase of all of the BL Ds, Menirs [+
tients, and UL-Ds were aboormal as defisd
by the arbitrary cut-olf crterion, 60% =t
67% of the bead injury deaf and congemtaly
deaf indrviduals, respectively and 14% o B¢
pateents with vertigo also had abpormal o
hold caloric responses. The group differencss
In the frequency of abnormal ataxia test oS
very nearly parlieled those 1 calodt ™
sponses. Geperally the greater the vestibalst
lou.hlhcwnbydccrm.wdrwwﬂb
ne stmulaton I the less seasitre e &
greater was the likelihood that such joss wookd
be reflected also by impaired amxi test T
formance Of fnterest was te fiod-
Ing that individuals with various Joss of EbT-
rmthinc foaction were more oftea =
being abnormal by thelr floor ataxia ¥t B+
tery scores than by thelr rail atexla test b
tery scorcs,

Between-test predictabillty

The pereentage of subjects 1
aboormal ataxia test scores who
nommal threshold caloric test respomsh

cach groop *B
also bad 1
ol
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Table 3, Threshokd calorlc test responses of earfous groups

WD Bbneral mbyrinthine defective. UL-D = Unilateral -defecth e (surgically treated for ecouslc Deg-
tom). WP~ MexSbre's patients trested whth strepiomycin sulfate. HID ~ Hesd {njury deaf CD ~Congernally deal

Theeshold catoric respocses Threshoid caloric respenses
kb InC S W C
Gmp et Rightear Leftear Group  ject  Rightar Left eas
ub 1 Negwmlop Neg. ot 109 BLD 26  Neslof Neg 19
xD 2 Norspome ~ ULD 2 152 Net 1
D k) 100 100 UL-D 2 366 Neput S
KD 4 Neguzs Neg. 123 UD » 3D N 19¢
i S Negatln Neg. t38 uLdD  ® 158 Yre v
B 6 No respomse ULD 3 Neg. a1 9.6
= 7 Reg at 23 79 UL-D 31 360 Nep.at96
! Neguwg Nep. st 26 UL-D 3 Negmi00 14
o 9 93 NIL ULD  3* Negpalod 362
u_g 10 1090 1.0 UL-D 5t Neg. at 100 360
o 11 23 23 ULD ko Neg. a2 10.0° 362
2 Neg at 100 Neg.at 102 ULD 3 354 Neg. at 104
3 L] 244 140 MP 1 s N at 120
Ep i Nauss Nep.n29.6 MP ¥» Nauzo 2D
np 3 Rauss Rer. n198 MP © Neg. a1 120 Neg. 2t 120
16 Neg. 196 MP al 206 Ney, at 120
O Neass Neg. w198 b e 320 20
m n Neg. 293 HID 0 342 10
n i Negp. st 98 Neg 2198 HID o 156 356
b Neg 2198 Neg 12100 HID 43 154 84
2 Neg. ot 100 Neg. at 100 HID 45 Neg. at 110 Neg ut 110
,ﬁ R Negausa Neg. 12102 fon} I N w94 Neg. at 104
wo s Neg a1 9.6 Neg 21100 @ 43 300 50
o ol Neg st 102 Neg. a2 108 [« o 152 My
23 Neg at 9.6 Neg at 102

Radl ataria test batkery
Threshold Floor atexia teat battery
alre Wik Sand Stand
BO ER  SOLECR SOLECL WALEC
L‘""nm N <) M = (X} (W) %) -
Notraly 40 3 3 4 7 3 4 k)
Prhects with vergo 75" 14 8 % 2 3 B as 2
h-m:yu 3 67 0 o n &1 13 & 61
daa! 3 0 © @0 © «© © w0 40
Ucdat fabyr gofect. 11, 100 [T T T 4 46 “ 100
Maciire'y patheats 4 100 3 N 71 00 100 100 100
Bulet, mbyr -clact. 2% 10 T % % 100 100 10 100
N SOLECR and BOLPC-L, N—147 oo WAL PC.
=11 on SOLEC R and SBOLEC-L, N=3t ca
Iom L and WALEC.
13 Tesmes AcaC
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Table 5 Group differences in relationships of ataxia test battery scores to threshodd calorie retpony
NA =Not applicable. Codumn A = Pereentage of with
g0 of subjects aboormal ataxia test scores who abo had abwon

Colanm B = Perventage of subjects with abnormal

test responses.
who alto had abnormal ataxta test scores

Rail ntaxia test battery

Walk E/0 Stand E/O Sund EC SR

Suhject groups A B A B A
Normaly [] 0 17 on 10
Patients with vertigo a1 0 35 35
Congenitally den! NA 0 NA 0 [0
h‘\cn'y 100 100 100 100 7

Unihat, byt -defect.
¢ -heuromm) 100 18 100 12 100
Mendéren 100 25 100 50 100
Bilxteral kabyr -defect. 100 72 100 %6 100
1y the p of subk in each

group with abnormal threshold caloric test re-
spomes who also hed abnormal ataxia test
scores are indicated in Table 5

Abnormal ataxia test scores were found to
be highly predictive of abpormal threshold
calonc test responses ot only of indinduals
wrth bilateral or nnilaternl labyrinthine defects
but also of the coogenitally deaf and bhead in
Jury deaf

Morcover more than twice the percentage
of patients with vertipo who had abrarmal
ataxia test scores than of pormal indviduals
ho bad such scores were identified also as
aving aboormal threshold calorkc test re
spomses. In the groups of UL-Ds, Menlires
patients, and BL Ds predictability was perfect,
fe abnormal scores on cach of the seven
items comprising the rail and floor ataxia test
batterles showed maximum (100%) prediction
of abnormal threshold caloric test responses.
In all five groups of subjects in which VITIth
perve involvement was certaln (patients with
vertigo and the npormals excloded) the
WALEC test was the bert single predictor of
abnormally redoced  senstivity to  calaic
stimulation of the vestitlar organ.

Stmflarty sbnormal threshold calorsc test ro-

were highly predictive of abnormal

ataxia test scores (B columns, Table 5) In the

Acta Opolary £69

calorie text respon

Floor atmxi test batiery
SOLECR SOLECL WALE
B A B A B A B A

3 11 10 3 0

1
35 2 53 14 14 9z
30 100 100 100 50 100 100 100 K
100 61 6 75 100 75 100 10 &
18 100 64 100 46 100 & 100 K
75 100 100 100 JOO 100 100 100 IO
$ 100 100 100 J00 100 100 10O &

group of Menidre s patients and in the grow
of BL Ds tho prediction was perfect n th
four Items making up the floor ataxls test bat
tery and was sybstantial (25 % to 9%6% sprc
ment) on the rail staxia test battery In th
remaining three groups in which VIIth perm
involvement was certaln (UL D HID &
CD) 18% to 100% of subjects with aboormt
threshold caloric responses also had impake
pastural equillbrium. An Impressive 14% &
55% of putients with vertigo who were kiesd
fied as having abnormal caloric thresholds aix
were {dentified as being ataxic, wheress oo
0% to 17% of the normals were so kentificd

Geperally scores on the WALEC and SR
tests wers the best predictocs and thoso of B¢
Stand E/O and Walk E/O tests the pooret
predictors of aboormal caloric respoases. It 8
appareat also from results in Tablo 5 that 8%
mnmu|tl.xl.atutsct:vresl:vrcdx:tcdll’“‘“""ll
caloric responses better than aboormsl calr®
responses  predicted aboormal  ati =
scorcs.

It 1 of further Interest to pote that, i
group of patienty with vertigo those who B
a <5th percentile lovel calorkc response ¥
Interally did ot differ in the extent of B
mxh(tm;uzncyo(nbummﬂmﬂﬂw
of the test batterics) from those who bad <33
percentilo Jevel caloric responses



Tkm from the standpoint of an ataxka test,
birteral Joxs was equivalent to wnilateral loss
of horzootal camal y to threshold
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mal individuals had hotd values b
»354 C i the more semitlve ear The latter
is identical to tho average respomse found cark-

cdone storulabon. Simflarly  in this same
poop, comparson of the most ataxk indivi-
duk on the basks of the percentape of ataxia
sty on which scores fell <5th percentile bevel
reraled 20 systematic differcnces in caloric
Greshoids I the (1) less sensitive ear (2)
wore sesftive ear (3) mean responses of both
e, (3) between-car differences in respoimes,
0 (5) frequency of uailateral versus bllateral
mpoeses CSth percentlle kvel. It B note-

fer in both ears in a different, although pro-
bably equivalent, sample of Indrviduals
(McLeod & Meck, 1962) The 09 C differ
ence In threshokds between the moce semltive
and the less seosittve car at the Towest 5%
of the distributions and the lesser difference
in thresholds betmecn ears at other points on
the distribotions (05-06 C) if shown to be
rellable upon testing of larger samples of indi-
viduals, may have both practical and theorcti-

vorthy ako that the fevels of th td coloric
respomses In this group (Table 2) were inde-
pendent of ape and sex influences.

COMMENT

:Mydm threshold calonc test and
snh text battery mutwally to identify
o indivd with severe 1 or bk
Bteral bryrinthine defects was of a high order
At the lowest 5% of the calorc test and staxia
5t scory distributions, at least, ataxia test per

cal implicath In additton to & need for sta-
tstical crossvalidation, clinical validity of ca-
lork findings at the lowest ends of the distribo-
thon i destrable.

Among the twetve normal Indinduals having
the lowest respoases In the less sensitive ear
four were Navy decp sea dovers who have des-
cended to 200 fect using only scuba pear one
suffered a ruptored ear drum doe to blocking
of the Estachian tobe during a low pressure
chamber descent and one had sustained
broken neck in a racing car mithap many years

fomeence skills appesr to have a re-

with sensivity of the borbroutal
*ucielar camls o calorie strmulation In
bper sampies of Individaals who bave variows
%% of labyrinthioe functioa, it would be useful
¥ e other cot-off criterin, rangmg from the
Wnest 1% 10 the bowest 15% or more. In large
Suples, moreover  correlation, mcludng

a3 testy and the best combination of those
U3t thet could reflably peedict, and be pre-
deted by (hreshold caloric test respomscs
From present mdicanons, &t appears tbat e
it on the tests perfonmed with eyes cowed,
Puticdady walking, woukd be expected to
¥ield the highest relationship to results of thres-
Bold cajone testing. Exploitation of such reia-
tomhips I the Otoncurology Clinde thows
Promke of having considerable practcal vatue.
The threshold calorc respon dardy
%€t forth in Table 1 show that 95% of nor

previomly The Ing six Indrvid had
ether slight unilsteral hearmg losy, as estab-
lished by avdlometric testing, or complets free-
dom from sy clinxcally detectable otoneuro-
logical defect.

The Kentification of far fewer patlents with
mupth:nlnd}wdmhmmmhby
rinthme defects a3 abnormal ou the ataxha test

lﬂtﬂ.mﬂldmhemby
any single crite
ot e bariog been referred by an
et o aotop. The dagnostie classh
threshokds those having aboormal catonc
(ttres), mg,,,hdhm, MenRros  syndrome
mycm deat; oeuronitls (onc) - strepto-
Bets (00e), severe undateral deaf
ness {two)  paroxyumat positional  vertif?
(m Tertignons epllepey (one)
Ehm"“qitdmfmlmdivﬂﬂ‘*’

o et
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might be regarded as being in better health and
physical conditron than a rsndom sample of
Individuals from a peneral, nonmilitary populs
tion, normalty vi. shnormality of the vestl-
bular organs however did not operato a3 a
selection factor Hence our sample is probably
representative of normals in terms of vestibular
functlons. But to an extent that “supernorma-
lity™ was a slgnlficant factor in the calorkc
ataxia test relatonships demonstrated most
likely an even larger percentage (than shown)
of our subjects with various losses or dhturb-
ances of vestibular functions would have been
classified as abpormal on cither or both types
of vestibular tests employed o this study
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med to audy  fechnique  (Farmsworth, 1940 Luchsinger
folds. A 1954 Moore & von Leden, 1956 and
1958) Both methods cmploy a taryngeal
mirroc and 0o articulatory movements can be
recorded, made during the examination, In some persoas,
Dehodt  the anatomy of the phasynx and the 1
also restricts the posibilrues for visuallzing the
i ) oo voalfold:mthﬂnudo(u,cmpﬂ h
ampliciry of  pplica and thesc two methods are not sed for

appre  cxsmination of the vibeating vocal foids,
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fontine when

Moarimesy or other vocal disorders (Timeke,  corresponds wy g,
1956 Van den Besg, 1959 Scboblir, 1960) fd;i: vixation: of the voo*!
The method Is limited, however becauso no 1957 Fapeg

COMimnons rocording can be made of the v graphy Thy tntroduced  electrogtoS
bratory cycley but only sbort fragments from
Comsecutive

Wmﬂmdzmdnemﬂnhlwhd—
¢ (Touth, 1954) and cho bigh-apeed Oim  dwng



24 C H Hert etal

cach other or belng separated, b presumed to
reflect the vibratory movements of the vocal
folds. An improved version of the original
Fabre clectrical glottograph has been found to
glve promising results, especially when stody-
mg certain parts of the vibratory cycle such
as, for example, the tramsition from open to
closed phase (Fant 7 af  1966) An acoustical
method for studying the vibrations was intro-
doced by Fant in 1961 calied the Iaverse
filtering or antiflitering technique The method
is based on the principle that the formants are
cancelled from the speech sound and ghve a
signal which s presumed to be the primary
lnrynx sound source This, in fact, reflects the
volume velocity of air passing the glotts, In
experiments combining the Inverse filtering and
the photoglottographical methods, it could be
shown that the inverse filtering method gave n
signal very similar to ths glottopraphleal sig-
nal (Fant & Sonesson, 1962)

It must be streased that great care should
be observed when recording the speech sound,
and so far the experience of the method in
routine examinations is limited.

In recent years, roentgenographic studies
have been made for recording the vibratory
pattern of the vocal folds (Hollien & Curtis,

60 Hollien e al  1968) Especially strobo-

pic laminography proved to be mseful in the

ctional study of the larynx, as shown by
Hollien ef al. (1968) Delicate movements of
the vibraiing vocal folds cannot yet be re-
corded roentgenographically

In a short paper Mensch (1964) presented
an ultrasomk recording of the vibrating vocal
folds. Unfortunately the traces do not permit
any analysis of the vibratory movements in-
volved

In the present paper a preliminary report
will be given of a laryngologic ultrasonogra-
phic method for stodying the vibratory move-
ments of the vocal folds. The advantsge of
this method is that a continpous recording can
be made of the vibmatons without mterfenng
with the articulatory movements and without
putting any digurblng instroments into the

Acta Owlaryng 69

mouth or pharynx. In fact, the ultrasonle tech-
oKue Is very soltable for stedying the larx
because it contams alr which gives a mad-
mum reflection of the ultrasound beam.,

METHOD

The ultrasonic echo method has been used for
the study of the vibrating vocal folds, The
measyrements are made with a modern version
of the ultrasoundreflectoscope devedoped for
nondestructive testing of materlals (Firestooe,
1945) This technique uses short ul d
pulses penerated by an clectrically excited wl-
tr d d and del d to the me-
tetial under Investgation. Thus is done by pre-
sing an ultrasonic transducer directly apuest
the surfece of the material under investigation
A pood acoustical contact fs secured by oung
a thin intermediate layer of oil or ultresosk
coupling felly between the transducer and the
surface of the matertal

Each tume an acoustic pubse b transmitied,
the electron beam of a cathode ray tobe es-
cased In the reflectoscope starts nroving from
the left to the nght side of the screen b
x-direction. At the 1ame tme, the beam Is &~
flected 1 the y-direction during the emisios
of the sound pulte If the matenal contziss
any boundaries which are impinged npon by
the sound pulse and which reflect pert of &
sound back In & dircction opposte to Y
orfginal, thi reflected ultrasound pulse (ecbo)
will resch the transducer which then acti &
a microphone and comverts the sound pot
into an clectrical pulss This palse, after amps
ficatron, again deflects the electron beam B
the y-direction. Since normally both the soed
lul:llht:elcctmnb(:mnn.relj:nzﬂnu,gltl:tltﬂnnl
speed, the ditance to the reflecting boesdy
can be messured in this way The L
thoroughly discussed in the paper by He®
(1967)

Phydcaijpcrdt:anlpmﬂld
Before the technical detalb and the -Pﬁ;
tsont of the ultrasonic echo method for A
ing the vibrating vocal folds are described:
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shoxt dscrption of the physical properties of
chrmound will be presented. This might be
m(ulpmpetmdmﬂndmgoilbe
problems invotved.

Whnn:phn:m.ﬂicnreumtl]lnglnu
nnﬁmhnp[nguuponthebuunduyollm
uﬂnxﬁm.pmid\h:mhnﬂccwdlmo
the first medium. The reflected sound Intensity
Imnmgmdxmmdbamo{tuteuﬂty
7 faliog perpendicularly on a fist surfoce s
gready

,_,.(QL__E’L" - m

g7t ean
when o gy and ¥ are the demsities and
soand velocltzes b the media 1 and 2 on botd
! gides of the reflecting boundary An cxiemive
mnntmdmhcqumonclnbe(qundln
most textbocks oa ultrmsound (Berpramn,
1954 Kimler & Frey 1962) Tabie 1 gives
/ wmm!znlnafurgmdvoflubsuncu
W\n!heqxdﬂpmbhuuczmdhcm
By comparmg equation (1) with Table 1 It can
f be seen that very good sound reflection will be
obtamed from: boundanes between tisue and
2k and to & lesser extent from boundanes be
tween thwae and bone Froe this point of view
¢ the vocal folds are excellent targets for ulma-
sond detection from the lateral mide of the
¢ meck, 5 the laryox b filled with air and thas
very swong ultemound  reflection from the
beangdary vocal fold alr k to be experted
Thznbsu-ptimo{n.\msounduquh:mw
¢ I biclogcal tssue thns factor plsys aa im-
4 Pomn!mktuulumnk-ppammgmnrdl—
al dagnosls. If & ] ultrasome pas-
y tsunm,;h.car:nmedlmthcmpﬂm
i dﬂnp‘m,v{bnmn,{o{\h:bemd:
:rmu.m,m:bummdrx-d]maiou-c
cording to the relation
PRV A 2}
Aheh“mc.mp\nﬁcnx-o.ﬂﬁ*mpﬂ-
hﬂ:wbncodﬁmmlohhomﬂmnmd
i e base of tho narurs! bopanthms. At the fre
I3 qmyO.BMl-hltyphlvﬂWO'G'W"mn
# wande 033 em which causes the mopil-
7

Table
Agoustx
Sound  bmpedance
Subsane  Temp. Demlty wdochy ( IFMXS.
or thux 0 go) MmO mnits)
Alr Pl oo »m
W ater bl 597 1497 1493
- 1.0 1560 1360

Fat () 34 1476 1370

ecle
(Wormn) n Lass 1568 1693
Bons (humen
skull) - 133 30 6216

tude to drop to half its value after about 2 em
(Hertz, 1967) The amplitede atnorphon cocf
flewent is highly dependent ao sound frequency
and in biologre thsue, it Is rooghly propor
tiomal to the frequency Eqmation (2) can then
be rewritten as

A=A eV 3
where k Is a comtany, | the sound freqoe:

and r the distance the sound kas trnvelled bn
m:medimn.w‘nhmodu-nrdkcwmopnm_

2.5 MHz for applicaixa to beart diagrosh a1
distances betwcen 40 and 130 mm from the
Mwﬂhmkmmm”)
it i the prodoct of Mt
;‘?ﬁ:lb’u"m?ﬂlﬁ-hxhdaammﬂ
WWhmm(
e oty disance berueen th. latenal
the neck and ihe media) comtowr

oo voaal (0l b b the order of 20 -
m?;mﬁwd.mﬁmm
5 ey ot o s eghon. Se
bom, dh, beam, like every oth=r wave B0
ST beceme of diffracuca, B B B

mmnm,bm’
nhl;bnpoﬁ‘bk
m“mmmwd#“"
e Ihx:‘m“ww‘wm o

;nw AT determined by the »eFUTL

1953) e dilfraction formula (Hoee £ 5 ¢
a

]

o

i
un 8 =061, .
-

-
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where 1 bt the wavelength of sound and a the
radius of the circular transducer

Farther for pood definlon of the echoey
a polse length as short as possible 18 desirable,
since otherwhe two structures Iying close to
each other m the direction of the beam would
not be resolved, and the shortest pulse poss-
ible is fust one wavelength,

Transducer
The vibratory movements of the vocal folds are
rather ! pecially in low-tone fre

7 y
quencies. Large surfaces of the vocal folds then
ntact each other during the closure period of
vibratory cyele When the opening of the

o+ Mts 13 to ocour the complete separation of
——th¢ vocal folds does not take placc instantly”
1t starts from underneath, the opening progres
sing upwards, and not until the upper perts
have sepanated does the glotus open (Smith,
1954) To be able to resalve movements from
different parts of the vocal folds, a very nar
row ultrasonic beam must be used. As has al-
ready been shown, however diffraction of the
ultrasonic beam is tmavoidable At 2 MHz, the
wavekngth of ultrsound in homan tissue is
about 075 mm. Since a narrow ultrasound
beam is necessary a small transducer with a
diameter of about 5 mm could be used. In
this cse, the ultrasomic beam diverges, as
given In equation (4), with an angle of diver

Acs Orleryng 69

gence of the magnlitede of 10 After propagat-
ing 20 mum, Lc the distance from ths katen!
swface of the neck to the vocal Ogsment, te
ultrasonie beam bas spread to more than twie
the dlameter of the tramdecer A smaller eys
tal will ghve a greater angle of divergrnce ad
a larger crystal produces at the tramdocer s
face 100 wide a beam. Edler (1961) discomes
these problems extemively Thus, to sobve the
problem, ultrasound of a frequency as high &
possible should be used, the frequency bemg
limited by the sound absorption.

In order to decrease the width of the -
soni beam at the medm! surface of the vocal
fold, a transducer was vsed formed 23 2 focms-
ing bowl with & diameter of 18 mm, a focal
length of 24 mm, and & resonance freqoeny
of 2 MHz (Brush Clevite BFB/[2C24-5) Tk
material In the transducer PZT.SA, a modficd

ing. To prevent the transducer from  ringhng
ft is pecexsary to mount the ceramic bowl @
2 backing material which will bbaesx te
damping of the disc appreciably (Fig. 1). T
backing material consists of finc tungsten po¥
der imbedded In Araldite ren, which efF
clently scatters and absorbs the sound Tz
muted fmto it. The amount of mngsten ¥
der Is chosen in such a vy that the scous®
fmpedancee o 3 of the backing material kabos!
the same as the trapsducer requmes ® X
optimum damping. A small indoctance Is €0
nected I parallel with the tramdocet ©
counmmthemmbtm‘h‘ﬂm
platcd sides of the ceramic bowl, used
elcctrical connection. With this trazsdheer &<

len o
/fu.l.be measuring distance m the
lmdybnmernmﬂ.hmdb‘wn:
use higher ultrasound frequencies o
cd’cxu:dw|bst:|uptio'unttheIll'f:"l‘f’“‘":l'‘ncl
would decrease the stre of the transdvest
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the witth of the wltrasonic beam at the vocal
tobd Further the pulse kength could also be
decreased. Becanse of thls, the resoluton of
the method would Incresse appreclably

APPARATUS

The “Eakollac 20" ultrasoundreflectoscope,
munufactured by the Smith Kline Instrument
Compeny Phitadelphus, USA, was used in this
brvcstigation. The pube repetition frequency
for s apparatos was 1000 Hz, and the palsc
Jagth was vamable between 0.3-3 x 10~ scc
The atrasound frequency wed was 2 MHZ
T apparatm was cquipped with some clec
trome facifihes for mgnal processing such as
tme-rarying galn  (depth-compensation)  to
cumpersate for ultrasound absorption in thssue
ad poesibllity for delayed sweep which makes
it posbis to stndy echoes along the x-axis en-
brged and in detafl. Tho detectar crcnut was
of differentuating type, which d the risc
time of the presented echoes to less than 50
tanosec, despite the wed ultrasound fre
qoency 2 MHz, In felf suggesting a rise tmme
of about 100 manosec. This very fast rse tune
gives the refl a relative resolution of
5ozt 01 mm in tseme. Finally the machine
provided xmall catibrated markers oo the
.een for direct calibration in tisoe depth.
Became of the rapid vibratory movements
of the vocal falds, culy formation of hmted
vale can be obtamed by diect inspection of
the reflectoscope displey Thms, the movements
of the echoes have to bo recorded ln the same
WIY 13 1 dooe m the uhrssound-echo tech-
©qo0 for heart diagnoshs. For the recordmg
of ultrssound cardlograms, three different
fechuiques ars in mse  the

method, the direct recording method, and in-
temsity modulation of cathode rwy tobe (Hertz,
1967). As the vibratary frequency of the vocal

lgethon, Fig. 2 shows that, in this method. the
Itemity of the electron besm In & catbode

ray tube is modulated by the ccho-signals from
ﬂrmﬂcctoscopelnmhnw—:ylhuhuw
on the screen only when xn echo B present
(Herz & Edier 1956) The sweep voltage from
the ultrasound reflectoscope I3 used to defh
the ciectron beam along the negative
::‘:s::ydrulclﬂ)u‘k Puse. Now If the tme
ray oscilloscope g
at a wnltable deflecion specd, 37 5 1 10 1
Lw/dh“mcmmdumw

hc:u(ﬂtw

0. The repetition

o o 1000 Fix of thye refioctocrs®
Uy 2bout ten tneggurement P
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Fig 3 Schematic picture of the application of the
transducer to the peck of the patwnt for recording
movements of the vibrating vocal fokds,

each vibratory cycle, which fs mather low A
better repetition frequency for this purpose
would bo between 6000 and 10 000 Hz, which
could be obtained with modern electronk cir
colts.

The transducer probe was positioned at the
thyrodd lamina about 1 cm below and lateral
to the thyroid prominence, corresponding to
the horzonwal level of the vocal folds. The
probe was placed almost perpendicalar to the
surface of the peck as shown in Fig. 3 The
malke subject, who had a noamal volee without
any organrc or functional disturbances 1n his
Iarynx, was mstructed to prodoce a sistained
vowel, keeping the intensity and frequency of
& constant. Dilferent vowels were elso pro-
nced to see if any differences in the echo
tern could be observed.

~

et
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RESULTS

In Fig 4 a laryngologic ultresonognm i
given, showing the structures within the vibes-
ing larynx. The tone frequency of the voico wn
about 100 cps and the intemsity medimm, At
the top of the figure, the echoes from the
thyrod cartilage are seen, and below that, the
osclllating echoes from ome vocal fold. The
vibratory amplitude of the vocal fold s men-
ured to about 1 mm, and in the trace, the
upper peak represents the open posttion of the
vocal fold, and the lower part of the trace, fie
closed poaition. The regular shape of the o
corresponding to the vibratory cycles b foood
throughoat the recordings.

In the echo trace from the vocal fold, the
closed interval in cach cycle can be wen &
2 horirontal Ievel, more distinct in some cydss
and less In others. The most distmet point &
the truce is the top, corresponding to the mas
imally opened position of the vocal fod,
whereas the moments ololxmuﬂmdd“h‘
the glottls are less distinctly marked.

The opening phase of the vibratory cycke B
mensared to about 3 msec, the closing pha
to 4 msec and the closed Interval to betweed
2 and 3 msec. This means that the open g%
tient i O 7 and the speed quotient 0 8

For different yowels, the laryngologhc ulte-
sonogram scemed to have the same apper
nm:e,|!r\:|tlultr(:}:n‘c;ci“llltudVI‘K"'f’m’y‘ﬂ

Fig 4 Ultrasonc recoedlag o
(bt wibeatiag vocal Tokn cbeshet
with the  pparstos shown i Fie- &
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malpk was made on this problem  Further
studies are oeeded for & more conclusive
opiion.

DISCUSSION

In the presest stedy the ultrasonic plottogram
kad the same appearance as that obtalned with
the photo-glotiographic method (Fip. 4 5) It
means that the ultrasonic method reflects the
vibratory movements of the vocal folds, and
apechlly the parts of the vocal folds having
tbe greatest amplitnde, Le. the vocul ligament.
Our uhtrasontc glottograms also agrec well
with the calculated displacement curves, which
Miifle ef ol (1967) obtained by intcgrating
the velocity curves recorded by the Doppler
frequency shift method The present results
%m to indicate that the movement of the

der Zonge und de Unterbiafers dnd mbeelnflmt,
€) dee Applilstion der Methode bt einfach tnd be
reitet dem Patbenten keine Ungelegenbe ten. Eine spe
thaliomtrulerte mitrmonfiche Apparator fur dic Re
der cheingungen hann g
Methode hnuchitich der Deflmion tmd der Resoln-
ton viel verbrnern.
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THRESHOLDS FOR THE PERCEPTION OF ANGULAR
ACCELERATION ABOUT THE THREE MAJOR BODY AXES!
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zontals are functionally ddferent in several
ways &s reported by Lbowemteln & Sand
(1940) Fluur & Mendel (1964) and Wendt
(1951) For example, Lowenstem & Sand,
usmg single nerve fiber preparations in the ray
reported that the vertical canals can be directly
stimuolated by rotation in sny planc, whereas
the hortrontal canals are stumnlated almost ex

Cparivenial work

ned for thhs stmdy
"“f:akmmcmrmm
%hh',’:mm Gramt NGL
1 tepy

clustrely by roation about a verncsl axis. They
also point ot that the vertical semicircnlar ca
nals are phylogenetically older than the horl-
romtal semicircular canaly and ere subdivided
by a septum, which Is pot found in the hor-
zontals. Conteq upon. dogical and
physiological evidence, one might expect some
differences In semiirvity in rotatg aboat the
vartous axes. There i, however po compars-
tive L d for d fonc
tioning of the three pairs of ampullar sysiems,
furthenmore, rotation about any of the threo
major body axes b known to stimulats more
than one pair of canals.
The cxpert is con-
flicting with regard to thresholds for the per
ception of anguhar acceleration aboat the three
major body axes. Some investigators, van Eg-
mond ef of (1952) and de Vrics & Shierbeck
(1953), bave reparted that thers b no differ
ence n these thresholds. Much evidence would
1nggest, however (hat rotatlon about the z axis
will prodoce Jower thresholds than rotatioas

Acts Owlaryng 69
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about the x or the y axes. This bas been re
ported by Dohlman (1960) and Fluur & Men-
del (1964)

Only one study was found that presents even
himited evidence in the form of direct compari-
som of the perception of angular accelerntion
in the horzontal and vertical planes on the
same 0. Melry (1966} studied the threshoidy
for the perception of angular leratlon for
three normal men and reporfed thay thresholds
about the z axis varled between 01 and 0.2 /
sec? whereas rotation of the head about the
x axts prodoced thresholds of aboat 0.5 /sec?
Thresholds as high as 8.2 /gec? were reported
about the v axis by Sadoff £t &l (1955) but
the method involved a very complex msk of
operating a flight simuolator and no direct com~
pansons were made for the same Os for rota-
tlons about the . axis Data obtained by Decher
(1963) using nystagmus as an indcator of sen-
sdtvity lent support to Melrys data on the
pereeption of rotation.

Decher reported that, for nystagmus, the
thresholds for the vertical capals were more
than twice those of the homzontal canals. On
the other hand it was reported by Travis
(1938) that According to our expenmental re

t~ the two pairs of vertical capals function-
_  together are much more effective than the
=*Srizoatal canals 1 the perccption of pasiive
rotary motion of the body

foe pitch, and of Intermediate duration for roll
Similar results were reported by Culing &
Guedry (1967), Ledoux (1958), and van der
Vis (1958) Aschan & Stahle {1956) in x sady
of plgeons reported that there were mpnt
ficantly more nystagmus beats and that the
duration of nystagmus was louger followng the
stimulation of the horfzontal canah than fol
lowing stimulation of the verpcal canah. Cob
lins & Guedry (1967) reported similar resaby
for caty and humans. Fluur & Mendel (1964)
studied the habimation of the horizontal end
vertical semucircular capals and found that it
was more difficult to prodoce habetmation of
the vertical capzly than the horirontal canaly
&3 3 consequence of repeated stimulation,

This brict survey of the literature makes b
clear that definitive data regarding the scash
tivity of man to rotation about his three msjor
body axes are Iacking, Adequate findings re
garding sensitivity in these three body plmes
have implications for the theoretical formuls-
tion of the behavior of the semucrrealar camal
system  forthermore, they have pracucal b
plications In connection with aircraft and
spacecraft fiight In fying sircraft, rotatios
about the z axms are relatively small and k-
frequent, whereas rotations about the x aod ¥
uummnchmm:freqtmtandmm“ﬂj'
ficant for cfficlent flight as noted by Jooes &
al (1964) It was the purpose of the curroat
bewaxtiont] hacef: © P the s+

Data on differences b the functioain
of the horizonml and vertresl capals are also
available from cupulometric studiex. Some of
these stodles support the notion that there are
no significant differences in the perception of
rotation about the T y and £ body axes. For
example, Bemson (1965) found no difference
between the cupulometric threshalds™ in the
x and z axer Jones et al (1964) reported
cupnlograms that indicated similar  cupulo-
metric thresholds in pitch, roll and yaw On
the other hand, they found different time con-
stants for the duration of the after effects of
rotation sbout the thres major body axes. They
mpoﬂsdtbnthcdmﬂondumeﬂm{al.
knlngwc:lanﬂonwgnamlforyxw Teast
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uvity of normal men to angular acceleratoss
applicd around their x y and  axex

EXPERIMENT NO !
Method

The Ames Man-Carrying Rotanon Devier
(MCRD) was wed to romts g O T
MCRD Is & one-dogree-ol-freedom smplasx
that has been described I detail elscwher
(Clark & Stewart, 19684 &) Accelerptions
mnybepmducadnndmmsmcd].uoolfﬁf’
steps at the low velocitics used In s ¥
andtbcnwdmﬂomm}’msﬂmm"dbym
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analog computer maklng it possible to pro-
doce changes 1 acceleration with a nse time
of the order of 01 sce. Two special seats were
wed to piace the O in the proper position to
rotate him about his x 3 or z body axis while
the smulator rotated about an earth—vertical
axi In each case, the O s head was posltioned
i the center of rotation and hb legs were
dawn up in 2 sittmg position. To rotate him
about his z exn, the O was placed in a normal,
erect, scated pesition. To rotate him about his
T axs, 2 chur was hid horzontally so the O
ws flat oo his back with his legs in a seated
poston. This produced the same angular ¢
cdleration a5 would be found In a roll To
Tt wroand hus y axs, he was rotated 90
from the previous position so that his right car
0 down. Thus, with the simmlator rotating
thout an earth-vertical axis, O was tumed
trovnd his prickmg axs. These umusual poss-
om were necestary to mainiain the direction
of the g vertor constant during rotation about
e xand y axes.

Observers

Oli\ftelammlho‘mingoodhrﬂl.hby
elr own affirmation and by x general phystcal
“‘mimﬂoﬂﬂlﬂimcl!:dmﬂgniﬁam-hnw
malties, They bad pormal hearing, and ther
TSpomes to a calocke test were jodged to be
norml,

Frocedur

O 22t wah his belmet pressed back firmly in &
‘;:'mdhudmmmmhhwm.
pouttion for rotaon about the x and z
% whereas for the y axhy, the helmet was
mhmmlnguhrudmm
T presented for 10 sec for all trials. The
of the acceleration, clockwise or

© vaned at rapdom from tnal
tremm> 124  ralakomum of 30 sec elapsed be
the end of ons ecceleration and the be
ufﬂnn:xLAnn;hserbofq)ptm]-
wn"hhhnedmsommdn
mm“ﬂndq&‘dhﬂwmm/\}
Penod way given hal! way throogh

each session Prelimmary practice sesswons pre
ceded the regular observations of the percep-
tion of rotation for all three body positrons.
Os were given Inowledge of results In the pre
liminary practice tnals, however during the re-
gular trials they hed no knowledge of results.
All data were collected for each O at a grven
body position before data were collected on
another position. The order of the collection
of data for body powtion was systematrcally
ordered among Os by a Latn Square proce
dure to reduce sequenhal effects.

All observations were made 1n darkness with
both eyet closed. Os tmk was to indicate the
direction of rotation by presung a switch. The
angular accelerations were presented following
the forced choxe, random, double starcase
method that was wed In previoos studies
{Qlark & Stewart, 1968a b) Thirty purs of
observations were made following the final lev
o, and the mean of these accelerabons was
comudered to be the threshold for each con
drdon for each O (Clark & Stewart, 1968 b)

Results

The data (Tabice 1) for Experiment no. 1 show
that the mean thresholds about the x sod z
axes arc the same to the second decimal place
The variability sbout the means s essentlally
the same for the 1 and z thresholds, and this
difference  1s pot  statistically
{(P>020) The mean threshold about the y
aus is substannally greater however than the
thresholds aboat the x and z xxes, but the dif
ferences do pot quite meet conventional criterm
for statistcal significance (P>005 =196
and 2.08, respectively” df=17) This s in part
doe to the very great differences among the
Os for y threshodds as shown tn Table 1 In
this regard it s motable that y thresholds for
individual Os showed the highest (224 /sec?)
and the lowest (0.06 /mc?) threshold The

dard was greater
sbaut the y sxis than sbout the x and 7 axes
(P<001 1 each case) Prarson correlations
were also puted between the for
the x y waud z thresholds (Table 1) None of

Acwa Osolaryng 89
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Table | Thresholds for the perception of rotation about the x, y
and z body axes for I8 normal men

The thresholds are in deg/sec?
i l :
od 13 o LL
| l |
Axk of rotihon.
0o Tt ey ity o
1 n o1 (13 [F:]
= " 104 (321
3 = (3 (51} (2]
4 e (2] on o
$ o oy (1 o
. e 0% o2 017
7 n (3} 0 "”w
s ror on on o1
’ n 043 oss on
10 IRt (34} 18 048
n ) 035 EE) 047
12 v (8] on oH
[} o 1 ox (3]
i -~ 037 o [T
13 o an [ o4l
1" < 0% (X3 (3]
7 © 0% on .
[t] o (%] 1% ox
M thmbold 04t 06 o
Maden thrrshokd o on om
Seamdard dovmboo on " (214
| Y e S0 M er-om
Threshobls compmesd b4 had s
Poncwa corrrietion +o11 —006 +02%
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there correlations was fourd to be slgnificamt
(P>020 at A—1X for exch correlation). I
testratons of the marked deviation in thresh-
oids mmong the three axes are to be found in
sevenl Oy, (28, 10, 11 13 18).

The Latin Square design akso made 1t pos-
e tn examine the data to determme whether
practice on threshold determmation about anmy
two axes would infloence the threshald of the
thrd. Data oa threshold effects for six Os were
wvailable for each of the three bodily positions
taken fint, second, or third. If expenence were
s important factor m threshold determmation
the threshold would be expected to bo kower
o 2 particnlar threshald were taken second or
tird I order An analyss of these effec
showed that the order effects were very small
wd pot statrtically mgnificant for the x and
Ty (P>020 in each case). Thh confirms
tho lack of practice cffects for the  axis pre
vomly reparted by Clark & Stewart (1968 b)
The thresholds about the y axis showed a con-
ixient decrense from the first to the third posi-
thon, but these differences abo were not statist-
@ty dgnificant (P>0.10) for the small rum-
ber of Or Farthermore, i the thresholds foc
the x and z axhs were both taken before the y
threthold, the mean y threshold was very nesr
e mean of the x and £ thresholds

EXPERIMENT NO 2

Some trial observations m connection with the
o, Tiperimers sgpesied That inere was a ¥y
tematic vanation in thresholds es a function of
Certain wastations In the position of the hesd
= body 1t was the purpose of the second ex
PeTiment 1o obtain prelimmary data on throeh-
s with accclerations about the x and y body
ey with the head o fove different positions
0 with elther sctive or passive support of
the bty
Mathod

Apparatus

The Ames Man-Carrying Rotation Device was
gxin employed.

238

Observers

The O3 were the amthors and two research -
sistants, All four met the same selection critena
a3 the Os in the previous experiment.

Procedure

The thresholds were determined using the stair
cxse method with the condinons in the fob
lowing sequence:

Serles A Thresholds were established for the
x v ond . axcs as in Experiment no 1 ex
cept that the . axis was always tested last,

Series B Os were scated in the vertical chalr
Rotation about the x axis of the heod was ac
complnhed by having O kan forward to place
his bead on a beadrest so that the nose was
down of. Meiry (1966). Rotation of the head
sbout the y axks was achieved In the same
fashion but with the right ear down. The data
for the . axis with the O seated erect were 0b-
tained from w series of thresholds determined
before Serics A began.

Series C The conditions in Series A were e
pented for the x and y axes.

Series D O was strapped m the horizontal seat,
which was rotated so that the head was in the
nose-down postion. Consequently O was sup-
posted by the straps rather than by the seat &
in Series A

Rendts
Whila the ity (Table 2) from cach o lhnded
pumber of Os mmst be conxidered with cantion,
certain trends aro worth noting. The most ob-
vioms findings are that the thresholds about
the z axis are low and show little varistion
from one sedes to the other the means being
ideatical Tho positions nose-up and nose-down
for these {our O3 alo produced comsistent re
sults, but the average threshold obtained with
Dosc up was twice that with nono down. It s
noteworthy that, contrury to the findings of (he
larger group in Experrment no 1 the r axis
thresholds obtained with tho Os on thelr backs
were highor than therr z-axhs threshokh, The
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Table 2. Thresholds for the perception of angular acceleration about the X, ¥y ond z body aves

for four normal men
The thresholds are in deg/sec?

X am

U

,IP
o Sermn 4 a2 < D
H (304 L3 LE .ot
T om0 [3:} 1o ot
1 o (8] o o
K sc “ o_ 3%

[TH

thresholds with the head rotatlng about Iis §
axis abo showed a tendency to be lower while
O leaned forward and, as in the larger group,
the thresholds showed drvidual

e

(33 LY on (34

ences among our 18 Os were substantial aboct
both the x and . axes.

The thresholds about the y axis deserve spe
czal Although the mean ¥

differences.

DISCUSSION
]

"yeoe vestgations concerned the semsitivity
of normal men to angular accelerations applied
about thelr three major body axes. On the bashs
of data obtained 1t became obvious that each
threshold Ivolved the stimulation of all three
palrs of semkarcolar canals, The mean thres-
holds, nod therr standard deviatons about the
xand axes, tumed out 10 be essentially equal
The averape threshold dam were in general
agreement with carher reports by Benson
(1965} and van Egmond ¢ ol (1952) and at
varjance with reports by Meiry (1966) and
Travis (1938) Most of the caricr studres re
ported data on fewer Os than the present ex
periment os a result, there are lile dat on
individual differences. The ndindual differ

Acta Orolervng 69

axis threshold wns greater than those aboat the
other two axcs, the differences failed o achiere
conventional levels of statistical sigmficance
Conscquently ft can be sad that there wert
no statistically significant differences amoof
the thresholds about the three mafor body
axes, This is supported by two other findings.
First, it was found that if s thresholds aboet
the 1 and  axes were determined finst, e
y-axts threshold was somewhat lower (bt
when It was taken fint. Second, with regard
10 the larger varmbility about the 1 axs, s
may be merely a function of the small oomber
of Os since the Clark & Stewart (1969) stody
of the axis thresholds for 53 pormal men
reported individual differences approvmmasely
the samo as those about the v aws. Jt w7
be that practice i of greater importasce ¥
determining thresholds abont the ¥ axis.

The very low comelations betweend the
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thresholds about the ¥ y and  axes are abo
poteworthy  These correlations show that no
accurate peediction can be made from the
threxholds determined ®ith O scared in an erect
posthon wath respect to Os semshivity aboat
other body axes. Comsequently measurements
thout the  exms reveal lutle regardmg o parth
coar plots semimity to the very complex
mgztar produced in operating an
il o spaceeraft. No doubt even less pre
dxchion | possible for the complex Coriolis 2¢
edlerations produced o moving about I a
rotathng room or on & rotanng space platform
= dhcemed by Clark & Graybiel (1961) and
ANewsom & Brady (1966)

hald

about the . aus Indicared a high relmbility
of measurcment as reported by Clak & Stew
art, (I9683) A high reliability of mcasure
ment was also demonstrated for the mo head
posittons for the x ads (f A-C and B-D
in Table 2) High relnbility was also shown tn
the replication of the same conditon about the
v axls Although the mean values supported
the notion of difference doc 1o bead position,
a major portlon of the difference was the re
sult of changes In one O (1) consequently
these v axrs mean valse dHferences must be
considered with caution.

The data, talen as a whole, demoustrate

A fiml point regard y axls th
Ty be made. Money & Scott (1962) 1n a study
o postrotary nystagmus 1 cats found that the
dﬂnﬂmddﬂl‘u-bcaﬁngnpummhm
than wp-beatmg nystagmus. Thrs suggests tha
factors otber than cupular deflection determme
the dunatlon of postrotary mystagmus. Al
though our experiment was not designed to test
te Iypothesss that there 15 a difference be
feen thraholds for rotanon  down™ and
" 8 determimition was made of the pro-
Portion of correct responses of the 18 Os for
thesc w0 conditions. Analysis showed that for
TIon  dowa” the proportion correct was
076 while for rotation “up” the proportion
CoTrect was 0 67 This difference was not Bg-
Sfeans, whh Indicates that there was po di-
reotional prep in thewe th
Thee reralts did oot spport the nota mg-
ested by Mooey & Scott (196 ). that there Is
tome central pervous system mechankm pro-
d“d”zlmtermnu}rhyloruum down

Ot mmaller differences. rotalion to the right
Bout the  axis, 071 1w the left 068 The
Ry foe rolfing nght were 068, and keft
072, Thux, no obwious directonal preponder
aC wat present for any axns.

The determuned with the bead
4 body In various posittoos (Table 2) sug-
Baked (hat certaln head and body posihony
3y make some difference. The two thretholds

and thar individual differences are marked
The data also indicate that the averags sens-
tvity about the three mapor body axes i the
same, and that sensitvty about sny one axis
cannot be predicted from any other for an -
divihml O This n particelardy poteworthy
since the 1 and 3 thresholds resolt from stmu-
laton of the four vertical canabs It 15 clear that
the semsory system ks mfleenced by complex
furchons and interactiom snd cannot be com-
pletety understood in terms of simple cupular
deflection s mtated by Glbson (1966) and
Groen (1965)

ZUSAMMENFASSUNG

du Rexciuen cnrrlnes Scimellenwerts fur pede dar
d &1 Acbeen berachtich war Dic Verfultore rw
when den dres Schueflenwericn witerchicden uch
nuht woentlch oo Nell Dle Schtmatolperumg war

dw mullleren Shw Derrwerte fur Drehongen wm
drer Haopischeen des hotpen umter hesimog
Vermchibedmgungen wesenilich dw glekchen

Aca O
-
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sind, aber dems sich znhind efnes Schwelienwertes
fir Drehusgen um elne der Achsen dio Schwellen-
werte der befden anderen nicht voramsmapen [aseen
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deviations of the cupula cen be obtuned ex
perimentally and nystagmos reactions of varylng
Intemsity elreited. A certain tkme has been found
10 elapse between the beginning of the stimula-
thon and the onset of oystagmus. This interval
is called latency time (Fluor & Mendel, 1966)
After the end of the Iatency thme there follows
another tme period during which the Intemity
of the gmus 1 ively untll
fs full strength, after which it efther remains
constant or decreases. The time from the begin-
ning of the stimulation to full intemlty of the

;
i
i
ir
FSq
¢
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gmus reflex we have called the crescendo
time.
In other fnvestigations of the courss of my-
stagmms, how frequency increases to a maxi-
mum (culmination) end then again decreases
has been studied. But the exact relation of cul-
Ination to the beginning of bas not
been studied (Torok, 1961)

We have studled the effect on crescendo timre
when different intensities of constant accelera-
tlons are employed.

MATERIAL

Forty-four persons, of both sexcs, aged from
20 to 45 ycars were investigated. Two-thirds of

students and nursing siaff. Nooe of them bad
such disesses ay could be concerved of Influenc
ing the resolts, All had normal hearing end
nonc of them had takrn any medication for
some days prior to the fnvestigation.

Acta Otolaryny 69
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Apparatus for stimulation and method of
umvestigation

We used a rotation chair for the Investiganon,
and the experiments were 1n all respects similar
to those previously described (Fluur & Mendel,
1969 a b)

Evaluation and caleudation

In assessing the curves what is maioly studied
15, how the slow phase changes, We drew o lins
whote courte corrasponded with that of the
slow phasc. By extending this line jts angle with
the honzontal zero Ime could be estimated.
Thus this angle was a measure of the velocity
of the slow phase. After stimulatron was begun
2 gradual increase in velocity was observed,
and when this no longer increased, the cre-
scendo time was considered to have ended. We
measured the time from the beginning of the
acceleration to the nystagmus beat whose slow
phasc had the greatest angle to the horizontal,
Measurement was made withfn 1 sec The re
cordings whose crescendo tmme could not be
satisfactorily dernarcated were entirely exclud
ed, and are shown in the tables with 2 —sign
and if similar difficulties occurred repeatedly
when nssessing a subjects curves he was ex
cluded completely

We have measured the individoal crescendo

for each strength of acceleration (1 2, 4

8 /sec?) with three clockwise and three
- xkwise eccelerations. The mean val
38, standard devintions, and cocfficients of
vartion (X° S and ) are also included in
the tables. The differences between the crescen-
do times of the clockwise and the counter
clockwise accelerntiony are shown at the foot
of each table A +s1gn meamy that the crescen~
do thme was loagest for the clockwite accelers
tion, and & —=gn indicates the contrary rels
tion.

We have also calculated the menn values
(X 7 for the crescendo times of all the subjects
at the first, second and third messuremcats,
and the standard deviations (5) and the coeffi-
&ents of vanaton (C7) have also been shown
for these values, on the right in the tabics.

Acia Osolaryne 68

Finally we have calcalated the borderfine
valoes which, with 95% confidence, cover 95%
of normal persons Here we have used the for
mula X +Kx§ where the constant K n a
stanstically calculated table value and S the
standard deviation, in this specal casc S and
X ix a symbol for the arithmetic meen valoe.
The bocderling values are given to the far right
in each table.

RESULTS

From the tables and the figure 1t 15 evadent that
the crescendo tmss are shorter when the
strength of the shmulus fncreased. The mea
crescendo times for 1 /sec® are 15.9 sec for
clockwise aeceleration and 15 1 sec for coumer
clockwne mcceleration, but for 2 sec te
values were slightly lower 13.5 and 12.0 sz
respectively 4 /sec? gave 105 and 9.5 sec 1
group 1 and somewhat higher vatucs, 114 end
100 sec m group 2. These values are vabd for
the first test In group 2. At 8 /sec? further
decrease 1n the crescendo times occurred, 1d
the mean value was 79 sec for clockwise o
celeration and 7.5 sec for counterelockwise a-
celeration.

The crescendo times for the fint test av
given 1n the top row in each table. For dock
wise ncceleration at 1 /sec? the values were
between 0-29 sce. For the other stimeles
strengths there was also extensive scater %ah
valoes between 3 and 25 sec at 2 w7 3-13
sec and 3-26 rec at 4 jsec® and 3-14 2t 8/
sec? Counterdockwise zcceleration gave e
following valoes. 5-29 sec at 1 fsect 3 Hoxe
ntZ/m’de»lﬁmnndl—lén&l!‘/
sec? apd 3-14 scc at 8 /sec”

The crescendo times for clockwnse and cous
terclockwise acceleration were campared bY
cal-ulating the differences between them- At
l/w:’tlu:mmndlﬂcrcncvlurdockmﬁc
celeration was (.89 sec shoeter than far coo
terclockwise acceleration. The mean differencs
of the ofher acceleranons were +1 41 +0.8%
+2.74 und +0.32 sec. This shows that te
crescendo times for clockwise and
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wnse acccleration are of about the same order
of magmtude, and the same correlation applies
tho to afl accelerations used. The positve
sin which is found throughout may indicate
1 shight tendency for the crescendo time to be
shorter for counterclockwise acceleration, On
euminmg the tables for clockwise and counter
dockwhe differences In detall it will be fornd
tat at 1 /sec? these vary between —29 and
+14 sec. Tho differences at 2 [sec? he within
teama 1410 +16 sec, and mt 4 Jsec? —13
o +7and —10 to +10 sec. At 8 fsec? the
Ty were —6 10 +9 see.
\nummhnepnmdmmﬁvenmmh
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Fie I Rehton between strength
duraton of

table thirongh the Indivach o
md the cocfficlents of variation, The latter
vired betwcen 009 and 0.88 &t | Jsec?
dockwise accederation The values at 2 /sec?
T between 0,11 and 0.87 At 4 /sec? the
nibes nnged from 006 to 0.87 and at 8 /
c 017 0 076 Thus these coefficddents of
mmdthcnm:adno!ma:n]mdc
for all the stirly nsed. The results foc counter
C‘Ctk\h:nttdmmnumeonthew‘bobwﬁh
tose for clockwiae acceleration.

From the ndividtual results it §s clearly evi-
dext that the crescendo tmes varled substantial-
y o0 repeated stimulations, This js ako shown
Wﬂrtmhmm.;munvﬂnu(x) on the
PEh in the tabes. These values were for the
eerndo times at 1 sect clockwise accelers-
Hon in the firt test 17.2 sec, xad tn the 2nd
= 3rd trsts 169 and 13.5 sec. Here, on re
Pated strmudation, the crescendo tme tends
® become suceeastvely shorter bat a1 2 fsect
dockwhe accrleration there was po similar
¥eadency noc did this occur in conpectlon with
e other il For counterclockwise accete
TIn the conditions were similar with o slrght
CTeae fn the X vahues in the 2nd and 3rd
:':*u:llw For the other stimuli the X

*eTe theooghout about the same for all

tree testy.

Ine repard the § and € valaes bn the same
""fﬂnd-ﬁynmumxlnuxmLmd
*od third teyey,

%o bavo previously reported on the differ

ton, —

ences between the crescendo trmes for the first
clockwise and comnterclockwise acceleration.
The tables show that this difference was calcul-
ated for each strength of acceleraton and for
all three tests. For the first test at 1 ,sec? the
mean difference was —0.89 sec and for the
follonlog tests +2.65 and —025 sec. The
correspoadmg mean differences at 2 /sect were
+141 +211 and +1 18 scc, and at 4 ‘gect
+088 +072 and +1.50 sec (Group 1)
and io group 2, +2.74 +1.55 and —0.26 scc
At 8 /sec? the values were +032, 0 apd
+068 scc. Ths it 3 evident that these mean
valucs vaned withont any tendency to soeces-
shve increase or decrense when the tests were re-
peated. The tables of the indrvidual resutts show
however that each mdividusl can vary m his
clockwise—counterclockwise difference to & con-
sideruble degree when the tests arc repeated
and that a large number of persons have foc
one test a longer crescendo toe for accelera
tlon m oue directh wherens,

m the pext teit the crescendo time s longer
for acceleratron wn the opposte direction. At
1 sec' for example, caly 3 sobpcts had
throughout the same clockwhse—counterclock
wise relatioms for all 3 test At 2 sec? the
corresponding number was 8, and at 4 /sect
5mpgronp 1 and 2 in group 2. At 8 [sec?
oaly ane subject had throughout a longer

A
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Tabke I Gromp1l
Cam no.
No of
accel. 1 2 3 4 5 (3 ? L $ 10 1 12 I3 M4 15 16 1T 1 K
Clock wise acceieration ] [sec*
1 15 25 7 7 13 1] 5 M 15 — 15 N1 A4 B B 1N
2 17 1 6 15 17 7 9 20 17 4 19 23 2 21 15 M A — %
LN 116 4 s 1n 6 14 12 1 6 3 16 2 s 13 11 b
X 153 173 57 103 123 43 107 153 143 50 140 220 270 197 170 213 240 20 27
5 1353 711 158 418 435) 381 292 418 308 141 557 557 2651008 1731168 361 — 21
[ag 01 041 028 041 037 038 027 027 0.2 028 040 025 Q.10 Q51 C.I0 055 015 — 4@
X =161 S=40 C-0¥
Cownterciockwise screleration I*[/sec*
1 10 19 10 10 15 ¥ 1 14 5 9 ® 10 28 24 2 2% H 1
2 17 4 4 10 1o 6 9 15 14 11 2 2 15 3% — 15 23 — 0¥
A 1 1 5 10 $ I3 10 16 21 15 13 17 ® 17 — — B —
x 93 17 63 100 113 160 100 130 15.3 103 20 273 15_0 27.D 240 220 227 20 Wt
5 8.0) 552 324 0 1M 1179 10 435 406 505 5357 1.5 — 9% 14 — 16
(o4 089 040 0351 0 029 074 0.10 034 023 049 0.7 0.06 0_13 OJJ — 045 014 — 08
=161 S-495 C-aF
D{fferemce between crescemo time in chockwise and cowsterciockwie accrieration
1 +5 46 =3 -3 -7 -2 -2 +6 41 — +6 -2 +14 +1 -6 -10 +2 +2 )
2, —3 +2 43 47 +1 10 +35 43 —7 417 -3 413 ~15 — +19 —4 — ¥
E €13 +8 -1 -1 +3 -7 ¥4 -4 -10 -9 -5 11 +5 -8 — — +3 —+0
Clackwise acceleration 2°/sect
1 9 25 9 18 19 9 13 — 6 k) 6 11 3 1 21 W 11
2. 9 2 17 6 5 @ 11 7 17 3 13 2% 15 1 1% 1 1B D
LS 4 20 14 11 5 1 o1 o11o1nmon o o2 17 16 ¥ 1 6 s
x 73 204 133 123 97 110 143 90 113 60 107 207 133 157 237 140 117 167
5 292 292 406 515 809 200 413 283 552 20 406 840 474 255 235 320 515 I®
[ 040 014 031 042 084 018 029 031 049 057 038 Q41 036 016 011 037 044 0H
Y-ns §s-48 C
swerviocks ise accekeration 2°[sect
)4 4 12 9 7 3 6 6 108 3 7 6 10 11 14 18 M I8 5
2 15 1t 6 6 2 10 9 18 6 9 - X } 7 18 17 s 18 3
3 6 4 2 20 ] 9 7 MK 10 15 $ 12 15 9 3 — N
x 117 950 117 110 43 83 73 140 63 103 77 183 ll.O 137 193 210 167 ;.7513
5 495 435 738 781 324 212 1358 400 354 418 1531278 133 238 a1l
[ 042 048 0.63 071 075 026 0.22 029 035 04! 021 Q70 uJG 033 017 a8 o4 2
r-121 § s®
Differemce betwren crescemts the in clockwize amd cowsierciockwine acceleratim 3
1 —5 +13 40 +11 +16 +3 +7 — +3 —4 0 +1 -3 -1 +3 -4 2 vt
2 —6 +9 +11 +2 +3 +1 +2 —11 +11 —6 +5 -7 +8 0 +9 +3 —: H
3 —2 +16 -6 -9 -3 +4 +12 -3 +1 —3 +4 +13 +2 +7 +1 — -~
Clockwise acceleration 4 [sect —
1 14 g 3 7 7 6 14 3 7 18 12 15 12 1 9 3 7o
2 11 4 12 9 7 un1 n 14 7 16 6 16 6 6 9 12 5 on
a 10 14 5 15 2 1 11— 6 14 11 2 17 7 18 4
11 137
00 &7 &7 103 33 117 127 65 &7 160 97 180 117 8D 120 70 sul
§ }mmtuulmm131120.;91.01:3_344355316551043603-2”
c @10 058 071 041 055 0.2 I3 033 0.05 O.I3 034 024 047 wm%" %_Gfln 2
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~73
~57

-63
—56
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-36
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xX+x §

+417
+317

+411
+128

+H6
+223

+302
+303

+319
+B0

+23
+214
+30

+204
+231

crascendo time for acceleration in one direc
tion compared with that for the opposite drec
toa,

The calculated borderline values for the
crescendo tmes arc given in each table at the
far right. At 1 [ecc? the upper borderhne 1
decrensed from 41 7 to 32.7 In the first and
third test respectively for clockwise accelera
tion. Approximaicly the same valoes were
found for coumterclockwise acceleration, At 2
sec? the upper borderime valoe was 333 and
32.2 sec for clockwise and counterclockwise
accelenation respectively The valocs were ap-
proxumaiely the same at 4 /sec? in groop 1 and
2 1c 281 and 256 sec. Fioally the results at
8 fsec? show that the crescendo thme accord
ing to these borderline valncs bs kess than 18 2
and 158 sec for clockwiss #nd counterclock
wise acceferation respectively Nather at 4 nor
at 8 /sec” did these borderflne valoes decrease
when the texts were repeated.

Finally 1t is shown at the foot of esch mble
on the nght, that the cakulated upper border
Ime values for the clockwie—counterdockorise
difference Is about 25 sec at [ /iec? then
samewhat shorter ie. 22 sec ar 2 /eec® and
lastly aboat 15 and 11 secat 4 and B /sec?

DISCUSSION

An Investigation of crescendo tme may appear
casy to carry out. The intenstty of nystagmes
was found to often lcrease in a regular wa
bt that the b mere Iy
irregular in many cases. After the eatiro mate
rial had been examined, the charactenstics
were determined for demarcating the end of
the crescendo time, We are aware that a large
clement of uncertainty had to be accepted,
bt since all the nystagmograms were evaluated
uniformly the margin of error shoukd probably
be the same throughout.

We found that stronger stimuli eause shorter
crescendo times, This by entirely In keeping
whth what could be expected. Rather surpesing
fs the marked displscement towards fooger
imes which occors when the resohs st 4

Amoﬁ

”



244 E Fluur and L. Mendel

Case no.
No of
aceel, 1 « 3 4 s 6 7 11 N [ § B ¥4
Couserclock wise acceleration £ [sect
1 g 5 7 2 6 [ s 18 6 12 3 9
2 3 7 9 16 3 9 12 7 2 1 7 s
3 ] 1 3 17 5 71U 14 7 13 s n
a 80 &7 80 117 53 73 103 130 7.0 127 100
S 0 158 100 453 0.7]1 158 _12 557 100 071 ?.m 265
(g 000 024 013 039 013 02 021 043 014 006 029 027
Differemce between crescendo time it clock ise amd comntercioel. [se aceeleration
1 +1 43 -4 +3 41 40 +6 ~13 +1 +6 +7 +6
2 +3 -3 43 =7 +2 42 +1 41 -1 +3 -1 4%
3 Fo *6 -3 -2 -3 411 20 — 1 +] +2 +10
Table 2. Gromp 2
Clock wize aceckeration 4°/sect
1 9 ] 3 7 3 3 12 10 12 10 15 13
2 0 6 8 9 € 21 12 4 12 8 7 12
3 1 4 16 5 3 n o 7 6 12 15 12
X $7 60 10.7 70 X7 117 153 7.0 100 100 123 123
S 495 200 464 200 255 361 379 )00 346 200 464 071
[ 057 033 041 0O 045 048 O3 043 035 020 038 0.06
Cownterclockwive acceferution 47/ sect

1 3 4 7 4 1 M4 6 7 7 9 12
as 5 1 6 I3 $ 10 3 10 4 M4 1
6

3 n s 7 1 13 14 9 6 10 7

1

pa

kN

x 135 70 73 67 100 113 127 107 77 57 110 107
5 131 346 495 071 3557 292 235 682 .12 1.8 265 124
< 0xt 050 063 0)1 036 0.6 019 064 022 078 034 030

Differanct betu eem crescemcdo time i chockw ise and commterchocks tw acveferation
+8 +3 4 0 44 10 -2 -6 +5 +3 +6 +1
-05 1 -5 +3 -9 413 +2 +1 +2 +4 -7 -1
+5 -7 +11 -2 -0 -2 <8 -6 +0 +6 +5 +3

2

(ooknise acceleration & [sect

- 7 8 9 7 6 4 10 5 13 3 9 &
2 4 6 9 3 7 7 14 7 5 5 6 8
3 s 15 1 5 10 9 7 12 3 3 13 5
x 53 97 180 &7 77 67 103 80 70 33 931 18
Ky 158 474 173 1358 212 255 354 361 529 1.3 354 17D
c 030 049 0.7 024 025 038 034 045 076 0.7 038 023

|
£

1 3 14 10 4 6 4 10 9 4 & 4 9
2 4 8 5 7 & 6 1.1 1} 6 9 9 6
3 6 9 8 6 % 2 1 6 8 6 5 10

43 103 77 &7 77 4_0 97 77 &0 70 60 83
Ax: 158 324 235 153 158 158 158 200 173 265 212
[ 0370310.330.210.1]0.500.16&110330.1’0.440.25

+4 -6 -1 +3 40 10 0 -4 +9 -3 +35
- +4 +1 -1 +1 +6 -1 ~1 -4
+6 +4 -1 +1 +7 -4 +6 -3 -3 +§ -3

535 110 180
071 265 436
013 024 oM

+6 -1 =7
+1 -7 -6
— -1 -3

2% 2 16
15 17 18
15 10 s

187 163 163

636 601 138 854

034 0387 Qro
Xwll 4

3 12 10
12 16 17
16 25 10

137 180 123

212 141 406

0.16 0.06 033
X7 =100

+13 +10 6
+3 +1 +1
-1 ~16 +5

1% B
6 12 B

Mo 17
1M LIS
061 030 033 OH
S-3x -

12 15 150
n 13

1o MU
o9 1!
6 13 H B

93 107 L; ;1’7
292 212
o

&
8
g
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4

108
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~35
-07
-12
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-u7
—123
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-19
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—121
—183

-1
-13

-1.0
—-14

—103

0.0
~111

Crescendo time for per-rosatorily elicited nystagmus 245

XK S

=211
+J36

~162
+13.1
+153

+ 7.
+240

+209
256

175
165
179

172
12

158
138
116

11
129

acceleration are compared n groups I and IL
This s partly doe to the material bemg dif
ferent in the two groups and partly to a certan
resstance in the reflex arc which often seems
to be present in the first test. It s evrdsnt from
the tables that the crescendo time can only tast
oae or more seconds with all the stimuli used.
Several of the subjects, however had a sncces-
sive Increa e In nystagmos for a considerably
longer time. On the other hand, there were
cases where there was a sudden onset of fully
developed nystagmus after a loag hatency tme.
In these cases it appeans as if the mystagmus
refiex Is strongly Inhibited and then this -
hibiwron suddenly duappears resulting in s
rapwdly mereasing, or even from the outset fally
developed, nystagmus,

For each strength of stmulus we have cal
culated the upper borderlme valoes for the cre
scendo time These borderline values are dis-
tnctly lower when stronger stimull are used.
With the axd of these maximal values it should
b. possible to determme whether an indivadual
cxhibuts & pormal crescendo course or deviates
from the normal At 8 /sec? for example, the
crescendo time should have ceased afier 18 sec.

The= scattermg of the values for the difference
betwren the crescendo time far clockwne and
counterclockwise sceeleration is so great in re
lathon to the mean difference that we do pot
venture to draw any conclusions with regard
to the decrease in the S valoes which occurs
when the strength of the strmulatron ks In
creased. Clockwise—conaterclockwise differences
are more scattered for the longer aescendo
times, which are obtained with weaker acvelers
tons and it can be asmumm=d that this 15 due
to the great central nervous influence whach &
often observed in weak vestibular strmulation.

In order to evalvare the reactions of the
subjects to repeated stmuli the cocfioents of
vamtion were cakeulated. The mexn of these
individual coeflickents of varlation was about
the same for all strengths of acceleration, whxch
we nterpret as signifying that repeated frrvesti
futions give a result with the same relative
varanon. Tl strong stmulation does not

Actac
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produce comstant reactlons, but also bers

ceatral nervous Influence plays an tal
part. The successive decrease of the X7 valoes
on repeated accelerations at 1 /sec® may be
due to greater “resmtance” in the reflex arc at
the beginning of the investigation.

On gong through the tables for clockwme—
counterclockwise differences we previously de
scribed theso differences a3 alternately positive
and negative. Tt scems that & pormal person
often displays such variaticas on repeated stim
ulations, and that a constant, throughout mark
edly positive or necgative, clockwise—counter
clockwise difference would indicate a vestibular
abnarmity

In animal experrments the penpheral semi
circular cansls, when isolated from the central
nervous efferent influence, mive rise to the samo
changes in tho flow of mopulscs, on repeated
identical stmulations (Glelsner & Henriksson,
1964) and a similar mode of functloning can
be expected to occur in man In those cases
where identical stimulation causes varying re
sponse this Is probably doe to central nervous
activity
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DYNAMIC EQUILIBRTUM IN SQUIRREL MONKEYS AFTER
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is to mvestigate the mode of equilibrium com-
pensation afer unilateral or bilateral (simul

PROCEDURE
Squirrel X about 1 /s years old, were

used in the present study Eleven squirrel mon-
keys were wmed for investigation of the of
fects of unilateral labyrinthectomy Ope of
these was used later for bilateral non-stmul-
taneous labyninthectomy before complete re-
covery from the finst operation had occurred.
Therefore tho data from ten subjects was col-
lected after unilateral labyrinthectomy Three
squirre]l monkeys wers subjected to bilateral

Y (or labyr L while five
o) uystagmos has been stodied by many  other squlrel monkeys had bilateral bat pon-
since the time of Bech 1 labyr (n four of

developed by the author (Iga-
", 1968) The purpose of the preseat siudy

Theg
Hoge ™ wmx sopported by Natons! Imwitisics of

Reweth Qramt NBOT2Y sad Resarch
et Developeneat Award SKOINBIS6I9

T Teey

these anbmals tho sccond operation was per
formed afler compkte recovery of dymamkc
equilibrium from the first unilatoral labyrinth-
ectomy whilo In tho other one the second
operationt was performed when his postopera-
thvo threshold was stlll midway (700) to the
Ievel of pre-operatlve threshold)

All labyrinthectomies wero porformed  with
routlne aterile procedurs through a retro-aurd-
cular approach to the Iabyrinth.

The posoperativo compenvatory pattern of

Amo:



248 M Igarashi et al

dynamic equilibrium was lavestigated sccord-
1og to the squirrel monkey rall test procedure
which was previously described by the author
(Igarashi, 1968) Poxtoperutrve threshold meas-
urements were performed 2-3 trmes per week.
In additton to the of the post
operative daily threshold, the daily condition
of ataxiz was studied by scormg the percentape
of total dafly falls/total daily trials.

The number of days required far compensa-
thon to take place was determined ctatstically
by using ¢-test. The pre-operative mean thres-
hold and mean percentage of falls (condition
of ataxia) were determined by taking the aver
age of each of these two measures for =il sub-
jects doring five tests sessrons preceding the
labyrinthectomy A distribution was cbtained
by combining each individual subject s five ses-
sion pre-operative average &3 a smgle score.
Postoperatively raw dats scores for all sub-
jects were combined within 3-day blocks to
form comparson distributions (ooe compard-
son distribution for every 3 days postopera
tively) Ths duration for complete functional
compensafron was determined by snocessively
comparing each 3-day comparion distribution
with the pre-operative distribution until the ¢
value obtained was no longer nignificant at the
0 05 level of probability (one tall)

T LEv,
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Fig 1 Aversge valoe of perforraamen thresbokds ser

" ow owowm

even though 1t was not rotated) immeduately
afier the unilatersl labyrinthectomy The
symptoms subsided gradually and sbout haif
of the total subjects regained almost 1/ of pre-
operative threshald values within 21 dayy post
openattvely Four out of ten monkeys regamed
their pre-operative thresholds on the rall test
in sn average of 40 days after the operation,
rangmg 30 to 51 days. The other slx regamed
thelr pre-operative thresholds berween 5790
days postoperatively Tho ayerage vale of

five performance thresholds from te2

subjects 3 presented In Fig. | All ten sabjees

Upoa the attzl af compl g

after upilateral procedure or when the
¥ 73 falled to scqulre any sigmificant com-
pensation for 3 o 6 months after bilatera! pro-
cedure, the anhmaly were sacrificed by means
of intravital cardisc perfusion. The temporal
bones were removed and processed according
to the standard preparation procedure Al
specimens  were cxamuned lght-microscopl-
cally

RESULTS

Unilateral labyrinthectomy

Anmbpct;‘mcxuundynukaﬂhrpon«
taneous mystagmus, and most of them could
nmpafonnonthenﬂnnll(um-mun—
ing the subject could not traverse the rail

Act Otolarynt 69

Fig. 2 exhibits the average valuc of the pef
centage of dally falls from the ten animals k-
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Fig 2 Avorsps vahw of daly percente of
{which Endicates the condibon of st afer W
laters) (abyrinthectomy from ten subects WYY
limht of pproximate reage (pee-operather — P
operutive mean valoe of percrotage of fals.
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vapmted. The result generally agreed with
that of daily thresholds.

According to the resuliy from the f-test, the
fint compartson distribution that was not sig-
nlfieanty different from the pre-operative dis-
triboton, was the one for 37-39 days for thres
bold performance, and also it was the one for
4648 dayx for the degree of ataxia,

Elmdmhwum/abyﬁmhmomy

The obserraton was made for a mintmum of
120 days and maximum of 190 days after the
operaton. Except for ome monkey which at
coc tmne had a postlabyrmthectomy threshald
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o 100 RPM (its pre-operatrve th
1050 RPM) the thresholds of thess monkeys
rotioed  rero, o 50 (meanmg  they
coud barcly traverss the 1/ ¥ wide 6 long
T but they falled to do 30 when the rail was
mt:dcvmnﬂx:bwm:pwd),mwo
lmum‘ﬂlmommmkzyncmlnyde
Moostrated the threshold of zero cven 109
%1 postopenatrvely and the other aoe could

Labvrinth.

e e el

L A

Fesa P son

bz ¥, YW00 of parforoance thresbolds after

Yeny o SCMneom Labyriohectoy (e Wb
0682 6f pre-oparatrve thresbolds

Flg 4 Avernge valoo of performunce thresholds after
frst (L) and wecond (L-ID operation of blateral
was d Iabyrintts (Bvo  subgects).
- pre threshold range — meam val

The thresholds of il performance in these
animals wers also extremely low immedistely
after the second operation bowever each ome
demonytrated slight recovery m 1ts rail per
formance ability after the third postoperative
week Ooe tubect bad thresholds of 150 RPM
on one occaston about 5 weeks postoperatively
bhowever his threshold remained at 50 RPM
during the rest of the time All other subjects
fafled to gain a threshold higher than 50 RPM
any of tho time. Onc animal falled to gain the
threshold level of 50 RPM untll his 60th post
operative day Average value of thresholds
both after the first and second labyrinthecto-
mues can be seen in Fig. 4

All subjects after bilateral labyrnthectomy
(whether shnuttancoos or not) failed to recover
good performance threshold on the rall. Also,
these monkeys exhiblted slight ataxic gt or
bead shaking (or tilt), when they were forced
to be in an 1y alert dith Ithough
they did not have amy definrte difficulty in
maintaining balance in their daily lives in the
cage

Histology
Complete destroction of the vestibular end-
organs was histologically confirmed in all tem-

Acws Otcleryng 69
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tative view
(U) and borizontal semicircular caml erfsta () ares,

paral bape specimens examined (Fig. 5 A, B)
Vestibular ganglia (Scarpa) were found to be
intact light-microscopically (Fig. 6 A, B)

) DISCUSSION

Ina long-term results after bilateral (regard-
less simultaneous or pot) labyrinthectamy -
dicated that this condition created a severe im-
patrmemt jn their behavioral performance for
the advanced psycho-phymcally trained condl-
thon requured in the sqmrrel mookey rafl test,
however it was found that there was no severe
ataxia In thew ordinary dally lives. In other

starns which required good co-ordination of
extremities, although it was soffictent to male
tain thelr dafly actvities oa the floor (in ¢

condition appear to be established by the pre
sent stody Other workers have made son¢
what similar observations after labyrinthet
tomy In untrained animals, for example, Gy
& Lissmann (1947) described that a to3d €€
hibited unco-ordinated swimming movemenss
after bilateral Isbyrinthectomy Graybel &
Fregly (1966) bave also found that labyrith®
def or d human sobjects showed

words, the P 34 chant which
took place within the vestibalar neral system
(most probably vestlbulsr noclks and reticular

mmmqmﬂuﬂnmmmw
'I‘hcmcnvc:'yofthﬂﬂ-ﬂw'-h"”h"’“‘::
bt that

formation), together with asst from all
other cues was not sufficlent for the behavioral
performance of this psycho-physically trained

Acte Owlarynr 69

1aDy. 0,
of & contralateral vestibalar labyrin®h
and otber vismal and proproccptive coes ¥ere
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“%i to permit complete recovery to a pre-
™ Performance level of this advanced
Bo-Physical tagk,

ean et L (1956) reparted pesitive spom-
oy OYigrms (when the patents eyes

closed) many years after unfisteral laby
hﬁm“"ﬁ Goto (1964) also described wim-
the 0d dysequilibrum (one case post-

study dynamic cquilieilum  compensation
could take place faster as many other coes pro-
bably were contributing to sssist the monkey
to compensate, especually by frequent post-
perative testing proced when compared
mibemﬂnpoﬁopcnﬁwmmlnlmmm
Whea the test was being performed, visual snd
pmprhnpﬂvecwhllycon&ﬂ:u!.cd!oﬂn

-

550 dayy postlaby Y)
h:h“wblwnkmcm In the present

performance.
Precht ef al (1966) baye termed the 3045

Act Mryng 69
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Fig 6 (A) Photomicrograph demonstrates a normal  morphologically mtact Scarpas ganghon after OF

vicw of Scarpas ganglion snd macula otnculi (UL hbyrmthectomy procedure. The arca of omkoues
90. it occwpied by omsification (60 days postoperathel
20.

- ‘i
. PeA)
1B (=i

(B) P h ghows a view af
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deys postbbyrnthectomy status as the com

ormmlites were less marked, and only 1 tend-
exy 1o furch to the operated slde could be seen
o quick body The keys in

ode 3 extended to Doctor R. Salto, Doctor S. ho-
abhi, Mr R. F Gruver and Mrs E Marbey for
their technical smistance.

ZUSAMMENFASSUNG

te present study have been tested on the rail
(xtich could akso be comidered to be a condk

Dic A des Glexchge
wichtes bef Safmirl schurens (Totenlopfaffehen. Squl
el monkey), pemessen an dem Satmiti-wiurems Schoe

tion of phyucal tratmng) frequently after the
qui:l.lndthd:mvvrynhaunﬂm
y conld by be coo-

#ered 10 be faster because other coes were
@fored, bowever some of them even 10 re
mmd.craﬂylﬂuwdmnmngﬂunb-
rmmmhmMm

denseln des peripheren Labynatis fdc die Echattung
dymamischen Gheichpewichies wkiig ht, wem
die Verhihohes erbbhto odsr

Glelchgrwichts
Thtlgiet tm taglchen Lebea bm aligemeincn Leine
b physil

P Inche  Ambal-
dung und Fertigheit beanspeocht.
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D C. POTENTIALS IN THE SEMI-CIRCULAR CANAL OF THE PIGEGN

V S Dayal
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The D C. potenual In the scaln media of the
cochlen wes first measured by von Béké&sy
(1952) D C. potcntials have also been meas
ured In the vestibular labynnth, In the utricle,
¢ sacruke and the semi-arcnlar canals (Smith

& 1958 Trincker 1957 1959 Gannon ef

71958 Schaudi & Ferndnder, 1962
Schmudt, 1963)

Trmcker reported a potentlal of +30 to
+40 mV in the lateral semi-circular caml of
the gumes plg (Trincker 1957)

In a subsequent publicabon, Gannon ¢ al
(1958) found a much lower potential and felt
that it was Do more than +5 mV ey recorded
1n the ntricke. They felt that the diflercoce 1
the valpes obtained were due to the use of dif
ferent kinds of micro-clectrodes.  Trincker
(lgsﬂwdumdddccﬂodelxmmlh!ymt
as stable for D C. recordmgs as could be de
sired, wheress, Gannon ef o (1958) wsed &
mpmuymmp{palcm}cdwim:#mo!uka,

Acts Orolary 5 69

with a 1 tip and a resistance of 7 to 10 meg-
ohms Howerver the discrepancies between the
results of the eadier investigators did pot seem
to have been satisfactorily clarifted (Gannoa &f
al 1958) It therefore seemed to be of 1nterest
to nvestigate if vanations in approach to the
endolymph and the use of different electrodes
could contmbute to elucidating ths problem.

METHOD AND MATERIAL

For this study we chose to use white pigeons
(Columba livia domestica) weighing abot 500
g In #ll, 18 preons were wed Jp tha stedy
They were apesthetised with an intravenoe
Injection of Equithesin (sbout 1 4 cc per 1000
© A routine tracheotomy was made T
Ewald s approach wos used to cxpase the et
branous horzontal seml-circular canal
After exposure the membranous camal wab
clevated out of the perilymph with & very [
wood:nsp!ﬁ:terwpnwn:acmmtbdm
Y.h:]:\erﬂy-m):\hn.k:mdtht:q:nclol‘yuq:vblmﬁ\ﬂﬂ‘L
A small inciston was then made n the mem
branous canal wall with & pau'd“m“
scissors, close to the ampullated end buf oot
m the ampulla. The elestrodes were intoduced
Into the endolymphatic fhud under direct il
with a micromanipulator For recording P
poustwotypc:clmicm—dcctmdﬂ‘mm
One was a metal clectrode made of phaioe®
Indium wire hsulated with Cosisg woidet
glass, with a tip dlameter of aboot 1x 38d £



D C potentlals in the semi-circidar canal of the pigeon

tp impedance of 600 to 700 kohms as deserib-
ol by Wohlhanlt et ol (1960) In other ex
permenty capillary microplpettes with 1 to 2u
tp diameter filled with 3 molar hCl were
wed It was coanected to the voltameter by a
patwrmn-fridtom wire.

Recordings were made with a Model 203
bmtel mierovoltameter The reference electrodes
were placed clowe to the exploring electrode
u the peritymphatic flutd.

In 4 mumber of these expenments the results
o motia on (be potentlals werc also potod.

FINDINGS AND DISCUSSION

Avnl of 18 experiments were carried ont.
There were 12 valld experments. In the other

55
Table 1

Metal C pillary
Expertment no mikcro-ckeetrode  mcro-chevinnde
1 Tmy?
2 + 2mVY
3 ¥ mv
6 #od
1 mv
9 W0 my
n N my 0m
12 Wm
14 20 mV
17 20 mt
15 1%
A enape 23 my FARA
Endo-fymphatle potenitial valoes measured’ !
the penlymph

? Excluded in the calculation of & erage vakue

vestibular labyrinth with a good metal clectroge
yiekds results as stable as with the capil ry
icro-et de filled with 3 molar KO Ihs

ﬁ,mmmlvﬂmo{+1|nd+2mv
N membranous camal of the pigeon
for bly thicker and tougher than those
Attt 1 o gainc prgx It is therefore very
mmm:nﬂw{m:mho-
"ﬂ"’“"-berkkol’dnnngcmd-‘
@ 0 the camal Dr G Dohlman
sogpested to cut
hhﬂ:’lur open the camal and
electrode mio the endal
e eadolymph
dhcurhbu_Utlugthhtedmlquour
%mmwnemmmam
Y e areE¢ DC. potential recorded
ey g 1, TV (endolymph posltive with
Bt P"")‘mpb)mnngco{nﬂzﬁm
FO0 was from +20 10 +30 mV

mhﬁ“&dnn.becxplonﬂmd
Potenthls of the flnd whhin the

might suggest that the valucs obtawed by Trix
ker (1957) with the metal micro-clectrode in
the guinea pigs may st be valid Contarmna
tlon from perilymphatic flukd was i not elf
minated st least greatly reduced by the e of
the small wood splinter support under the
membranows canal and did not seem to affect
the results. The DC potentals recorded o
this way could be shown to respond to anvxia
With Increasing anoxia the D C potental val-
ges decreased but returmed to the ofiginy) kv
¢ls on eliminating anaxa if this was done
within a few mmutes. On sacrificing these am
mals the DC potentials went down to nega-
tive values of —10 mV relatve to the pere
tymph.

In a companative stody of values oo DC.

in vertcbrates Schmidt & Ferndo-
dez (1962) found +5 mV D C. potentials m
the semi-circular canal of the bird. Schmidt
(1963) found I the common pigeon ~3 to
+5 mV D C. potentha!

In our cxperiments higher values were ob-
talned in pigeons It is difficnlt 10 explain thiv
d}satpancybct‘cznmrrudumdlhmcd
prevh igators. I might be Importast to
mention that in the first two cxperiments where
metal electrodes were poshed through the do-

Acse”
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were explored for measurement of D C. potential of
the atic fluld, M were made
relative to the perflrmphatic flukt in the fmmediate
vicinity of the exploring electrode. Explorations were

if

The D C. potental in the scala media of the
cochlea was firt messured by von Békésy
(1952) DC potcotials have abo been meas-
ured n the vestibular labynnthk, in the utrzcdle

saccuke and the semi-circular canab (Smuth

af 1958 Trincker 1957 1959 Ganmoa et
o 1958 Schmidt & Ferndndez, 1962
Schmidt, 1963)

Tnaocker reported a potential of +30 to
+40 mV in the lateral semrarcular canal of
the gulnea pig (Trincker 1957)

In a subsequent publicatron, Gannoa et al.,
(1958) found & much lower potential and felt
that 1t was po more than +5 mV as recorded
in the utncle. They felt that the difference m
the valucs obtained were due to the uwse of dif
ferent kinds of micro-clectrodes. Trincker
(1957) used & metal clectrode presumably not
as stable for D C. recordings as could be de
sired, whereas, Gannon ¢f o (1958) used a
capillary micropipette filled with 3 molar KQ,

Acta Otobaryng 69

with a 14 tip and a resistance of 7 to 10 e
ohms. However the discrepancies betwern the
results of the cardier fmvestigators did not s
to have been satufactorily darified (Ganon o
al., 1958) It therefare seemed to be of interest
to mvestugate If variations in approech to the
endolymph and the use of different clectrodss
could contribute to ducidating this problet.

METHOD AND MATERIAL

For this study we chose to usc white pigeoss
(Columba Livia domestics) weighing about 500
g In all, 18 pigeons were used m this stody.
They werc ancsthetised with an imtravenos
ingection of Equithesin (aboat 14 cc per 1000
g A routinc tracheotomy was made Tbe

After exposure the memhranons canal Wi
elevated out of the perllymph with 2 very fie
wooden splinter to prevent a contact between
the perilymphatic and the endolympbatic flaids.
A small fnction was then made In the e
branous canal wall with a palr of fine i
sclssors dosetoﬂnlmp“lh"d“’dwm
inthonmpuﬂl.Tbedcd.rodﬂwmmtmdlﬁd
into the endolymphatic fluid under dircet visios
with 2 micromanipulator For recordiog Pt
mmzypcso!uﬂao—ckdmdﬂm"‘d'
Onc was a metal clectrode made of plaises
indlum wire mulated with Comlig
glass, with » tip dlameter of aboat 1y a2d 3
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POSSIBLE INTERACTIONS BETWEEN GRAVI RECEFTORS AND
SEMICIRCULAR CANALS IN THE HABITUATION OF VERTICAL
NYSTAGMUS IN PARROTS

W E Collus and B P Updegraft

From rhe Prychology Labormory Cifl Acromedicel [asiiate FAA Olkshoma Cln
Olke USA
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XX 10 another in human conolis studles
(Goedry 1965 Guedry o1 al. 1964) has been
“ribated to possible differences in the pattern
of fumlanon contribated from several sources
nclafing the otolmts. Data obtained from rab-
Hh‘mh.:lmﬂnpnemn:saﬂbmkd

Owada & Olubo (1963) to conclude that the
otoliths exert some rcgulstory funchons on
mystagmos, while stodies with  centnfuges
showed that otollthic strmulanen mfloenced the
imde of mystagmus obtined from humans
a5 a result of both calorizatioms (Berpstedt,
1961) and anpular sccelerations (Lxnsbery et
al 1964) Linear sccelerations produced by
paraliel swings bave cansed oystagmus in hu-
mans and rabbets when the eyes of the sabects
were deviated Iaterally (Jongkees & Fhillps-
roon, 1962, 1963 1964 Philiparoon, 1962),
and horizontal nystagmic reactions have been
reported for humans exposed to perdodic Linear
accelerutions  (Niven e7 al, 1965). Additiocally
the or of nystagor
during rotation of buman sobjects about an
earth-horizontal axss was atributed by Guedry
(1966) to the changmyg location of the gravity
vector
Colhns (1969) examined the possible inflo-
ence of gravi-receptors on habitaahon of mys-
tagmus in cats. Cats placed on thelr sudes were
given a series of angular eccelerations which
significantly redoced ther mystagmic reaction.
However when the position of esch cat was
changed by 180 (thereby keeping the same
scty of canals in the plane of rotanen) no habi-
kmﬂoucﬂccumlpp:::mdunngmbg
quent testing.

Acta
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With few exceptions (c.g, Winget & Smith,
1962 Winget et ol 1962), studies of vesi-
bular habituation in birds have been concerned
with head nystagmuos rather than with ocular
resp to st of the i ca-
nals, The present study was designed to exa
mine the process of habituatlon of ocular nys-
tagmus in birds and to explore further the pos-
sibility of an interaction between graverecep-
tors and semicrcular canal activity in the habl
tuatson procest,

METHOD

Subjects
Habituation of hormontal nystagmus was ex
ammned fn a group of six Afncan parroty. Six
teen dwarf parrots were used to examune the
nfluence of the position of specific and pon
specific gravi-receptors on the habltuation of
vertical nystagmos Each hird was restratoed
by mecams of a band of gauze which served
both to keep the wmps apamst the body and
to secure a special arched, cloth-covered brace
which extended from the back of the burd
around the top of fts head. The bezk of the
bird was taped closed and secured (m ap-
proximately the position of normal carrlage re
lative to the birds body)} to the edge of a
metal contatner 1n which the bird was placed.
itional tape extended across the cloth-
w brace from one side of tho container to
~lother and provided complete immobllra
—85n of the subject. Necdle electrodes were
oserted on each mde of each cye of the Afri-
can parrots, and above and below cach eye

of the dwarf parrots so that sepamms record- |
lnalofulhcrhatouulornrmlmmm
of nystagmus were obtained from tho right md
Ieft eye of each bird, Recardlng from both eyey
scparately but  simultancously permitted 2
choice of tracings for scoring and peovided od-
ditfooal agsurance that a complets set of e
ings would be obtamed even though a record
ing problem (e g, a pulled ckctrode) might
develop The recorder was an Offner Type R
Dynograph with 3-sec time constants, Ammib
were tested in groups of two or three by meaes
of a tier armangement on the Hoflman Rot-
tion Device (Collins & Hoffman, 1964 Cd-
Iins & Updegraff 1966) A varkcty of andiory
stmuli was presented donng respoase periods
to help maintain alertness in the birds.

African parrots lateral-canal

stimulation

African parrots werc tested with thelr b
ral camls in the plane of rotatioa xnd Wi
therr heads (and bodles) pontioned over te
turning exis of the rotator Two pre and (%0
post-habltustion trials, mmediately preceday
or following the habituation serfes, were O3+
ducted as indicated In Table 1 sthoc
comprised sccelerations and deceleratons o
5 /sec? for 12 sec separated by 2 mm of e
stant velocity The hsbitmation seres coF
prsed 15 accelerations of 5 /sec? for 12 ¢
followed by 1 min of constant velocty a0d
subthreshold decelerations (0 15 /sec® for 40
sec) An additiopal palr of post-tests, O
ducted 2 weeks after the Inlual pair exmined

Table 1 Osline of test procedure for stimulation of the kateral semicirewlar camals bn six Afric®

parrots el
and post: stuml} were of $°/sect for 12 sec mparsied

s weocty stimals drfn‘lmum(dcmknﬂanmw
Pre-trab Habétuation Post-rals
(accel and decel) senes ocded )

(15 irhh.
m 1 2 acce! only) 1 L
cow
A3 cw cow ow cw
:_Lﬁi,‘_é cow oW cw cow o™
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oot of 10”hec* for 12 st were subthreshold)
Duwarf Pre-1 and Post-1 Pre-2 and Post 2 Fabitotion seres

parrou (acoel and decel) (mcoel and decal) (15 triabs. accel only)

D1 CW  beak down CW ~ beak up All CW

D2 CW - beakt up CW — beak down (beak down)

D3 CCW - beak down CCW - beak up

D4 CCW  beak up CCW — beak down

D5 CW — beak down CW — beak up ARCW

D6 CW — bak up CW — beak down (beak wp)

D7 CCW — beak down CCW — besk up

D CCW - beak op CCW — beak down

Ll CW - beak down CW — beak up All CCW

D1 CW - beak op CW — bauk downt (beak down)

1 CCW - beak down CCW - beak up

D2 CCW — boak up CCW - beak down

D CW - beak down CW - beak np Al

u CW¥ - beak wp CW - brak down (besk p)

D-is CCW - beak down CCW - beak up

D-1¢ CCW — boak up CCW - beak downt

the queshan of of habl All  habitpation trials in & “beak down™ pomitron

tdahy were in total darkoew rest intervals be

one with CW and the other with CCW
tween trials (Lo whth the rotator at a stand- rotaton. The remaining two groups were
S0 comprised 35 min in room Womma- hatetuated with “beaks up one during CW
tony The habi

Dwarf parross. vertical-canel stimdation
Ia the major porton of the study dwart par
o were piaced m a tilted position with their
beads over the axis of rotation. Two body
. qu:cmm.ed.“beukdcwn md “beak
“beak down™ positlon, the con-
Biner holdmg the bird was ted 90 forward
= tpproximately 45 1o the left of the bird
Wrom the resirained, upright positian) the
ek up poattion represented & chango
180 from “beak down In these positions,
* Wik vertial nyszagmm could be eficlted.
By veml cbecrvation of birds wed in pllot

(015 /sec? for 800 sec) Two pre and two
poat-tests wers conducted mmmediately before
diately after the bLabituatl i

direction of rotation as the fist for a given
w*kthodhccﬂnndmacyo-mtm bird, but the ammals pomtion was changed
o0t tended o be somewhnt oblque and by 180 Pre- and post-tests comprised accole

e drection of the fast phase 1n oo £ye was

Pposls to that of the other eye.

The 16 dwarf parron were divided o
Foops according to body placement and

o direction of rowation during babitaation

thls (Table 2) Thus, two groups recehved

i
i
B
il

elicited (one direction during accele
the other during dectleretion) for the
bead and body positions (“beak down

5
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PARAOT 6 (HOATZONTAL WYSTASWUT)

SYSIL! for 12 BEC

me

rost 2 Pt i

COW ACCEL  BYSEC' for 12 8£C

and beal up™) Durlng the b lon seriey,

s WA A
rosT | “{—"""’VWNMAWWU

of nystagmus from the nght eye arc preseated

however only ons directlon of mystagmus was
permirtted to ocenr and the head and body were
maintained in a single position.

Scoring
Measurements were made of slow phase eyc
dbspl f y of nystagm and

duratfon of response s outlined elsewhere
(Mertens & Collins, 1967) For the African
arrots, it was possible to convert the horizon
slow phase measurements to degrees of eye
wement by means of a calibration factor ob-
~calfied from the birds responses io optokinetic
stimulation (Capps & Colling, 1965) Vertrcal
cye could be obtained only occa-
swnally from a few of the dwarf pacrots ex
posed to the optokinetic stimulator bence slow
phasc measurements of their vertical eye move
ments were expressed 10 arbltrary umits.

RESULTS AND DISCUSSION

Stimulation of the lateral canals
A sampk of the trcings of horizontal eye
movements obtmned from one of the African
parrots appeans ln Fig 1 Mean respomse
scares for the six birds for measores of slow

tn Table 3 and depreted In Fig. 2.
For the direction of p
dliclted doring habituation trials, there was 2
decline for all three measures (relattve change
scores) from the Pre-test to Past 1 the decline
was statistically significant for slow-phase (¢=
5.38 p<00I1) and frequency (1=1147 p<
0001) measures, but not for duration (=
136 p<005 level=257) The unhabituated
direction of nystagmus showed some decline
from the Pre-test to Post 1 (except for an b
crease in the average duration score) but the
declines were not significant Post 2 tests, con-
ducted two weeks later showed recovery of te
habituated responsc. Nystagmus m the unbabi-
toated direction was approximately at the same
level in the Post 1 and Post 2 session, but the
Latter tested as significantly Jower than the Pre-
test (1=4 40 p<001) duc to the fact that &
six parrots showed some dectme from the Pre
test to Post 2 (Tabk 4) o
Comparisons among relative change
appear in Tablke § The declines of slow-phast
eye a2d frequency of nystagma B
the hablmated direction from the Pre-test [
Post 1 were sigmficantly greater than both te
Pre- to Post 1 change far the

and ths Pre to Post 2 chaspe for

phase disp quency and dorati
Actu Otoleryng 69
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PER CENT RESFONST
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TRIALS

e habltmated direction. No other compansons
produced statistically signdficant ditferences.

Thns, ocular nystagmus from parrots under
weat relatively rapld habitmation and the e
0% dectine was (rel dt

Fig 2. Mean change (In per
cent) of Post | and Poxtl
scores from Pre-test keveds for

parrot appear in Fig. 3 Mean response scores
for duration, freq and slow-phase cye
displacement, for each of the two hesd posl-
tions, appear In Table 6 and sre graphically

y) y
specfic. Copsiderable recovery occurred fol-
fowing & 2 week rest. These results aro gimilar
1o those obtained from other antmals (¢ g, Cob-

T2t & Updegratt, 1966)

Stimudetion of the vertical canals
Trcings of the vertical compooent of eyc
movements recorded from ons eye of & dwart

P d In Fig 4

Satistical analyses (Table 7) of Pre and
Post-test scores Indicate that nystegons m the
directlon repeatedly elicited during habituation
trials declmed significantly for all three res-
spoasc memures when the birds were main-
tatned in the same position ms that imposed
doring the habituation scries. For & change in
posibon of 180 however oaly frequency of

T&lummmmm: mavber of aystagmic beats, and response
durdtion obtained from six African parrots durtng tests before and after a series of 15 wnidirectional
onpuior oecelerations

D:ﬂmummdmmwmhmmmmmuummmmvwm
hlmhmmmumdmmua’a—mmﬂmhwﬂmdnﬁmhmd
hcdﬂ'::mpmhdy ware given mrenediately bufory and aficr the babstuabon serics, Post 2 tests were condncted

Frequescy Duratan

Ten Degrees of Fre Beaty = of Pro Seconds o Pre
Habsrumter! dractum
. 43 s 8

1 2937 41 192 2. 1 ”s
Pou-y a0 s 33 ®s 1 1012
h“:-b-.rm

4m3 3.7 238

Fow | 4041 s 13 521 1097
Fowuy 4036 [ 21 s o

100

Acs e
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Table 4 Results of t tests between Pre-test and Post-test scores for the habltuated and the inhobituated
direction of nystagmmes

Direction of myztagmes
Measure Corrperisons Habitmued Unhabitoated
Slow-phise Pre vi.Post | 338 176
Pro «vx. Post 2 233 440
Post 1 vz, Post-2 3s aod
Frequency Pre- va Post 2 1147 243
Pre 3. Poxt-2 o 221
Poxt-1 vx. Post- 1% .66
Duration Pre-vi Post | 136 198
Pre vi. Post2 0.61 08
Post-1 va. Post 2 136 174

Levels of signlficance- 005 001 0,001

Table 5 Renudt of t tests comparing 1he relative change tn Post-1 and Post 2 resporrces from those

of the Pretest for the hab ! and the umhah d directfons of 3¢
Comparisoas of retathve change Mexsure !
Habitmted Pre- to Post-1 Slow-phase i
i Fregoency ™
Habimated. Pre to Post 2 Durston 132
Habitmated. Pre- to Post 2 Slow-phase 413
e Frequency 1046
Unhatxtuated. Pre to Post 1 Duration 193
Untabitmaed. Pre to Post 1 Slow-phase Y]
3. Fregnency (¥ ]
Unhabitoated, Pre to Post 2 Daration m
Unbabitoaked. Pre o Post 2 Slow-phase 036
LN Frequency an
kuased Pre- to Post-2 Dunation ass

evels of significance: 0.03% 0.01 * 0.001

Table 6. Afean vertical slow-phase eye displacernent monber of nystagmic beots and rexponse duration
dring pre- and post-habituation trials for 16 dwarf parrots

Data far both the and of are presented for the head posinon used durieg
the 15 habrfuaton trials and for a 180° changn in head postison (“unbabitusted head position™)

Habitiated head postion. Unhabltuaicd bead position.
direction of pystagm. direction of pystagroos

Measare Tat t L ed
Pro 1420 1723 1650 1606
ey Unir) Post 94 a4 1 22
Nomber of Pn M1 n: M3 7
Beats Post 175 ns 269 263
Duration Pre 231 29 s 204
(Secoodt) Post 180 n1 at 204

Acta Otolaryng 69
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TSI
MWL et

Pt s Trera] Ty ey e

i o S I VU WA N N W N i

TLETROTD TR

T S e N WU S s

LA . serbosisins I N

of
— the mcording pem dgnlfy  ertkal
A

P ! ——~— Jf for the direction repeatedly elicited dor
Ing the habimanon series. (Note the
W LETIOTS BReTEN earty secondery yegmm In the top-

Eysagmms showed a slgnificant Pre to Post
test declme (Fig. 4 and Table 7)

Statistical compartsons of the relative changs
o Posttest scores from those of the Pre-test
#pexr In Table 8 The declmc in nystagmic
output for the habitmated direction and the

positron osed during the habuua-
t“”trhmdguiﬂ:andy greater (0 05-001
levch) than the Pre to Post-test changes for
elther direction of mystagmus In the unhabh

ywelded stammstically  signuficant
(Table 8 and Fig. 4)

li:dlradpodlhu,nw:{lufurthnunp!m
kecd direction of nystagms In the habitasted

y Iitile or no tramsfer of hahituation
when tho 1amo canals were stimulated bat with
the position of the ammals changed by 180
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Table 7 Resulls of t tests between Pre- and Fost

the animal becomes habunated to the general

test scores for the two directions of nystagmus cnvironment as well as to the acceleration

and the two head-body positions

Condition 1

Dérection of Head Slow- Fre Dare-
Tystegmy position phaw quency thon
Habxtoated Habxtoated 172 4 308
Habitoaed Unhabltoased 167 .58 058
Unbabitmted Habituated 041 160 000
Unkabitueted Unbabituated 003 1.03 M
Levch of signifleance: 005 001 0.001

These data agree with related results obtained
from cats (Colllns, 1969) and do not appear
to bo doe to arousal factors cawsed by
changlng the position of the animaly. In add:
tion to the auditory stimuli used to help main
tain arousal doring response periods, several
birds were grven aix or more addrtional trials
in the “unpracticed” head—body position the
response declined In the usual fashion. The
birds were then placed m the opposite positfon
(that malntained during the original hsbita
tion sericy) no recovery of response from the
Post [ levels was apparent. Further trishh m-
volved alternating the position of the anlmals
No discernible effects of the handiing occurred.
1t arousal is excluded, the revults permit two
wons (1) The specificity of the re

-~ reduction it dus to factors generally as-
sotiated with the habitnation procedure, le.,

sumutus, and  significant” changes i the en-
vironment (includlng body postion) result b
2 faflure of habitnation to transfer to the new
situation. (2) The neural patterns generated by
the semucircular canals, the otoliths, and ather
gravireceptors intermct to a constderable de
gree in Ining habinmtion of nystagm
in some ammals, This proposed interaction
would thus be more dynamic than the pre-
vionsly reported regulatory effects (Le., ihilut
Ing or enhancing responses) of the otoliths oa
semitircular camal activity
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Table 8. Results of ttests on relative change scores (Pre- 10 Post test) between the cartous combimarions

7 Unhab = Unhabl d)

of head-body position and direction of

(Hob = Hob

d besd posityon was sgord cantly
combea Lo

Compertsom
Nystagmeas Hesd Nystagrmy Sow
m durection LS posinon direction phase of beut Durwtion
" Hab Unhub 142 304 236

find L by Untab Untab I s47 13
Hab Hab v Unhab Hab 326 310 13t
Hb Unbab v Unab Hib ] 113 110
Hib Ut m Ushab  Usiab 048 . o

e Untab v Unheb Hab 133 00 o8
Lewels of slgoficance: 003 0.01
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THE DIAGNOSTIC VALUE OF GELLE'S TEST

W A Dankbaar

From 1k Department of Otolarysgology Unlverstty Hospital Leidem The Netherlend
Recttred Aogost 20, 1969

(1885) beld the optalon that ncreased tension
in the tympanic membranc and osvicalar chaln
caused the redoced heanng He furthermore
stated that this effect abso occarred at pegative
pressure in the auditory camal.

In 1921 Gricsumann comstructed an  oto-
sclerometer”  permitting  quantitative  defer

In 1881 Gellé described the followmg test
hen the pressure in the external avditory
18 locreased by means of a Politzer bal-
2 loudness decrease should be found for

pomenon in the increased labyrinthine pres-
sure  Fixation of the stapes would prevent
tramsfer of the increased pressure from the
tympanic membrane to the mner ear He there
fore considered the test (0 provide a diagnostc
crterion for otasclerosis (1885)

Most of Gellés contemporaries, includmg
Berold (1887) Politzer (1893) and Bing
(1899) agreed with Gellé about the localiza
lon of the pressure increase, but Bartsch

Acta Oslarynr 69

I of the “Geli effect™ He found o
difference between the results in stapedial an-
kylosis and other forms of osicular chain fixa-
tion. Van Dishoeck (1937) carried this prin-
ciple further in his pncumophone In combma-
tion with the andiometer which had mean-
while come Into general wse, vanons investiga
tors have performed quantitatrve studies, In-
cuding Aubry & Giraed (1943) Thullen
(1952, 1954), Kietr & Zangemeister (1953}
Dudok de Wit & van Dishoeck (1959)
Mechmke (1960) Huizing Ir (1960) OK et al.
(1961 1962) and Armcld & Schindler (1963}
In general, these Investigators have come 1o
umular conclosions, i that both positive and
Degatve pressure in the middle-car or awditory
canal leads to the reduction of heanng scuity
and that the effect Is more pronounced for the
low than far the high frequencics, with a max-
mum in the regioa of 250 to 1000 Hz. The
marked spread fn the results and the inaceor
acy still inherent in the test In spite of various
refinements, bowever }nvc!:ndcanf‘“"“l
its application for the individua! d
middle-car defects.
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e amr

g seadbes
o

Bone svadicter

In the present stody an attempt was made
to cvahate the spread of the results of the test,
both in the mdividual and withln groups of
subjects with pormal hearmg and of patients
with stapedia] fixation due to otosclerosis,

APPARATUS AND METHOD

The relation between air-pressure In the outer
&7 and the heanng thresbold was determined
by sdmirpstering a mumber of fixed alr-pres-
sares In u ghven sequence to the auditory canal,
while the sabject himself changed the Intemity
u‘ﬁ’:li:h:mﬂ::r:l:ryl:neu.usolll:uplm»dcxtm:vd‘ull
100 (Béksy technique) The apperatus (Fig.
1) conunied of a Peekel audiometer typs D 4
commected to an itud, dul and a

Fiy 1 Disgram of tho spparafiss,

The stody was performed in two groups of
subjects. a group of twelve young persons with
notmal bearmg and & group of twenty five pa
tients with condoction deafness dus to stape
dial fixaton in otosclerosis. In the sccond
group, a bone—coudoction loss of less than 20
dB between 500 and 2000 Hz was coasidered
normal (Carhart potch) In all cases the diag-
nosls was surgically confirmed after the test.
All measurements were made fn & sound-
proaf room. The bearmg threshald was mess-
ured at afr-pressures of 0 —10 —20 —40
—-80 0 +10, +20 +40 +80 snd sgaln
0 em HyO for both air and boee-conduction.
The sound stimulms consmted of a continoons
pure tone of 500 Hz. The chowo of ths fre
Quency was based oo the findings of earfier
i tgati dicating that the ob-

Brocl and Khaer leved recorder type 2305 The

range of the combination was 50
4B, the modnlaton of rate 4 dB/scc. The tele
Pone was enciosed m an amtught box, which
Wi connected via a robber tbe with the andi-
tory cam of the car to be tested and with 2
Waltr-mnometer and & pressure regulator In
s way any arr peessure up o 100 e water
Pressure, both positreely wod negatively conld
be obiatned i the anditory canal, for akr-con-
dnction w well 23 for bone-conduction mess-
urement, in which case the bonc-conductlon
Teceiver was placed on the mastoid.

tainable effect occurs in the frequency range
of 250 to 1000 Hz.

All thresholds were determined compared
with a sensationa! kevel of 0 dB at an ak
pressure m the anditory canal of 0 am HO
Each threshodd d of a
cycde of 10 periods, permbhting celculation of
the threshold to an accuracy of about 1 dB
The outer @imits of the amplitude variations
have been found to Lie 4 to 6 dB apart for a
trained subject and almast 10 dB apart for an
untrained subject oc patient, both for a modo-
lation rate of 4 dB/scc.
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Flf 2 {a) Alr apd booecondociion threshold as
lon of ar-prexmre In the audtory canal, series
ten messuremnents in one pormal heanng sl
L booe-

jow () Alr and

uﬁmﬁ\mﬂmlhrmhd.dn-nmct}mofﬂ pees-

sre m the suditory canal serhes of ten messurementy

in another normal head g subject. — afr-conductfon,
booe-conductson.

EXPERIMENTS

In a number ol pilot studics we tned to meas-
ure some aide-cHects that might possibly in-
fluence the test procedure or the results. The
normal fluctuations in hearing scmity during
the time required for the test (30~45 min)
apart from the effects of au-pressure change
were determined by administering the complete
test procedure to several well-trained subjects,
while the alr prexsure in the suditory canal was
k:pcmm'rhumdoncforboth;h- and
bone-conduction at pressures of 0 +40 and

Acta Otolaryng 69

—40 cm H:0 We found threshold fluctuations
of up to about 4 dB and, if kept constant,
neither positive nar negotive presure was
fourd to have any infleence. These results are
In agreement with the findings of von Ba&y
(1947) who found varlations of about 5 dB

To establish whether the sequence of the
pressure changes could infloence the reyults of
the test, all the pressure valocs osed were of
fered in different sequences to one subpect, five
times cach. The twenty five threshold valoes
thus obtained were arranged In a so-cafled La-
tin Square. The result showed no influence of
a given sequence,

To determune the spread in results in persoas
with normal hearing (both In ope individual
and for a group) the following mensuremens
were done, Finst, two young, well-tralned sub-
jects with gormal hearing were each given the
complete test ten times over a fourteen-day pe-
nod. For both air and bone-condictlon, both
subjects showed an individual vadation of
about 10 dB (Fig. 2) Then a group of tm
persons with normal hearmg were ghen the
test ndividially The mean values of the re-
sults in this groop agreed well with thoso of
the preceding test, but the spread was greater
varying from 5 to 15 dB (Fig. 3) The effect
of positive and pegative pressure wos m the
absolute sense wirtually the same

»

~ . ~
\\t_‘/’
L]
—_—— —_— = -
L) a W e 3 @ n
- Mo
Fp 3 Alr snd thresholt sy a foac
oo of abr-prewure fa the wodiory canal wa tem 8



It b remarkablo that both In the two series
of repetitions with one smbject and In the test
senes It ten other subjecty, all with pormal
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sound-tube in the audstary canal. It is obvious
that occlusron and afr-pressore change in the
auditory canal have an opposlte cffect on the
bom

bearing, the bone- as well as the ail ductl

showed abomt the same changes quannitatively
whether the air-pressure 1n the auditory canal
nereased In negative or poutive value. This
oserranon i m conflict with those of other
Evestigators. Van Dishoeck (1940) reported
for ar-condneton at 250-500 Hz maximal
trreshold increases of 25-30 dB and for bons-
coodoctron 10-15 dB These findings were
coofiemed by Thullen (1952) Dudok de Wit
& van Duboeek (1959) Mchmke (1960) Hur-
tag Jr (J960) and Arnold & Schmdler (1963)
The explanation of these conflicting results
ibocld perhaps be sought in the fact that none
o these authors masked the opposite ear dor
Ing bone-condoction measurements. It has long
besn known (Bériny 1940 Carhart, 1950)
that for 2 booe—conduction threshold difference
ol a few decibels 1o the disadvantage of the car
belng tested, the toae i percelved In the other
cochlea. Such a threshold difference may de
oD xt & pressure difference In the auditory
ol amoanting to & fow centimetres water

presure. It s aho necessary to take mto ac
ot the occlusion effect, a ph

ductoa threshold. Due to the first
phenomenon the threshold drops and in 2 per
son with normal hearing the tone is defimitely
percerved m the car belng tested. If the pres-
sure in the suditory canal nevertheless ries
1o = certaln befght, the occlusion effect s more
than compensated for and cross-over heanng
can occur

This hypotheshs explains oot caly the dif
ferences between bone and air-conduchon bat
sko the maxiorum threshold increase of aboat
15 dB for the bone Gellé found bv all other
suthors in individoals with normsl beanng.
This valpe i in good quantitative agrecment
with the “threshold advantage™ that the occlu-
ston effect gives the car beung tested. Horing
Jr (1960) who wsed a method in which he
tried to exclode the occluston effect, provides
tho anly exceptran amoag the publeshed results.
The bone: duction threshold & ob-
secved at 500 Hz m his experimenss are lower
than those of the other authors.

On the basis of these considerations, for all
mb}calwhamamrcczmthcxﬁmulusvh

'hthﬂxmmmmmutmmmmz
drogs when the auditory canal s cbstructed.
Hmn”r(lmdmnmdmmcm
‘?‘wmmhmﬂm
"/ Lot a multiple theseof
m“‘“h’urﬂshtdmmcfﬂm.wmya_
g el for tho Gellé test, the occluvion
iy ot bo efiminated, but ft remains con-
o aoaghoat tbe test f the leagth of the
d’;"‘mdmmtmy oven when the height
g menhan of the watcr-manometer s
.q,:;h‘ or expenmean! setup the
o P Sagth of thhs column was sbout 36
nm’m*h-ﬂrhnumxm,mhas
o2 therctore tho ocelusion cffect may thus
um““‘mﬂymmmu A serics
s ety doue 1o elockdate this point
e s L diference of 17 to 18 dB between
endocton thresholds with and without the

bone- in our experiments, the con-
tra-lateral ear was masked with a low frequ-
mtynulsc.'l‘hobone—cuuiuabn:hmhn!dof
Lbemrbungtctt:dmdctu—mmedwh:hlbo
Gellé tobe i the ear Affer thrs, the contra-
Iateral car was masked up to the highest pos-
aible mtcnuty at which oo over-masking ocour
red Since the thresbold of the tested car rises
duo to the change i pressure, the =k of over
mmking 1 the coumc of the test becomes
steadily smaller while tho margin between ihe
test tooe and the mssking noese remams large
umu;hmudndcmmuhdma!dmmn-md
cochlea by the test tone With this method 1t
w‘nnoinccnsnrytodmn;ur.bumbo-lntmdry
dm:h:mt,whthlghthlmmnodwui
a source of eror When necewsary the same
muhngpmccdmwunpp&:dmlhaplhum
in tho study

Acra Crelaryny 9
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With respect to the alrcondoction results in
otoscleroxls (Fig. 4) it Is strilnng that the ef

in subpects with pormal hearing, in whom ne
essential difference was found on this point.
The variation range for the same pressures n
about the same for both groups, and varfes
between 5 and 15 dB  Generally the data

1 for posittre pressure in otosclerosis pa-

and pormal subpcts were about the
ame For negative preasure, the overlappmg ks

-

P VPR )
-——p
-— e

E R JUIRERE )
. Hyt
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the basks of the air-canduction findmgs, no &f
ference can be distingulshed between the nor
mal sltuation and otosclerests (Fig. 5)

The absence of a significant difference be-
tween the air-conduction results for normals
and cases of stapedial ankylosls throws even
more emphashks oa the difference m the resalts
of the bone-conduction measnrements. In por
mals, the Gellé cffect” on booe-conduction bs
qualitatively and quantitatively the same a3 oo
atrconduction, but In cases of stapedm! flxa-
tion the bonc-condoction effect b entirely ab-
sent, In all patients with otoscleresis the booe

-
Py —



coxioction threshiold does not changs more
then 5 dB cven for the highest pressures ap-
pied (+ 80 and — 80 cm H,0), and pelther the
Tiriahon renge por the meams show a signi
fetmt difference between the varkous series of
Tihes meagred for A given pressure The
e of vamton b4 farthermore distinctly
snller than that of the normals, and lies in the
B order of magnitnde a3 the th vari.

Dlagnostic valie of Gell€s text 271

closer typification of the apomaly is not pos-
sibke (Fig. 7)

DISCUSSION

The results of the tests performed in this study
coafirm the findmgs of many previous investl-
gators, 1c that a pressure change In the sudr-
tory canal of patients with otosclerosis influ-
ences only the air-conduction thresheld. not
the bonecondoction threshold The latter |
pot difficelt to understand. The stapes is fixed
tmpeding not only the transfer of vibratlom.
from the middle-ear to the fnner ear tut abso
the lnfluence an the cochlea of middle-ear im-
pedance changes. Seen In this light, bowever
it is pot directly clear why the tone threshold
of & stimulns applied via the audltory canal
iy indeed Influenced by sir pressure variations,
In our opinion, this phepomenon might be ex
plained as follows,

When the aur-Gellé is applied o an car with
stapedial ankylosks, the sound-pressure 1o the
auditory canal amounts, depending on the size
of the al~bone gap, to 30 to 50 dB more than
would be the case in a normally functioning

iddl When there b no difference in alr

Woos peayred without

1547, pressure (Békésy
Fit. 6 howa the data recorded In 25 oto-

wlerosls patients, Abogt 80% [le withn 2 dB

o the 220 Fine,

h:hh“"d]ﬂrbom-oellépu'lomxdumrd-
© the above-described method permits a

e diffcrentiation  between a2 pormal
h'wmm‘w:dulmpedhlﬂu-

te text b5 nor tor ato-
erogty,

- [o tvo petients with & trumatically
ey cssicalar chain and I three with

prmr:bc:wmuthcm}dd]e-ar-ndmcmdl-
tory canal, this sound-pressure will be suffr
clent fo simulate the cochlea by the round
window since it fs not scroasly impeded by
the tympanic membrano However air-pressure
change In the suditory canal will stretch the

drom thus Increasing the reflect’
of sound and decreasing the sound-pressure in
the tympanic cavity

The change In the tono threshold doc to alr
changes In the external anditory canal
thmcd@lmmﬂ-amldd]o-urﬂthmpcdm
mkyiodsl.n-d]ﬂvmtw-vmmvh-;mmn
middle-ear In the latter case the pressmo
chmpdhmrh!hnopzhnﬂud}umdun
middle-ear to the cochlea, apd the ossicular
ubﬂnlshnpcdcdlnfnlﬂ]llnglufmcﬂmd
tranuniulon. Tn the former caso the cochles b
stimulated without participation of y

oxsicies and the tympanic
&
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no function but (1o the contrary} forms sn
impedance whase degree is determuined by the
position and tension of the membrane

CONCLUSION

The Gell€ test, with the modificattors still ap-
plred 1oday (including the method nsed in thes
sudy) has no vahwe for the individusl dlag-
nosls of snomalies of the middleear The
vinaton range of the measured data i too
large and the difference between the results
obtained in subpcts with pormal heanng and
in patients with a conduction defect are too
smalf to permit reliable conclusions in sn n-
dividual case When sufficrent accurzcy can be
achicved In the test, the investgation of
groups of patients and the statisucal analyss of
tbe matenal can, however give a befter -
ught lato the function of the muddle-ear and
can therefore coatribute to a better theoretical
basts for the surgical treatment of middle-ear
defects.

ZUSAMMENFASSUNG
Es wird efne Methode zur quantitattven Ansfihrung
Gl

W,

sopseffeltés hingewiemen und sof dis UnerDisslly-

chenleitang Der Autoc hat verscht die Relchweite
varile

becinfiumt wurde Es w1 d versucht dicwes
ru erlThren,
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HISTOLOGIE DE LA SURD! MUTITE HEREDITAIRE RECESSIVE

J P Secrétan et M Neiger
Clinkque & Os0-Rhino-Laryagologic de FUnlversiid de Bern Berne Swusse
Regu Septembre 1 1969

%Pﬂ-\tmlpprtnqu’udqmdm
Différents witeurs ont cherehé & metre de

Tordre dams a question et & établir uno classh-

Omierod (1960) distingue troly gran-

403 claceey d'airérations

! U pent y avoir un défant de développement
d“lm'l!nﬂtucﬂﬂ!md‘mndesupuua
(Faltore to develop)

L Une interruption, un ammét dans un mo-
oKDl quekconque de la formation de T'or
ne aoditif ot

3 Une dégénérercence de purnes de Corgane
mditlf qol & étaent développées normale
ment jusqne L

1 peut en résulter différents types qu on a bap-
tnés selon Ic nom des auntcurs qui kes ont dé
crits e premiers,
1 Type Michel. aplasic totale.
2 Type Mondinh-Alexander La cochiée est
repr&cntée par un simple tube fncurvé. Lo
vestibule et les cananx semichrenlares soat
profondément altérés. Le Jabyrinthe osseux
est touchs aussi blen quo le membrancux,
Type BingSicbenmann. Le lobynnthe os-
scux est pormalement formé maks les par
thes b sont développé
L altération attelnt aussi bien le tabyrinthe
supéricur qoe Tinféricnr
Type Scheibe: La malformanon est limitée
& la cochlée membranemss et au saccule
Type Sicbenmamr:  Altérations del orellle
yennie (surdité endémique crétt
6 Microtie et altération do canal anditif ex
terne

w

FS

7}

Cette classification est cependsnt fort Join
de résoudro tous les problémes. On admet
en général que In surdité héréditabre récensive
correspond an type Scheibe If ny auralt dooc
pud’-hénﬂoudunquclat:oneuth‘tk
wpéricure du labyrinthe  seralt entifrement
nocmale Par contre 1a partie inférieure pré
sents une atrophic ou méme unc
totals dc I'organe de Cortl, un détaut de dé-

1 dela b qui ex
repliée sar clle-méme ou absente un collapse
de la membaane de Reluner qul pent méme
&ro adbérente A 1a strie vasculalre parfc

Acv
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concrétions sout PAS positrves. On peut, dans
méme orellle, constater & certains endroms

conduction cxmepse somt yrahemblablement deer d
ane simple rerception tactile.

solt spontande, et il sagt alors d'mne affec
tlon héréditelre, soat secondaire & un fecteor
extrinstque (infection virale, hémorragre eic)
et il 5 agit alors d'une surdité acquise.

Nous nc disposors cependant d aocun ai-
tiro histologique permettant de différencier
Jes denx étiologhes.

coﬂlpscdehmanhrmad:“' et &
«s unc ectasic du canal cochléaire Les
“altérations atteignent tovjours la spire de base,
elfes peuvent étre mowmns accentufes sar ke se
cond ou le troitme tour de spire, clles peu-
vent atteindre aussl la cochie tout entdre.
Enfin, on constate en pénéral unc atrophie de
la macule sacculaire, du ganghon spiral et des
ﬁbrunervruscsca‘rupondnmu.lllugltdmc
of dune ré d'organes
pxtmhhmntwmux.

Ce tableau paralt net ct hien préds, ce-
pmdant,ouapummmerdcxuha-lumsprr
tiq ques Jors de cer
taincment acquises, par exemple apris ro-
béole de la mire pendant Ia grossessc (Nager
1952) Clest pour cetto ralson que Alimann
(1964) conndére qoe la régresmon peut dtre

Acta Oolaryeg 69

P encore da fait
qummpon&dcmdlmrmqw!mpﬂ
de cas de surdi-munté certaiement héréditaire
in&s 4 Ia fols chnlg

La P liq

qui afent &
ct histologiquement.

D apeds Ward, Kinney et Llndsay oa o¢
connattait en 1962 ancun css examiné hsto-
loglquement qul alt eu un examen clingoe
avec audfogramme En 1963 seulement, Buch
& Jorpensen ont publié nn cas pratiquement
complet. 11 s agissait d'une femme Agée de 37
ans dont une socur émait également sourde-
muctte Lexamen clinique avait montr¢ ua¢
perception des basses fréquences des deus e
tés & 80 dB Les réactions labyrinthiques (et
miques étaent pormales, lencéphalographle
gezeuse montrait eme Mpire atrophe de B
rigion frontale Les radiographies do crise
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G
7

vesculaire Le canal cochléare Hait en partie
ecasié Lorgane de Cortl ne pouvait &tro
Kentif pulle pert, In tectoctale

L
)

f

blement progressé prbct aux examens faits sur
| ammal

Nous comnauszons des malformations héeddh
taires de l'arenlle {nterne chez 1 animal soit quit
sagisie do tares spontanées, soit de mutations

talt enroulée sur elle-méme, les fibres per
Wuzes de 1o lame spiralo étakent rédoltey en

par exemple par ap-
plication do rayom X. Il y a, ccpendant, des
différences importantes entre 'bomme et Mol

bombre do méme quo les cellules du ganglion  mal. Chez lantmal, I ¥ a toujours participe-

Ge Col. Le nerf VIML préscatall des aignes
S déptnirescence tous forme de fbroto fnter

ton du labyrinthe supéricur {I peot méme
arriver que e labyrinthe supérieur soit weul at

uiticlle  Cepeudant, kes fibres nervemses coo- telnt, tapdbs que IMoférienr cut pormal Sou-

dubant aox ampotules des macules i

vent lea altérationt ne somt pas p dia

Acta O
4
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Fig 4 Logane de Cortl et totalemamt absent, la
membeane tectoriale replibe sur elle-mime, o strie
vasculaire trds altérfe préseate de groeses proliféra-
ton.

i elies so développent plus tard, par
fols seulement 3 Ia pobertd Truslove (1956)
par exemple, a éndié I'anatomic de Ia sourls
dansante (fidget mouse) les anomalies soat l-
mitfes aox cansox semlb-circulaires et anx r&
glons immédistement adjacentes. Le canal
semu-circulmire horizontsl est absent, les antres
sont & peine ébauchés, 1 structure histologag
de la cochlée est, par contre, parfaitement nor
male, lo saccule, 'otricule, le canal ct le sac

dolymphatiques sont normaux. Chez Jes son-

——— &

Fig 3 Lorgane de Cortl est remplacé par m
épaisbnement de L membrane badhadre la
beane tectorlale ext enroukde R elle-méme,
& on dmple moignon.

collabée, 1organe de Cortl est plus cu moms
détruit. Ces animaux présentent agasi des mal-
formations cérébrales daprés les ums, celles
i soat primalres, clles sont 1a cause des altérs-
tions de rarcille Interne dapris d'aotres, -
les sont seulement concomittantes, ks demx
melformations ayant unc ongine commune
Hertwig (1944) a obtenu par action des
rayons X chez Ia sourls des mutations provo-
quant une surdité récesmve (RSatgenmutierte
Krehler MIuse) ke canal et bo sac endolympha-
tiques manquent, les camaux semi-circullres
sont incomplitement développés, [a pression
ot ée, le canal cock

dansantes & quene courte, (1936)
-~ Tabsence des canaux semi-circulalres
mas Ja cochlée est également altérée, présen-
tant sculement une ébauche de courbe en spi-
rale avec strocture rappelant l'organe de Cortl
Fischer (1956) 2 &odi une race de sourks
dansantes (Dreher) Les examens hrstologiques
ont montré les aspects les plus variables quol
peuvent st ramener & deax groupes principaux
Dans le premier Oy a avpmentation de len-
dolymphe, le canal cochléarre est dilaté. au licu
dn ductns reunrens, {1 y a une large commuonr
cation entre Ja cochKe et ke labyvrinthe supé
reur Saccule et ntncule forment un espacs
commun, k canal sacculo-utriculaire manque,
1 organe de Corti est atrophré, les macules sta-
tiques nont pas d'argane sensoricl Dams lo
second groupe, Ia membrane dc Reismer est

-

Acta Otolaryng 69

léatre consste en une sorte de formation kyst
que henide dans ke méat auditif mternc, #
térant eingd le développement du cerveat
Quant & la pathogénle, Altmann fart remarqee!
que les altérations de Torgane de Cortl ne dob
vent pas &re secondaires i celles do ko #%
vasculaire pubquonhuuuw-mdpﬂrﬂi’
dans les macules qm ont une vascularisation
et une natriton indépendantes.

Les malformations constatées chez oot
ne sont pas directement comparables & ccB¢
des rongeuns puisquil oy a pas Cahératim &
labyrinthe supérieur- elles sont, par coof®
amalogues & celles troavées chez o chat ¢t
chien Il est possible que la valve de Bast P
idnnrblccmpéchm!lccolhwd“é“-
dmnul:sbymnl:m:m:aém\n'(Alll‘ﬂf”‘““)-Chd
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’Uihm-:vmmnprhm.dumu!ﬁ-don
kaprtay, (4 stractore normale et phm reconnats

Taoima) comme chez Phomme les ahératlons
*qubes penvent ro exactement semblables
o malformations héréditaires.

En Sofne I surdimutité héréditaire a falt
depunt lonpternps Pobjet de nombreuses études
4 provient, en grande partle, de [lntéet
Tey ont porté plusieurs hommes éminents: Sie-

Nager Ulrkh et plus tard Hashart
(1938) dont Les trwvaunx sur Io mode de trans-
Thlon de 1a tare somt particuldrement fm-
Portants cela provient ansai probablement du
£t qoe la surdimutité et particulibrement

chez nous ot surtout que son Etude
3 grandement facilités parce que beaucoup de
3 vallées sont restées longtemps fsoMes et
tir€es dn monde Les hatntants ont toujours
Contiend & se macder entre eux, si blen que les
STm ot persisté an cours des sidcles. Han-
hn(l938).unﬂwxelemdomfoyvﬂ
S sardlnmutite récessive en Subsse

Le phn Important dlentre eux est situé &
APent en Valsis, on a pu y dénombrer plus

ment modifke U macale
colalre €A créte smpulatre,

courant de 1 année 1966 Grice i | obligeance
da Dr Pellssier do Slon, anquel nous adres-
soms nos plm vify remerciements, pous avons
pu entrer en possesyion des rocheny de ce pa-
tient.

VM est né en 1899 {l fir Gevé A Pnstitat
de sourds-muets de Géronde Cordonnier-pay
wn, i} donnalt l'impression d’vne intelligence
éveillés et présentait la vox typique d'un
sourd-muet L examen ORL no montralt rien
de particuller Jey tympans éalent catmes et
bien mobiles au Siegle, Pandiogremme (vobt
Flg. 1) montrait un Yger reste auditif » éen-
dant des fréquences 250 & . 000 c3, 1x perte al-
Iant do 830 & 105 db L sppareil vestibulaire
¢ait incxcitable anx excitations thermiques
méme avee leau & 10 oa nobtenalt pas de
réactions nystagmiqoes.

L cxamen histologique des rochers a montr§

&mlmnb{nneuqulomété ¢s clini-
fuement par Ulnch, pubt pins tard par lun
Teatre poms (Secrétan, 1954) La plupart
Tentre eux ont &4 lobjet d examens audio-
méiriues, pobliés en 1954 (Secrétan) Lum
Teux VM mournt accidentellement dam 1o

tmp A droite 1arellle
moyenne est normake d gmuche, par contre on
conslate une malformation des ossckets (Flg
2) Létrder ent accol au canal du foclal, Je
col et Ia branche postérieme v sont adhérents
Penclume est ab ente, tandis que fo

Acm O
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ext normalement constitué 12 longpe branche
de lenclume est remplacée par une fine apo-
physe oxseuse qui » articule avec Iétner

L oreille interne présente par contre un sia
tos identique des deux odtéss Lo limagon
montre un canal cochléalre fortement collabé
(Fig. 3) La membrane de Rerssner est parfols

Fig 9 Le canal codolymphatiqus monire une stnuc
ture norma'e.

Acta Orolaryny 69

méme particllement adhérente & la strie vas-
culafre. Lorgane de Cortl a totalement dus-
paru, il est remplacé par wm simple paksisse-
ment do Ia membrane basilaire aucune strue
ture nest plus reconmatssable La membrane
tectoriale est enrouléo sur elle-méme rédulte
A un simple moignon (Fig. 4 et 5) La srie
vasculnire présente des prolifératioas fmpot
tantes, la structure normale nest plus recon-
naissable, on ne distingue ni ceflules chromo
phobes, ni cellules chromophlikes (Fig. 6) Let
cellules ganglionmalres ont, dautre part, pcy
que totalement disparu, I nen subsste qoe
quelques restes &pars (Fig. 3)

Labyrinthe posténicur les canaux sem-cht
culaires et lutncule sont parfaitement poc
manx (Fig 7) la macule otriculalre oest pas
altérée Le camal et ke 1sc endolymphatques
ne montrent pas ron plos de modifications p3-
thologiques (Fig. 9 et 10) Le saccule est, par
contre, profondément modifi¢ (Fig. 7) I est
cctasié ses paros sont appliquées coatre 3
cavité osseuss du vestibule |espace péritym-
phatique étent pratiquement absent. La macale
racculalre est fortement altéré, il ny a, ou bxen
pas d éplthélium, ou bien sealement un éphthé-
lium formé de cellules allongtes, aplaties oa ¥
trouve également des formes kysiques (Fie
8) Les fibres nerveuses du nerf sscculaire oot
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Pratkquement divparu, tandis quo les fibres du
merf minculare sont normales

Lot montre, d antre part, quelques altéra
Boes. On constate un grand nombre de glo-
boks ostenx et un nombro augment dTlots
cartllagineux noy onifiés (Fg. 10)

En résmmd, | cxamen histologique montre do
Prolondes wltérations du labyrinthe Inférienr et
4n taccnle caractérisées par une disparition to-
e és Torpms de Cortl, un collapse du canal
cochléaire des altératioms tmportantes de s
frle vasculaire une atrophle de ln macula sae
m“"“”‘dﬂpiﬂﬂonpmqnzmhdcaﬁb-
TS des nerfy cochléaires et sacculaires, Patr-
‘f“‘.mﬂdblu cangux semi-clrenlalres sont nor

méme que le camal et bo tac endo-
Irmphatiquey.

CONCLUSIONS

My M., décsds yockdentellement & 1hge de
67 am &alt un sourd-muet héréditaire do 1a

dant dey fréquences 250 A 2000 & avec e
Perie oscifiant entre 80 ot 105 dB Les éprey
o

dalent une Inexel

vetibalatre eotale mémo b 1eaa d 10

1 e

pay

L examen histologique a montré qu'il 3 agns-
it chez co malede d'uno malformaton du
typc Scheibc les altérations sont cependant
ddeptiques A celles constatées par Nager dans
dey cns de surdité xoqulse 2 ls sulio do rubole.

Quoique Pexamen histologiqee nalt pas
mantré d'aitératlons do | utncnle et des canaux
semj-clrculaires, le malade n avalt présentt -
ant sa vie sucure réaction aux excitations ther
muques, mémo linjection dean 2 10 restart
sans aucun effet

1 v avalt d'sutre part upe malformation des
omelets du oité gauche alos qu i droite I'o-
redlle moyenne étaft noemale

SUMMARY

The hrstology and clivical rpects o  deaf-murte of
the comanymnlty of Arent, who died accidentally

ZUSAMMENFASSUNG
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das Cortliche Orpan oflstindig, soch die Mecula
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MITTELOHRSCHLEIMHAUTVERANDERUNGEN BEL
EXPERIMENTELLER DYSFUNKTION DER SCHILDDROSE

B Guli¢, B Femen¥ und V Konk-Camnelutl
Any der HN O Klink der Untversitat, Zagreb Jugosiawien

Emgegaugen am 4. Seplember 1969

dual

Teil der Respirationsschlcimhaut
darstellt. Uber dle expenmentellen Untersu-
chungen dieser Art mdchten wir hier kurz be-
richten.

Fir das Experiment wurden 75 minnliche
wehse Ratien vom VM Zochtstamm  (Ab-
kBmmlinge der Whitarratten) verwendet. Zu
Beginn des Versuches waren dis Tiere etwa 3
Monate alt, Thr Kirpergewicht schwankte zwi-
schen 220 und 310 g Der auriculo-palpebrale
Reflex war bel allen vorbanden. Nach der Me
thode der mufflligen Auvswahl wurden s in
3 Gruppen cingetedit:

I Gruppe: Bel 25 Ratten wurden auf 200
£ Stpdardlabocttoriumsnahrung 1,6 5 ge
trocknete Schilddribensebstams ( Thynl™ Pro-
Kk, Beograd) verabreicht. Dio individuefle Ta-
gesdoals lag bet 0,2 g getrockneter Schilddrl-

b Dem Standardfuttcr wurds kein
zusizlicher Vitamungehaltt beige{Ugt.

I Gruppe: Bel 25 Ratten wurde suf 100 g

dtutier 02 § Propyliyouracl (PTU
Propocyl, Rhbenanit  Kali-Chemie Hammo-
ver) verabreicht. Die individoells Tagesdosh
lag bei 25 mg.

1T Gruppe: 25 Ratten wurden mit der Stan-
dardlab ung ohne irgendweich
rusatdichen Boigaben, geffittert. Ske wurden
als Koatrollgruppe verwendet.

Alle There kebten unter den gleichen Bedin-
gungen. Wamer bekamen so I beliebiper
Menge. Je zwel Tiero von jeder Gruppe wur
denam Endeder 1,2,3 4,6 und 8




282 B Guiitetal

nach dem Beginn des Experzmentes geopfert.

Das horpergewicht wurde regelmissig kon
trolliert und der Sauverstoffverbranch mach der
Methode McLegan und Sheshan i der Modi
fikation nach Tomich und Woollett am An-
fang jeder Woche tnd nachher allo 14 Tage
nachontersncht,

Acta Orolaryng 69

Bel den hypothyreotischen Ticren wurde
cinc bemerkbare Abnshme des Sanerstolfver
branches vom Ende der rwelten Woche an fest
gestellt. Auch das Karpergewicht zeigte clne
signifikznte Herabsetzung, Dagegen koante m
der Gruppe der hypérthyreotischen Versachs-
tiere schon am Ende der ersten Woche ant

Abb 2 Mittetohmchicion
bant der Ratte ten Hypo-



4w keines der Tiere die 8 Wocho Oberlete,

It die Griae der Hyperthyreose.
DtTTﬂcwmdendurd:Verblumnzh]Nan-

botal Anksthesie pettitet, der Kopl sofort ab-

Mittelohrschleimhautve:@nderymgen 283

Abb 3 AMittelohnchlem
naut der Raite bel Hypo-
thyrecas. — 19 Woche.

geschnitten Nach der durchgefithrten Fixatlon
in 5% Formalmiisung wurde der Knochen in
10% Trichloressigsiiure dekalzintert und m Pa
raffin cingebetict. Die 124 dicken histologh-
schen Scriemschniite wurden mit Haemalagn
Eosin und nach der Mallory Methode gefirbx,

Wenn wir um jetzt den histologischen Be-
funden selbst xuwenden wollen, 50 missen wir

ddemaiown Submecosa.
De Mirwetoheramm ke milt
Transwudat avpefdiie

Acta -
g
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vorerst wieder feststellen, dass sle sich in den
Grenzen der Reaktamswelse der Respirations-
schicimhaut bewegen, wic wir das in einer
R:[hc unserer  friberen Arbeiten an dcr
- der A - 1.
konnten. Dies spricht noch nmhr fir die Rich-
tigkeit der Annahme, dass wir es ber der Mit
telohrschleimhaut eigentlich mit einer reduzer
ten Respirationsschicimhaut zu tun haben.
Unter normalen Bedingungen enthXlt die
Mittelohrschlehmhaut der Ratte alle charakte
ristischen Elemente einer Respiratfonsschleim
haat, nur eben In redizderter Menge Es uind
dies. die zylindrischen Epithelzellen mit Zillen-
besatz, sezernicrende Becherzellen an einzel
nen Stellen namentlich in der Nike der Tuben-
8ffmumg, manchma! such clne basale Schicht,
darch eme angedeutete Membyun nach unten
abgegrenzt und zmletzt eine unterschnedlich
dicke Submucosa mit Drilsen Lymph- und
Blutgef#sien. Eine sokche Schicimhbauot wird, re
welter wir uns von der TubenSffnung c.ntf:r

3 Woche nach Anfang des Experimentes, Dem
versifirkten  Membolismus  entspeechend  sind
auch die Schletmhantverfnderungen viel Inten-
srver und threr Verbretung nach viel umfang-
relcher Die kiehnzellige Infiltmuron tritt schon
viel frilker auf und des Bik der Entrilndung
beberrscht das Feld. Das hohe Respirationm-
epithel dindert sich sehr schnell in cfn gaar
nicdriges Plattencpithel, die Sabnmmcosa wid
durch die Inflammationszellen verdickt, Es bil-
den sich in dem peugebildeten Granulations-
gowebe ncue hapillaren und die bestehenden
Lymphgefisse werden stark verbreitert. Dns
Miticlohrlumen  wird durch  entziindliches
Transsudat ausgefilit. Fiir die Schwere des In-
sultes spricht such die Tatsache, dass Refn Thr
die 8 Woche des Experimentes fiberiebte.
Wenn wir jetzt cinen Verglekch nut den Ver
Hnderungen an der menschlichen Mitielohr
schleimbant ber den Dysfunktionen der Schild-
drilse wagen wollen, obschon Schnelligkeit und
Umfang der Reaktion bel weitem nicht de

nen, mmmer dilnner um an den enth

A erreichen muss, so werdtn

Punkten den Charakter cines Mukoperiosies
anpunchmen Entlang des Limbes blefbt ihre
Dicke melstens erhalten.

Bex der Hypothyreose zeigen sich die emsten
Anreichen ener Reaktion erst withrend der 6
Woche nach Anfang des Experimentes, bis sie,
durchschnittlich am Ende der 16 Woche, ihre

¢ Ausbildung crhalten Das zylmdrische Zi-
nepithel verliert an Hdhc, cs w-h‘d kubisch,
e zuletzt In em thel

uns doch die Ohrsymptome nmscrer hranken,
wic das Ohrensausen, der Drock oder das Ge-
fohl emer Verstopfung, ctwas verstlndlicher
erscheinen. Es wird uns auch klarcr waro2
bel der Hyperthyreose diese Erschelnunpen
sthrker suftreten, aber sich auch merst schnek
fer verlieren, wogegen sic bel der Unterfand
tion der Schilddriise lanpsamer in Erschelnung
treten, aber sich dann meist anch axcht mehr
lich zurfickbilden.

iiberzugehen. Glcichzddgwhdauchderzﬂie&
besatz immer spiricher om mlewt vBllig zu
verschwinden. Es entwckelt sich ghechreitig
ein Odem der Submucosa, zn dem spiter clne
bildung von Kapillaren und Lymphb
hnmx kommL Zuletrt entwickeln sich Zelchen
cincr loLalisierten  Entrilndung, die oft am

Fir unscre Betrachhmpen hier schelnt o
uns aber wichtig, noch cinmal bervormbeben
dass sich emnerseits die Reaktionsweise der Mit
telohrschleunbact anch bel dicsen endogenc?
Noxen In demsclben Rahmen vollzicht und si¢
sich andererselts auf analoge Wehe wie »iF

Limbus und 1 der Umgebung der Tubeamin
dang lokalistert Bt Ber weiterer Entwicklung
Lommt es zur Bildung richtiger Enziindungs-
granulome mut villiger Zerstrung der ober
fischlichen Schleimhaot

Bel der Hyperthyreose melden sich dic Ver
finderungen vicl frilher und zwar schon In der

Acta Osolaryng 69
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ALKALINE PHOSPHATASE ACTIVITY IN THE EFFERENT NERVOUS
SYSTEM OF THE INNER EAR

F Hiralde

From the D perfment of Otoleryngology Massechuserts Eys and Ear [nfimary and
Harvand Medlcal School Boston, Matr  USA

Recxived July 2, 1969

findings wers essenthlly gimilar (0 those of efferent
inpervation desctibed by previcos authors who oeed
an stainioyg The it
nificance of alitline phosphatase in the pervous sys-
tem s briefly ducrseed,

Sloce Churchill e al. (1956) histochemically
demonstrated a high concentration of acetyl-
cholinesterase activity In the efferent nervous
tystem of the organ of Cortl, this characteristic
has been uwsed to trace the course of nerve
fibers ox to locallze the netve endings In vag-
w speckes (Schuknecht ¢f of 1959 Hilding

vers¥ll, 1962 Swmith & R 1963

MATERIAL & METHOD

Twenty albino guinea plgs weighing approxi-
mately 250 g were used in this stody Afier
decapitation under light ether anesthesha, the
tnner ears were immediately removed In toto
and fixed In 4% neutral formol-calclum or cold
80% sleohal solution for 24 hours at 4 C. For
frazen section specrmens the thsues were decal
clfied jn & 5% buffered solution of EDTA for
4 to 7 days at 4 C (Freiman, 1954) When
decalerfication was completed, the tssues were
wrshed thoroughly In cold physiological saline
solution for 10 mimutes. The blocks of decakd-
fied mmner ears were frozen an dry ke ed

d for sectloaing in a cryostat (~30 O

L et ol 1965 Nomurs & Schuknecht,
#1965 Idul ev o 1967 Ishii & Balogh, 19667
‘The efferent nerve fibers and endmgs can also
be vimalired with Maillets zinc iodide tech-
nique (1962) However the functron and
morphology of the efferent nervous syxtem In
the inner ear are not precisely known. The pre-

with a rotry mirotome st 10y The mst
modiolar sections were putf on clean cover
glasses, thawed slowly and dred at room tem-
perature for 2 or 3 minutes. The sectrons weft
then placed ina 1% salotion of magnestum
chloride for 2 to 4 bours for reacuvaon of
the erzyme (Freiman, 1954). The sections weft
incubated for 2 10 3 hours at 4 C in meda

sent study intends to d ate the app

f Napbthol AS-TR phosphatc & &

selectrve activity of alkalino phosp in the
efferent nervoas system of the inner ear of the
gulnea pip, uslog Burstone s (1958) sfmultan-
eous coaplng aro dye method and briefly to
discasy the role of alkaline phosphatase in the
nervous systen.

This work was sopporied by US Publc Healtr
Grant NB-04155-07

Acta Osolaryag 68

substrate and Fast Red Violet LB saft = 8
couper (Burstone, [958) In most casch
methy! green was esed as & npuclear stam,
For surface preparations the soft theus
were removed from the cochica and vestibulsf
apparanss under a dissection and
the tissnes were ncubated for 1 to 2 hours i
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- W NE N, Fir 3 Apcal tum The fint row of
x 5 - 3mMoRT - -~ outer hair cells shows strong resction
{ e the nerve endmps (NE), whereas the

face preparations and sechons wers mounted
In glycenne jelly or PVP medlum for [ght
MicToscopic examination.

FINDINGS

Granular or amorphous brilliant red dye de
posits were seen at the sites of allaline phos-
phatnse activity 1n the surface preparabons and
frozen section speci Control sp
showed o histochemrcal reaction.

In the lower tuwrms of the organ of Cortr,
remarkable alkaline phosphatase activity was
erved in the nerve endings at the base of

sccond and third rows show nooc. L8N,
fnner apira] bondle: b5 vas rpinle
450,

inner hair cells, and ako was stroagly detec
table in the nerve fibers of the imer outer and
tomnel spiral bundies (Figs. 1 and 2) However
throughout the cochlea, the localmation of ths
enryme activity was not easily distinguished be-
tween the nerve endigs of inner hare cefls and
nerve fibers of inner spiral bundles, Among the
outer hair cells, the nerve endings of the fint
row were the most donunant 1n size and es-
zyme activity

In the upper tumms of the organ of Cort,
alkaline phosphatase positive innervation of the
outer hair cells graduafly decreased untll no
enzyme positive moervation was present In the

Acta Orolary g 69
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2.5 Oweom piral Laing fupper besal trrm), I

*me activity of alkaline phospbutase b seem I the
Mirghocds  piral bandle (/GE) send smooy the
ol grglion cefly (SGC). OC orpan of Cortz €
ey 110,

*pcal end These reaction deposits were much
hﬁlﬂieo\ncrmhlcmnpuhautolhcinnﬂ
fow of ogter hair cells (Figs. 3 and 4) Theso
fndings were exsenttally similar to thoee of ef

AN
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cenal. Enzyme activity 13 restricted
to intrgpanghomic gl bundies (/GB) and perpheral
s nogliva cells (SGC). All other netvy
fibers fail 10 show alkaline photphaiase sctivity €

ferent maervation described by Ishii & Balogh
(1968)

Stromg sctivity of alkaline phosphatase was
also observed in the Intraganglionic spiral

Tr Mabolow T ieme  Ihaline phone
rhatre winly n maaly eoted 1 the
flerent neny  f bers (ENF) and ihe ¢w

m
tnwe (CTL N hktos
chemical resction b prowest dn (ke
krest oty (her AN acon
_— s



bmd.lnlnﬂlnﬂnpmphcmmasafdnlpi-
nlgnn;]lonccﬂ.xo!]lmc-n!hﬂ'sunm(ﬂg.
S and 6) The walls of the vay spiraje and
capillariey bclawthntnncrpﬂhrlhow:dre
maxtubtccnzymclcuvhy
In the modiolus, intense

ucmnti:ncmtmnk(ﬁg.n
Inthevtrﬂbu]unppanrm,zzodyemnulu
were sparsely distribated throughout the cvto-

mediately surrounding these sensory cells, pro-
bablyinlbcnervcthlbccslmundﬂleTml
senmrycemnfzhcuuunmpumrhmdtht
macules utricull and saccull The halrs of sen-
sory cells and the capillaries underneath the
$ensory cpithelium also showed remarlable
lctivityoflfhlincphmphllaxc(ﬂg-a)

There were relatively few nerve fibers coo-
taining alkahoe phosphatase In the vestibalr
Iabyrinth,

AL

cre-
H‘PFtchlmNmtm'(f:mﬂ

i nene. © aplhny CT coesdné
thoue, 130
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dom thronghoat the factal erve (FIZ- 9)

This enzyme activity has been comsistently
obeerved on or near the cell membrane in the
I;Lﬂ:uhxnndmh:ulnu ganglion celb (Fig

DISCUSSION

Tt s been widely bebieved that

tvieholl:

thess semsory eputhetla] cells (arrows) and wiereocifia
1he ezymo
few in nomber C capdintier.

Engstrdm et o. (1966) cmployed the zinc
lodide-oxmium techmiqoe of Maillet (1962) In
an electron mictoscopic stody Akert & Sandd
(1968) confirmed that thrs stalning method
sekecirvely deplets tho synaptic vesicles In the
sublomical organ and neuremuscular junction.
They discussed a possible relatiomtup between
this zinc jodkdc-oumfum vesicular staining and
cholmerglc transmivion. Howerer wome o

lae activity seemm to be characteristic for
e efferent mervows system of the inner car
becanse hgh acetykcholinesterase actvity can
be selectively demonstrated tn the cfferent per
YO gystem of vanous orgam. But f seems
from the present study that tho efferent perv
O3 system m the inner ear of the guinea pig
b demomtrable with the stalntng method of
ot only sectyicholinesterase but also afkalins
Pbosphatase

For demonstration of the effereat nerve end
tngs and fibers In the inner car of guinca pigt,

cent ek hynclogcal stedies deny that the
efferent nerve fibers are chollnergic (Desmedt
& La Grutta, 1963 katwoki ef of 1965 Ta
naka & Katsukl, 1965)

The biological sigaificance of alkaline phos-
phatase has not been »3 well understood as that
of ecctylcholmesterase. The complex regional
and cellular drstribution patterns revealed by
histochemical methods make ft even more dd
ficolt to interpret the distribution of this en-
mehmm;ofkno-nphyﬂologlcdﬂmc
tons,

In the inner ear of the gmoea plg, most
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line phosphatase activity was demonstrated b
the capillaries and artenoles with surface pre
parations (Nomura & Hiakde 1968) and
Irozen sections. It i possible that alkaline
phosphatase in the blood vessel might be re
lated to “active transport” as m the proximal
tubules of the kidney and In the mucosa of the
small mntestine (Romanoul & Bannister 1962)
According to  Winkelmans observations
(1960, 1962) elkalme phosphatase and cho-
linesterase reactions were always present in the
semory end-organs of mammalan skins. Alks-
Tinc phosphatese has also been aseribed a de
finite role in the conductlon of nervous im-
pulses, for It was demonstrated in the regron of
the synapses (Bourne, 1958 Tewarl & Bourne,
1963) and in nerve endings, incapsulated cor
puscles and motor endplates (Portugalov
1955) In Boumnts opinlon (1958) the pre
sence of elkaline phosphatase in the synapses
15 evidence that fresh energy Is consianily bemg
supplied herc and the possible role of ths en-
zyme Is synaptic tnmsmhsion. But it Is inter
esting to note in the present study that alka-
line phosphatase activity was scen pot only in
the perve endings, bat also in all other efferent
perve fibers of the Inner ear

The alkaline phasphatase sctivity of afferent
coustic and vestibular nerve fibers was almost
gative or very weak, except in the peripheral
cas of spiml and vestibular ganglion cells
where strong sctivity was detectabde. However
it is clear that an obvious difference in alks
Hine phosphatase activity exists between the ef
ferent and afferent nervous systems in the
DeT ear

The umversal appearance of alkaline phos
phatase activity in the efferent nervous system
of the lnner ear of gulnea pigs suggests some
distinet function of this emxyme. This method
could possibly be used to demonstrate the re
tationship between the strophy of sensory cells
and the degeneration of blood vessels It is
pecessary  to accmmulate more  information
about the direct relationship between the func
tlon of the effercnt mervous system and the
eraymes demonstrated by histochemistry

Acte Qrolaryny 69
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the patient has a fairly good voice but breath-
ing s considerably Impnired. If both cords are
in the parnmedian positron the pabent cam
breathe freely at rest and the vowe may be
adequate but not seldom with a more or kn
strong tendency towards breathliness.

The greatest troubles encountered I pa-
thents with bilaternl rln parests arc respi-
tory ones. If such patients lead a quet and
physically Inactive Lfe they sometimes pet
along well, but i they wish to live more norm-
ally and be able to put up with moderate phys-
kel stramn, this Is not possible, The voice prob-
lems in such patients are moderatc and can
usually be eltmtnated by phoniatme treatment.
For the respirntory difficulties several methods,
most of them includlng arytenordectomy bave
been used (hing, 1939 helly 1941 Wood-
man, 1946 Thomel, 1948) In common with
most of these methods is the fact that the e
sulting permanent widening of the glottis, even
if it increases the breathing capacity s scoom-
pnnk:dhy a deterforation of the voxce, Sioce

P of these hoct mmggﬁﬂd
almost cvery year the clinleal results are vk
dently not satis{sctory and s scarch for oc®
metbods precluding & fixation of the cords B
warranted.

Sc\trnlmmnpuhntlrcnmadciordﬂnﬂ
vate the paretic muscles. Princlpelly two ways
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o schleve this have been tried. (a) repaic of
the function of rln and (b) the making of
a0 anastomcrs between a foreign nerve ond
the tla.

() Horxdey (1909) described complete re
tern of cord famction followlng peurorrhaphy
made threo months after a trauma fo the nerve
Since then a small number of successful reports
o neurorthaphy have been published (Lahey
1928), but in spite of this the method has never
been geocnally accepted. Very recently new ex
perments in thls field have been made (Doyle
o ol 1967 Michlke et af 1967 Gordon &
McCabe, 1968 Mounier Kuhn ef ol 1968)
All these stndies were done on dogs ond in
most matances the results were checked by
eictrical stimualation and/or the observation of
active movements of the cords. From none of
these repocts, however was it obvious that the
returm of cord movensents was of functional

0%

human larynx has at least nine functmy res
spiratory  phonatory  clrculatory  protecthve
fitative, deglutitory tussdve cypectotathve aml
emotiomal. Of these functione two are com
monly reparded @ the most imporiant omes
the respiratory function, which R abial and the
ph y function, Respi s with abe
ductlon of the vocat cords and phonation whh
adduction. As already mentioned phonathm h
not o main problem In patients with bitateral
rln paresls aimply becawse the vocal conky
are more or less adducted by the action of the
erico-thyrokd muscle 1t Iv therefore only of
sccondary Importance to Increase the mbduct

ng sbillty of one or both of the vocal conls

A fac more essential problem b how to po-
duce abduction of at east one vocal cord with
out Interfering with the already existing addue
tlon The only way to achlevo this Iy by re

innervation, but for the reasom gheen the ac
innervation shoutd be a xchective ime restricted
to the posticus muscle, Le the only abductlay
mincle of the larynx Such a relnnervation can
be performed In (wo ways

A Neurorthaply with I1he larynpeal st
consisting of the very branch of the rin
which belongs the posticus musscle If the rln
1s chosen s the other part It Is evidently necey
Wy 10 find (he fascicles of the nerve Intenibed
'l‘.’fn;ha postlers muscle and this Iv experlmen
imocrvated by ln. are two. 1 well wy clinically very difficult or I
‘;‘;"(’;"‘:‘”‘dimmed nscle §s relomernied o l‘;d;t Sunderland & Swancy (19%2)
by sy motor perve wilh DO PRRferTRCE 1o i rly, ‘: —an Mh’\-l.l’l neural topoprapdry of the
own (Welss & Hoag, 1946 Bernstetn & Guth, Tepeatedl found that the nerye funkeull
1961). (5) The r.ln lnnervaies foor Eflerent  trunk uy ag ted thelr ponittons In the nerve
muscies one of which, the posteror crico- usdum,h“*ﬂemﬂbm Nor can B b

1 muscle, i antagonntic to the others,  functiony) comtrolling any parfical
relaxes when the other three muacles  of the occupy & comsiant %

e 1 vice varsa. For these remons the whhqt:ml‘hlhrdmnocnury"‘
contract and e 85l 10 make the T
the a

valoe,

(4) Repocts on varjous serve anmtomoset
where a foreign perve Was Connected to the
distal part of the rln are faidy common (S
nfinl & Utlredazl, 1914 Fraoler 1924 ol
kdpe & Balamce 1927 Labey & f{ogve
1938 Doyle et ol 1967 Michlke er ol 1967
Berendea & Michike, 1968) but with the 1xme
dublons fonctions] suceess & in neurontaphy
The main ressons for the dHleutiey i
M.wmmmhno(ﬁnm

Aifflcny, ™TVG has branc o
cle { bes bed ducting and “*‘:ﬂ hn.,h""dh ved In guch "’;:
a
i o 8 11 FI € O e
1968) desired?  aging them Tt th twg perves
Which vocal cond om0 e & Th 7 o nerv
,mdm‘mmammﬂ( Wmhn,’h reports
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Ed
cle 1 View of laryn from cst 6 at dlrect lasynpo-
wopy Pareths of kft rln  implantation of left
phreaic nerve jato keft postian muosce. Quuct breath-

4 byperventllation, {mpiration. 4§ parews of e
rln, hyperventlation. 4 cipirabon and 5 the ok
lowing Hmpiraton. 6 ms before + bmplunicd plaes'c
nerve oot | no k

-4

log in ! : and 2 the

2 sufficsently long distance 1o ollow 1t to reach
the back of the larynx without stretching. The
final 8 cats, in which at autopsy the implanted
netve was found in the posticus muscle, thowed
mability of both vocal cords, {e abduction
at inspiration. The fint sign of functlon on
the lmplanted skie was a rather characteristic
tremor of the arytenodd region. The tremor
which wat observed by direct laryngoscopy did
nmnppmrumﬂm-cmlmunuunﬁcrmlm-
plantation. About two months Jater the vocal

Act Otolaryng 63

cord of the operaled ssde was seen 1o abduct
at spiration (Table 1)
Mensurements made from the fam of the
time when the glottls was opened showed that
abduction aiways sarted jater on the operatd
side while odductlon was completed synchren-
ously The duration of abductson on the oper
sted side expressed in percentage of the durs-
tion oa the non-operated side vaned beneen
50 and 80% In those cats where mumerkal
estimations could be mode (Table 1)

é
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The weights of the posticos muscles were
faldy similar (Table 1), the weight ratio of
i operated muscls to the pon-opersted one,
ahowed (hat the atrophy which must have oc
cmred at the inftial dencrvation was eliminated

moverments with safficlent accuracy Cutting
the nerves and the fidlings at sutopsy gave
the same results as fn the prevons cats. Both
postics muscles were of the same welght bot
only about one half as heavy as {n the other
cats,

showed a comiderable decrease of the mobllity
of the daphragm on the operated side The
posihan of the disphragm was alto more cra
wmal than an the nos-operated side Indicating
a partial parescy.

A short description follows of those cats
which were filmed.

Cat 5 Direct laryngoscopy immediately be
fore taking the moving picture thowed that the
vocal cord on the operated shde abducted less
thn that of the contra-lsteral tide. When the
cat inhaled an increasmg concentratron of CO,

Cat & Abdoction at } w3 less pro-
nounced on the operated side and doring in
duced hyperventilation the cord abdocted oaly
a3 much a3 did the cord on the contra-lateral
coatrol side before hyperventiladon. After sec
tioning of the perves znd at autopsy the results
were as deseribed for cat 5

DISCUSSION

The alm of the present mvestipation was (o
obuiurrmh[ﬂnﬁmwnhubdmuh—
and at of vocal

from the beg on the tracheal cannula i d
cord movements were observed, to about equal
atrmt, on both sides Cutting the remaining
rln. stopped cord movements at the control
nde while the side with the perve implant sill
moved a3 before. When the implanted nerve
¥ cut both cords were completely mmobt
Ized. At antopsy the fmplanted phrenic nerve
Wi found In the posticos muscle

Cat 6 Strong movements, of the ssme mag-
oitode a5 1n the contro} side were seen In the
cord of the operated side at direct laryngo-
xopy immediately preceding filmuing and dor
mg analyms of the moving pictures. This means
Ot the cord of the operated side abducted at
spiranon as much or even somewhat more
tan the contralateral cord (Fig- 1) The find-
lnp after severanco of the perves and at au-
topsy were a3 described above

Cat 7 Drrect laryngoscopy preceding film-
fog showed soll movements fn both cords of
about the same magmtode. Remarkable in this
€t were the small movements also of the coo-
ol cord, Thus it was difficult to see any in-
crexse in abdection at induced hyperventila
boa cven if the movements were somewhat
brger then on the operated side. This made it
kpousible to estumato the tme of the cord

cordsrhhbhadbccunnmobmzudbyunﬂng
the rln. Such a restoration of function was
achicved In cats by the mplimnton of the
phrenke nerve of one sde Into the paretic
bomo-lateral posticos mmscle. Examumation of
the cats 8-20 months later showed that the
vocal cord on the xde with the nerve hmplant
abducted to about a similar extent as that of
the contradateral conrol cord during inhals-
tion cven if the movernent of the cord with the
implant was somewhat slower than that on the
other side. Thus the wo of the phrenkc nerve
a3 & substitrte for the origioal rln. restored
the functfon of tho paretic postfcos muscle to
almost normal. The results of the present study
are therefors superior to those previemly re
ported from experiments in which peurorraphy
or implantation of the rln were made Into
the posticus muscle, gdnce in those mstances
vocal cord movements synchronous whh re-
splration were pot achieved.

The powsibilny that the postics muscle had
changed 13 speed characterhhics, metabollsm
ctc. under the nfloence of the perve Implant
cannct be answered ontil thess pamameters
bave been quantitatively deternined. However
it s noteworthy that in one of the cats

AcwmOn
v
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posticus muscle on the mplanted side had been
abducting continvously dunng respiration for
at Jeast 15 moaths end ths indicates that the
mechanical and metabalic characteristics of the
muscle had not changed, at least not to such
an extent as to impair fanction.

In 15 cats out of 23 the implanted phrenic
nerve fafled to fnnervate the posticus muscle
As previonly mentioned this failore presnm-
ably resulted from 2 difficulty to dissect the
nerve for o sulfioently long distance to aliow
it to reach the posticus musdde without stretch-
ing. In man the phrenic nerve emerges onc
scgment higher n the neck and it should be
passible to move without difficulty the nerve
or a nerve fasciculus, to the back of the larynx.
However |t is obvious that thls operation has
actually to be tred in man before 15 useful
ness and clinical voloe can be assessed. It
should bo stressed that if an implantation n
to result In functioning remnervation it is nec
essary to know that the muscle In qoestion 1
denervated Innervation in an immobilized vo-
cal cord should always be suspected of the cord
shows o sign of atrophy as ft {3 known that
a nerve can have a trophic effect on the mus-
cle in spite of the fact that no contractions of
the muscle con be elicited by the nerve (Fex,

69) Elaberg (1917) and many afier him

3loundlha!l!nmmclelslnnervn!:dhb

passible to make the muscle contract by

RHL
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TION AND THE IRRIGATION FINDINGS IN MAXILLARY SINUSITIS

A. Axclsson, N Grebellus, N Chidekel and C. Jemsen
From the Lundby Medical Center GOtrbory Swedem
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The ENT-doctor has a right to demand a high
exami-

slnnliis, with or mbcun ﬂnid cootent. < Previow
changes

with the h'rllndon ﬁudlnp.mmhvznipﬂm
repom.nimﬂummpnrboub\u mblufm-ﬂnr

Rediclogreal examination b generally used to
establsh the diagnosis of sinusitis enther by
plain rdiograms bylumo;mphyorbyconm

(1946) examined 66 cases with positne find-
logy recorded on X-ray examlnation Fifi-
eight (88 %) of these showed evadence of siums
pathology on punctiure snd lavage™ The radio-
logical technique 1 not described, noc the
interval between the radiclogical examination
and the puncture of the maxillary sinus.

In 1949 Ballantyne & Rowe repocted on the
correlaton between radwological findings and
proof punctare In 206 consecutive and umsehect
ed caser of chronic maxillary dmumith. Two
rediological projections were used the occlpio-
mental and the ocdpito{rontal The materiad
was divided mto three mam groups: (1) Ten
cases with nepative rodiograms, (2) Elghty
clght cases with radiologteally opaque maxillary
sinuses. (3) Eighty-two cases with radiologcal
appearantt of » bickened mucom membTk.
The 1rrigations findings of group I were com-
pletely nepative, while more than 80 o
group 2 and less than 10% of group 3 de-

radiography However radh
tions are lime-consuming for !hepad:ntln—
cleding consultation in amother department,
sometimes I another hospital. Consequently
if the radiodogeeal examination s to defend its
place In diagnosis, 1t is justified to demand that
i can be made quickly and with a high degree
of diagoostic accuracy

There are relatively few mvestigations pub-
Ished on the correlation between radiclogical
findings and the Lnage content of subsequent
irngations of maxillary sinusitis. Ballantyne

Acka Osleryng 89

d poutive findings on lavage

Buch (1949) examlned 150 paticns Wi
192 blurred” maxillary simuses by means of
puncture. Sinmitis with sectetlon was deman-
strated fn 65% Hinds (1950) reported on the
findings in 100 caaes of chronk maxilay

flud tevels and the maxillary shuncs were &
vided Info two groups those with umforaly
opaquoe shuses and those with & thickened mo-
cosa. Secretions were found on proof punctere
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and Lavage tn 80% of the former group and in
16% of the latter Immediate puncturc was
made in caly 21% of the cases with positive

Vuormen et of. (1962) iIn a retrospective
study compared the radiologicul findings with
the resalts of lrrigation of 272 maxdillary sinoses
in 190 patients. Three radlological projections

demonstrating radiological changes, of which
152 on the right and 149 on the left side. The
mean age was 31 years (range 3-74 years) All
patients attending the ENT-department with a
history of oc with a clinical plcture incicating
sinnitis were directly referred to the radio-
loglcnl d.epanmmt wn.hin the hnspth Tho

m:mcdwiihthcpaﬂentdtﬁng: occipito-
mental occlprto-frontal and Iateral. Sectetion
was demonstrated at irrigation fn 86% of the
cmses with completely or intensely opaque
maxillary sinuses, in 54% of the cases with
mucosal thickening and In 6% of the cases
with norms] radiological findings. The tme in-
terval between the radiological cxamination

&dmtbcLylhdmtkn]]mhlc‘(])Ocdﬁto—
mentl. (2) Occipito-frontal. (3) Lateral. (4)
Full axal, The cxposures were made with the
patent sitting and horirontal direction of the
central beam to demonstrate flard levels,
The material contalms 64 maxillary sinuses
tncd by an additional Sth projection, This
was occipito-mental with the patients head n

and the irngation i not given lr:unnbmtpo:hbnmdwlmux-ﬂ:ctndddc
McNelll (1963) d the radiological  downmwards. The Sth projection was &
ﬂncﬁnpwnhdlehngacom:ntﬁomﬂnmx durlngﬂxhvemgtdounndldqm:dlndnm
illary shroses of 150 patients with clinkal or ing muocous

i cvidence of Infection. Thres pro-
jections were wsed: the occiplto-mental, the
occipito-frontal and the lateral. In patients with
pormal radiograms bt clinical evidence of -
fection, secretion was found In 20% at irrige-
tion. In cases with radiological mucosal thick
enbng secretion was demomstrated fn 63% In
cases with nadiological opaqoo maxillary sinu-
#e3 secretion was found in 83% The foterval
between the radiological examination and the
frrigation was not noted.

The amn of the present i ion way to

but no fluld level on the four standard radio-

the reader i3 referred to Chidekel et al. 1969

All patients demonstrating any mdiologicul
changes m the maxillary sinuses were Immedi-
ately irrigated through the inferor meatns and
the Iavage content noted for subsequent com-
parsson with the radmological flndings. In cases
where the radrological examination did pot dis-
doscﬂmdinmyoftheﬂvcpmjvcdm.but

blish the i of standard radiol 1
measores in maxillary sinusitis and i posaible
to tmprove the diagnostic measures by further
radiological projectionms, This was done by
comparing the radwological findings with imme-
diate imigation of the affected maxillary -
nuses Previows authors have compared radio-

MATERIAL AND METHOD

The matenal coatains 197 patients, 113 female
and 84 mal, with 301 maxilery amges

at lrrigation, the
mnnndmcﬂonmnoled.'l‘bem‘pkm
fogica] and rediod o
usually performed In 30 min

RESULTS

The results of the mdiological examination and
of the Irrigauon aro pven tn Table 1 Liquid
content was demonstrated at mgation in 86%
of the completely opaque sinuses. In the B cases
with cysts or polyps ca the radiograms, there
was 0o evidenco of sceretion at trrigation. In
the renaming cases with mucom membrane

wa at frri-

gaton fn 60%
The occurrence of secretion at frrigation was

Acta -
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Table | Radiological and trrigation Sindings n maxillary simasisls

| o
Iocluding the Sth
examingtion using 4 standard profections Mucoos
Mocoas thickening oo radk
7 man- 7 -
<completely Completcly compicicly
1-6mm  omagoe oraque Polyrs  Tota) 1-6 mm  opaque Total
Number of
roaxiflery shumses 108 102 L.t} ] 01 »
Secretion H ¢
obsenned on (lg 21 0 3 16 0 ¥
) @) as ) 53 9
o 3 ) (%6 )
obtained at » 2 7 199 9 24 43
m ¢35y 1) ®5-) 6 ) @) @) 1)
correct concerning
secretlon 17+ 30 100 & g 2]

Table 2. Occurrence of secretion om standard rodtograms and Irrigation related (o different

degrees of mucous membrane thick ening

Mucous

on standard radk

12 mm—
Compictety

1 3mm 4-8 mm F9mm [0-12 omm 0!“1-7‘! peque

COOOO

mber of maxillary siouses
acTchion at radiogran
ctrou at imgabon

4] 61

further 1nvestigated in relation 1o the degree of
mocous membrane thickenng in the diseased
maxllary sinuses, The resalt &s noted in Tablke
2 The occurrence of secretion at krigation in
creascs with the degree of mucom t

43
14
63

27 3
15 0
74 "

‘M
6

with & minor degree of mucous membrant
thickening, secretioa was demonstrated radio-
Jogically in 53% and on irdgation in 63%
undmmsunhpmmmcedmmnmm
brane thick ton was demomstrated

thickening. “The radiologheal instion, bow
ever can oaly demonstrate liquid content in

ly in 59 and on kmgation B
Themlumohccrﬂbnwhkhcouldr-ﬂ
bc disclosed by radiological n

redattvely few coses, using the four dard
profections. Secrrtion was demonstrated most
frequently in the radiograms whea there was a
mucous membrane thickening of 10-12 mm.
In cases with mucous membrane thickenlog,
the mdiologreal d of flmid
cu-uﬂdmblywl’tuthﬂhpm}ecﬁonhaddcd
ns;ccnby’l‘nblelundﬁplundllncascs

Acwm Osolaryng 69

thcscﬂ\rpm}eamdwmxcx:ardim)
An snalysis was also made to determine the
frequency of fluid Jesels on the radiograms
cases with sccretion ot irrigason. 1o no %
was flad demonstrated radiolopically which
could not be confirmed st impation. In castd
with compictely opoque sinuscs, it is obviowsly
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i ible to d ate flukd radrok 1)}
In!hcr:mamingmu,ic those with mucows
u'bcmhrnnelh)ckcu]n-g using the four standard
was only d& ated
24% of the cases pastive at frrigation (Fig. 2)
However when the 5th projecton was added
this figure rises to 88% Le small amounts of
secretion which are often concealed by the
mucous membrane thickening are much more
frequently dugnosed when thhs projection is
added.

DISCUSSION

In an Iveshgation of the present knd it Is
cbvrowsly casential to describe in detail the
methods sdopted. The physiological condrtion
of the diseased sinus ks not static and if the
irrigation is to reflect the mdiological pecture
with confidence, it s mmportant that the interval

have not reported this interval In the present
investigation the patients returned for immgation
immediately after completion of the madiological
examnation.

From the climeal vicwpolnt, it v of mterest
to establgh whether a nnm contains secretion
or pot. Secretion indicates impaired draimage
with retention of hquid, wemlly infected and
cumhnumdthemmhlv:{hbkinlbe
bospital thit i a great #id In establnhmg the
diagnohs of sinusitis. However it is reasonable
to demand that the radiclogical exsmmstion
correlates with the gnos coatent with a high

and the radiclogscal findmgs, partienlarly con-
ceming fhad content m disessed simuses. Secre-
thon wss demonstrated at irrigation in 86% of
the radiclogacully compictely opeque simmes.
This figure corresponds with that of previoas

ted T 4 tho ocopaomental projections with the
nght wds dowmwards, flod bvel appests. AN foor
Projections trom the same patient.

/1 Inres
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n No dragncals of fiuid
v rudlegrens

Fuld demonctruned
with Sth projectien added

anthors (Ballantype & Rowe 1949 Hinde,
1950" Vuonosn er af,, 1962 McNelll 1963)

qusuwﬁhmuaommcmbnmthkkmkng.
a fluid level was & d at the rads

addiwonal Sth projection  Comsequently this

jecton con be ded for rootine
P“m{ﬂﬂm“thmmmcmbﬂnemkk
ening where the four standard projections Lail

to demonstrate fluid levels.

ZUSAMMENFASSUNG
Der Otwloge hat das Recht, einen hoben Grad voa

cﬂmndz:dmmnaﬂonm 15% Atin-lgn—
tion, by was d d in
66" Thccmnpnmth'd) )owﬁgur:c{ﬂmd

ated « whh
lbcﬁmﬂngxofwmcprtwomlmhmmahan-
tyne & Rowe 1949 Hinde 1930) but is con-

stiey dic Sicherhelt der Riatpendlagnose hiruchthch
demonsttiericr Flimighell uf 33% Diexe Proxitos
wird tien {Br die i in Flllea,

siderably lower than that o d

others (M worinen ef al. 1962 Mchedll, 1963)
‘The differences in the above figures may be ex
plained by differences in mucosal thickening o
fferent matenals. The present investigation

ber denen die vier Standardprojektionen Schiernhast
schrwellang aber heine Flindpleit reipen.
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mucous membrane thickeming increases from
24 0 88 The complete madiological ex
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X RAY IRRADIATION OF THE INNER EAR OF THE GUINEA PIG

An Electron Micrascople Study of the Degenerating Vestibular Sensory Cell

F @ Ymther
From the Amstomicsd Inningt Usnersity [ Odo and the Departwrent of

The Inner ear f the gnmea plg wo3 Fradéated with
single doses of 7000 R X-rayn Ap electron mico-
scop mody f the vostbalr part of the hbyrinth
wiy performed afer 14, 3 4 apd 6 hoors. Clunges
wore noticed cleefly I the typs 11 bot abo im some
typo 1 scoeory eclhy The first changes were observed
in the mmclel and combited of dunixng of the chroms-
o and the iterchromatioic granmies and swelhng
of the poclesr envelops. Later the neda becme
rrenotic. In the cytopiaum the carly changss were

11
2

|
?

found 18 hours following the tradiation,
The present hnvestigation was undertaken to

U T

analyze the ultrestroctural changes m the de
geoerating sensory cells, and to ascertain to
what extent the degencration of the vestibalar
scosory cells 5 comperable with that of the
cochlear semary cells under the same experk
mental conditions.

MATERIAL AND METHODS

Fourtren gninea pigy were frradiated with a
smgle doso of 7000 R. They were sacrificed
1# 3 4 and 6 hours after the irradistion.
The source of raduton was & Stemens Smabill-
pan roentgen apparats, operated at 290 kV
12 mA, and equipped with a Thoracus filter 11
(08 mm So, 1.25 mm Cu, and 1 mm Al) The
focus—skin distunce wus 232 mm  The dose rate
at ths sitc of the inner car was 200 R/min.
The X-rays were delivered to the keft balf of
the skull through a rectangular hole (20 mm *
17 mm) in = kead sheet (thickness 10.5 mm)
which also ghielded the rest of the animal. For

Aftes decapitation of the anamls, the tempo-
Tal bones were quickly removed from the skull,
and the Inner cars were opened Within 2-3
min of decapetation the habyrinth was irtigated
with the fixatrve cotution. The fixative mainly

oW 69



dlmmlm}
mwﬂnml(ﬂmmﬂmﬂ(lﬂ,m
cilram (£, wereoaiha (55, basal body (b3), wﬂaﬂu

plate {ow), micromil (m ), retcular memboase
aftochondra (vl body (b}, Gd:(
used was veronal-acetate buffered 14 caminm

tetroxide at a temperature of 4 C Some spect-
mens were faed in cacodyiate-bulfered 2.5%
ghraraidehyde and post-fixanon was performed
in veronalb-acctate bullered 1.5% osmium te-
troxide.

After panial dehydraton m ¢thanol, the
mmdmmdtbccfmcampuﬂuumd‘u-
sected oot Deh was then i
and the specimens were embedded in Epon
or Aratte Ultrathin sectont were cut oo an
LA8 Ulramicrotom., mounted on Formvar

Ack Oteryns 69

compiex (Gl ergastoplasm €er), synaptlc atea (wil,
perv Ty (nc, eflerent nerve coding (oe), afieremt
nerye ending (ae), rackem of sapporting ool {nxck
oesauophilic body (), pramular body {p), bueye-
bmted nerve fibre (amnl, myclimicd acrve fiber
(am}, sl membrane (o

carbon coated copper gnds and stained with
leag citrate or with uromsl acetate followed by
the lead otrate Jn all snimnls sensory sreas
from the kel and the right side were preparcd
and examined in the same way The right side
served a8 comtrot.

RESULTS

\ormal anatomy controls
Searth (1967) and Wersdll (1967} have grieni a
deniled descripton of the submicroscops sirue
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Fly 2 Poctien of the noclouy of  pormal type IO
semsory call. Fluation/stainlog: oscbom tetroxide /lead
citrate. Chromatin (Ch) Nucleohn (N7 The black

ture of the vestbular sensory areas. In the
present paper oaly & brict survey will therefore
bo given of tho relevant uhtrastructnral details
of the seasory celly as these appear in nocmal
coatrok.

The sentory cells in the vestlbular part of
the tabyrmth are located in the maculac saccull
and utricull and in the cristao late

X-ray irradiation of the lnner ear 309

3
1
4

ke 3
M3
arrow polsty to the tmall granula of interchromatinke
sabetence.

‘The white arrow indrcates ooe of the largsr
nuciear granuks. 27,000,

VH

-

amalyzed with approprists methods. The nu
cleus, which is situated in the basal third of the
cell, contains heterochromatink: gramules, inter
chromatinkc material, and a nocleolns (Flg. 2)
The heterochromatin Is dustributed all over the
mucleus but i particularly concentrated in cer
tain arcas. The Interchromatinic materdal b

posed of a f

ralis, superior and posterior The semory ept-
thelia comist of sensory cells and supporting
cells Thero are two types of sensory cells (Wer
ofll, 1956 Engstedor & Wendlll, 1958) The
type T and the type II sensory cells differ in
thelr shape and perve supply (Fig. 1) The type
I ceh are bottle-shaped. Thelr afferent nerve
fibres constituto a calyx which covers most of
the cedl like a shell The type IT cells aro cy-
lindrical and are innervated by numerom af
ferent and efferent nerve endings of vanows
slze The endolymphatic surface of the sensory
cells, which bean ono knocillum end sovera!
stereoclin, bs provided with a caticular plate
The internal stroctures of type I knd type IT
cells are roughly similar Quantitatrve differ
ences are possibly present, but bave not yet been

ground

and smaller (80 A to 120 A) and larger (about
350 A) granules. The nocleolus, which i3 lo-
cated in tho periphery b about 1 4 in dismeter
and compoted of four perts es in other types
of cells (Bernhard & Granbonlmn, 1968) tho
pas granulow, the pars filamentosa, tho pans
amorpha and the nocleolar assoclated chroma
tin. The pars amorpha i3 incomspicnous.

The containg drin, dense

ytop!

bodies, a few cisterns of granular endoplasmic
reticutum, groups of rbosomes, a well devel-
oped Golgi apparatms, and & great mumber of
veakcles. The Intter are found evenly distributed
In the cytoplasm Thoy arc 400 A to 2000 A
in dismeter and may contain & dightly floccn-
lent matertal Ribosomes are observed on the
surface of some of tho veskler. Some coated

Acta Otolaryng 69
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“~

e I Schematic drawning of the vestibular semory
ceils (Courtesy of Lindenan, 1965)

wsed was veron! acetate buffered 13 osmuum
tetroxkde at a temperature of 4 C Some spect-
mens were fixed in cacodylate-bulfered 2.5%
glutaraldehyde and post-{ixation was performed
in veronal-acetate buffered 15 osmium te
troxde

After partlal dehydration 1n ethanol, the
maculae and the cristoe ompullares were dis
sected out. Dehydration was then completed
.ndlhc;pcchncns‘mcmbcd 1 10 Epon
or Araldite. Ultrathm sections ®e =+ on an
LRB Ulramicrotome, mounted o

var

Acta Owlerywe 69

(), baxal membrane (bar).

carbon coated copper grids and stained with
lead atrate or with urany! acetate followed by

from the left and the nght side were prepared
and examined in the same way The right sid
served as control

RESULTS

Normal anatamy controls
Smith (1967) and W ers3ll (1967) have pren &
detailed deseription of the s stnuc
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Dilatation of the nuclear envelope was & com-  were noticed m the cytoplom (Fig. 4) The
mon feature. In some of the cells the dilated most mpressive feature was the great pumber
moclear envelope formed sacs up 10 3 to 4 4 of vacooks lined with a single membrans and
in dlameter In addithon, comspicoous changes  with the surface stedded with ribosomics. The
Acrm Ot
¢ e
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™
[ b4 F“
Ty

an
L) The cytoplasm by more checiron depwe than in

vacuoles contamed a slightly flocculent material
and varied considerably in size The larpest
vacuoles were mually found near the nuclem,
Confluence bween the vacuoles was often
seen In the spical portion of many celis there
was a shght but nevertheless dustioet 1ncrease
in the number of dense bodics, Areas of cyto-
plasm-containing veskies and ribosomes and

Acta Orolaryng 69

porma) celh and contam  larpe pumber of  acuoker.
Note the metachondrda contalaing chctron-denw
granuker A large portion of the cytoplasm
ot the emiohmphatsc sorface 11,600

delimited by one or more layers of membranes
were wswally encountered (Fig. 4 inset) The
mitochondria had a more globus configuration
than in norma! material, The internal structure
of the organclles, however was apparcntly un
aticred Some of the cclls were swollen lo
these cells the cuticular plate was bolgiog to-
ward the cndolymphatic space and there was



i ting
mmsary el 4 and 6 houns afer tho Wradha
rov polnt to necdie-sbaped (a) and spherical () fn-

often rupture of the cell membrane at the
endotymphanc surface not covered by the cu-
ticular plate Through this ruptore portions of
the cytoplasm were expeiled into the endotymph,
As a nule the semsory hain had & pormal ap-
pearance, bt In some instances giant, club-
shaped hairs were seen

Stage 1T

The most comspicoas feature of this stage was
shrinkage of the ouclens and the cytoplasm.
The nuclear content was highly electron-dense.

tinct xmall granmles, giving the moclens 2 map-
like sppearance In spitc of the shrinkage of

X-ray lrradiation of the inner ear 313 l

clusioms closmly related 0 tho fnternal membrmes.
60,000,

needle-shaped inclusions were present. In others
large gramukes were observed in close commec
thon to the cristac, These granules often had &
trmlucent core (Fig. 64, b)) Protrosions mto
the endolymphatic space were obscrved more
frequently and were larger than in the stage 1T
(Fig. 5) The protrusions were wsually composed
of fine granular clectron-derise mmses and
had an trregular outline At places their lhmit
ing membrane appeared mterrupted. Some of
the degenerating semsory cells presented con
striction of the supranuciear region which gave
them an hoargisss configuration (Fig. 7) The
internal structure of the perve endings related
to the altered cels was apparently pormal
However nerve endings were seldom found in
contact with degenerating semory cells of the
stags 111 Asx a ruls, nerve endings underlying
degenerating cells were sepanated from these
by loug, slender processes of the supporting
cells (Fig. 7)

Stape IV
This stage was characterired by the appearancs

within the supporting cells of larpe Indmdon
bodies of varying electron demity and delimited

.
Acra Owo

l
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Ty 7 Depenersting  esbbula semory ccll 3 hoars peocratmg cell B almou completely enpulfed by &

afier the wradiapon. The cell has an hourglam con-
figuration and the apecal portion of the cytoplasm
B protroding inko the endolymphatc space The de-

by a2 double membrane (Fige. 8 9) Several
of these Inclusions had the appearance of de
generatmg sensory cells with the charoetenstics
of stage I1L Ovhers displayed a nuclear and a
cytoplasmic compogent but therr nature could
pot be recognuzed bereause of advanced lytc

lons. Some of the inclusd d as
largclysommwnhnn}d:mﬁhb!cdcbmo{

Actz Otolarine 69

supporting cell (S0 which send  out a shender feaf
{mtetnl) weparaling the semiory cell from benoss
ckments (\ 1 8 00

varying clectron density The nucleus and the
cytoplasm of the supporting cells were other

wise normal
DISCUSSION

As In the outer hair cells of the organ of Contl,
the fin: detectable changes In the vestibular



chromatmie granules (Winther 1969 ) In the
vestibular sensory cells, bowever the nuclear
envelope was often dilated This phenomenon
ws ot observed n the degenerating outer hair
cells of the organ of Cortl

Other differences in the mode of degenera-
tion were noticed in the cytoplasm. In the outer
bair cells of the organ of Corti carly changes
were marked hypertrophy of agramular endo-
phamic reticnlem and new formaton of stacks
of gramular cterns. One of the carlest chunges
In the cytopiasm of the vestibular sensory cells
was the formanon of vacuoles with the surface

X-ray frradiation of the inner ear 315

Fig 8 Cell deplyymg the

studded with ribotomes and contamung some
lightly flocculent material in an electron trans-
parent matnx Tt is probable that these vacooles
are formed from the grannlar vesicles and ol
terns present in the normal rensory cells, since
o Increase in profiles of granular endoplasmc
reticulum could be demoastrated. The large
number of ribosomes on the surface of the
vacuoles might be dertved from the groups of
free The elect ap-
pearance of the vacoolar content suggests that
the swelling &5 doe to an intale of water re
sulting fram an alteraton of the osmotc bal-
ance between the interior of the vacuoles and
the trrrounding cytoplasm. A dHatation of the
mclear lope and the end: ' X

Act faz ad
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verely damaged sensory eells This b in ac
cordance with observations on streptomycin
mtoxicated antmals (Wers8ll & Hawkins, 1962
Spocndlin 1966) In many cases the nerve end-
wngs of both type I and type 1I semsory cells
were scparated from the degenerating cell by
skender processes of the supporting cells. A
similar phenomenon has been observed in the
facial nuclems after section of the factal nerve
(Blinzinger & hreutzberg, 1967 Torvik &
Skjprten, 1969) Slender processes of microglial
cells extended along the surface and the den-
drites of the degencrating nerve cells, thus sepa-
ratmg the nerve cells from their boutons. Tarvik
& Skiprten {1969) showed that the degenerated
neurons fater were phapgocytosed by the micro-
gha

]anclaxttwod:\:ad.uxhemacuonolth:

wemory la to streptomycin in-

toxication  has hecn thoroughly investigated
(Berg, 1951 Wenill & Hawkins, 1962 Duvall
& WersHll, 1964 Spoendlin, 1966 Nngaba,
1968) It Is therefore of interest to ¥
scnsoryceﬂdegcnﬂ'l!}onauscdbympwmy
cin to that caused by the influence of X-rays.
Although the pattern of degeneratron with re
spect to semory cell type and localzation with-

the sensory arcas were ddfercnt (Winther
b) the acute cellular changes at the ultre-

Jevel followng streptomyein mtoxica
tion had much in common with those observed
after X ray irradiation. The changes described
in the present paper are therefore not a specific
effect of the X-rays

rs

ZUSAMMENFASSUNG

Das innere Obr vou Meerschweinchen words mit
mnmummmn bestrahit.
uber den

che Uz &
vnﬂ‘bnllrrnTcﬂdclmmrmOh’\:lmdcmchﬂ.J
4 und 6 Stomden nnnnrm.wrlnd:nmm

den Supemrelien yon Type I be-
ob-:hmnba.unhlucniruvaypoLDhm
Verlinderangen wurden iIn dm,cncnkrmrnbwbv

dchfol.mdclrﬂh:uVaiudcmpn_DmEnchdna

o der Agzanl
r voulponmlhnﬂdncnk&prmhnlﬁ
Lalen Teil der Zellen und das Erscheinen efner

questricnung  oa

In den Stlux-Zellen beobachtet.
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verely damaged semory cells This s In ac
cordance with observatiom on streptomycin
Intoxicated animals (Wersalll & Hawkins, 1962
Spoendlin, 1966} In many cases the nerve end
wgs of both type I and type 11 semsory cells
were separated from the degenerating cell by
slender processes of the supporting cells A
similar pbenomenon has been observed m the
facial nuclcus after sectton of the facial nerve
(Blinninger & Kreutzberg, 1967 Torvik &
Skiprten 1969) Stender processes of microglial
cells extended along the surface and the den-
drites of the degencrating nerve celly, thus sepa-
mating the perve cells from their boutons. Torvik
& Skjorten (1969) showed that the degenerated
neurons Inter were phagocytosed by the mbcro-
elia.

In the last (wo decades the reaction of the
vestibular sensory eplthelia to streptomycin in-
toxication has been thoroughly mvestigated
(Berg, 1951 WensHll & Hawkins, 1962 Duvall
& Wersdlll 1964 Spoendlln, 1966 Nagnba,
1968) It 13 therefore of interest to pare the
sensory cell degeneration caused by streptomy
an to that caused by the influence of X-rays
Although the pattern of depeneration with re
spect to sensory cell type and localization with-

the semory areas were different (Winther

, &) the acufe cellular changes at the uitra

~taeoral Jevel following streptomycln intoxica-
tion had much 10 common with those observed
after X-ay lrradlatson The changes described
in the present paper are therefore not a specific
effect of the X rays

ZUSAMMENFASSUNG
Das inpers Obr von Meerchweinchen wurde mit

skh folgende fnihen Verinderungrn. Das Erschelnen
eh:r;fmznAnnhlvmVnmdm.dcrmObcrﬂkhn

mi verachiedene Ve

rungen der Mlochondrien, eine ldchte \rrmhm-_u
hdtrAnmhlm}ynmﬂhanrnK&'mn[m.pl-
hknT:ﬂdtrZ:ﬂ:nmﬂﬁ:Bncbrhentmer&
questrienmg von rytoplasmatischen Areaken, dw vom
Membranen fn ciner oder nch meheeren Schichen

h.-trum waren. Stark  verlinderte Zdlm schdenen
deys das Ver

phagocyterten M
in den Sulz-Zellen
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A Further Investipation of Inorganic Constitients by Neutron Activation
Andalysis

N Soifer M. Thompson, A. Fasano J Mammow G Endahl and C. Holdsworth

Frow the Orologécal Research Instinute Good Somarfan [ospital Daytom Oklo emd
the Alr Force hwciear Exgineering Cemier B right-Patterson Alr Force Base Oldo, USA

Recrived September 20 1969

The Jevehs of hotopes of calclom, jodioe, magneyinm,

No
chlorine, or sodwm fn

a peevious study we determined the con-
of calerem sod phosphorus in

sthpedes and In cortical bone from ofosclerotic
and non-otasclerotic patients by peutron act-
vaton analyss (Solfer e of  19659) No signify-
cant  differences were found between oto-
scierotic and pormal stapedes or  between
samples of cortical bone from otosclerotc and
normal patents, These results conflict with
that of & chemical analyss which indicated that

that there Is no stanstically ngnificant correla
thon of calcium and phosphorus levels with age,

sex or with tho degree of otosclerotic growth

Finally calcitm to phosphorus ratios did
not differ significanfly samong the husnes Io-
vestigated by neutron activation analysis,

Although cakiom and phosphorus levehs
showed no positive correlation with otosclero-
als, the date obtmned are valnable in that they
provide in s controls values for tnveshga-
tion of additional elements. This paper reports
the results of such an extended mvestigation,
ie., neutron activation analyss of the levels
of isotopes of calclum, 1odme, megnesium,
copper chlonne, and sodium in stapedes and
cortical booo from ofosclerotic and noo-olo-
sclerotic patrents.

MATERIALS AND METHODS

Stapedes and samples of cortical bone from
the posterior meatal wall were obtained at
surgery from patents undergolng stapedectomy
for otosclerohc stapedial ankylosh. Control
stapedes and cortical bons were obtrined £t
autopsy from individualy free from gross liver
kidncy and ear pathology All samples were
dned to constant weight and analyzed for in-
organic constiteents by neutroo  sctovatial
analysts, Trradiation and quantitatron proceds-
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Table 1 Newtrom activation enalysts of stapedes and cortical bone
g milllgraems pg: micrograms = 10~ grams, ng: nanograme = 10-* grams.

m [ 1 Mg Cn a Na
Sazrplo (op (pme)  (sg/m)  (op/m) (ox/org) (gfmp)  (ngme)
Stapeder
Norml

O 1.9 m 37 4410 9 1780 10,000

402 1% 7 46 260 @ 1,5% &7

403 2% 28 67 3290 5 1,090

404 106 b 49 130 31 1,03 £560

403 242 s @1 2310 0 2,50 7,650
Aversgo + 8.E. 2531027 26112 HTE64 I20IHS  T68ETO 16001774 TS 1604
Stapedes
Oromcierotic

»r 153 2» 3 1,610 04 1000

xn 319 m 2] 2,360 € 40%0 2440

m 325 7 b " 9,030

304 15 Fr ) a 300 &1 1780 770

x5 248 246 173 3910 & 1070 7430
Aversp 1 SE 3201017 27511364 GO0F6S 3IMI2 TRETS 2,650+388 B60+57
Cortical bews
Normal

or 368 248 ) 1510 lcd 1650 1380

2 497 157 43 2710 n 2,400 803

0 [*:) 26 b 2420 16t 1,610 T4%

04 254 M1 43 3,040 137 1,040 3510

3 1 5 216 1390 © 1310 1320
Average tSE 4301052 247+1480 512142 24803299 1351228 1,600+ 7703
Cortcal bone
Otoaclerotic

20 426 4 2340 7 2130 2500

0 352 281 56 2,190 2 2000 7,500

301 593 319 3 1750 56 10 7450

04 623 407 ol 1,340 a 1510 10,200

303 [EH w 3t 150 » 5240 10,50
Avernpr +3.E 5254031 NTEMET  410+44  230+ITT 0449 23404602 8710676

mumbers dicuts samples from tho same patient.
erToe of the mean.
Valme not weed b poeam.

res havo been described In a previous paper  No significant differences were found m the
(Soifer et o 1965) Becawse of the large num-  bevels of calchum, lodme, magneshum, chlorne,
ber of Botopes incloded in this stidy m com-  oc sodlom in otosclerotic stapedes or coctical
puterzed program was used to calculate the  bane when compered with the levels m the
resulis (Dooley ef ol 1968) The latter were  respective coatrol thsues. Stmilarly no differ
expressed at micrograms of isotope per mill- ence was found between copper levels in oto-
gram dry weight of tssue. scierotic and normal siwpedes.

RESULTS COVIMENTS

The rosulty of neutron activation analyh of The smounts of cach of the clements of
stapedes and cortical bone appear in Table 1 magnestum, copper chlodne, sodtum, and jo-

Acts Ototaryny 69
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dine are the same in otosclerotic and noa-oto-
scerotic bone thme This obscrvation points
up the similarity in quanhtative elemental com-
postion between bone involved In otosclerols,
ie., the stapes, and bonc which is rarely m
volved, le., cortical bone. The higher amouat
of copper observed in normal cortical bone
may be an exception but because of the rather
wide range of values, we belmve that litte
emphasis need be placed on this observaton.
Otosclerotic and control stapedes contaln com
paratle levels of copper When Delorge and
co-workers (1965) determined serum copper
in patients with otescleross, they found no ab-
normalities and coocloded that copper me
tabolsm 13 pormal in 1 Recently

to thoto previously reported for otber sampley
of stapes and cortkal bone (Soifer ef al,
1969) When the results are expressed on the
basts of In gty calchum content, the clemental
amalysis of 1 and pon< lerotk
bone thsue remaing the same  Coasrdering the
similarity in clemental composition between in-
volved and uninvolved bone and the fact that
otosclerotic bone b hustologically different, the
mnplication B that there may be some differ
ence in the stroctural relationship of the cle
ments in otosclerotic bone. Another possibility
s that desplte the simflar composition, there
s a different tumover rate of the clements in
otosclerotic booe ical

1} il
g oo p gh
Arth

Evans & Henkin (1969) reported a decrease in
the tota]l minernl content™ in one malleus and
in incudes from otoscleroixs as observed by
photon beam absarption. These results suppoct
those of Maurer (1961/62) who found a do-
creaso in the caleium and phosphocus content
of endochondral bone from otosclerones, and
further support the premisc that gencralized
changes occur in otosclerosts
~ Although stapedes were reported to be too
1l to be measured by the photon beam tech-
“ue one would expect a mmilar decrease in
~“aoscierotic stapedes. Yet such findings have
not been demeonstrated esther by this er by pre
vious activation analyses (Soifer ef of  1969)
Although the decrease cookd be attributable to
an element yet undetzrmined by activation
analysis, this seerns highly unlikely Such an
element would be present in such small quant-
tles that it would be negligible compered with
the large decrease  observed by
Evans & Heokin (1969) Perhaps there were
no changes in the specimens of malleus and
Incus from the Individual affected with chronic
odtls medla m sddition to otosclerosis, but this
wss not discussed by Evans & Henkm (1969)
Caution should be used when weighing results

ined from bone sp from chronk
cars” a3 the ossiles are often structprally
eroded in chronic ear discase

The valucs obtained for calclum are similar

Acta Osolaryng 69

The stody of turpover retes ceriainly de
serves pecially since few el )]
compositional changes have been documented
In otosclerosts.
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PRESBYACUSIS
I Perstimulatory Threshold Adaptation

K. Jokinen
Froms the Department of Osolarynpology University of Owlu, Oulx, Flxiaad
Recerved Novwember 17 1969

and of cases amsoaated with 2 C5 dip The
manusal thresholds were poorer than the suto-
matic threaholds in all groups except the ex
perienced coatrol group Comparison of palsed
tone (200 msec) and continuows tonc automatic
audiometry thresholds showed no difference
between the coatrol groups, bt in both groups
of old people the pubed tone gave dearly bet
ter thresholds. Abo the threshold amplitudes
were significantly larger m tho aged than in the
control groups while the sire of the excurilons

This work was sided by & grent from the Stats Re
acarch Council for Medical Scxencsr.

Acta Osolaryny 69

became smaller towards higher frequencies in
all groups

Another study (Jokinen, 1970) dealt wath
the effect of toat dormtion and intensity change
oa the hearmg threshold in peesbyacusis With
an iotemsity change of 2.5 and S dB/sec and
tooe duration of 170 500 and 1,300 msec, no
significant differences were found in the bear
ing thresholds Thus a pulsed tone of 170 msec
duration was suffickent also in presbyacusis for
a full loedress value, On the other hand, short
tone aunditory adaptation secmed unlikely
since the thresholds wath 1,300 msec tooes
were not affected. Thus the interruption pro-
cedure a3 such may be responsible for the bet

In the present stody the development of
pentimulatory threshold adaptation in presby-
acuis is analyred during a 3-min tme period.
By s0 domg, the amount of adaptatron at vari-
ous freg can be y mred
and further light may be shed upon the differ
ences between the hearing thresholds for inter
rupted and for coatinuons tooes.

MATERIAL AND METHODS

The group under study comisted of 23 persons
suffering from pure presbyscusts (41 cars) with
no hestory of previous ear discases or smy sig-
nificant nolse exposure. The age of the panents
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of ponible adaptation conld then be casily cal-
culated as the difference between the hearing
thresholds »s & function of thne The data were
handled at the Compater ceatre of Oula Uni-
versity The students Fiest wm wed for cal
culating the sigmuficance of the differences, and
the leved of P<0.01 was applied a3 budicating
slgnificant differences between two observed
vatees,

RESULTS
The resolts wing the pubed tonc during the

moment was found v be minimal and always
Jes than 1 dB No significant differences from

varied from 59 to 86 years (average 72 yoan)
uﬂ‘y3mbmbdﬂ:undﬁ65ynndup.

The thresbolds were first
u:lngtheM-dm:modelOB(:Omﬂkunm
A Grason-Stadier model E 800 automatic su~
diometer was then employed wing the fre-
quencres 4 000, 2,000 1000 500 and 250 Hz
m the order mentioned. For each frequency
the subject first recorded his thresholds for a
pubsed tone and then for a continnous tonc
durmg a period of 3 min. The method of ad-
jostment was nsed, the mbject preming the key
a8 long as the tooe wis heard and relessing it
# 1000 m the tone disappesred. The rats of
tntenuty change for both the pahed and the
contineons tooes was 2.1 dB/sec in 025 dB
sieps. The durstion of the tooe pulse was 200
maec with an oo-off perod of 50%

From the adaptation records, thoe maxmnal
and minimal valocs of the excumsios were
tabulated from a periad of 20 sec at the start
of the teat and at 1 2 snd 2t 3 min. The
bearmyg threshok! at any of these penods was
then calculated #5 & mid-point vahw Excur
sion amplitudes were tabulated from the same
tme perlods e the differences between the
Duxmum and minimom valees. The amownt

ded

Jine, or between any indrvidm! fre
quencics, were noted at any given polnt.
Fig. 2 shows the same test resolts by using
coatinuous tone The results foc 250 and 500
Hz, showing 1o adsptation, do not differ sig-

-y
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nificantly from each other or from the ex
pected reroJme at any point. The figures
1000, 2,000 and 4 000 Hz, which show vary
ing amotnts of adaptation, do not differ stats-
tically from each other at the polnts measured.
This is the case even though the 3-mun valoe
for 1000 Hz Is clearly smaller than those for
2,000 and 4 000 Hr.
Adaptation at 1000 Hz was significantly
larger (P<0 01) than at 250 Hz at all recorded
points. The ddference between 250 and 2,000
Hz was highly significant (P<0001) and a
ddference of this amount also occurred be
tween 250 and 4 000 Hz at the 3-min polnt.
At the 1 apnd 2-min points the differences
were sigmficant (P<001) between 250 and
4 000 Hz,
Between 500 and 1000 Hz there were mo
istcally significant diff Ithoagh the
slopes of the curves were different. Between
500 and 2,000 Hz there was a highly signlifi-
cant difference at the 2 and 3-min pomty and
between 500 and 4 000 Hz at the 3-min pomt.
The growth of adaptation as a function of
tme can also be scen from Fig. 2. During the
first minute, adaptation at 1000, 2,000 snd
000 Hz was about 2 dB For 2,000 Hx this
¢nd coatimued during the whole stimulation
period, whereas for 4 000 Hz the average at
2 rmn was shghtly Jess though the end result
was the same. Foc 1 000 Hz the whole curve
took a more gradual slope after the first min-
ute With the pobied tooe there were no dif

Flig 3 Excursh i
a1 fanction of time. Coatinnom tone.

ferences between varlous freqoencres and o
adapiation.

Using the palsed test tone, the width of the
amplitede remained maltered duning the whole
34min testing time  Using the contlnuous tone
(Fig. 3) there was a slight decrease during the
3-mm penod, but only at 4 000 Hz was the
ditference (13 dB) statisneally  nignificant
(P<001) The amplitudes decreased as &
fimctlon of frequency towards the high tones.

The bearing levels with the pulsed tone were

Table | Comparison of average hearing thresholds nith pulsed and contiwous tomes

~
-

Thmne ()
a3 1
Frequency TD s.D TD 5D D sD
pad] 26 47 24 53 16 46
0 20 18 21 41 21 48
1.900 26 39 43 74 6o 'S
2000 a5 59 76 ey 96 e
4,000 58 73 | & 94 3 96

T.D =Threshold difference
Degree of significance #< 0.0

Acss Osolerynt 69
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Table 2. Indicidua! classificatton of 3-min
adaptatisa ralves

Presbyacusts. 1l 327

ported by Goetzinger et af (1961) Jerper
(1960) Schindler (1962) Palva et of (1967)
and Gjevenes & Sbhoel (1969) As a rule, there
h very seldom sdaptation cxceeding 30 dB in

Adupation (4B)

Pubsed tons C tone
Preqoency 0-10 11 30 over 30 0-10 11 30 cver 30
0 37 ¢ o ¥ 0 0
00 37 0 [ » 0 [}
1000 £ 0 0 % 3 o
2,000 3 0 0 n ] o
1000 n o o 1 e 0

at all points significantly better than those with
continzom tons (Table 1) This was noted even
at the first point measured (20 sec) The wiith
of the average excursions, on the other hand,
showed 1o significant differences.

Table 2 shows the individual dassification
of the sdaptation values at the 3-min points
in this material, At 250 and 500 Hz all valoes
were legs than 10 dB, while valocs between 11
and 30 dB occurred at 1000 Hz in 83% at
2,000 Hz tn 25% and at 4000 Hz in 29%
All other valoes for these frequencies were less
than 10 dB Adaptation never exceeded 30 dB
and fn rans did a total deappearance of the
tone occur With the pulsed tone, all adapts-
ton valucs were less than 10 dB

DISCUSSION
In norzally hearing ears, ic threshold

preshy is. In the present study none of the
values excecded 30 dB, which may be due to
the fact that the manual method used by the
earlier investigntors, i moce sensitive than the

technique

White in the study of Goetzlnger ef of
(1961) the frequencics 500, 1000 and 2,000
Hz were tested Glevencs & Sahoels (1969)
covered 500 2,000 and 4 000 Hz. The findlng
made In both of thete studies, viz that larger
amounts of adaptation are found at high fre
quencies, Is confirmed by the present results,
Furthermore, Using aatomatke recording, the
present results show that for the frequencies
250 and 500 Hz adaptation is alwnys lexs than
10 dB At 2,000 and 4 000 Hz adaptation be
tween 11 and 30 dB appean in roughly 25%
of the cases but at 1 000 Hz In only 8% Thus
correlation of adaptation valucs with clinical
groups would probably profit from comparison
of adaptation recordings at 500 and 2,000 Hz.
If comsiderable adsptaton ks demonstrated at
500 Hz, retrocochlesr nerve fihre pathology
should be thought of (Glevenes & SShoel,
1969)

The

pltnde of the threshold 7

recording at a fixed frequency with an tater
repted teat tooe results In stralght llne tracings
withount This is also ity the
cuchivlrlmn}mrhl;dmrdq-u,ucq)tma
caes of VIII nerve pathology perticnlarly
acountlic tmoars, In which even

tone tracings with short off-tmes may show
some sdapation (Jerger & Jerger 1966) In
Fmby-unntbetnmpwds-mmnxedm

very litte as a function of time.
The average threshold ampiitudes from 7 to
10 dB were all of the same order as in pormal
or pon-reeruiting ears (Patva, 1957) The fact
that the threshold tracing became only slightly
maller as & function of time correlates well
with the nosirecTuiting nature of peesbyacuxh

Study of the varfous subdivisdons by age
thows that, in thh series of presbyacush, the
sdaptation valucs were not distinetly affected

quency tracingy never showed any ad.
And!—thndlf)()mucobvhnlyhm[ﬁ:lm!
foc & full recovery

As regards adaptation s tested with con
unsons tones I presbyscushs, the present re
suls sgree reasonably well with the data re

by age A does not cxplain the dif
ferences between pulsed and continuous tane
bearing thresholds In old peopls since better
threahalds for pulsed tooes at all recorded
points were aiways recorded both at frequen-
cles showing adsptation and at those show-

Acw O’
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ing no adaptation. It appears Iikely that the
interruption proceduore ftself ks responsible for
the better thresholds obtained with pulsed

]

Goetzinger C P Prowd, G O Dirks, D & Embrey
J 1561 A stndy of bearmg In sdvenced ape.
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Jerger ] 1960, Békéry wpdlometry in analydy of

disorders. J Speech Heering Rer 3 173
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IL The effect of pobe dor-
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PATTERNS OF PURE TONE HEARING LOSS

A Comparative Stud;

of Preshycusis Multiple Sclerosis

Mcnléru and Acoustic Newroma

V S. Dayal, N Kane and M. Mendelsohn

From the

Department of Omiaryagology University of Toromss, oud
the Royal Victoria Horpiral Moutreal Ont., Camada

Recelved Jmme 23 1969

A compantive study has been carried out of the -
cdencs of the wpecific pattcres of hearing lom o
wrbjects with prestycnsds, moltiple acoutic

SUBJECTS

For the presbycmsls group, 55 )

(Dayal & Swisher 1967 Dayal et of, 1966

Johnton, 1568 Enander & Stahle, 1967). How-

c«d:dn!]pahem.lvh-hldjnh]d]apcmu
of prasbycmis were used. The sversge g0 of
this group was 65 The range being 42 to 82
yunOnly]nnmuwhhbﬂltenlqmmcu'hl
semsorinewral hearing losses were used {n this
study Patients with asymmetrical curves be
tween the two cars or with conductree beardng
loss were not incleded. Any patient 1 whom
the hearing loss conld be related to any other
factor viz. stinmulation deafncss etc. was not
included in this study ALl subjects were scen
at the Toroato General Hospital.

The subjects in the multiple scleroals groop
are from a previous peper of ooe of the authors
(Dayal ef al., 1966)

Fifty-stx patients with Menire s disexss were
taken from the files at the Taronto General
Hospital. Only cases with a definlte diagnoshs
based on andiograms, hustory and vestibular
examimation were incloded. Cases in which the

dlagnosls was doabtful were climinated.
Twenty-ix patients with aconstic ncuroma
were cascs seen at the Toronto General Hospital

Acte Otolaryng 69
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and the Royal Victorla Hospital, Mootreal. All
cases were aither confirmed by a tissue diag-
posis or 2 postertor {ossa coatrast X-ray study
In all cases the subjects chosen were the result
of random selection.

EQUIPMENT

Tests were done in a soundproof room with
Maxco, MABA or MA24 md}anctcn, mutinr_ly

Table 1
Presby- Mendh-
anh MS AcN res
I6(65%) 16(67T%) 17(83%) SO
Flat 17Q1%) 4(17%) 83(31%) 31(35 )
Low tons 0(0%) 1(4%) 0Q@%) 459
Daome 000%) 0@ .) Dgé-) 50%)
Others 2(4%) 3(12%) 1(4%) 12%)

Number it brackets indicates pacentage inddence.

calibrated prior to frrati
mdimncuict:chniqnemmedm determine
the pure tone thresholds.

Clasnfication of audiograms with hearing
fosses was smmilar to that described by Carbart
(1945) with some modification. The classifica
timn of the patierns was primarily based on the
general configuration of the avdiometne curve

The “flat group™ consisted of semsorineural
losses at all frequencies, but not diffening by
more than 10 dB In umystematic fashion be
tween two different frequencies, emphass being
placed in the speech range. “Low tooe groups™
were thosc with a loss of at least 10 dB or more
at lower frequencies, but with better thresholds
at higher frequencles. Descending curves were

by losscs greater than 10 dB
frequencies, over a range inclumve of

- or more octaves. The dome-shaped group
asmoastrated pure tone losses of at least 10
dB at both low and high frequencles, with bet
ter functon 10 the middle range. A small num
ber of unclassifiable corves were grouped noder
“others™

FINDINGS AND DISCUSSION

Most of the patterns of hearing loss were easily
cdasafied under the four major groaps.

Table 1 shows the relative frequency with
whkhlltdncmd‘mgnndﬂmcmtsmm

1 and ncuroma patients. The
percentages for the three groups e 65% 67%
and 65% respectively Agam the flat Josses
h:vennﬁlnlnddcnce!nprnbycmu.mulllpk
and st (Tabk 1).

However m Menire s discase the patterms
are quite different from the previous three
groups (p < 0.01) in that the descendmy curves
are oaly seen m 9% flat In 55% and the low
tones 11 25% The low tone losses were almost
confined to the Mentdre s disease group culy

Even though the number of patients in this
study is pot very large, the results scem to be
of sigmficance as they compare closely to e
sults of larger serics. In a large growp of
scouste peurnma patients Johmson (1968) re
poricd a 64% incldence in the descending type
and 20% madence in the flat Joss. These
figures correspond dlosely to the figures ob-
tafned from our group of acoustic neuroma
cases where the descending type of patterns are
scen i 65% and the flat patterns m 31% of
the pabents.

In the Menidre s disease group the percent
age Incidence of patterns arc very similar
those obtaled by Enander & Stahle (1967%
They found an incldence of 60% of flat curves,
17% of ristng corves and 12% of falling
curves, Our studies show in the MenRres
group, 55% with flat patterns, 25% with Jow
tooe or tho rising curve and 9% la the de-

m presby neu-
mmde:&t:dbm&Fmeemmﬂnl
analysh 2 series of chi square tests was per
formed.

The descending curve 15 zeen with almost the
same frequency in presbycuns as m maltiple

Acta Otolaryng 69

dmg or the falling curve.

It is interesting to correlate thess paticrns ©
them:dp:thdoﬁa][nvdvmtinlhﬂfﬂ
groups of subjects. Multple sclerosis affect
the anditory and vestibular systems in vanoes
ways. However the Jesion in this disessc B



located cemtral to the peurolemmal-neuroglial
fusction. The pure tonc losses seen in these
patients represent a neural type of disorder I
other words involvement of the eighth perve
il In a small percentage of patients with
maultple sclerosls the ageing process may have
added its effects to the pattern of the discase.
However n a previom study (Dayal & Sensher
1967) it was noted that In the multiple sclerosts
group 59 1% of the patients had & pure tone
joss a3 compared to 27.3% [n a closely match-
ed contred group It was concluded at that time
thet “there s & small and definie number in
the multrple sclerosts group where the pure tooe
hearing Joss ks secondary to the demyelinating

process

The pathological changes in acomtic neo-
roma i3 located in the cighth nerve Le neural
ciements. However in 20% of these patients
a predominently end ocgan type of hearing
Toss is scen. This hax been astributed to vascular
compression affecting the nutrition of the hair
s,

The pathology i MenRres manifests itself
primarily as an end argan type of hearmg Loss.
Prabycush as defined and described by Schu-
koecht (1967) conshits of basically the sensory
the peunal, the metabolic and the mechnical
types of pathalogy The four diseaso entities
stodied 1n this fovestgation, therefore prowide
cxcellent material for a comparbson of mani-
festations belooglng to Schuk s four types
1 our materlal representing two differcat
pathalogie Jocafizations. (1) primarily the mmer
€ar &3 in Mentdre s, and (2) the cighth nerve as
1 multiple sclerosts and in scomtic neoromss.

Ouwr dax show a significantly similar -
cldence of the patterns of lomses In multiple
scierothy and acoustic neuromas, the most fre-
qoent being in the descending curve and the
flat patterns being the next most common. In
multiple sclerotis and acoustic neuromas pure
tone Iotses represent elghth nerve {nvolvement,
Le. pathotogy in the neural clement, It therefore
60c1 0ot scem unfikely and it bs very tempting
t0 sugpes? that the cases with descending patiern
e with simiar 1 In p a3
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n multiple sclerosts and acoushc nemromas
might ndicate a neursl type of pathclogy The
site of pathology of the descending pattern in
presbycusss I still not clearly understood (Schu
knecht, 1967)

As carlier mentioned, the percentages of both
descendmg and flat sudiograms {n scoustc neu
roms, multiple scleroms and presbycusls are
smflar in these three categorkes The patents
with Meniros dmeasc on the other hand
show a very different pattern of hearing loss,
Le. pred tly p ting a flat aodk
and some with low tone boss.

It Is interesting to compare the hearlng loss
In Menikres dscasc with the aodiometric
findings in the metabolic typo of presbycusis
described by Schuknecht (1967) Even i thess
two procesies are astologically different, it s
Interesting to notkc the similarity in the pat
tern of their hearing disturbance He described
the flat type of hearmg loss in the metabolc
group of presbycuus, This same type 1 alto
scen In our scries of Menidres patients as the
muost frequent change recorded. The pathologe
changes In Menidre 5 discase are due to some
metabolic disturbances affecting the peripberal
end organs,
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tarbltmartric bascd on the formation
of ieolable complexss »cid  mocopolysac
chendes and bromide was
oodfied for micro-amlysis. The ditribution f acd

1960) Recent work, (Turato, 1960 Naftalln

1967). Lewrence (1967) abo suggested polar
batlon of the tectorial membrane a3 & result
of demonstratiug its zero potential.

Forther the presence of acid mucopolysas
charides in the membranc woukd be highly
fpuificant since they would be capable of

soch small quantitics #s not to be detectable
by the methods employed. Therefore, It i still
uncertin a3 to whether they exist, or not, In
the tectorial memboane,

On the other hand, the progress of connoc-

shuce deafness may be due to the mucopalysac
charidoses
Thb study was designed to demoastrate the

Presest address: Department of Otorkinolarysgology
Kyowo Farttmy Univeruty of Medicine Kyots, J pan.

of acd P rides la the
tectorit! membrane and their distribution in
the nner ear
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75 ug of standard ChS-A was completely de

Otber reagents wsed were of reagent grade,

Extraction of acld mucopolysaccharides from
thome

After measurlng dry welght cach thsne was
bomogentred with 2,0 ml of 001 M Trs-HQl
bofler pH 7.5 by the we of 2 mkrohomo-
pemzer To the bomogenates 02 ml of 5%
Prooase was then added, which were incubated
12 45 C for 6 bours 1o release AMPS from
therr protetn bonds.

To remove protems and muckeic aclds, 1.8
ml of 22.2% trichloroacetic scrd (TCA) solu-
tiou (fimal concentration 10%) was sdded. The
fiml volume was 4.0 m! The Interfering rese
oo of mueic ackds will be discussed later
Afier allowing the final volmme to stand for
68 hoat =t room temperature, the precipitate
& removed by centnfugation. The superna-
fat was decanted into apother tube with a
fioe pipette To the supernatant, 16 ml of ke
chllled absolnte cthanol followed by 0.2 ml
o 25% potmushum acctate to peecipltate AMPS
was added (Meyer et af., 1956) Afier mixing
thoroughly the tubes were chilled In kee over
St To the precipittion centrifuged by
1700% G for 80 min, 2.0 ml of distllled water
was added. This solutin ncloding AMPS was
dalyzed aguns: distilied water with cellulose
mbhlbbhinndlmmtha'ﬂ:ﬂnnCompmy
(the average pore dlxmeter was 48 Angstrdm
‘mln)r“‘m4hourxToLh:dh!yumle
05 ml of distilled water whach was nsed to
oic the celllose tmbing, 012 miof 25%
Potrstiern acetate and 150 ml of ke chilled
absoime cthanol were mdded. After mrxing
;Wlh]yﬂrwhdemchﬂkdlnbam

The reaction tube was again centrifuged by
lm'ehmmhmmlumm
XIDg pure AMPS was dissolved 1 scemts
buffer from 05 10 50 m acrording to the
mound. This solution was used for turbids
metrc mexsurement of AMPS

Andlviis of acid mucopotvsoccharides 335

Measurement of acld mucopolvsaccharides
Quanttative measurement was done by the
turbrdmetne method based on the formation
of relatively msotuble complexes between bo-
lated AMPS and CTAB It was found by Di-
Ferrante (1956) that the amount of turbadity
developed when CTAB b added to a solution
of AMPS 13 proportional to the amount of
AMPS in the system. This method was modi-
fised for micro-snalysis in the present stody
The modification will be discussed below
Into each test tube 1 ml of acctatc buffer
containing from 1 to 100 ug of AMPS wxy
placed. In another tube 1 ml of acetate boffer
was used 23 a blank, The tubes were immersed
in a water bath maintained at 30 C. After 10
mm, oot ml of CTAB-Li reagent was added
to cach test tube and mixed. It was noteworthy
that the pH was 12.5 at this step After m-
cobation at 30 C for 5 min, 02 ml of 2 M
NaQl was added 10 each tobe After mmung
and fncubation at 30 C for another 15 min,
the content of each tube was transferred to 2
cuvette (09 mi capacity) and the opiical den-
sity (O D) of each sample was read against the
blank. It took at least 30 min for the total
dure. A Beck DU Spectroph
was employed in this work, and readiogs were
taken at A=400 my with a slit width of 007
mm. Fig. 1 shows the standard calibration
curve with ChS-A which was prewously pre
pared. A good proportional relaton between
the turbrdity and the amount of ChS-A was
obtained from 1 to 40 ug per ml. Maximum
senutivity was 1 ug per ml or 0.5 pAg per
05 ml
The acctato buffer whach passed through the
same procedure with trgue was osed as a blank
to check the turbidity of the process. A re
covery test showed from 93% to 98% re-
covered with a fine pipette and refined tech-
mque Dilution or coocentration of ths solu-
ton was made sccordmg to the smount of
AMPS extracted. The concentration of AMPS
in th soluhon was then obtained from the
calinanon curve, and the total amount was
calcnlated.

Acta C
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Fig I The relation between the turbidity s mess-
ured ot 400 ma =nd the amount of sodtom choodrol-
tin sulfate A per ml. Standard calibration curve

The speaficity of thb method for AMPS
has been tested by DiFerrante (1956) Accord
Ing to his data, the torbldity of AMPS given

100 pg showed that sodlum chondrottin
4 Moo wes 133%  sodium heparinate 143%
a3’ sodlum hyaluronste 100% while other

pounds were almost negligible In the pres-
ent study ChS-A was adopted a5 2 standard.
Its turbldity was not equal to other kinds of
AMPS However this method was very useful
to measure the total ammount of AMPS

The preliminary test of the complex forma-
tion with pronase and formalin wnder thhs
method showed no turbidity However deoxy-
rboouclelc ackd (DNA) showed aboat 92% of
turbidity compared with ChS-A as 100%
while ribosuclelc scid (RNA) was negligible.
Thrs was the reason why TCA solution was
nsed in the procedure

Enzymic analysis of acld mucopolysaccharides
Although CTAB reagent showed good speci-
ficity for AMPS, mleic actd. especlally DNA,

dta Otoberyng 69

interfered with the assy (Kawamoto ef o,

1968) TCA solution was used to remove them
but there wes still n pomibility that some re
mained.

The contammation with nuclelc acids was
first checked with the absorption at 260 mg
in the ultraviolet region, comparcd with the
standard calibration curve previously prepared.
DNase was then used to decompose the rex
of the DNA. The reaction of DNase with
CTAB-L1 reagent was cxamined. Complex
formation or interference was not observed at
a concentrntion up to 2000 Runitz wmb of
DNasc per mL It has been reported that 100
Kunitz unlts were sufficzent to remove DNA,
and that almest no decomposition of afl kinds
of AMPS was obscrved (Kawamoto et a.
1968)

The turbidity formation by CTAB reagmt
indicates the whole wmount of all kinds of
AMPS Therefore, testicular HAsss which de-
cortiposes chondrodtin (Ch} ChS-A, ChS-C md
hyaluronic acrd (HA) and CHase ABC (Y&
magata ef al., 1968) which decomposes Ch,
ChS-A, ChS-B Ch-C and HA were employed
to analyse AMPS The combination of thex
enrymic decompositions evaluated HAmse
digestive AMPS, HAnse resistant AMPS and
ChS-B

The procedure was as foliows. 0.5 ml of
scetatc  buffer contalning AMPS  extracted
from tissues was delivered into 4 test tobes.
To the first tube (@) 0.5 ml of acctate buffer
was added to make the volume ane ml To the
second tube (5) 1000 Kunitz umits of DNxs2
in 0.5 m! of scctate buffer was added Toﬂri
thrd tmbe () 250 T.RU of HAmse In 05
ml of acetatc buffer was added. To the fourth
tube (d) 125 units of CHase ABC lo 025
ml of 0.25 M Tris-HQl buffer and 125 TRU
of HAase in 025 ml of acctate buffer were
added. Blank tubes for each enzyme were pre-
pared ming 05 ml of scctate buffer mstead
of the solation extracted from thsues. The final
incubation volume was 1 0 ml. The tubes wer®
Incubated at 37 C far 20 hours, and the res
tion was stopped by sdding 1 ml of CFABL!



reagent. Mezsurements were made as described
previously

Each turbedity was corrected by the blank,
The difference of turbidity between (a) and
() thowed the contamination of DNA, and
the terbidity of (b) was considered the amount
of prrume AMPS The differcnce between (a)
nd (¢} indwcated HAnse digestive AMPS such
1 HA, Ch, ChS-A and ChS-C. The difference
between (c) and (d) lndicated the amount of
CtS-B The remaiming turbidity of (d) indi-
ard the other HAxse resistant AMPS such
& beatosnlfate o berpann and contamina-
ton of DNA. Thercfore, the difference be
tveen the torbidity of () and of DNA showed
ﬂ(;:drrHAnercdnmtA}v{PSeweptG:S-B

2

RESULTS

1 Dry weight of the membranous cochlea of
the puined piy
The meas vaise of the dry weight of the mem-
banoes cochlea was obtamed to Insure the
technique of dimsection and for reference. The
cochleae which fafled to separats completely
were excinded from the calculation. The re
it showed that the tectoritl membranc
weight per cochlen wat 4 6 4 the basal mem-
brine with the organ of Corti and b spr-
nalls 603 pg; and the stri vascularis with the
spinl figament 230 0 pg. The total dry welght
o ooc membranous cochlea was 2939 pg
Relvsner’s membrane was 1o lght that it was
Sonskdered to be nctuded withm the range of
Tor The small deviation proved the satis-
wparation of tho cochles. The detalls
Are shown fn Table 1

2 Quanttiative analysls of acid mucopoly-
saccharides

1t was found that the tectoral membrane can-
fined AMPS, although the amouat was very
tmall (about 0 1% per DW ) Further enzymic
alnk was ot possible due to the mall
smount, bowever it was not necessary for the
tectorial membrane to decampose DNA since
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Table | Dry weight of the membranous cochlea of
the guinea pig

Body weight from 250 10 350 g

Total DW
Now ol DW cochlea

Parts of cochiea Series cochiea (w5) (73]
Tectortal A 0 3913 50
B 150 6519 43
[of m 1,030.0 47
Total 450 20854 46
Basal membrane A 9 29274 436
with B 140 LM77 56
opunod Cati & C 219 139141 3.3
Imbesspiel oy q18 25192 603
Siria vascohirk A Lol 20,1182 196
with B 150 HMTDL VIS
spiral Hyument c m 515 1240
Total 407 93,6028 12300

Retsrar More than

menbawne 400 93

Towl membranoas A 242
cochles B 2335
c 2922
Mesn 219

it had no cell component (lurato 1962) Tho
OD therefore indicated the exbstence of
AMPS. The detalls are shown in Table 2.
Relmncr’s membrane also coatained about
01% of AMPS (Table 2) This was the data
without decomposttion of DNA. Tho possibil
ity of contamination of DNA was about 0 05 %
wing this method (Table 3) so that the eval-

Table 2. Aralytical data of the tectoriad mem-
brane and Refromer 3 mtemnbrane

o.D
(cox AMFS
DW

Traeoces Serlex (ag) ar 400 mx (g} DWW
Tectockl A 3973 nd — —

B 6519 011 0.7 010
membrxe C 10300 018 1 o.10

D 5194 012 0.7 o13
Retmner 293 an 13 als
membrane
POt detvctable.
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ol

The specificity of this method for AMPS
has been tested by DiFerrante (1956) Accord-
ing to his data, the turbiday of AMPS glven
y 100 ug showed that sodium chondrottm
ulfate was 133% sodium heparinate 143%
as sodiom hyaluronate 100% while other

pounds were almost neglipible In the pres-
ent stody ChS-A was adopted s£ a standard,
Its turbidity was not equal to other kinds of

AMPS However this method was very useful
to measure the total amount of AMPS

Tho preliminary test of the complex forma
ton with pronasc and formalin under this
method showed no turbidity However deaxy
ribenoclele ackd (DNA) showed about 92% of
turbidity compared with ChS-A = 100%
while ribonoclelc acid (RNA) was negligibie
This was the reason why TCA soluhon was
used in the procedure.

Enzymic analysis of acld mucopolysaccharides
Although CTAB reageat showed good spect-
ficity for AMPS, nuclerc acid. especially DNA

Acta Orolaryng 69

interfered with the atsxy (hawamoto et o,

1968) TCA solution was used to remove them
but there was still a possibility that somo re
mained.

The contamination with nuclele acds was
first checked with the absorption at 260 mg
in the ultraviolet reglon, compared with the
standard calibeation curve previously prepared.
DNsse was then used to decampose the rest
of the DNA The rescton of DNesc wih
CTAB-I{ reagent was examined. Complex
formation or interference was not observed at
a cancentration up to 2000 Kumitr umits of
DNase per ml It has been reported that 100
Runiz umts were suffickent to remove DNA,
and that almost no decomposition of all kids
of AMPS was obeerved (hawamoto ef &,
1968)

The turbidity formation by CTAB reagent
indicates the whole amount of all kinds of
AMPS Therefore testicnlar HAsse which de-
composes chondroltm (Ch), ChS-A ChS-C and
hyaluronic acid (HA), and CHaso ABC (Yr
magata ef o 1968) which decomposes Ch,
ChS-A, ChS-B Ch-C and HA wero employed
to analyse AMPS The combination of thex
enzymic decampositlons evaluated HAase
digestive AMPS HAasc resistant AMPS and
ChS-B

The peocedure wes as follows: 0.5 ml of
scetate buffer containing AMPS  extracted
from thsues was delivered into 4 test mbes
To the first tube (a) 0.5 ml of acetate buffer
was added to make the volume one ml To the
second tube (b), 1000 Kunitz units of DNase
in 0.5 ml of acetate buffer was sdded. To the
third tube (¢) 250 T.RU of HAzse in 05
ml of acetate buffer was added. To the fourth
tubs () 125 units of CHase ABC bn 0.5
mi of 0.25 M Tris-HCl buffer and 125 TRU
of HAase in 0.25 ml of scetatc buffer were
added. Blank tubes for each enzyme werc pre-
pared wsing 0.5 ml of acetate buffer tnstcad
of the solutfon extracted from trssues. The fizal
incutation volume waus 10 ml, The tubes were
Incubated at 37 C far 20 houry, and tho 1%
thon was stopped by sdding 1 m! of CTAB-LI



rexgrat. Measurements were made as described
previoumly

Each turbidity was corrected by the blank.
The difference of turbidity between (a) and
(%) sbowed the contamination of DNA, and
the turbidity of (b) was considered the amount
of geouine AMPS. The differcnce between (a)
md (c) indicated HAmse digestive AMPS such
1 HA, Ch, Ch$-A and ChS-C. The difference
between (c) and (d) indicated the amount of
GS-B The remuming turbidity of (d) bndi

top of DNA Therefore, the difterence be
tween the turbidity of (d) and of DNA showed

RESULTS
1 Dry welght of the membranows cochlea of
the puinea ply
The mesn valoe of the dry f the mem-
weight of

2 Quartliatiye
Aoy
mf““’d’-hﬂﬂwmcta—hlmb:mm
MAHPS the amoant was very
(MDI‘WDW) Further enrymic
Xy, o 2t Posslble doe 10 the smal
It war pot necessary for the
Bembeane 1o decompose DNA smce

endysis of acdd mucopoly

Analysis of acld mucopol saccharMes 337

Table 1 Dry welght of the membranows cochlea of
the guinea pig

Body weight brom 250 10 330 g

Total D.W
Novof DW

Parts of cochles. Eeries cochiea (wp) L
Tectorlal A »is 30
membeane B 150 63579 44
c 1,000 47
Total 4% 20154 46
Bana| membrase A » 295774 496
with B 140 LHIT B
opnolCotik C n9 135141 as
fmbos spraln poq a9z @)
Stria viseniarh A ol 201282 2396
whh B 1% MTII1 S
spiral Tgament C 173 WIS 2240
Total 407 916028 130

Retoner’s More than

membane 400 29.3

Total membranous A 942
cochles B 958
C 32

215

1 bad no ceil component (lorato 1962) The
QD therefore mdicated the exivtence of
AMPS. The detalls are shown in Table 2
Relmter & membeane also contained about
01% of AMPS (Table 2) This was the data
without decomposition of DNA. The possibil-
ity of contamination of DNA was about 0.05%
sing this method (Table 3), o that the eval-

Table 2. Anclytical data of the tectorkal mem-
brone and Reistmer s membrone

(e AMPS
D.w

Tenes e Gn) m4Ome O Bw
Tetetsl A M1 ad — -
el - &

c 11 b

B 154 o1z o
Renwmer's ma o [ ) s
R —_
ot detactabe.
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o D] oz )
) M Chiae
= CTAB-Coarclen
L]

oo ol AMPE

uation was for reference only It was, however
suggested that the homogeneoos ground sub-
stance (Turato, 1967) in thh membmne con-
tained AMPS Enough stria vasculark with
spiral ligament and basal membrane with the
organ of Corti and limbus were collected to
perform enzymic analysis. The materials of
series A and B were used for peeliminery ex
periments and for practice

Stepwise emrymic analyss oo the siriz vas-
culark with spural ligament in series D was
shown in Fig 2. The precipitate extracted
from them was dissolved 10 40 ml of acetate
buffer which was further treated according to
the method described above. The OD by
~1AB-Li reagent before cnuzymic treatment

0432, which indicated & concentraton of

r _475 ng per ml from the calibration curve (Fig.

1) Therefore, the total amount was 190 ug
475x4) The OD after treatment with
DNase was 0395 which meant a concentra-
tion of 42 pg per ml and a total of 168 pp.
The 168 ug was thus the genuine toml of
AMPS m this tssue. The difference of 22 pg,
subtracting 168 from 190 sg, was the amount
of contammation of DNA. The smounty of
HAme digestive AMPS  HAase resistant
AMPS and ChS-B wrre obtamed m the seme
manner (Table 3)

It was thos found from serics C and D that
the stna vasculars with spiral ligament con-
talzed 0 6% of AMPS dry weight, which con-
ssted of 61% of HAase digestive AMPS and
39% of HAasc resistant AMPS The besal
membrane with the organ of Cortl and limbas

Acte Osolaryng 69

A Hias
un-»m-lm-
HAgmt dorpt AMPY———

Fip 2 Brrymic snalyds on ackd me-

spinalis contamed 0.5% of AMPS dry weight,
which consisted of 74% of HAnse digestive
AMPS and 26% of HAase resistant AMPS.
HAme resistant AMPS was almost all ChS-B
in both parts. However there was a Iittle other
HAuse reustant AMPS in the stria vascularis
with spmal Ligament. HAsse digestive AMPS
was almost likely to be HA as a resalt of the
histochemical study (Salto, 1967) Very littke
difference between tissues was observed, which
suggested amilar structoral charactermstics, The
details are shown In Table 3

DISCUSSION

The turbidmmetric method origmated by DiFer
rante was modified to incresse its sensithvity
LiOH instead of NaOH (Hasepawa, 1969)
mado the O D at 400 my hugher that is, from
0.500 to 0.585 at a concentration of 100 pg
of ChS-A per mL Moreover one ml of CTAB-
L1 reagent Instead of 2 m! increased the sensk-
tivity almost twicc as much at a concentratian
of 50 pg per ml, namely from 0.250 to 0 450
The sddifon of 0.2 ml of NaCl (Hascgaws,
1969) mereased the sensitivity especially with
small samples. The turbidity of almoet zerd
at [ pg per ml was raised to 0008 with the
addition of NaCl, which made this copcentra-
tion the minmun quantity detectsble How
ever the range of proportocal [mearty was
11040 pg per ml

The addition of NaQl (0.34 M Na-lon in
total) was also considered to dissolve CTAB-
compleres other than seidic polyseccharides.

i
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Tabk 3. Andiytical data of the stria rasculais with the spiral ligament and the basal membrame

bk the orgar of Corti and limbus spiralls

Sirla vascularis with

Tusoes pint ligament
Series c D
Toal D W 387515 77 889
CT, M 190
AMPS (xg) 1
(.D\W) @6 e
HAre drgext. 132 118
(% AMPY) 9 (6]
HAsse resise. 108 s0°
 AMPY) “n (o]
DNA 12 n
(%DW) oY) @on
Ch$-B, 4% other 2,

CES-BX, other 0.

The solution extracted from the tectormal mem-
brane always showed high turbidity after the
addiion of CTAB-LI reagent, but the addi-
tioa of 0.2 mi of 2 M NaCl reduced 1t greatly
For Instance, the turbidity fram the tectorial
membrane m series C by CTAB-Li reagent
" 0085 which became 0 018 after the addi-
Bon of NxCl. The concontraton of sodum fon,
034 M, was lower than 04 M, which s the
lowest concentration which dmsolves the com-
Plex with AMPS (Schilier e of 1961) The
high pH (12.5) cauted by LIOH increases the

the reaction for acidic polysscchandes (Scott,
1960) Therefore, ths difference of torbidity
o regarded oy the torbidity of some neutral
Ppotyssccharides.

lumito (1960) performed chemical snalysts
of the tectortal membrane and the sowral liga-
et by the method of Dache. He conctaded
that there were no AMPS in the tectorial mem-
d that there were 0.3% of them In
?‘Wﬂpmmlndzmnudyn
oud 01% AMPS in the tectorial membrane,
4 06% AMPS In the stria vascalarks and
5Pl Dgament, Tho sensitivity of the method
“mpored may mecount for the difference be
tween these resuhs, however It & agreed that
“”"“thuym.nqmﬂm
1 tetvm

Ban] membrane wkh

orgun of Cortt & Limbus spurais
Total (o4 D Total
663404 139141 75527 21 466.8
42 a 0 et ]
408 -] 45 106
(L) @4y 0. @)
230 40 38 7
[(3)] n a3 4
19 2 [ n

(62 an Qs
4 ) 4 12
oy .05 @05} 05y

Juhn & Niederwicser (1968) indicated that,
by a thin layer chromatography AMPS in the
stria vascularls with spiral ligement were skmr-
lar to keratosulfate. On the other hand, the
present corymk snalyss demonstrated  two
goups of AMPS HAme resistant (munly
ChS-B) and HAmc digestive (maily HA)
AMPS in the same tissues. Purificatron of the
material by dialysh may account for this dif
ference because chromatography of AMPS is
sometimes omtable, especially for salts,

It was found in the present siudy that the
tectorial membeane contaned 0 1% of AMPS
This very small quantity may cxplam the dis-
crepancres io the measurements of the tectorial
membrane by other techniques, such s hosto-
chembstry and autoradiography However 1t o
uncertain bow such a small quantity could of
fect the polsrration of the tectarial membrane.

Most of the mucopalysaccharidoses excrete
an excess of ChS-B In urine (Schubert & Ha-
merman, 1968) The present study showed that
the stria vascularhs, spinal ligament and the
basal membrane with the organ of Cocti and
lmbus sprals of the gulmes prg contamed
ChS-B Thh b en Interesting cobncidence The
excess or shortage of ChS-B may affect con-
pective thoue which may kead to impaired
bearing,

Acsa Osolaryng 69
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ming fixed frequency micrrupted-tone Békésy
andlometry but varylng both the on and off
times of the stimulus. They found that, for the
particular subject and the frequences tested,
strmatus duration did not exert any systematic
influence on threshold, but that profound
changes ocourred In threshold as the off-time
of the stmralos was decreased below 400 mec.
They ako found that under some conditions

duce abooemal ™

Recent research trends prambse to rectify
this citoatdon. Jerper & Jerger (1966) wsing
fired frequency nterrupted-tone Békéy mm-
diometry on 6 subjects kmown to exhibit ab-
rormal adaptation, varied the off thmo of the
toos while bolding the on-time constant, and
found that there are catlcal off-times &t which
lhnormalld-nptxﬂm finst beglns 0 appear
Dallos & Tilltman (1966) brvestigated ono sub-
Ject known to have aboormal adaptation, agaln

of f Y dul of in pare
toas stimull, pamely wide frequency deviation
and slow repetitfon rate, It was possible to ob-
tain from their subject stable thretholds that
did not adapt abnormally
The purpose of the work to be reported here
was to extend this research into the conditions
of occurence of aboormal adaptation by
studying the effect of a below-threshold con-
timuous tone on the Interrupted-tone threshold,
at the same frequency of subjects known to
cxhibit aboormal sdaptation. There is no rea-
son to believe that sommd must be at or abore
threshokd in order to affect the functionmg of
the anditory system. It is therefore reasonable
to sp that i stimul does
pot have to be et threshold In order to produce
1 tion in

METHOD
Subfects
Six subjects wero lovestigated, and all gave
relable results in B&késy andlometry Only one

- Acts Ooleryug 69
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Table 1 Pertinent information on the subfects of the investigation

Type o
Subject Ear Sare of lesion Actiology B&w-m
J A R Cochiear Cochlest otosclerom n
AB R Retrocochlear Acoustic neuroma u
DJ R Retrocochlear Acoastic neuromm 1
LM R Retrocochlear Acoustic v
E.P R Cochlear 14
Gw R Cochiea Meniire s drcase n

car of cach of the subjects was investigated
This car had a sensori-neural hearing losy, and
exhibited abnormal adaptation (measured by
the separation of the inierrupted and continy-
ous tracmgs In a sweep-frequency Bélésy au-
diogram) at a number of frequencies. Three
of the ears had heanng losses of cochlear ori-
gmn, and three had losses of retro-cochlear or-
gm. (Pertinent information is given In Table 1)

Apparatus

A block dlagram of the apparatin used in the
investigation is given in Fig. 1 The output
from a Marcom variable frequency osclllator
(Type TF 2100) was divided into two chan-
nels, one of which passed through a Marcon!
attenuator (Type TF 2162) the other through

Grason-Stadker electron.c switch (Model 829-
.}, which was controlled by a Grason-Stadier
nterval tmer (Model 471) The two chanmels
were then mixed to form one channel and fed
into the alternate mput of a Gmason-Stadler
Békésy audiometer (Model E-800}

The attennator channel provided the con-
tinuous component of the mixed signal, and the
clectronic switch channel provided the inter
rupted component of the signal. It was found
that the attenuator and elecironk switch in-
troduced no phaso difference between the two

channels. The interval timer and switch were
sct 50 that the Interrupted signal had a nse~fall
time of 10 msec, an on-duration of 200 msec
at matimum amplitude, and an off-doration
of 250 msec, with the nse and fall mes oc
curring during the 250 msec off-duration. The
relative levels of the pulsed and continuous
components of the mixed signal were mani-
tored by means of an oscilloscope attached o
the muxer output.

Procedure
The procedare carrled out with cach subpect
was s follows

(1) an ordmary sweep-frequency interrupted
and continuous tone Békésy andiogram (100
Hz to 10 kHz attenmation rate 5§ dB/scc) was
obtained on the ear to be mvestigated

(2) the selector on the Békésy audiomeis
was then switched to the alternare mput, aod
the chanmnel from the mixer was introduced 1mto
the aodiometer

(3) the oscillator was sct at tho frequency
showing the greatest separabon of the iter
rupted and continuous tooe tracings in the B¢
késy audiogram

(4) the continuous channel was discoanccted
by means of a switch In the mixer and the
sobject tracked his threshold for the inter

Fig 1 Block diagram of
the epperatoy zeed 0 e
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rupted tone alone for a duration of sbout 30
sec after an mitial period of stabillsation

{5) the interrupted channel was dlscon-
pected, the contimuous channel was switched
in, and the subject tracked his threshold for the
contmuons tone, which had been set at the
sme intensity level s the Interropted tone,
for about 30 see

(6) both channch were then switched in, the
cootinzons tone belng Introduced at an inten-
sity level 20 dB below that of the Interrupted
tmm,ﬂrh'clo('hmhmkzptcnmmtby
meam of & variable

interrupted tone. When the stimuolus was con-
tinpons, the subject was advied to that effect,
and instrocted to treck hbs threthold for a con-
tinooos tone. When the stimulus was & mixture
of the interrupted and continuoos signah, with
the continuous component 10 or 20 dB below
the kevel of the mterrupted component, the
subject was Instructed to track his threghold
for an interrupted tone, as the continuoes com-
ponent did pot become observable However
when the continucus component was 5 dB be
Luwﬂ:lcvelulﬂxtutcmrptndmpmmt,dx

lly be

the clectronic switch Lbcmbhan;nlnm:ked
his threshold for this stimnlus for about 30
3ec

{7) the intensity of the continnons tone wis
increased to a level 10 dB below that of the
ioterrupted tone, and the subject again tracked
oy threshald

(8) the tntensity of the coath tone was

obxrvcdwt:n!hclmlo[thclmm'upt:d
component was allowed to rise above thresh-
old, so the subject was sdvised that a con-
tinnous signal was present bedow the Inter
rupted signal and might occaxionally become
observabk  but was instructed to ignore the
contmuouws mgnal, and contimoe to  track

oxrexsed to a kevel 5 dB below that of the
mterrupted tooe, and the subject tracked los
threshold for this stimalus

(9) fimally the subject tracked hus threshald
for the comtmuons tone alone agatn,
Appropriate instructions were given to the
sabects for the various stimulus condiions.
When the stimulms was Interrupted, the subject
was instrocted to track his threshold for an

for the interrupted signal,

The mean mid-pomts (MMP) of the Békésy
traangs obtalned from the subjects under the
various condiions were cakculated by averag-
ing the same oumber of comecutive mimimum
snd maximom powts of the excursions (ap-
pronmately 10 points cach in the 30 sec test
period), sdding the average of the mmmom
polnts to that of the maximum polnts, and di
vidiog by 2. The mean excurslon widths
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(MEW) of the tracings were obtained by sub-
trocting the average of the minlmum points
trom the average of the maximum points,

RESULTS

Individual results for subject AB arc given
in Figs. 2 and 3 Fig. 2 13 the sweep frequency
Békésy audiogram obtained from AB s right
ecar Fig 3 comprites fixed traces
obtained at 1000 Hz in A.B s right ear under
the various expermmental conditios It is clear
that the introduction of the continuoss 1000
szu:hclawlhrexho*dshﬂuﬂrlhxuhdd

under the fixed frequency presentation. This
was assumed to be doe to a comolative effect
resulting from the sweep frequency mode of
presentation. The downward trend of the con-
tmuons tone fixed frequency tracing supports
this hypothesls.

Table 2 gives the mean mid-points and
mean excursion widths of the fixed frequency
trocmgs obtained from the sobjects under the
various experimental conditfons. The MMPs
are given in dB re ASA (1951) Reference Zero
Levels. The MEWs are expressed In dB In the
casc of subjects DJ and G W the changes in
thmhold (MMP) and MEW as the below

™ wawards and tends to narrow the
th of the trace. It was noted that the sepa
aton of the interrupted and contimuous tone
tracings obtained in the sweep frequency Bé
késy andiogram was preater than that ot d

tone was Introdoced and

its level increased were very small and may

well have been doc o retest varhability It is

quitc possible, then, that, in these subjects, the
duction of below-threshold

Table 2. Mean mid-points (AALP5) and meen excursion widths (A EVVs) of the fixed frequencs tracings
obtained from the subjects under the rariout experimental conditfons
MMPs ars grven m dB re ASA (1951) Reference Zero Levels. MEWs are 1n dB

Sobject J A A B. DJ L M. EP Gw
Test frequency 4,000 Hz 1,000 Hz 4,000 Hx 3,000 Hx 2,000 Hx 7,000 Hz
Tracing characseristc hmr MEW MMP MEW MAMP MEW MM.P MEW MMP MEW MMP MEW
Im.ﬂ'mvttd 355 107 555 99 196 355 102 103
cu!hnou!(—mdiﬂ)ﬂl 63 678 120 543 U7 457 2035 351 80 NS 92
Toterrupted +
cmﬂ:mn( 10dB) 714 66 na 359 103 514 153 367 75 99 73
cunm( —348) 757 63 43 78 78 84 797 134 M3 65 M6 10
Contimacut 42 #3154 Qs 57 73 131 425 33 @0 10

Acse Osolery 69
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stimmiation had 1o cffect. However in the case
of mbjects JA, AB LM and EP, the
mﬂual htrodoction  of lhc below-threshold

hold contt amd degree of
aboormal sdaptation.

Finally it scems likely that other forms of
Felowth 1 . stimalation, soch

tone prod » signifk drop
in threshold, and, in the case of subjects AB.,
CM, mnd E.P,, a significant narrowing of the
MEW

DISCUSSION

The resuln indicate that below-threshold con-
troous stimelation can Influence the anditory
functioning of subjects with abnormal adapts
ton On the present mather scant evidence, it
would scem that the drop In threshold and nar
mwﬂn;olu-ndn;u:wﬂonw‘ld:hpmducedby

lation can oc
o7 in abpormally adapting subjects with coch-
lear leslons, as well as in those with retrococh-
Sear leslons, 1 this s the case, then the occur
rence of these effects cannot provide a means

as wide snd narrow bands of white nobe,
woukd have similar effects on aboormally
adapting subjects.
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The peesent evidence also suggests that the
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tion cxn octur 1n subjects with amall amounts
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A Comparison based on a 3-vears Follow-up Material

H. Dumant and G Georglev
From the Department of Otorkinolaryspolory Umed Unirersity Uned, Seden
Received September 23 1969

ing wrs not achwved—cg where frachmre of the
posterior o ocowITed—stapedectomy was then per
formed In the same operation sewdon, Aftempts to

a1 wby 1 -14% of the cxser showed 2 mbee

racon %
qm&mhﬂnhharhuummw
ove, of carefol amatysh proved frombem
reason woold appesr 10 be of  eemporary oc
1l nxtmre.

H
M the extensrve literature concerning operatree
l.h:npymusdufmmdausismfmmxm

P amely surgcal technd and
case results. From the ordgmal mobilisatron
lc:hn]qneducrﬂndbykm(l%] 1955)
and sub n diclyst

suggested by Foxler (1956) and described by
Holmgren (1957) various methods of stapedec
tomy bave gradually been brought toto wse. In
r:ccnlyl::nanumbcrolnﬁdchlwbcm
describing singl

plcable faitures that lead to sensory-nemmal
Joss.

On the basis of a careful follow-up of cases
from the years 19631965 we propose to show
the favourable resuls of a comparatirely
simple operation such as stapediodysls, osmg
Fowler s method, winch Holmgren reported as
far hack as 1957 We shall also try to analyse
the unsuceessful cases to discover why oo k-
provement took place.

MATERIAL AND METHOD

The matenal consists of 176 cases with 2 dizg-
nosis of otosclerosis, operated on durmg the
period 1963-1965 There were 104 women
and 72 men, of whom 68% were between 40~
60 years old at the time of operapon. Five
patents were under 20 years old Thaty P
cent of the patients had a definite hereditary
bacl ground.
mfd]owmmmmnﬂcumplmedm
camcd out at intervals of 1 week, 1 moath
6 months and 3 years after operation. All 176
pan:nummmincdwnhmaboml“ﬁ
after th while 171 could be examined

pablished

resolis o (Goedhﬂl
1956 Belioeer, 1959 1961 Kos er ol 1960~
Cody et al. 1965 Kristensen. 1966). Attempts
have also been made to analyse the reasoms
why in spite of everythmg, unsnceessfnl cases
il occnr Not least significant are those 1nex

Acia Orolaoryeg 69
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where the 3-year examination could pot b
made the reason was grographical. In all cxses
we p postoperative o 1nd
shown a very satnfxctory fmprovement.

Table 1 classifies the materhal by Sham-




Table 1 The material clarustfied according to
Shewbaugh 1 prognasis groups

Nomber of
Growp paticots Per cent
A 13 Ty
B 63 37
[ u n
D u 25
Total 176 100

banghs method, where 4 means bonecon-
doction 0-15 dB B boge-conduchon 1625 C
boee-cunductlon 26-35 and D bone-condue
bon above 35 dB As will be scen, groups C
md D comtitate 56% of our material. Tha
reason for greater severity on inftial examina-
000 I many cases scems to be geographical.
Where  the patlents have to travel long
distances they tend to vint the phynchin reis-
tively late, which results In the average age
beuwg comparatively high.

Table 2 shows the operatom ondertaken,

cm while freeing the antenor pert of the plate,

wsing Schuknecht's method, was
performed with a prostheshs comsisting of &
stezl wire 10 winch fat from the car Jobe was
attached.

Tablo 2. Caser dassified according 1o type of

i

A B CD

D 2516

16 15

Sapedectomry 5 6 6 17

Partel supedectony 2 4 6 S 17 10
ac)

Namber
of
putheaiy
5
0
57

[-f 39

3

4 4 176 b

8
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Follow-up examinations of the 176 cases
were carried out at the ear chnic s andiological

latter however was not used as a rule. The
peeviomsly-mentioned intervals between the ex
aminations were maintained, In sprte of the
long distances to be travelled. Several patients
were unable to follow this schedule bt for
all of them it was possible to cary out the
1 week, 10<day and 6-moath examinations.
The 3-year examination, as stated, was missed

ried out without any resultant improvement in
bearing during the following 3-year penod,
were operated on again. The secand operation,
which fell putsde the time-dmit of our examm-
nation, r pot inchrded in this stedy

RESULTS

General
The improvement In hearing was
analysed at 7-10 days and 3 ycars after opera
tion (Fig. 1)

Tables 3 and 4 show that onc week after
operation 24 cases (ie, 14%) had detenomated
or falled to lmprove. Threo years after opers-
tlon the coxresponding fignres were 21 cases
and 12% Ninetcen and 16 of the cases be-
longed 1o progooshs groups C and D respec

Table 3 Hearing statin 1 week after operation

Group Nomber

Hearing galn of Pex
ndB A B C D pabeats ceat
41-%0 1 1 1
3540 3 5 s 2 13 9
21 X 4 19 14 9 46 26
n» 3 8 1413 Eod b
3-10 2 3 1 11 1 18
No g I 2 % 3 19 1
Lmpaarmont 2 2 1 3 3
Total 13 65 54 44 176
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Table 4 Hearing status 3 years after operation

Groap Nuomber

Hearing gain of Per
ndB A B C D patients  cemt
41 50 1 2 2 3
3140 1 12 10 31 18
aa » 3 o 13 4 40 24
1 20 4 23 21 1 66 »
510 2 2 2 2 L 4
No b 1 3 3 1] 17 10

1 2 1 4 2
Total 2 8 N 4 17 100
tively a definite over representation which

agrees well wath the prognosh.

It 13 also of very great interest to study the
alr-bone gap in all the 176 and 171 patients
mentioned. A run-through of the materdal
shows that this drops from 34 dB before opera-
tion to 17 dB one week after and 12 dB 3
years after the operation (Fig. 2)

Comparison between stapediolysls operation
using Fowler s method and stapedeciomy
usxing Schuknechr's method
These two operations, which together account
for 137 of the 176 operations (77 %) were sub-
Jected to a comparative analysis (Tables 5 and
9) It will be secn that stapediolyms, wsing

_rx ATIR O

Y

(113

THREX YIRS AFTER OF

us

T

O mrom
Z3 waa
R e

/-

Fig I Hearlag st I the total materlal 1 week
and 3 years afwer operation.

Acta Owlaryng 69

CJ wom o
I oms wirx 4TIR O
OIIO THIE TiARS &TER 0P

Fig 2 The sir-bono gap In 171 patients before and
er

Fowlers method, yiekds surprsingly good re-
sults, No fewer than 65 of the 78 cases (84%)
showed an improvement of more than 10 dB
after 3 years. None of the operations carried
out by Fowler's method ked to a deteriorabon
in hearing The operation using Schuknecht’s
method gave almost identical results, though
two of them showed deterforation after 3 yeans.

A stody of the ai-bane gap in the 3year
examination for both groups licewise showed
almost complete agreement (Fig. 3)

Analysis of cases that showed neither
improvement nor detertoratton
As can be seen 1n Table 3 19 patents showed
no impeovement in hearing 1 week after the

Table 5 Hearing stana following stopediolysis,
wusing Fowler s method

Onoe week after Three alber

operation

Nomber Number
Baring min  of of
IndB pubects Percmt  patients Peroost
41 50 2 J
3140 10 12 [] 10
21 30 2 b2l 21 b1l
11 20 b4 36 M 4“4
5-10 13 19 4 3
No E) 3 9 1t
Impairment
Total 0 100 ki 100



Table 6. Hearing statws following stapedectonty
ntrs:hbxah:nwﬂod

Opo week after Thees years after

oparation operation

Number Number
Badegpa o of
mdp petimts Prrcent  patients Ter cont
4L 50 1 2 3 5
149 3 5 10 13
-2 16 n 13 4
-2 E 3 n ©
510 ’ 16 2 4
o g s 9 3 3
Imperment 3 3 4
Toual 51 100 ss 100

operaton. I these cases mobilisation of stapes
wis carred out oo 3 patients, Five patienty
mopcmuimmmgl:aﬂa:muhodm
§ patlents ming Scimknechts metbod. Three
pﬂmumopenmioumlnnganmhod
sod partlal stapedectomy using Portmsnns
method was performed on 3 patentn The
Table aho shows that it was mainly patiems
wih advanced otosclerosls fn groups C and D
who were affested.

Table 3 ako shows that a detenocution in
bearing was found in § patients 1 week after
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ue

[ swomer oo
EF ot wixx 4108 OF
(I reax vears ATon or

Fig 3 Comparison n slr-booe gap ™

between
tients whth sapediolysls and 33 patients with aaped-
ectomy

» Schuknecht-operation, Two patients had a
Shes Jor and 1 a stapedectomy accord-
ing to Portmann,

Four patjents wero found to have deterfora-

lhhbmumpm

Openation records for
0o Improvement and for
tion ln hearlog after 3

Petients who showed
thoee with deteriora

ay ly 15 modest
Mmmmﬁw“mw
Aderably Higher f an boass x 6
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percentage of cases with unfavounable prog-
pasis, using Shambaugh s scale.

An mteresting fact 15 that it & possible 0
compare data from cases in which stapediclysis
was performed wsing Fowler s, or rather Holm-
frens method  (socalked PENN-operzhon,
Holmgren, 1957) Most of these operatons are
carried out m such a way that the plate is di-
vided with a pointed needle, after which the
smterior arm is sawn of{ with a diamond disk.
Thus the solated anterdor part of 1be otosckrp-
tic focos & excsed in the simplest possible
mamner  Sometimes, ths has pot succeeded,
but the gap between the remalnmg part of the
plate and the surrounding arez bas becoms
larpe enough to permut a sansfactory degree
of mobility For the operanon to yxld good
rosolts one must be absolutely sure that the
postenor cros has a completely unbroken con-
pection with the remammg part of the plate, 30
that the posterior cros and the plate funchion
like a pelort In the hole. We have reason to
believe that the poor results of stapediolysis
are doe to breakmg of the postenor cru just
behmd the pamt of auachment to the plate,
Some of these can be ascertained only by a
very close inspection of the area. A sufficlent]y
wide appruach ks therefore often a

nditon for success. If dunng the operation
appenntha!mnﬂnunybﬂmtbepaﬂm
amlndlhcphuisbmkm,tbeopmmn

\LL

\/%*

Wb | duathnl
)

“e

Fig. 4 Typxal acote beanng gain following stape
Soiysha, (Double cmrre )
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Fig 5 Typcal acue bearmy gaia following staped-
ectrmy ming Sciminechs mwthod, (Dowb  canie)

shonld be continmed by means of stapedect
omy usng Schuknecht s method. By employ
ing the 1 2-test, introduced by Holmgren, &
13 very emy to discover whether one has s
ceeded or nol. If stapediolyss  performed &
described above good mitfal resuls may be
expected, as well as very good loagterm resalts,
as shown 1n the Tables.

The course o stap
cnnkgmﬂﬂﬂqutctree[rmnwmpﬂﬂ'
tons, not least ms regards dirziness, which b
almost entrely absent m these cascs. More
over after the stapediolysis operation po detef
loration of oewTogeme type occurred. In thl
compection we consider it importamt to poett
out the wellknown immediate heanng infuy
of penro-sensory type In the upper repster that
resalts from stapedectonry This docs not occu!
with stapediolyss (Fips. 4 and 5) In the
stapcdectomy cases the patients condibon
gradoally retuns to pormal, but probably pot
alwrys, In 7 cases where stapediolyss brought
about an improvement, detenoraton sobes
quently occurred  stapedectomry using Schok
n:chxlmﬂhod,wulhﬂdorepcrfmmtdhln
cases and resulted in & remarkable improver
ment in hearmg.

Wemv.!msvrrymm:hlnd.lncd.mwhcd
the wide and genenally favourable experwne®
with stapedectomy throughout the world, 10

Hlobrs




emphasize the positive mpects of the comerva-
trve operation that stapediolyshs really is It bs
thus possible for many patients to achicve per
fect hearlng without the Introduction of a
fortign body into the middle-ear

The other problem that interested us—and
1t s maturally much more difficolt to solve—
i why no improvement occurs, or a deteriora-
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LIPIDOSIS OF THE BASILAR MEMBRANE

Y Nomura
From the Department of Otolaryngology Unlrersity of Tolyo Tolyo Japan
Received September 1 1969

strnulation of the hair cells is effected by inter
action between the fluld and the baslar mem
brane, propagating the sound along the coch-
lea. There s an orderly spatial distribution of
frequency along the cochlear doct. When trans~
mitiing high tones, the travelling ware reaches
maximum amplitude in the besal regron and
low tanes in the apacal region

Any mechanical or chemical changes which
tmpede the vibration of the basilar membrane
may canse & kind of condoctive hearing im
pairment. However in this regard, Little atten-
tion has been paid to the basilar membrane,
since the membrane scarcely shows pathology
umder the light microscope Even the intense
norse and ototoxic drugs hardly prodoce no-
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ticeable morphological changes in the basilar
membeane,

The purpose of the present paper b to de
scribe morphelogical featores of the bosilar
membeane of elderly patients, winch cannot be
teen in canventional cellokdin specimens. The
author would like to propose the pame Lipl-
dosis of the Basflar Membrane™ as one of the
histopathological types of presbyscuais

MATERIAL AND METHODS

Twenty-four human temporal bones from 20
patients were gubmitted to this stody The age
of the patients ranged from 71 to 95 years
The postmortem hours at the tme of the fio-
tion were from 1 to 11 Duration of fixatan
in 10% formalm was from 2 to 7 moath.

The temporal bone was decalcificd with
5% solution of trichloracetic acad. The decak
ciffed bone was then neutralized with sodlm
sulfate and washed in running water The booe
was trmmmed snd the membranous labyristh
was exposed. Far the comvenlence of furthet
staming procedures, the cochlea was sectioned
into two or three pleces.

During the stalning procedures, the basilar
membrane was kept atached to the osscods
spural lamina. In some cases ultrasonic shaking
was applied to the thsues In order to dishnte-
mteunddcmhmcor;nnofCorﬂtranlbt
basilar membeane, prior to o after stainmg



The following staling procedures were em-
poyed.

1 Osmiwn tetroxide-a-naphthylamine (OTAN)
method (Adams 1965 Elleder & Lofda, 1968)
The tisne was incubated overnight in a solo-
ban of a mixtnre of 1% solotion of csmbum
tetroxide (3 parts) and 1% solution of potas-
siom chorate (1 part) st room temperature.
The tissne was then tramsferred to 2 saturated
solntlon of a-naphthylamine, in which the in-
cubatton was carried out for 20 min at 37 C.

2. Sudan 11 staining

02 g of sedmm 111 was dimolved In 100 ml
of 70% akohol. The hssoe was stained for 30
min at room temperature. Afterward, it was
differentiated m  50% akokol and then
brought into distilled water

3 Nile bl sulfate method

The tirsoc was stalned In 1% soluton of nile
bluo salfate for 5 min at 60 C. The thsue was
differentiated at 60 C in 1% solution of acetic

acd for 1 min. The tissoe was washed in top
‘water

4 PAS reaction

The tivsne was transferred to 1% periodic acld
Teagent and kept thero for 5 min. Then, It was
washed in tap water for 3 min. The tisoe was

placed in Schiff's reagent. It was washed in
tap water

5 Smith-Dietrich reaction (Dietrich 1910
Smith & Meir 1911)

The tisue was chramsted In 5% soluton of
potasstum bichromate for 24 hours at 37 C
After washing In dhtilled water It was stained
by Kultschiirky's hemmtoxylin solution for 5
bours a1 37 C. The thwue was d
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men was observed in ultraviclet light and in
polarized light.

Stalned tssue was washed in distilled water
and mounted as a flat spectmen In polyvinyl
pyrrolidone medium.

FINDINGS

The basilar membrane showed its filamentons
structure of the pars pectmata when its surface
prepanation was obeerved by optical sectioning.
There were deposits of lipids along the fila-
mentous structure of the pars pectinata in the
lower basal turn (Fig. 1B) Nine eans from
12 patients out of 24 ears from 20 showed
lipids deposit in the basilar membrane So;
cochlexs from younger patlents (1 24 37
yeans) did not show sny deposit at all

It was stained fram brown to hlack by
OTAN method. In specimens from which the
aorgan of Cortl was detached by ultrasonic
shaking, the lipids depost was more clearly
observed It cxisted most prominently in the
beral tumn from the victnity of the basal end
to 5~10 mm sares, more bheavily near ibe basal
end and less apicalwards (Fig. 2A and 2B
Table 2)

The apical and the miidle tnmns failed to
show deposit in the basilar membrane.

The results of varying procedures were sum-
marized 1n Table | The deposit was soluble
in cther-alcohol It was sudanophilic, stained
puk by nllc bloe sulfarc and pertly showed

amounts of chalesterol. No reactions by PAS
and Smith-Dretnch method indicated the ab-
snse of glocolipkd and phospholptd respee
tively As the deposit did not fluoresce the
presence of lipafuscin was not likely

Weigert's borax-potasslom  ferricyanide  solo-

ton for 10 min. Phospbolipids wes saned
bloe black.

6. In ocder to demonstrate presence of fluores-
cence and birefringencs, the umtained speci-

Irresp of the orgsn of Cortl, some
specimens had deposit, while others did not
have any

DISCUSSION

The basilar membrane #5 composed of groomd
substance, filaments and of & few comnective

Acta ng &9



354 Y Nomura

-~

.

-

o 4
V-

\' y
- R)~

wte

tissus cells. The inner part of the membrane
1 termed the pars tecta. It o formed with
radlally arranged filaments, which are not
grouped 1n bundles and lies skde by sde in
scanty ground substance Beneath the fila-
ments, there Is some cottony ground substanco
without filaments. The outer part of the mem-
brane is thicker and striated and 5 termed the
pars pectinata. It s formed with compectly ar
ranged grouped filaments, all of which rom
radhally The space between the [lamenty b
filled with a scanty groupd substance. The fi-
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arranged in two strata (lurato 1962, 1967k
The basilar membrane Is broad m the apics!
torn, attaining the maximem width of aboot
500 1 before the apical end, and narrow o
the basal tum, measuring narrowest 80 4 at
the end near the windows (Wever 1938)
Mayer (1920) smted that aged persons of
over 60 years showed thickening of the baaar
b Cal deposit and logal
osstlfication was alo observed In the thickened
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Flr 2A. 86 yeans female M rhed ipsch deposit on
tho basllae membrane {1 mm area
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tracaveriely down in the picture B vas spirale, OTAN
sain, 140,

membrane. The rigidity of the badlsr mem-
branc was what he thought to be the anatomi-
cal substrate of presbyacusls. According to
Mayer diseases guch as atheromatoss and
marssmus produce degenerative changes of the
as well 53 Joss of nerve fibers. Crowe
et al. (1934) abo reported similar findiug at
the very basal end of the basllar membrane
in speciment from elderly patients, consisting
of hyalnization and cakification. Glorlg &
Davis (1961) were of the opinlon that there
cxists ianer ear conductive presbyscusit in
clderly patrents with no recruitment. The pe-
tients showed gradusl high tone hearing loss.
They believo that the most pausibls Interpre
taton was a physical change in certaln thssues
of uw cochlear partition. Schuknecht (Iy
postulated that hearing lows with des r
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Fig 2 B. Depoult b ke in 9 mm area.
OTAN staln, 120.

audlometric curve iy possibly caumsed by stf
fening of the basilar membrane. He termed this
type of audiogram in aged people as mechani-
cal presbyacusis.

The present findings demonstrated tho liplds
posit as being mainly peutral fat and choles-

! As formalin solution is pot the best fixa-

r~ e’furllpld.s.lhemha;)ombﬂ.ltyﬂmcemln
constituents were dissolved dunng the fixation

(Weil, 1929 Halliday 1939)

The basilar membrane fs a tissue usually de
void of discernible lipids (Schitde & Western
hagen, 1967) The foomstion of fat In tsue
ottulhnnndlpmcﬂnnchcaﬂcdlbannl

which b dered to be relevant
lo fuuydcgcuenﬁcm and  atheromatosis
(Cogan & huwabara, 1960)
Ithnotdnrbcwmeﬁpldxmdcpmitcd
in the basilar b In this

the valze of cholesteral content In the senum
of the present patienty had no correlation with
the peesence of the Lipkds deposit on the basilar
membrane, As the depoait occurred In the
lower basl tum, the degencrative process of
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Table | Mistockenvical property of the lipids
Stalning procedures

Omlon

Suden 111

Niie Blue Sulfate

PAS

Smith-Dietrich's Resction

Blrefringence
Autoliuorescence

the organ of Corti might be responsible for
the formation of fat 10 the basilar membrane,
At times, however the lipldasis was found in
the basal turn where the organ of Cortl was
present. The term of lipidosts of the basHar
membrane seems to be appropriaw for pathol
ogy

Next, the acoustical sigmificance of the pres-
ent findings should be considered. Impedance
of trangmistion of vibratlons to the organ of
Cortl b roughly expressed by the following
equatron (Portmann & Portmann, 1961)

I-Vr'+(m f+;)'
1 impedance r frnction m mans f frequency

of the acoustic vibration £ suffoess.
Predominance of Lipsds deposit in the basal

Table 2. Ronge of lipids deposit tn the bastlor

)

bh301-3 3 2 b33 g
4O 1,40 0 O 40 400 O 40 400y
Soopuvaupann



tumn Increases the value of m | 5 and r which
1 turn prodoces en audlometric curve of high
tooe foss. However It B haed to decide

quently shows marked degeneration or loss of
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The scientific mterest in the waltzing pheno-
menon In rodents b a mather recent one, al
though there are anclent descriptions of the
Japancse waltzing mouse, bred since at least
80 B.c. (Keeler & Full, cit. Nachtsheim, 1938
Grlneberg, 1947) An incressing pumber of
publicatrons have appeared since the end of
the 15th century and gepetcists have been
able to defme moce than 17 mutants in dif
rent rodents with a walizing or walzmg-like
havionr with or without cochlear defects
(e g Dxce, 1935 Nachtsheim, 1938 Watson,
1939 Cogan, 1943 Grilneberg, 1943 and
1947 Altmann, 1950 Deol 1954 and 1965 a
b Hadorn, 1955 Kocher 1960 Altman &
Dittmer 1962)

The weltzing gulnea pig was fint described
by Ibsen & Risty in 1929 as follows. “Two
related [ndividuals with a tendency to whirl,
oc waltz, similar to that known in tho Japanese
waltzing mice, aromse i the gninea pig stock
of the senjor author Breeding tests indicated
that ths mutation ks probably as in mice, a
simple Mendelian recestive.” Tbsen (1932) and
Larle (1939 1940 and 1941) later conflirmed
these observations.

During an endeavour to elocidate the mor
phology physiology and possibly abo the bio-

Acts Otoberyng 69

+ 1ol

Y d in ditary progressin
deafness o a strain of walizing gulmea plg
It has been necessary to define exsctly th
mode of inheritance of this strain. It soon be:
came evident that In contrast to carlier works
the waltzing character in the present strain had
a dommant rather than a recessive mode of
inheritance Therefore, the following symbols
have been used in thks work: P/ + —walizer
+/+ =normal, The comstitution ¥/ ¥ has not
been scen and 13, as will be shown, lethal.

MATERIAL AND METHODS

The present straln origmates from six waitr-
ing guinea plgs obtained from the National In-
stitutes of Heahth in 1961 From then wntd
1966 they were bred at mndom with porma
guinea pigs from an outbred Swedish strain.
When the present investigation started the
stock consuted of 51 animals, of whkh 16
wero waltzers. No farther anlmals except the
original 51 snd their progeny were used in the
present study

Al animals were identified by sex, fur cob-
our body weight and vestibalar functon The
vestibolar function was tested by rotabon,
where the waltzers showed po nystagmos, &3
well a3 by tiling, where no coumter—oillng
could be seen in the waltring animals, At burth
all animals had elicitable Preyer reflex, all the
waltzers, however lost this charscterbsic
within 4-6 weeks of age.
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Tabie 1
Namber of offspeing with dilfferent genotypey

Parents’ Wi+ ko

protypo Dead Mils  Fermles  Maks  Femles Total
PP 12 » 51 103
Wi+ +f+ 3 120 116 us 113 520
LR 7R ¥ 90 £ s1 35 M
Tousl 176 210 211 08 247 1052

The mature guinea pigs were grouped for
breeding in cages contaming one male and two
females in esch The anfmals were counted
dally and the body weight of the females was
recorded at suitable intervals. Body weight
tmroed out to be u very efficient method for
detecting pregnant and non-fertile animals.
Thcprc:mmlumhnhowedunrephmux
in weight and many could double thelr body
weght 1t two months. Stilbom anlmals were
coumted and discarded. Newbom anlmals were
reghstered according to sex, fur colour welght
and vestibalar function, Le waltzer or not.

It was almogt atways possible to establish
who was the mother of the liter since oaly
two adnlt and repeatedly weighed females were
Kept in each cage The father of the Litter was
abnays known. To prevent breed-

tlons, though many had been partially eaten
up Sometmes only part of a limb was found,
and it seems pot unlikely that there had been
more than 176 stillborns. It wes fmpossible to
find cut whetber they hed been bom alive or
not. Only & few werc found bat fecbly alive
Immedintely post partum but in thelr mod-
bund state they soon expired. Judging from
the parents bebaviour they were killing ther
moribund offspring.

Of the 884 Tiving animals 456 appeared nar
mal while 478 were waltrers there were 421
males and 463 females. The perents were
Inown for 1052 newborns but remained vo-
known for cight from two pregnancics, these
have been excleded from Table | The 1052
newborns have been divided into three groups

blmrnukcntozpammtbclhtu(run
Mmulbomummomhdmuf
when the yomng had resched about 200 g hn
body weight. The offsprng were then divided

RESULTS

Diﬂnnnuuunmp:ﬂurm&dmdthnte
®ly are given in Table 1 Tho offspring
mounted to 1060 individoals, 884 (83 4%)
lving and 176 (16 6%) stillbom. The 176
pertataily desd ones wers apparcatly nor
mlly developed without otvions malformas-

rding to the piive genetic constitn-
tion of their parents, Group onc consmsted of
the offspring where both parents were normal
(+/+ +[+) goup two of the offsprmg
where one of the parents was waltzer and the
other normal (W/+ +/+) and group three
of the offspring where both parents were waliz
en (W/+ W/+)

The litter size was stodied 1n the different
cromes and the rexolty are given in Table 2.
By cacsaran section 36 fetuses were ob-

Table 2

N Literx

1.6
19
24 14

181
164
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UITTER MEAN WEIGHT
NEWRORNS LR NEWLORN § CEFING o

— | waltzmg tttermases ;0
a8 204 L) mhed Bters. The pomben

' excreding or below litter
WALTTE 3 ' and one waltzer had o birth

e or s welght = litier mean welght.
l Further explanations: sce
text,

tatned from 13 heterozygous females mated to Investigation of the chromosomes showed
heterozygous males. One of the fetuses was  the normal number je 2n=64 There was 2
gravely undeveloped and dead while 35 were  pormal bivalent number m the meios, normal
of pormal appearance and alive XY-bivalent and no structural chromosomal
Each newborn was weighed as early as pos-  aberration (Flg. 1) (By courtesy of Assistamt
sible Litters contmming both pormal and Professor J Lindsten.)

waltzing [ittermates were stodled. The mean

weight of each [itter was calculated, and the DISCUSSION
deviation of the birth weight of each individual

within the litter from this mean was expreassed  The resuls of differcnt crosses as given b
as + (—~more than the mean litter weight) or  Table 1 shows conclixively that the mode of
— (=less than the mean litter weight) In thrs  mberitance In the present strain of waltnng
way 312 pcwborns were cxamined, 155 nor  guinea pigs is a simple dommant Mendellan
mals (74 males and 78 females), and 157 walz Normals mated to normals gave oaly nor
ers (79 makes and 78 females) The distribu- ma! offspring. The permatal mortality was sur
on as grven n diagram 1 is obirined. pnsingly high, 11 1% Most of the oftspring of

Q _e2, ~ -2 :‘
> e N®>® o ‘c’ . y)
[ 4
..,Q..\"‘ . ..pb »
'S & a”
®" a ) I

Fig 1| The 64 chromosomes m HCTMAOFOIC Mets-
phase from a male walizer
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these matings was, however fistborns to rather
oid mothers, therefore 11 1% probably repre
sents & higher than normal perinatsl

Walzers mated to normals gave 236 walz
ers and 253 normals this &5 in cxcellent agree
ment with the expected 1 1 matho There was
no significant disproportion between the sexcs,
thowing the gene to be an autosomal one The
penmatal mortality In these crosses was mode
e, 55% The total frequency of dtillborns
in the normal-to-normal and in the waltzer
to-normal crosses was 6.8% In literature there
are reports with 2 range from 1 8% to 41.2%
perinatal mortality (e.g. Wright, 1922 and
1960- Eaton, 1932 a, b Bruce & Parkes, 1948
Rowlands, 1949 and 1955 Goy ef al., 1957
Davis & Willamsoe, 1959 Stuart Patersom,
1962)

‘There was no difficulty whatsocver 1n mat
Ing waltzers to walzers, These cromses rosulted
o 133 dead, 185 waltzers and 106 normal
Individaals. Amongst the 133 stillborns are the
pormally peninatal dead, about 7% of the total
offspring, that k around 30 ammals With cor
rection for this normal mortality the waltzer
to-waltzer crosses ywelded about 103 un-ac
counted-{or dead, 185 walzers and 106 nor
mmah, this well In zccordance with the expected
1 2 1 nto There was no disproportion be
tween the sexer. As described earller all the
walzers were alike as to behaviour and clink-
cal ner-car dysfuncton, differmg oaly in the
2gc at which the Preyer reflex became unele
iable. The snmmals most thos
e thesz 103 (approx.) stillbomn individuals.

a foll description of the bere
ditylnlhhmlno{gulnnplpn.-mono—
h’Y"ﬂd dell pgene
with a recessve bethal effect and with fall ex
pressivity and penetrance,

A stody of the lnter stze In the differcnt
Boups of cromes showed no slgnificant do-
crease bn tho number of offspring per Iiter in
h!mu-m—wﬂmmThmlbchmozy
gous fetuses evidently do pot to any noticeablo
txient expire early during the pregnancy Also
there was no obvious evidence of an Increased
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number of carly abortions among these crosses.

The results of the caesarlan sections during
the last part of the pregoancy showed that the
oftspring of waltzer-to-walizer crosses looked
allkc and were allve near to birth. The lethal
effect on the homozygous animals mmt sc
cordingly have come Into action durng a
rather narrow perinatal perfod.

The rormal and the waltzing newborms were
all able to walk within & fow minutes post
partum. The author has scen some instances
where progeny of waltzer-to-waltzer crosses
were found very soon after delrvery bat feebly
alive and umable to rie, In those lnstances
the parcnts actively trampled these to death
and devoured them. It scems as i the parents
kill all of = litter that do not rse within a
short period after delivery

The mechanism of the lethal effect might
coocelvably be & combination of utter vesti-
bular dysfi in the b ren-
dering them voabke to rise carly and thus inj-
tiating their parents imstinct to kill aboormal
behavionred progeny

In mixed litters there was a tendency for
the walzers to grow slower than the normals
obviomly the walizers had greater difficolty in
feedmg from the mother than pormal lnter
mates. The results in Table | show the waltzers
tendency to bower birth weight when weighed
within 3 days of birth. It is, however not pos
sible to state if this tendency B a conscquence
of the genotype of the waltzers, j.c. tendency
to shightly diminished vitality

ZUSAMMENFASSUNG
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Stiveen gimilzrd adsh cats were stimatsied through
i polerizat D 5

viation m the borzontal canal was then in-
varhably found to camse depolarization, and an

attienlofamal devl: 1o resalt fn b :
atlon.

Lowensteln (1955) hay studied the effect of
gatvank stimulation on the discharges from the

On the bashs aof his ivestiganons, Ewald (1892)
sdvanced the theory that the semelreular camaly
Exhlbillbldktcﬂzmnlwnsiﬁnty and that an
in the bori-
mmmh:mlmmﬂﬁmnmmpm
ton than an ampullofogal movement. Thn
theory was later confirmed by the

'wkd[hmﬂdn&&nd(l%wlr(edry
were able to show tlrough recording from
singic fibers, that an bolated semicircular canal
At rest bas a spontaneows, remarkably consmnt
sctivlty of about 20 Empulses/sec. This activity
mb:nmdmhnunbyip,mmm
stmulation and to decrease by contralateral
roation. Consequently thus type of semsory cell
b capeblc of reacting In different ways oo the

scositivity
However 1 13 not only the frequency of dis-
mhhthWm
styunlation. By means of mb
hl-nrhﬂcmlnﬂnDC_Mbhﬂt
Mi!mph of the semicreular camals were
—“'— mh_'__x_.l

camal. He observed that

effects to ipn- and contradateral rotabon
reapectively
Thurs the sensory cells in the semicrcolar ca-
mh react in opposite ways oo the two ndes of
the restmg poution of the cupuls, i depolan-
anugrvh;mwcdmdhypupdxrmﬂon
= Trocker
(lSﬁﬂprmtdumdﬂspcﬂphaﬂhhﬁrw
tiomal semsitivity can make motor reflexes nm
in two opposite directons. Accordmg to him
the spontancous activity of the receptors of the
semichronlar camal should serve as a “zcro-
polnt™ and increase or decrexse of the actvity
as a0 indicator of drection of rolxbon. Since
there s o cxpermental proof substantiating
the view that it i3 posible to rm the vestibalo-
ocular reflex oystagmus in two oppasite direc
thons culy by sthmulihon of ooe scmcircular
caml we have sedied this problkem.

MATERIAL AND TECHNIQUE

(Trln:ln 1959) Anunﬁaﬂopauwpuhd,_

The expert wero made on 16 adult caty.
The anmnals were anesthetired with ether and

Acsa 010
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Saclep
Irrquescy

MAX

HTPTRROLARTSATION

-0
Fig I

spmalized between the first and sccond cervical
spinalcord segments. Before starting the ex
ploratton of the middle car the animals had
been treated with local anesthema (Citanest
Exadnnt® 0.25%) A verucal mcision was made
above the car and the auditory canal was ex
plored and detached from the temparal boge.
The auvditory osskies and tympanic muscles
were removed. The fscinl nerve canal was
opened and the nerve resected up to the gen-
culate ganglton. In 8 animals a tmall fepestra
tlon was performed on the ampulla of the
horizoatal canal and a stec! electrode, 0.5
mm diameter was placed In the openings of
the fenestration In 8 cats no fencstrahon was
performed but the electrode was only placed
on the small blulsh spot oo the medial wall
of the facial canal, which 18 just ocutside the
horzontal ampalla. The wndifferent electrode
was placed subcutaneously on the head of the
cat

The stimulation was applied through galvanic
polarizmtion lly with a Gra
and a Grass Constant Current Umt with 2
resistance coupled parallel with the cat on the
output of the latter in order to decrzase the
current through the anmal down to minimom
1 uA. The horzontal semicircular canal was
exposed to erther depolarizaton or byperpolan
zation, and the resuhing cye movements were
studied. Thereafter the coatralateral labyrinth

Acw Owlary g69

was destroyed cither surgrcally or by cauteriz-
tion and then the some expeniment was made
on the remainmng intact labyrinth.

RESULTS

Depolarizatton m  {ntact animals invarhably
caused horrontal ipsilateral nystagmes. The
threshold for this reaction was about 02-03
mA and an the whole urespective of whether
fenestration was performed or the nmpalla in-
directly stimulated through the bone. Hyper
polarizanon, on the other hand, gave & honzm-
tal contralateral nystagmus. Increaso in the
strength of stimulation always resulted in -
creased nystagmus mtensity

After surgical destruction of the contralateral
labyrinth, a lively destruction nystagmus, &
rected towards the pormal ear was observed in
the animals. During clectrical destruction by
cauterization the cats first exhibited & very live-
ly nystagmus towards the cantenzed esr
but after a few seconds its direction was re-
versed which was a proof of the destruction.
Depolarization of the remaining intact labyrinth
gave rme to an incresse in the intensity of the
d destruction g I on the
other hand, hyperpolarization was Induced the
destruction oystagmus was tolally fnhibited &t
about 0.8 mA. If the strength of the current
was then slowly increased, even up to 20 mA,
nystagmus in s reverse direction was pever
obtained. Imstead, the strength of the currest
resulted o destroying also this labyrinth which
was shown by the disappearance of the destroc
tion nystagmus and by the impossibility of
further stimulanng the labyrinth by d-polarz
tron.

DISCUSSION

The Investigation has shown that in the intad
onrmal ft i3 posublc by galvani polarzaton
1o cowse a nystagmus whote direction and B
tenuty are dependent on both the polanty axd
the strength of the polarization. Lowemsiem
(1956) has shown that the bedirectional sensh-
tivity of the semicircular canal hav a charx



eristle S-formed curve of action-potential fre
quency which s very smmilar to that of an
dectrome tnode valve with the “zero-point™ in
the middle of the curve Fig. 1 shows the char
scterlstic of such a curve From this it is evident
that depolarzation increases activity and hyper
diminishes it towards zero.

The peripheral bidirechonal tenstrvity fm
plies that the sense organ, through its discharge
frequency provides information on which side
of its resting position the cupnla b actually
devoting. If this bxdirectional sepsitivity can
ko give rise to motor reflexes of the type of
oystagmus in opposite directions, then stimmla
ton of the L canal with opposite
polantics would be expected to give mystagmuos
of opposite directions. This also proves to be
the case if the semicircular canal b polarized
o one tide bat only provided that the contra-
hteral labyriath fs intact. If the latter &s de
stroyed, a destrection nysagmus towerds the
imtact labyrinth Is obtained but pelther depola
riation noc hyperpolarization of the intsct
Iabyrinth is able to reverss this systagmus. It is
oaly pomsible to make the nystagmus reaction
T In ous direction along the characteristic of

the above il curve from maxh dur
h;d.q:dxrhdm towards zero during hyper
Coaser y it must be 1

that it s not possibloe to cause a nystagmus In
both directions from only ooc semicircular
camal. That after a ceriain tme 1t s again pos-
sible to canse mystagmus in both directions must
be due to other compensatory factors which ere
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centrally released. These factors will be dealt
with In a later paper

ZUSAMMENFASSUNG

in the folated labyrinth f the thormbeck mmy J

Physiol (Lood) 127 104

— 1936 Poriphera of equitibrium. By
Med Buii 12 114

Liwensein, O &Slnd./\.lmThnmd.lrh!md
fmiergrated  ctivity of the semicircubar camal of
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Trl.n:.hrDlD” 1 stocdses  f the
fabyrinth of the guinca plg IL The changes of

104 01 Stoctholm 60 Sweden



Acta Otolaryng 69 366-370 1970

PSYCHOPHYSICAL SCALING OF ELECTRIC TASTE
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tive stimulm intensity has—for more than a

ber (1834) found the just nonceable differ
ence” (jnd) roughly proportional to the stim-
ulus Jevel (Al/=k) On a purely theoretical
b:uh,l-‘cchnr:(l!ﬁo) applied Weber's law to
the psychophysial fusction, that
equaﬂydmnwﬁcrddﬂ!mm@d)md
equal subjective Intemsity of fn other words,
that a scale of subjective intensity ean be con
structed by adding jods. In the pincteen-
thirtles, Stevens (1936) Inltated a more ex
perimental approach to psythophyrics and it
was soon demoastrated that the sobjective in-
tenslty of a jnd is not constant but grows with
the level of intemslty As the true form of the

Acta Owlaryng 69

psychophysical function Stevens (1957) sup-
gests 2 power function (“power law”), S=ix
R in which § k the stimulus Intensity R the
subjective Intemslty and n an exponent, which
usually varies from 0.5-2.0 Plotted Ia a Jog-
log-diagram this functica follows a strafght
line, the slope of which indicates the exponent
n During the last three decades, an extenseo
literatare incloding almost all sensory modaf-
ties has provaded ample evidence in favour of
Stevens theory

The psychophysical function of chemicd
taste has been fovestigated by several authors
Lewis (1948) used the so-called “method of
ratio production” and found that the ttensiky
functions for the four traditional taste qualitics
obey the power law Based on

matching experiments Beebe-Center & Waddel
(1948) constructed a general psychologial
scake of chemical taste. In lacther coaseqoen®
of this, Hinchehife (1958) r ded the
ue of & new method of clinical taste examiss
tion. For each of the foor tastc qualities be
selected ten concentrations distributed wecord
ing to the intenslty function foand by Beche-
Center & Waddell. The skze of the expoocst
# was evaluated for salt by Ekman (1961) #d
found to be 1.59 Stevens (1961) gives

vatee 13 for sucrose and salt and 08 for
saccharine but no detafls of the cxperiment
are reported

The intensity function of electric txste W&
investigated by Helmbrecht (1968) and Jaw
hialnen 7 o (1967) As neither of these 39



Table | The stimulus Intentities wsed In the pre-
sext study and by Jawhicinen et al

Fous
Juhiatoen ctal.

30-54-96-170-300 xA
30-50-90-120-200 xA.

thors, however used purcly anodal, constant
current stmulation, ther results cannot be ap-
plied to the metbod of stimulation employed
by Kearup (1958) Thus, Helmbrecht stmo-
bited wrth series of rectangular anodal im
pubes, the duration of the mpolses varying
from 0 1-3 maec and the frequency fram 100-
400/sec With tbe resulting stimulus patierns
he was able to produce taste semations com-
parable o the four besic tmste qualibes. The
Intensity function, registered by means of a
“ratlo production method” was foand to obey
Stevens power law the average valoe of the
€xpooent » being equal to 1075 Janhiamen
et al. preferred the “method of magnitnde est
matin  (Stevens, 1961) and reglstered the
mumerical estimates of five different stnmulus
intensites (Table 1) Sixty estimates of each
mtemity were obtained in each of six subjects.
The resubts are gtven in Fig. 1B Up to 120pA
the functon i a straight line with a slope cox
Tesponding 10 n= 1.2, Above 120 A the slope
decTeases 1o n=0.5 As sn explanation of thrs
changs of the wlope, Jauhisinen ef of suggest
that the mubmum of subjective e sema
bon i reached or that two receptor systems,

v

LR
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taste as well as tactlle recepiory, arc stimuo-
Ixted.

This alternatrive can be forther evaluated if
the clectrode nsed by Jauhtalnen ef o 1 taken
into comideration. They used a double elec
trode, the anode and the cathode both bemg
placed on the toagee surface The two elec
trodes wee made of atamless steel with flat,
circular contact arcas, 5 mm m diameter and
they were separated 1 cm from each other
The direct contact, however between a bipolar
electrode and two different receptor systems
makes the stimulatory situation rather compli-
cated. The avallable facts, relevant to this
problem shall therefare be bricfly summarzed,

1 Anodal stmulation of taste receptors
grves the Jowest threshold, normally of the or
der of 10sA. Ducrmumtion experiments
(Fpns & Osterhammel, 1968) seem to inde
cate that the subjective intensity of the anodal
tasto sensation grows with the stimulos Inten
wty up to at keast 300 pA, which is the maxi-
mum tenddty of Krarups clectrogostometer
(Krarup, 1958)

2 Anodal stimulation of tactlle receptans
innervated by the trigeminal nerve boanches to
tho anterior two-thirds of tho tongoe does not
scem o occor This can eaxdly be demonstrated
m paticnts with hemiageusia duc to middle car
surpery who cexhibit a conventent combination
of presearved tactile semsation and abolihed
taste scnsatron. These patients do not respond
to an anodal current of 300 uA.

3 Cathodal stimulation of taste receptors
shows a threshold winch fs usually 3-10 trmes
higher than that of anodsl stmolagon, but
often less than 100 wA. It b therefore quite
posible  that Janhmmens double, bipaler
cectrode causes a pure, anodal teste sthmola-
ton at low Inemives and & mixed, anodal/
cathodal taste stunulatlon at higher mtemities,

4 Catbodal stimulation of tactile receptors
can be scen at i t down to

100 gA. It can be demoostrated in patients
with hemisgewia, but in normal subjects tac
tde stimulation at moderste } can also
be demonstrated by applylng the cat

e
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the Lip, where taste receplors are absent. As
the tactile sensation 15 almost mpossible to dis-
tmgulsh from the pure taste sensation, the
presence of the cathode on the tongue involves
o risk of misinterpreting the result of the taste
cxamination,

The described polarity relationships srongty
sugpest that the findings of Jauhiainen ef of
—particularly the change of the dope at 120
pA—may be due to the use of a bipolar
toague electrode. It has therefore been the prr
pose of the present study to hnvestipate the
psychophyaical function of clectric taste wing
purely anodal constant current stimulation.

METHOD

Stimulator

Two constant current generators were used,
oae set at the constant standard stimolus in-
tensity the other at the vanable test stimulus
intensities. The stimulus- and Interval doration
23 well as the requence of stondard and test
stimuli were antomatically controlled by a wnht
Interposed betneen the two stimulators and the
tongue electrode

lectrodes

¢ anode was & flat, circular steel electrode,
% ’mm in diameter (hrarup, 1958) which the
subject held In position on the tip of the
tongoe As cathode was used 2 4 x 4 ¢m chro-
mnm piaitd brass tlectrode piaced on the
wrist with a prece of gawze underneath soaked
in physiological saline solution

Stimulus intensitles

Flve stimulay intensities (Table 1) were dlstri-
buted logarithmically over the range from 30-
300 #A The medium intemsity 96 pA, was
also used = dard intenslty its subjecth
Intensity being defned as 10 Tho stimulus
tntensitles used by Jauhlainen ef of (1967) are
tncloded for comparison in Table 1

Presenation
Each estrmaton of a certain test stimulus was
g\muﬂnumdumdmdmmahuh
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Table 2. Arerape results obtained at the fire
different stimulus Intensithes calentated as arith-
metic means as well as mediams

The standard deviatiom corresponding to the mexss are
giver bn per cent

Stlnukey

intemity (xA) 0 M 1™ 30
Mean 29 53 102 200 84
Standard

deviathon (%) s a % 5t E:d
Medan 17 49 95 (65 20

presented alternately In the order S P S
P P S P S The Impulses were rectangu-
lar and 500 msec In duration (Fgm & Oster
hammel 1968) The first three and the last
three Intervals were of 6 sec duration, the
middle one, during which the sequence wa
reversed, spproximately twice s Jong Shity
eatimates of each of the five Infemsities were
obtained 1n each subject the order of presents-
tion being randomized.

Test subfects

Six subjects, all young students, were tested
in 6-8 sessloms of approximately one hour

Instructions

The subjects were instructed to estimate the
magnitude of the test stimoles in relatlon 10
the standard stimalus which was called 107
(Stevens, 1961) Any numerical value, froc
tons incleded could be used The subfects
were not informed about the upper and lower
limits of the intensity range, nor of the numbet
of different test stmuln. They were told that
stondard- and test stimules might sometimes
be identical.

RESULTS

For cach of the fivo test stimolos intensitics
the arithmetic mean of the 360 reghstrations
was cakulated. The results are given numerk
cally in Table 2 and graphically n Fig. 1 A
la the loglogdiapram the psychophysical



Table 3 The slope of the Indiridual and arerage
cwrey represented by the numericel ratue of the
expoment B

St 1 2 3 4 5 6  Averspo

e 12 0% 11 07 07 13 11

fmction follows a practically straight Jine with
1 dlope comesponding to =11 The slope of
the individual curves was also calculated and
the values of the expoment n are given in
Table 3

InFig. 1 A the strmight line way drawn along
pomts corresponding to the arrthmetic means.
This was dooc In order to compare the e
sults with those of Janhialnen ef of shown in
Flg 1B Now the anthmetic mean s only
reprerentative if the distribution i mormal
This condinon was ot quite fulfilled as the
dstributlons showed a slight but constant, un-
Symoctrical extensdon  toward  the higher
Tihocs. In soch caser, Stevens (1957) sugpests
e alulanon of medians inatead of means.
As expected the medizns were all dightly
lower than the mesns, the differcace being
ronghly propartional to the distance from the
smnderd stinrals imennty (Flg. 1A) Thrs
dowmward concavity of a curve through the
meduny was due to the combination of a
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tve Intensity of clecine taste i resched around

120 pA.

The indlvidual differences were rather pro
nounced. As shown In Table 2, the slope
vaned from n=18 to n=07 Thls mcams that
the averape slope, n=11 cannot be con-
sidered a general psychological scale of edec
tnic taste The problem of choosing a scale onit
for the clectrognstometer has therefore not
found an unquestiopable solution m the pres-
ent results. Chinrcal threshold determinations
for which the electrogustometer & primanly
used, are probably more closely related to the
duscrmunation ability than to the psychophysi-
cal scaling. The logarithmic scale recom
mended fn a previous publication represents a
ressonshly good approximation to the discri-
mmation abllity m electric taste and has there-
fore been chosen for a new clectrogustometer
whch is being developed in our clinic.
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Die Funktion

wurde mittels ehner

ton  Methodo tosersmcht. Weon mur die Anode saf

der Zungs snpelept wird, swigt dle sabpektive Emp-
al

des  elekirhchen
estima-

ummlny inensity (Table 2) A best fittng,
“rught [loe throungh the mediam, however
would give the same slope a3 the curve come
spoading to the meam.

DISCUSSION

A’Eh‘mnnpon:mcaﬂu.dmddmpru-
il study It can be stated that the psycho-
fonction of electric taste as plotted in
:xwmld}nmlmﬂﬂnlmgupm
beaxt 300 A This b b sccordance with
Power law bat counts agalnst Jauhia-

Beas theory that the maximum of the subjec

«ne der Reirstarke
b mindesters 300 mA. Der Flspooent dieser Po-
wnrfeaktion licgt rwhchen 0,7 wad 18 bm Durch-
wchab aof 11

REFERENCES
Beebe-Conier 7 G & Waddell, D 1948, A
f taste. J Prychol 26 517
Expom, G 1961 M notc on scabes of

Lelpng, in Luce, Brsh
Galanter (1963), Hendbook | Mathematicnl
1 206
Fpos, M & Osterbamexl, P A 1968« Flectro-



370 M Fonsr

Gechmacle Quallits- und Tntemibtinberichon
e Arch Kiin Exp Okr May Kehilopfheill

192 314.
Hincheliffe, R. 1958 Clinkal quantitstive gustome

scale of clectric faste, Acts Otolerymg (Stockh)
63 462

hranup, B, 1958, A method for cllmical teste examd-
Dathoms. Acte Otoloryag (Stockh) 49 294

Lewh, D R. 1948 Psychological scales of taste. J
Psychol 26 437

Sievem, 3 8. 1936 A sale for memsurement of 8
Rer 43 403

Acta Orwlery 169

1961

Af Fgar MD

The Osolaryngpologicel Clintc
Rigshaspimlet

Coperhagen Denmarl



Acta Otolaryng 69 371-376 1970

RESEKTION DER NASENSCHEIDEWAND IM KINDESALTER

G Murr
Axs der Otolarynpolotischen Abicillung des Medizinischen Zentraons (n Puia,
1 poxiawien

Elngepangen am 17 Aprdl, 1969

G h auf Alveolennt schafft. Bei
der Obstruktion hervorgerufen durch Devis-
tion oder Scptumfraktur Verdickung der
Schicimhaut, entzlindlicher oder allergischer
Art, Polypenwachstum oder bel reflektorischer
Vasodilatation crhht sich die Reststenz der
Loftstrdmung. Die Folge davon st eine ver
stirkte Arbelt der Atmungunnkulatar oder
der Mund was die Lungen
verschlechtert, dic Alkalireserve im Blat ver
rmgert und negatlv aof den allgemeincn Stoff
wechsel elmwirkt,

Vicle Forscher haben die Nasenobstruktlon
als Faktor des gestdrien Atmungsmechamsmus
studiert, aber bm heute is diese noch micht voll
aufpeklirt. Dre Mittel, die uns zur Funktiom-
prilfung der Nase diemen, haben sich parallel
mit der besseren Erkenntnls und Erfabrung
ihrer Physlologle gefindert. Es besteht elne
enge Ver it mcht nur mit den smato-

oen durch die Nase die erste Bedingang fiir
¢ normale Entwickiung der Lunge und fhrer
Emmmin,whdmkichxdhl"olgmbo-
Freifen, welche cinc Nysenobstruktlon durch

Dex aaf die physt und
Piychiche Entwicklong des Kisdes hinterlss-
%0 whirde,

Za den wichipten Aufgaben der Nase ge
b3, dass dle whrnt, tiltriert und dio Luft be
feuchtet, sowle dro Atmung vertieft md aof
diese Wehe optmale Bedingungen fur den
3 Teree

misch naben Organen. Chr NasennebenhShlen
und Hab, sondern anch mit den enifernteren
wi¢ den Lungen, den Drilsen mit innerer Sek
tetion, den parenchymatosen Organcn sowle
dem vegetativen Nervensystem. So wurde Ende
des vergangenen Jahrhunderts die Durchgling-
igkelt der Nase mit emem Quecksilbermano-
meter geprift. In unserem Lande haben Ser
cer (1962 und 1965) und Curkovié (1937) ln
der Zert rwischen den beiden Weltkriepen Was-
sermanometer konstruiert, bel welchen die Os-
i des p und pegativen Drockes
beun Atmen besser ersichlich r




372 G Mur

peoesten Zelt st die Rhinomanometrie nach
Cottle mit ekektronhcher Registmtion daru ge
elgnet, alle Unregelmiissigheiten bel der At
mung anzurcigen. Sie hat sich durch ihre Ge
naulgkeit der Elekirokardiographle oder Au-
diometne genkhert. FUr den tiglichen Ge

susde Lungen hatten, Es bestcht de Maglch
Let, dass das Nasen-Lunpen-Nerven-System
clnen Reflexbogen hat, und dass eine stindl;
venstopfte Nase asuf irpendelne Reflexart die
Lnugcnfu.nh}on nﬁr!. Aunf die verrinperte

brauch ist sie heute fedoch noch nkcht verwend
bar

Funkd 1 it der Lungen kOonte anct

die wrlndmc chemische  Zusammensetzung
der Gase auf Alveolennvean einwarien. Ogu

Es sind auch viele Versuche unter

ras Annahme dass die Erpet der Unter

worden, das Verhilnn zwischen Lufl g
und Druck m den Nasenwepgen e bewerien,
d.h. den Widerstand zu messen, wekchen die
Nase der Luft bel Ein- und Ausatmung Jeistet.
Wihrend der Atmung dorch die Nase st der
G druck In den L treolen gleich der
Gesamtsumme des Druckes In der Nase plus
des Druckes in den unteren Atanungswepen. So
entfillt bei der Geschwmdighelt der Luft von
10 1/min auf den Widerstard in der Nase 50%
des Gesamtwiderstandes wihrend er bel 40 1/
min 60% betrigt, Je grosser die Luferufuhr Ist,
desto mehr beteiligt sich die Nase an den Ge
samtwiderstand im Verglelch mit den unteren
Atmungswepen.

In proerer Zeit hat Ogura mit seinen Mit
arbeitern (1966) das Verhilinis der oberen At
nmngswepe 7u den Lunpen untersucht, Er hat
wsunde Persooen und Personen mit Naseoob-
truktion verschiedener Grade und Unsachen
tpriift. Den Luongenwrderstand bat er mrt
ilfe eines Ballons pemessen, den er in die
speiserbhre einfihrt. Im Vergleikch mht dem
Viderstand gemessen durch den Mund, fand
't dass skch dieser in der Nase durch Erhdh-
mg der Obstruktion bis zu 500% vergrissern
cann Wurde die AtmungsstBrung durch Ope-
raton oder dorch \ asokonstriktoren entfernt
so verringerte sich der Lonpgenwiderstand
Ogura st daher mit semen Mitarbeltern zu dem
Erpebok pekommen, dass die Messtmg der
\ entlatonsmglichkeiten der Lumge durch
den Mund mit dem Grad der Nascnobstruktion
selgen oder fallen kann. Es st schwer fest
zustellen, ob solche Befunde durch Verlinde-
rungen, dic durch hongestion oder Fibrose am
Lungenparenchym bervorperufen werden, be
dmgt stod, weil die pepfriften Personen pe-

Acta Otolariag 6%

hung der  Lungenfunktion pemesser
durch den Mund von der Durchglingigkelt det
Nose abhingig sind, haben wir benfitzt, vm
cinen eventuellen Vortell der Septumkorrek
tion tm Kindesalter an der Lungenfunkhon
bewelsen
Das Grundprinzip bel der Behsudlung a¥er
Nucn.knnkhchen milsste darin bestehen dex
1 d und funktionel Mechanb
mus deses Organcs wieder herzmstellen. Har
gegen 18 die Beurtellung der chirurglschen Em
giffe an der Nasenpyramide und Nasen
scheidewand nicht so leicht, well auf disser
Geblete neben amatombchen und  physick
gischen Erfolgen auch kosmetische Esthethsche
und psychische Momente einc Rolle spicin
Eine subjektive Bewertung des Arztes und be
sonders des hranken, kann, was dle Funktos
betrifft, fUr die Stathtik nicht roverifissig sein
Von der Testierung viclfacher Funktionenet
haben wir uns nur ouf die Suche ener cverr
teelfen  Gesctzmissigheit  des  Verhalem
zwischen der Durchgingigkelt der Nasc und
dem funktionclien Zustand der Lunge den @l
durch Spwometric pepriift haben  begrenzt
Weon man bedenkt, was sowohl durch Ver
suche als auch klinisch bestitigt ist, dass di¢
erschwerte Atmung durch die Nase schadlich
aul die Amnmgsfunltion der Lunge wirkt
dann wirde durch spirometrische Unterss-
chungen vor und nach der Obstroktonsentfer
nung etne objektive Bewertung sowic der Vor
tell eines chirurgischen Eingriffes gerechtferuf
sein.

Im Kindemliter gehdren
sicher dcn deliiatesten rhinologischen Eln-
griffen. Schon aus oben any Grilnden
milsste die konservative Heilang der Naseoob-
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stroktion unterisssen werden. Besonders Ver
ktzungen ciner Kindernase {lhren, wenn sle
ocht dikaker behandelt wird, nicht nur zu
fwer Deformation, sondern es wird auch mehr
oder wemger Thre Funktion geschidigt. Bel der
Erkermters dass mBglicherwebse cine gestBrie
Fumktion vorflege, ermutigt ums fOr elne aktive
Behandlung auch die Tatsache, dass sich die
Naserstrukturen nicht gleschmisslg Intemaly Im
e Kindesalter entwickelt. Es Bt bekannt,
dm de Nasc am schoellsten In den Jahren
voo 1-7 uod 11-16 wichst, Zwischen dem 7
wd 11 Jahr bermcht {n der Entwicklung ein
relativer Stilstand. Wenn wir uns ber unseren
Emgriffen an folgendes Proxzlp halten. aus der
Nee mor das 70 entfernen, was der Atmung
m Wege sicht, oder die Telle, die entweder
darch Tranma oder angeboren dislociert sind,
wt ihren unprfinghchen Platz mu stellen —

- booen 1 der Entwicklong der Nase und des
Oudnnmgnvmmh]ugmhwknhxbm
Galt (1951) vnd Krafina (1965), die diese

Tabelle 2.

y
i

E
EEEEEEIEE

stiken filr cin Dreijahresintervall zeipen, dass
er 242 Nasenseptumrescktionen daven 55 bel
Kindern amgefilhrt hat. Dicses stellt nach un-
serer Mdnung flir eine Stadt von 35 000 Ein-
wohnern ele ru beeite Indikation dar

In unserer Kasuntik haben wir uns streng
nur an jene Fille gehalien, bel denen dre At
mung durch de Nase derart enchwert war
dass sich dic StBrungen anch nach Entfernung
der Rachentomille nicht gebessert haben. Aus
Tabelle 1 ist ersichtlich, dass vir in den letzten
fiinf Jahren 1 8-3 8% Operatancn an der Na-

Nach Fhcher (1957) unterscheiden skh die
zuor  Nasemscheiderescktion tm
Kindealter mcht sehr von jenen bel Erwachse
D0, et tind diex Nasenobstruktion, Ohren-
h'mhmm

Ni Koofsch

3 d von den G ingnffen hat
ten, was JEhrlich im Durchschmit ca 44 aus-
macht. Im gleichen Zeitraum haben wir nur
17 Operationen an der Nasemcheadewand bet
Kindern bis ru 15 Jahren ausgefilbrt. Auf Ta-
belle 2 sehen wir Angaben ans Krankbertsge

& In der Mchrzahl der Fille haben

Brooet

und Verletzungen. Seine Stati-
Tabelle |

Scptumresekhonen | den letzten

S Iabrem
Jaker
O:J-mhlda 1963 1964 1963 1966 1967
ME"“& 172 196 1T 1401 1648

Rl"'-hhn n » M4 g %
abrea 0 2 4 7 4
Prozeu 15 3t 2 e 24

dis Eltern nrcht gewanst, seit wann das Kind
schwer durch die Nase atmet, geben cinen ua-
gefitren Zeitpunkt an, an den me sch erin-
pern kSonen. Ber 7 Flllen waren Verletzungen
der Grund der Obstruktion. Interessant Ist die
Tatsache, dass wir 13 Koaben und 4 Midchen
operiert haben. Kann man dic Fraktoren der
Ni i d der i

Lebhaftigheit der Kmaben und dadurch der
Maclichkel 3 "

Ver

ben?

Alle Elngriffe haben wir unter endotraches-
ler Ancsthisie mit Xther und lokaler Infiitra-
uop von Xylocain und Suprarenin susec{fihot
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Spiromeirischer Befund Nr |

Alma Rom) jak_[htnm 19 VITI 1967
Oebuartsiahr 1957 Qrdme 152 em. Laul Nr 154/67
Dugnose Fractura scpt pasl. Korpergewicht. 42 kg.
Luftdruck 763 mm He. tur- 26°C.

Normal  Gefunde
Beoennung tefund  per Wert d. Normuale
Atmurgslrequenz 16 p23
Minaterrvolumen 6600
Saverntolh erbranch 120
Vitallapazidt 400 2688 112
Veoulations-
lcc(ulv'llcm 24106 53
valamen o Lt -] 59 98
Tiffencautest i com 2100
Tiflenesutest {n
Vh LY LA
Luf
10102 187~
Meimmg und Befund In

Beachlus:
Normalgrenzen. (Dr P Cukon)

Wie wir schon erwihnten haben wir uns 2n
daos Prinzip einer mBgtichst koaservativen chl-
rurglschen Behandlung gehalten und haben
nur in 2 Fllllen die klasasche Resektion nach
killlan angewendet. Es pelong um bei 8 Kin-
dern die splrometrische Analyse vor und sechs
Monate nach der Operation durchrufUhren,

W!ﬂhrﬁﬂ‘ Befurd Nr 14
\or undlmnme Alnma Resnfak. Datm 18117 1968,
43/e8.

Nommal- Gefunde-

Benenniarng befond  per Wert d. Nocrmake
{3 18
Miouten olumen 430
170
Vhalka 2650 40 107
Vemlltions-
akent 24 06 23
Madmatmnoten-
ohzmen n Lt 67 & »
Tiffeneaweest In cem 1930
Tilleocauiest in
Vh »
Luft indigkehts-
o 10+0.. 033
M und Beschhws Spy Befund in
Mmmm (Dr P Cubon)

Acte Otoleryng 69

Splromerischer Befund hr 2

Yor und Zumame Visimir Sino2il. Datom 211L1%8
Geburtspahe 1936, Gromse- 130 om. Laof Nr 3468
Diagnose Siatis post resectionem sl
Drpa'rvkb( ”k;LuIldmck 762 mm He. Zimmer
temperator 22

Benenmmyg befi per Wert  d. Normale
etz 16 20

Mmmtenvolumen 7800
Saversto{Tverbrauch 220
M t 2550 2320 9
M ~A+06 S

volumen In Lt, » L]
Tiffeneaudest in 1930

% Liid L33

Index 10402 10%

Befund in

Meinung und Beschlust.
Normualgrenzen. (Dr P C kon.)

Wir milssen betonen, dass vihrend der Spho-
metrie viel Geduld und enge Zusammenarbeit
rwhchen dem Kind und der Schwester nob
wendig sind, um ru glaubwliirdige Ergebaise
u kommen. Ein Intervall on 6 Monaen
halten wir flir einc cventuclle Bexserung der
Lungenfunktion fir ausreichend.

Spirometrischer Befund Nr 2A
Vor und Zoname: Viadimlr Sinohd, Datum. 21 VTT 1%,
btmhhrlmaro-e 147 cm. Lauf Nr 133'67

Deviatio sepi} nasi. Kﬂrpl.'rlrwﬂn:ﬁ 5
Lafidruck 763 mm Hg

Normml-  Gefunde- Prorent

Beoenmung behmd  per Wert  d. Normak
requenz 16 2
Micutenvolumen B600
Sauerutoll erbrauch 256
Vatalkaparitht 2450 2140 2]
Venulabons-
h‘q“*“km' 24106 34
axHm mimsten-
volumen n Lt [+ 35 n
Tulepeantest n cem 1830
Tdlencmnest
- VK n ]
Luftgeschmimnd gketis-
10+02 101

Mefoxng und Beschhoms. Es bestehen gerigere vemule
Uoomtdrungrn restnkuver Art. (Dr P Cuhon)
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Splrometrischer Befund Nr 3

Yor uad Zaname- Nadija Arman. Datem. 15 1X.1967
Geburmfaler 1999 Grome 144 om. Laof Nr 172/67
Dusgoowe: Devintio septi neal, Korperpew kcht. 32 kg
Lafwbock 760 mn Hy. Zrmmerternperatur 24°C,

Normal  Gefunde- Prozent

Beorrrry befasd  per Wert d. Normale
Atmangsrequenz 16 38
Mimatrarrobmen 640
Sswcrsialtrerbranch 140
Vialtsparitht 2100 1730 ]
Vesulatioes-
vl 24406 48
Mztemmliminnten-
volumen bn Lt. 2 L] 7
Tilkorsatest in ccm. 1290
Tlﬂ?x:-n:-tm

v %
Lafgracine
index 10102  0M6%
Mciung end Berchimm Nach gefundencn Werten bas-
deft & wich om VeatiltionsinsafTinens restriktiver Art.
(Dr P Cukoa )

Erpebaiss der Spirometrde. In 3 Filllen war
der Befund vor und nach dem Eingritf normal
(Befond | und 1A) In 4 Filkn fand man
Yo der Resektion verminderte spirometrische
Wertr, die fUr die Vent insuffiziens e

4 im Kindesall

375

Splrometrischer Befund Nr 4

Yor und Zuname- Marino C kerl. Datom, 20.1V 1967
Geburtslahr- 1957 Grdese: 145 em. Lo Nr.. 59 67
sl

Korpergewcht. 32 kg
Luftdruck. 763 mm Hg. Zimmertemperatur 15°C

Nm]—Othm&PrDmn

Benenrmung ner Wert  d Normak
ALpungsireqoenz 16 3t
Minutenvokemen 14000
240
Vialkspaziuit ns0 2450 103
Ventlatiom-
aquivalent 24106 38
Muarima tminmien-
yolornen n Lt » 33 90
THTeoemmiest n com 1850
Tlleresartest in
~ VK R &) 75
Lultgewchw
10402 a6

Metnang und Betchium. Spyrometracher Belund demtet
uf Beghmn clocr
lekchteren Grades. (Dr P Cukon.)

strikiiver Art sprachen, ond 6 Momate nach
dem Eingnft war der sprometrische Befond
in Normalgrenzen (Befund 2, 3 und 2 A, 3 A)
Bei cinem Knaben, bel dem neben ciner ams-
h Fraktur der Nasemscheldcwand

Sptrometrischer Refund Nr 34

Vor wd Zanaroe: Arman Datom 18JIL1%8
193 Grosse: 147 cm. Laal. N 47768,

Do Sarm

el el
M;’ kg Lufidrock. 762 mm Hy Zkomer

Nomal  Gefunde  Prowmt

‘:t-mn befd  per Wert d. Normale
paaptreqoes 16 %
Somwotrerbranct

17
r,%ﬁlm 1% w0 63
Toerlony 24106 42
Yolmen bn [ 1 I 0
Tlemmon 93
T 1860
Xax 0%
ey
—_ 1L8+02 10
Yemg 1ot Buschim: Spyrormetshachar Befund
Nermalgwzma, (Dr P Cotony “

Splrometrischer Befund Nr 44

VYor und Zmmmme: Marino Coker. Datnm. 25 XIL1967
Geburtruhe 1957 Grﬂc‘l“cm. Luﬂ_'N 235/67
Diagnosc Statm post resectionem
K&w“kx_b:ﬁdrmb?!lmﬂ._lnnmm—
tamperator 23°C.

Bencrmmg befd  per Wert . Normale
Atmmunpstreqoens 16 M

M mtenvolumen 760
Sancratoffrerbranch 530

Viialkapariit 2450 3140 1
Ventilatkors-

dquivalent 24106 14

volmmen b Lt [~ 0 o
Tiffencantest m cem 130

n

1 VK B 0%

mdex 10402 05
Mdnm.mdn:.cummmmmn-
delt 3 sach 1m Ve obstruktiver Art
schraeren Grades. Es wire notwesdry cine Spyrometne

mr 10 whederbolea. (Dr P Culon)

P
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such Zeichen chner vasomotorischen Rbinitis
bestanden, war der splrometrsche Befund vor
der Operatl gesprochen  pathologlsch

Nach der Operauon entwickelte sich Bron
chialasthma und der spirometrische Befund be
wegte sich noch mehr in pathologischer Rich-
tung (Befund 4 and 4 A) Dreses Behplel bt
uns cin Bewens, dass wir bel elner Awswahl
der FHlle und Auistellung der Indikationen
schr vorschtig scin milssen. In der Nase als
reflektorisches Orpan und besonders anf jhrer
Respirattonsschleimbaut k¥noen und dirfen
wir nicht immer dle Obstruktion auf chirur
gischem Wege erledigen, wober wir die Grund
ursache, die zur erschwerten Atmung gefihrt

hat, vergessen und umpehen,
KRONKLUSION
Der N g bei A t

den Im Kindesalter mllsscn wir mchr Aufmerk
samkelt widmen. Wenn wir {bcrzeupt sind,
dass der Grund in ewner Fraktur oder Devia
ton der Nasenscheidewand liept, sollien wir
nicht von einer Operation abschen, die In erster
Linfe fonktional sein muss, d. h. nur fene Telle
des Septums ru entfernen, die das Hindernks
er Luftstrdmung durch die Nmse darstelien.

DcrElngri:ﬂBxlxihlunddﬂJﬂcnurvm

tm crfahrenen Chirurg ausgefihrt werden.
Es Ist sicher dass in streng indmierten Fiten
such die funktionalen und kosmetschen Er
gebnlsse put seln werden,

RESUME

Sur 13 base dex recherchey récentes de

Ia fonction
aasale, Tauteur propose hstenemtion  chinegicale

Acta Olaryny 89

thon du povmon aprdy I'diminstion de
I nasale a éé

SUMMARY
According to the recent rescarch about the functiom
of pose, the adthors suggest mational surgical opera-
tions in the nose of children, where the obstroctica

FﬂrdiemﬂuHEkhSplruwrkmﬂmanh
Herrm Chef;
luCulonmlhhu-mDankvrrpmdmL
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DIE MIKROLARYNGOSKOPIE UNTER NEUROLEPTANALGESIE MIT
EINEM SELBSTRONSTRUIERTEN ENDOSKOP NACH HASLINGER

H Eickhoft
Axs der Abteltang [Br Halr-Naxen-Ohren-Kranl belten der Medizinlschen Falxltar an

der RIVTH Aaches DBR

Elopepanpen am 2 Oktober 1969

Dw oboe e " Ohreaheilkund
markome bistet bel der Mikrolaryngoskopie wad endo-
anderen Nar
Patienten

Eadorkope fisden fhire Erlirmg bn der Sdealen Am-
Pzoag der Mechanik von Arm uod Hind.

z_w:hdhhmuuu,npkophuumfn
und th hen Midgheh-

kelien umeres Fachgebictes cine wesentlicho
Berexcheruny,

Insbesondere

@ie Methodo der endolaryngealen Mikrodia
#20u0 tnd ~chirurglo m groBer Perfektion eat
M&N‘dldlmtnlirflhmnpnmhﬂlxr
300 Mikrolaryngoskopren méchten wir hin-
shehtlich der A hege und des Endosk

"‘:"“"Vmﬂsemchm.dhduvmm
Patieaten und Operateur noch erteichtern.
Dmv“ﬂ“"mnihhmduVm—
dung der N 1 obne B

Iotubtthonnarkoss wnd eines nach dem Prin-
Hﬂdhmkomu catwickelten Endo-

Dre Newrokeptanalgede warde 1959 voa de
Cautro und Muondeleer ein Ihct und 1963

versandt. Einc o W erste cin-
gehende  Beschreibung der  Anwendung der
Neuroleptanalgeste bel der Mikrolaryngosko-
plo haben wir bereits an andere Stelle gegeben
(Ekkhoff & Salehl, 1969)
Hervorttechendes Merkmal der Neurolepts-
nalgesie bt dic getrenmte Stcucrbarkert von
ptim wnd  Analgetlk bei Erhal-
tung des Bewufiseins des Patienten. Nach Prit
medikation mit Atropin verwandren wir De
hydrobenzperrdol® und Fentanyl? m  der
durchschnittichen Dosserung von 25 brw 015
mg. Zur Verstirkung der Analgesie wurde Iu-
sitzich eine Schicimhautanksthesie durchge
filhrt, Dre fiir unsere Zwecke bedeutungsvoll-
ste Wirknng der Neuraleptanalgesic bestcht in
cinem Mincralisatlonseffekt auf die Kehlkop!
mmkulator  deren Starre den Elndruck elner
Versteinerung  vermittelt. Sie wird durch dis
crhaltene Sp nur lich be
cinfluBt, Dreser Zistand gestatiet einc exakts
Untersochung mit Hife des Mikroskops baw
¢in stimmschoocndes mikrochlrurgnches Vor

Neben der Ruhigstelleng der Kehlkopfmus-
kulatar tst die Erhaltong des BewuBseins der
Durchfiibrung der Mikrolaryngoskopic {Beder
fich, Der Patient blelbt kooperatry das heifit,
er kann jeder Aufforderung zur Bewegung der
Kehlk y X Dadurch

ot vou Leicher in der Hals-Nasen

werden sogar intreoperattye Funkt!
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msfitdlicher  Theflaperung  des  Oberkdrpen
nicht.

Aullerdem lassen sich Blutungen durch Ad-
stringentlen und Soughoagulation zoverlisly
stillen, DarOberhinaus sind Operatewr und
Anacstheslst bel etwalgen bedrohlichen Blo-
tungent, die wir jedoch nle erlebt haben, anf
die Inwbation mit Abblocken der Trachea
siety vorbereitet,

Bei Beachtung entsprechender  Vorschis-
muﬂn:g:lu hnn die Mikrolaryngoskople n
Neurolep peske  auch bul durchge-
{Uhrt werden GrundsStzlich sollte aber elne Be-
gleltperson fiir den Hetmweg berelt stehen und

D der Patlent auf die Fihrung eines Verkehn-
- — —_— = 4 miftels vernchten Erfahrungspemi8 slnd be-
1 InA an dos Haslh drohliche Bluhmgen oder Gewebsact
h-nmu:yn.o‘kop.}.mbdulnhrmh-bmmde nicht zu erwarten Dmecjkdmmhﬂm-
ter anatomiegerechter distaker Offoung. In Verlinge ten Untersuchung ergeben sich w o aus der
ung des obenin | f ooch wod der k. mis i cloca
L Keankenh !
Als Epdoskop b wir em abg
gea der Stimme  stroboskopische Untersuchun- dclm Haslinger Rohr dos sich wepen sehnes
gen sowie Tonbandaunfzel Pi iffes bei der Einstell des Rebl-

Wihrend der Ncum!eptnm}gcﬂe b%clct sch
dem Unlc'rmcb:{ cin Obersichtlches, vom In

hlauch frekes Unter g brw
beitsfeld, das den tottlschen und
bgloﬂlsr_ben Rsum umfaBt, FJ:n Lagewechse!
ers aus der Bblk In

mryl!no&dﬂc[]u:ng in dic vordere hoommissur
zue Frermachung der Arygegend und eine da-
mit notwendige erncute ElnfGhrung des Endo-
skops eriibrigen sich Auch kicine hehfkbpfe,
dic cine gleichzeitige \ erwendung von Intuba-
tioosrohr und Endoskop nicht gestarten, cr
lichen unter der jpen Neurol
p:}c chne Mikrolaryngaskopie
Wihrend  der DNeuroleptannigesic  LOnnen
unter dem Operationsmikroskop dic Untersu-
chungen und Eingriffe minutids und ohne Zeht
druck vorgenommen werden, da die narkose
spedfischen Belastungen fir den Patienten nur
geting sind.  Die  hrchlaulverhdlinsse  sind
weltgehend stabll und jederzeit steuerbar Ge
fahr durch Asplration von Speichel wad Blut
bestcht wegen Erhaltung der Reflexe und evtl

P
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kopls durch selne besondere Fﬂhri;hdl -
zeichnet (Abb, 1)

Die Linge des Endoskops wurde enispre-
chend den topographbschen Verhltnbsen re-
duziert, dw distale Offnung der honfiguration
und Grd8e des hehlkopfs angepaBt. Nach dem

nach hlelmsiser Autorkepart

Aby 1 Larymgostop
satzstutzen gheichreitiy Handpriff.



Mikrolayngoskople unter Neurolepianalgesie

Verlanf dex Strshiengangss der Doppeloptik
Br dic sterische Betrachtimg wurde das Robr
konbch geformt.
Unglnstige anatombsche Verblmbsse wae
hrge, vorstehende Zihne, dicke Zongen- und
karpalie Nackermmoskulatur eine starre Halbs-
wibchiinle sowhe cin kaudal verlagerter La
o lagsen sich nach unseren Erfahrungen mit
dem Hasflnger Rotr Ieichter {iberwinden als
=k dem hblichen Endoskop, wenngleich anch
der Verwendung des Haslinger Rohres dorch
erreme Hinderntsse Grenzen gesctrt sind. Bei
Schwledigkelten  der  Glotthscinstellung  sollte
mxm bey eingelegtem Robr nach hunge
Kieintaessers und efgenen Erfahrungen bis mu
10 Minuten warten, da nach dieser Zelt dic
Larynx-Muskulatur welter erschlafft.
Bei den zur Zeit pebefiuchlichen Endosko-
pea fir die Mikrolaryngoskopie dient der nach
b iehende Amsatrytutzen fir die Haltevor
viclitmy glewchreitig abs Handgnft zum Ein-
fuiren des Robres tm Ubergnff (Abb 2) En
Laryogoikop fedoch nach den Prnzipien des
Hstfinger Rores  mit Pistolenhandgrift  in
gerung dey Autoakopstutrens o
leichrrt die Elnstelling des Larynx wegen

m

v, -

Abb 4 Arbel bl hren des modl
tn Hmdlnger-Endoskops Hand im Untergrift, ad-
duziertey Arm.

glnstigeres Awsnllgung der Armfunktion Dis
bewependen Krlifie sind bei bedden Robren
xwar fir Ober wnd Untergnff gheich gro
sber entgegengesctzt gerichtet und kinnen da-
her von der Hand pur In unterschiedlicher Art
wat das Imtrument fbertragen werden (Abb
3) Beim Oberpaff hat dic Hapd im wesent
lichen eine Zugbewegmng awszuflhren, bemm
Untergriff einen Druck. Beim Pistolengrif ar
beltet man mit addurertem Arm (Abb. 4),
betm Ubergriff dagegen notwradigerweise mit
abdunertem Amm, um sich den Blick in den
Larynx dorch das Endoskop nicht zu versper
ren (Abb 3)

Im cinzelnen erkliren anstombche Zumm-
menhlinge die Lexchtigkedt der Arbeit mh Pr
stolengriff bel addutiertem Arm (Ludwip)

1 Die opth A g fUc jede

yung im Handgelenk bt dle Handianten-

stellung i1 der Saghtalebene. Drcse Orkentio-
rung Ist bedm Phiolengntf gegeben
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Abd 1 In Ankhnung a  das Halinger Endothop pe-
bautes Laryngoukop. honbches Rohr mit abgerunde-
urmkpmmmm;xuvm
rung des k ober ¢In F

nusitehicher  Tiellagerung
oxcht. .
Aulerdem lassen sich Blutungen durch Ad- -
sirmgentien und  Ssugkoagulation zuveridsly -
stiten  Darliberhinaus sind  Operateur und
Anaesthenst bei etwaigen bedrohbichen Blo-
tungen, dee wir fedoch ple erlebt haben, sf .
die Intubavon mit Abblocken der Trachea
stets vorbereitet.

Bel Beachtung entsprechender Vormchts-
mabregein kann dic Mikrolarynpotkople In
Neuroleptanalgesie ouch ambulamt durchpe
fhrt werden. Grundslitfich sollte aber eloe Be
gleitperson flir den Heumweg berent stehen oed
der Patlent auf die Fihrung cines Verlchn-
mittels verzichten ErfahrungspemiB siod be
drohlche Bl oder Gewebsschwellungs
nicht zu erwarten. Dle Vorieile cinet ambulan-
lm Untersuchung ergeben sich .. aus der

& Oberdepen

umew

gen der Stmme  stroboskoplsche Untersuchun-
ren sowe Tonbandanfzeichnungen ermSylicht,

Wiihrend der Neuroleptanalgesie bietet sich
dcm Untmuchu cin Dbenichtliches, vom In

h freies U ey bav-
peitsfeld. das den :
,,.ouhd;cnR:ummhﬁx.Elnan‘cd‘ud

jonshatheters aus der Gblichen In-
1crnr)1.’lnocdﬂrﬂlmg in die vordere hommusur
rur Frelmachung der Arygegend und elne da-
mit notwendige emeute Emflihrung des Endo-
skops eribrigen sich Auch kleine Rhehlkpfe
dic ¢ine gleichrettige \ erwendung von Intuba-
tlonsrohr und Endemkop nicht ;;:fuucn e
lichen unter der alleinsgen !
g\sk ¢lne MIkrolanymposkopic
Wihrend der Newroleptamalgesse  k8nnen
unter dem Operatiomsmikroshop die Untersu-
chungen und Emgriffe minntids und chne Zelt
druck vocgenommen werden, da dle narkose
spenfischen Belastungen fur den Patienten nur
genng sind. Dl hreblaofverhBtmosse  sind
weltgehend stabll und jederzelt steuerbar Ge-
fahr durch Asplration von Speichel wnd Blut
besteht wegen Ethaltuag der Reflexe und evil

Acta Oichery r 69

und der ]\ostcn\:rxpumk flr etoen
tn hrankenh

Als Endoskop benutren wir ein abgewan-
deltes Haslinger Rohr das sich wegen seioes
Phuolengriffes ber der Efnstellung des hell-
kopfs durch seine besondere Fuhrighen am-
zeichnet (Abb. 1)

Die Lfinge des Endoshops wurde entipe®
chend den topographischen Verhlmissen re
duzlert, dic distale Offaung der honfiguraboa
und Grale des hehlkopfs angepalt, Nach dem

AN Laryngowkop
sstnnnren ghochreitiy Hand

nach Klamawer Aptoldopas
andgriff.
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. VIBROTACTILE THRESHOLDS IN PURE TONE AUDIOMFT

A. Boothroyd and S Cawlwell
From the Undversiry of Marchester \faxchester Eng amd

Recehed December 51959

In Fig. 1 are shown the threskolds

smations at the b

ST s 0 <1 Gtmri
Normal heariog b
::”;:‘thrnw.mnom
g Pofocadly deaf subfects may omer
2 saliory wemation. Thiv eper

xch & sofficienn imtens]
y hugh ty they

through the sense of touch.
m%bhatemlhkr" sen-

to mr-borpe sound ..
e been reported by vardous workers. Toe
data of Wegel (1922, 1932) and of Fle.her
(1953) were obtained from normal Listeners r
porting “feeling™ sensatroas as 2 result of hugh
cnergy stimulabon. It will be seen that these
thresholds are geoerally higher than those
gren for deal subjects. An eardy determma-
o of + of *deafs -
was made by Schindler (1936) and the wval-
ves foomd by hom are very smilar to those
given by more recent workers (Groen, 1950
Langenbeck, 1965 Barr 1954 Nober 1967)
The resubts which show the most dsagreement
whh the general trezd arc those of Bar who
{nd it llc thresholds st levels of

hold

:’g:ﬂd“ﬂlﬂrymﬁmyhnbemmm-

m:lwmhldmtbanmmbnd

vy beanng when, 1n fact, mone exhis,
TPocting similar threabolds in bone con-

o shing may kead to the faulity diag-
% 2 middle ear condition through the
¢ o an apparent sir/bone gap

Yot on in pure Toos

ey i o

Mancheuer Univenity

£

Hm

100 dB for frequencies of 1 and 2 kHz It
shoold, howerer be pointed oat that Barr's
results show the lowest thresholds of 38 “to-
tally deaf” children and Barr himself feht that
these responses could equally well have been
to vibrotactite or auditory stimulation.

In bone cooduction audiometry the prob-
lem of t more
acute. This & becanse the vibrator b specifi-
cally deslgned to trammit mechanleal vibra-
tons to the mastoid reglon. In comsequence of

testing. In a survey of the population of a
school for the deaf Hughson et al. (1939) felt
that the bone condoction thresholds obtatned
at 128 and 256 Hx were definltely the result

Acta Owola
g



382 A Boothroyd and § Cawlwell

00

oo
1

0% 000
I ]

Fig I Published data for tactlle responses to sound
by bone condoction (wpper curves) and by air coo-
doctlon (lower curras). As {1 av we know all the
alr conduciion data were oblalned ming earpboncy
The data publshed with reference 10 physkal zero
has been corrected fo the 1SO (1964) thresbold val
pes. Data poblihed (n Earope peior to 1964 and et
prevsed with seference (o clinkal 2ero has been keft

Al the booe data sre given
w1 publithed. In few of the difficulties of interns

izt hreshokh

thaga! of bone
it b pobmble that the reference levels vary from
12T to W ket

Af)' b b lthough they were
sausfied that the higher frequency thresholds
were suditory Many writers have referred 1o
this aspect of bone conduction acdiometry
witbout giving q datz For pH
Newby (1964) has sald at 250 Hz the pa
tient may respond to the vibrations of the os-
cillator without actually hearing the tone™
(Audidlogy p. 81) Similarly Portmann & Port
mann (1961) say “onc must explain (to the
paticnt) that with the low tones, for example,
it 1s the threshold of auwditory semsation which
is being looked for (sonorous) and not the
threshold of tactile sensation (vibeatory) ™ (Cli-
nical Awdiometry p 11) More recently Reper
(1965) has stated *  patients with scvere
hearing Josses for bone conducted sounds may

Acks Osolarvag 69

respond to the vibrator with the vibration seme
(pallesthesia) before the bone  condoction
threshold Is stimulated, thereby giving a fake
result™ (Audiometry Principles and Proctenr
ed. Glorlg, Pure Tone Audrometry” p. 120),

Quantitative data on vibrotactile thresholds
In bone conduction testing have been given by
Groen (1950) Langenbeck (1965) and Bar
(1954) and arc Hustrated in Fig. 1 Abo
shown in the figure are the results of Nober
(1963 1964) who has carrled out perhaps the
most extensive work on this sspect of the prob.
lem

Several workers have referred to the possh
bility of other types of response to sound vibre-
tion. For exampic, Bocea & Peranl (1960) have
suggested that the bone conduction thresholds
of severely deaf paticnis may represent “vestib-
ular hearing™ Similarly the feeling™ thresh-
olds for air bormme sounds found by Wegel
(1932) were reported by his subjects to pro-
duce sensations which could be related to ves-
tibular  disturbance, and  Schindler (1936
quotes threshold results for influcnce of the
vestibular apparatus™ which ore different from
those produced by vibrotactile stimulation of
the car Nober (1964) does not accept b
theory of vestibular hearing, however ooc o
his stromgest arguments being based on the s
llar configuration of bone conduction thresh
olds of profoundly deaf subjects and thelf
vibeotoctile thresholds at the fingertips

While many educators may have acelalmed
the discovery of residual hearmg” in a lag®
percentage of the deaf population without 3
critical examination of the possible interpret:
tions of the experimental evidence others hase
recognbzed the powibility that euch so-calied
residual hearing may be tactile Several, how
ever have proceeded o use vibrotactile send
tinty & a possible channel of communiatios
For example van Uden (1958) hm sared,

2l deaf children can react to sound 1n B

carns in a certain percentage of our deal
children these reactions seem (o be very similx
1o vibration fecling. It scems to be probabk
that these children have only vibraton feclof
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e ans  He bas bowever developed edo-
atxml techmques to make manmum use of
o yenutnity

Emphsshs on the vibrotactile semse b abo
teen placed by Guberma (1963) who hxs

mav be able 1o do thrs, bowever Bar (195%)
quotes the case of a deaf boy whn, after many
years of testing. informed the tester that his
respomses to ar condoction testng were to sn
auditory sensatton while Ins respenses to bone

4

through

paced o vanous pars of the body He has
szxd it s pot by pure charce that a deaf

ey In quotes. The pomt In qoesnon b mot
B physical natnre of the stimmbes, which B
exdoaterdly vibratory bt of the sensory mo-
difity throagh which &t b

c testing were to a taotile sensation.
Becanse of their imability to grve 3 rediable snb-
Jectnve report as 10 the nxtmre of the semsatfon
It has generally been pecessary in imterpreting
the results of tests on profoundly deaf subjects,
to imfer thy from such featmres as ar bone
g2ps m populatrons with no middle ear dis-
ordery, the smmilarty of threshold coafigura-
tons with those obtained from vitrotxetile

o ditory areas, the wni-
formuty of threshold curves ameny pornlations
hanvng varnons cavses of deafoess, and the dif
ferential reaction to maskin, of the auditory
xnd vibrotactile thresholds (\ober 19631964
and 1967) Recent work by Rbberp (196%)
however Endicates that t may be possible to
relably distmgonh zoditory from tctile re
spoascs m terms of the discrrmimanon of pen-
odic and apenodic sounds.

It has apparently been overlooked that &
ready source of expermmental matenal exsts in
the form of subjects with profound mitateral

Hmwhﬂk'[hnmxym(orlbe
o ﬂkﬁhold;!omﬂb,“@mm

dﬂln::::fe t penion who is sufficendy
Wtons wig b:“"wdlmﬂmrysm-

deafs Soch subjects have virteally noraral
aoditory perception, bat at the same tme. it B
possible to Investigate ther responses to high
interaty stomulabon of the deaf car The pres-
ent paper describes the resalts of a piiot stody
carned omt on mmilaterally deat subjects and
although the sample was small. it was feft that
the results were sufficsently defintve o war
rant publication at this stage

Abms of the Experiment

The ams of the experiment were as follows:
@ to determine whether unilaterally deaf
sabjects could reliably distingnith between vib-
rotactile and aoditory sensaticas xt the deaf
car

(B) to determme the range of vibrotactle

P to be expected In wr con~
ducion and boae condoction testing

Acka Ooloryny 69
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(@) to sce whether vibrotactile th

hald

tle extremely difficult. In the boee

of a repon remote from the car could be used
n predicting thresholds at the ear

Subjects
Nine subjects aged between 10 and 15 years
were used in the experiments. Each had pre
viously been diagnosed as having a profound
unilateral deafness wath pormal or near normal
bearing m the better ear Scven of the subjects
were boys and two were grrls. Cholce of age
ranpe and Indrvidual subjects wathin this anpe
were determmed by accessibility in a school
population close to the University of Manches-
ter the setung for this research,

EQUIPMENT

A Peters Avdiometer Type AP6 were used for
all threshold measurements. This was fitted
with a 20 dB booster to permut air conduction
testing at levels above those normally available
oa dincal sudiometers, Thresholds for vibro-
tactlle stimulatdon of the fingertips were de
termmed with the bone conduction vibrator of
the audiometer the reference Jevel being that
of the auditory thresholds for mastold place
ment in normal hearing subjects. Pressure ot
the finpertips was apphed by a device dengned

carher reserch by Wilson (1967), which

‘arranged to apply a force of 300 g weight.
‘s b approximately equal to the force ap-
phed by the headband in normal bone con
ducuon testng.

PROCEDURE

The frequencies used for threshold determina-
tions were 250, 500 750, 1 000 and 2,000 Hr
Usnder all test conditions. it wat necessary to
mask the better car of the test subject. That
this should be necessary m both arr and bone
conduction testing 8 obviomt, bot even when
measurmg threshokds at the fingertips suflicent
sound was radiated from the vibrator and
heard by the subject through the better ear to
male the disinctron betmeen aoditory and tac

Acta Oolaryng 69

condochon fests, measurements were abo
made at 4 000 Hz, but no responses were ob-
tamed ot the maximum level avaflable. The
required masking kevels were too high o per
my eir conduction tests at this frequency
Narrow band masking wus wsed throoghoot
and the shadow technique of Hood (1960) was
employed. Thrs fnvolved determinlng threshold
levels for increasing Jevels of masking, it belng
assomed that sufficient masking was employed
when the measured threshold was independent
of masking level for a ranpe of 20 dB of mnk
ing. Throughout the testing, the subject wa
questioned as to the natre of the sensapoa
to which he was responding, and he was In-
structed to respond regardless of the nature of
this sensation Care was taken not to infloence
hs ansmers by such questions as “Can yoo
feel it yet7" but rather “Tell me whether you
hear it or fedd 1™

RESULTS

Fig. 2 shows the median values and ranges of
vibrotactlle thresholds determined In the ex
periment. ALl of the subjects were able with-
out difficulty to dsungosh between anditory
and tactlle sensatons. At the fingertrps and at
the mastodd, all nine subjects reported that the
threshold levels finally determined were of 2
tactlle sensavon. However oae of the nine sub-
yects reported that the masled air condacton
threshold was that of an aoditory sensance.
The threshold Ievels of this ninth subject are
shown 1n Flg. 3 and 1t will be scen that the 2
conduction threshold was well outside the
range of vibrotactile thresholds obtained fro@
the other cight subjects.

No evidence was found of a posithe cort
laton between semstivity at the car and at the
finperups.

DISCUSSION

A stiling feature of the rouls b the wib
range of vibrotactile thresholds, particutarly 3t
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1 and 2 kHz most probably indicate the pres-
ence of true restdual bearing,

It b jmportant to examine the vibrotactile
thresholds in relation to the maximum cutpat
of standard clinical sudiometers. Without the
20 dB booster available on the machine imsed
In ths experiment, air conduction thresholds
would bave been measurable oaly at frequen-
cies of 500 Hz and below and then only for
two or three subjects Similsrdy an sudiometer
whose bane comdoctron output s limited to
65 dB would not have been able to produce
vibrotactile stimulation of the mastoid area in
any of the nine subjects at frequencies above
500 Hz. However even with a standard clini-
cal audiometer there Is a possibility that re-
ported thresholds will be those of & vibrotactlle

jon In & certain p of p it
deaf subjects for frequencies of 500 Hz and

Zfz f
’f

Hasring -
[ '--‘-é- R s
bl g \
» o+ -t st =T
- I 1
» et - T 7T
b
"o 1 +
- 1
1 predict iy vibeotactil
sensitivity at the
:Hmmmdmmfmd-m A sotecion e
h'ﬂbalc;wlr:mpmﬂﬂc e aal Oo— - el
viby Figs. 1 and 2 that the - X Lk E—

threshokds found in this experment
:h&xmﬂmefmb’mrm‘f Fiy 3 Trethold remponses of the ninth sebject Lo
stimulation
PO oticrable exceptions belng the high  wos that the boos coodoction thresbokds were to vib-
B;“"“""'Wmthruhddsmw rotactile sticrolation while the air condnction threah-
Qnﬂnhﬂ,dﬂnmtﬁ" one Okt wers to modkocy stiomlaton.
'“‘Hnmeﬂmthrnhdd;dwodalt ghven.
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DIRECTIONAL AUDIOMETRY
1 Directional White-nolse Audiometry
F M. Toaning
From the Siuate Hearing Center Aarkns Dersnarl

Recetved November 19 1969

dgmlyphctdmnchdchlhﬂphmh
uired. The person to be examined o
at the center of this clrele, with the cars
rthe reference plane With this form of free
field avdiometry it Is also passible 1o examine
people with heanng aids. One of the primary
reasons for the construction of the device to
be described has been to analyse the influence
of modern heanng aids on the patients abili
ties to locallze the direction of white nobe
sources. To have a basis of comparnson, the
directional kearing of 30 gormally-hearing per
sons has been examined

Significant Factors In Directiond Heoring

Directional hearing in normal, binaorally-hear
ing subjects is due malnly to the following fac

tors,
1 Differences in Intengdte The ability to Jo-
Acta Otolary g69

calize sounds is dependent upon the difference
tn the fntensity of the sound striklng the nght
and Ieft ear (Stewart & Hovtla, 1918) Espert-
mental evidence seems 1o indicate that this dif
ference in intensity Js important especially at
frequencies over 300 Hz (Sivian & White,
1933 Rosenberg & Slavinsky 1940 Nordlund
& Lidén, 1963)

2. Differences in phase The ability to locak
we sounds is dependent upon phase differ
ences In the sound impulses striking the nght
and left ear (Firestooe 1930+ Wightmen & Fi-
restone  1930) Jongkees & Groen (1946) be
lieve that this phase difference b signdicant
only by localring sounds with frequencles =
der 1000 Hz. Sandel er al, (1955) found the
lmit as high as 1500 Hz., while Kiez (1957
as well as Christian & Riser (1957) state that
the Jimiting frequency Is about 800 Hz.

3 Differences in time The ability to localize
sounds is dependent upon differences in tone
of arrival of sound at the right and left ears
(B&lé&sy 1930 Wallsch er o 1949 Kietz.
1957 Mauker & Springborn, 1958). The &4
fercoce 1n tme of arrival is especially Jmpor
tant by the localizaton of complcx 30unds
(Chnistzan & Riser 1957) In the Jocalizane®
of such a souree lhcy(cundnod]ﬂtrtﬂ.‘!H
the soand was composed primarlly of bigh
quency or low frequency tones.

4 Tone colour The ability to localure coo*
plex sounds }s, furthermore dependent Bpee
the fact that the tone colour changrs with b



gk of incldence (Aopell & Fite, 1901 Stein~
berg & Soow 1934)
S Freqmency The abllity to locallze pure
tones viris with the frequency It b approxd-
n1irly constant below 1000 cycles, drops rap-
ify 0 a2 minimmn between 2000 and 4000
det, wd thes agaln o Its former level at
bigher frequenchs  Stevens & Newman
1536,
6. The presence of the auwricles abso plays
4ok in the directional perception of tound,
bk bas been mentioned In several papers
El:;nr.l%? 1868 Flsher & Freedman,
7 Movements of the head In making a
datermination of the direction of
# souree of sound, ft b fmportant that the head
& ot fired, Movements of the bead Icresse
te ability to Jocallze nolse sources (dI Carlo
& Brovn, 1961) Voluntary and reflex move-
merls of the head have been the subject
o apainental research  (Wallach, 1939
:;;TLINH Jongkees & ven der Veer

The Selection of White Nolse as Stimuiss

Directional eudiometry I 389

e

1

Flig 1 Armagement of the squipment (0 the anechoic

room-

wn. Brid & Kper Random Noise Geperator Type
1402

tr Teltunlen Magoetophon Type §5 Scoich Meg

netic Tape, 19 co/sc.
o Chanpe~over switch.

a Newcord

kL Loodspeaker Peeriess type
reter 7.5 cm, mounted b 1.2 lher pressurs baffie

&2 Loodipesker Fhilips typs AD 346 X, mounied
in 7.1 Sher pressere buffie.

end Nolse gaoerstor fn sa Amplex Audometer fype
0B1

». Position prar for Joudypeaker k1

. Motor for Jomd speakar arm.

k. Rockwool wedges.

P1 Prrson exsmined.

P2, Operator

Apparatws
Not all of the functions of the epperatus 0 bo
described here were used in the sommations
published In this paper Other functioos are,
however msed In expermments which are t be

published later It is therefors ratioml to de
u:dbe\hemdmnpp-r-mslnthhpumax}m.

Acwy Oolaryng 69
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The equpment, the observer and the person
bemng examined were placed in an anechole
room (Fig. 1) The dmmenslons of the room
were 4 75 meters long, 2.90 meters wide and
2.25 meters high. A loudspealer (A1) could
be moved eon 2 circumference of a cucle with
dhs 09 m centered corresponding to the
center of the head of the persoa tested. This
arcle lay in a horizontal plane golng through
the cars of the seated subject to be examined
(P1) In front of the Investigator (P2) there was
8 selector (p) which permutied positoning of
the loudspeaker (A1) at miervals of 30 deprees
aroond the ook Another loudspeaker (A2)
could likewise be moved sround the same cen-
ter a3 Al in a coocentric circle with radlus
of 095 m The two speakens were so arranged
that they could not shickd one another Speaker
h! coald reproduce either white nolse from a
nolse penerator (wn) or speech from a tape
recorder (17) as selecied wath the switch (0)
Speaker A2 could reproduce only white nose
from a generator 1o an audiomcter (aud) In
addition, there was an Interrupter (/). an at
tenuator (@) and an amplifier (a) 12 the ex
periments reported in this paper only spealer
h1 was used. Both speakers were hidden from
the subject by a thin bat pontramsparent black

fton curtain. On the side facing the subject

curtain was marked at intervals of 2.5 de-

s whh pumerals and letters, which were
wed by the subject to mdicate the apparent
posinon of the nokse source, le. where the
speaker was thought to be, The subject 1o be
examined was siiting in an arm chair with a
bead rest, allowing movements of the head.

Calibration of the Apparatus
In makmg the mtensity mesasurcments de-
scribed below in paragraphs, 1 2,4 and 5 a
Brilel & Kjer Sound Level Meter Type 2203
and Microphone Type 4131 were wsed.

1 With white nolse produced by one
speaker at a time, measurements showed that
the sound level dropped approximately 6 dB
when the distance from the speaker was
doubled (from 0.45 to 0.9 m)} ladicating that

Acwm Owloryng 69
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the room was sufficrently anechoic for oar pat
poses.

2 Placing the microphone at the center d
the ortital paths of the speakers, snd oen}
white nouse at the level of 65 dB, the speaken
were turned =10 m the borizontal and verth
cal plancs from thelr axes In the speaker
mountings while the sound Jevel was measured
continuously No measurable vanatin b o
sound level was recorded, Indicating that ¢
radiation pattern of the speakers was estt
tially spherical in the zouc where the bead d
the person examined was to be Jocated.

3 With o Bridd & Kjer Automsic Fre
quency Response Recorder Type 3308, Mice
phonc Type 4131 curves were prepared kx
cach spealer (Fig. 2)

4 At the polnt serving as the commoa &%
tre of the subjects head and the coocesttE
paths of the speakery, the molse level 3t &
65 dB sciting was measured with speaker Al
In each of the 12 positons. Only In the 170°
and 210 positons could a variaton be o
served with certalnty (— 0.5 dB and —0.6 &
respectively) These varhations were ignored.

5 Cormesponding messorements of &
speaker 42 in its four positions did not indiest®
any significant measurable varfation.

TEST MATERIAL
Persons with normal hearing wero used a3 #9
subjccn.l'bcymcomﬂerrdtohnﬂmm"
hearing when the threshold for air-
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Table 1

Lowdspeaker

pocioon ..., 0 E 90 120° 1% 1 210 240 100 X0 107

o -017 +142 Q50 4033 +030 -073 -033 133 —109 —Q.I7 —038 -158

l; 13l 33 33 421 412 46 4357 41 1S I3 3180

&1 681 650 687 718 R6l 985 945 935 865 132 650 798

Uperlck  +664 4792 +737 +751 911 911 +912 +1068 ~757 715 597 640

Lowerbrakt  ~6598 —508 —637 -645 —L11 —10.61 —978 —L@ 973 -749 —708 9.5

Revalts of the mettarements of directional hearing made on 30 experimental subjects with normml beariog. The figures

iﬂrm&mg&%hmvwmmmﬂmdwmm dockwine devibon ()
oean,

J..h-h:ddnhnm.(Vthnacorma:dmmwShq;;md-)

&5 bxhcatss fa degrees the distance from M to the Limits of 93 % significance (¢ = 2.045).

hl&-:mhahizmﬂmm:nnknhudwhﬂuﬁ% of the populstion around the ectoel posmon of

Toes in the range fram 125 to 8000 Hx was
10 48 bearing lows o better (Beitrsh Standard),
ol b1 the range from $00 to 2000 Hz, bo
bﬂm““‘”(ﬂlftihﬂklOdBtrc:ﬂn;ltnsur
beter) was required. Prequencles tested. 125

ﬁ‘mmmmmmm

Wie & Robinson (1961)

Tie it eubjects were 16 women and 14
523, fram 19 to 52 years old, 17 of them
N2 19 and 24 years oid. All were right

handed, and had negative historfes of disexses
of the ear and central nervous system. By clini
cal examunations the outer ears, the meatus
and the ear drums were found to be mormal

METHOD

During the examination of esch persan, the
speaker was placed b the 12 didferent posi-
tions accordmyg to a table of random numbens.
While the whits noisc signal was presented for
a period of approx. 10 sec, the subfect was
permitted to turm the head about 5 to the
ﬂgh!nndldv.\%mdmnobcmandmdoﬂ
the subject was requested to indicate the diree
thon of the noise source. If it was thought that
the nobs¢ came from behind, the subject was
asked to turn and resd off the symbols indicat-
ing the directlon of the noksc source.

RESULTS

The results of the examinaticns of the 30 sub-
jects arc presented i Fig. 3 where the distrl-
button of the 360 recorded results are indl-
indications to be

€3 Mactrre. dart normally distributed. (Statistics in this artide

T rokicn of cha oy T O 1% M pccording to Duton & Masssy 1957)

h:mm“mhhammm The figures i Tablo 1 aro for each position

g omre Indicaie de- of the loudspeaker giving the degrees of devis-

rved e ey o oo O obmrvatons The o of the indicated posdtions from the actual

trbaion (5o g g} p TR whb the mormmal dn- " diae chockm
<P 4 degrees of freedom). p Positive indicate

Acta Otolaryng 69
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deviation, pegative Indicate tockwise
deviation, The mean (M) and the corrected
standard deviation (s) for each position are
calculated, together with the lmits inside
which 95% of the localimtions were made
Because of & class Interval of 2.5 degrees Shep-
pard s correction was nsed, subtracting /12 of
the Interval from the variance

To permit a clear visualizatlon of the test
resulis, the results are graphically presented in
Fig. 4 in a coordinate system simllar to that
used by Jongkees & Groen (1946)

In Fig. 4 shows the objective positlon of the
source (abscissa) and the sublective positdon
(ordinate) Correct localization of the sound
soures will thus result In points Iying on the
line shown in the second and fourth quadrants
of Fig. 4 and {orming an angle of 45 with the
axes, Incorrect Jocalizations will thus result in
larger or smaller deviations from this line

On the bash of the figures calculated
Table 1 two nddittonal dotted fines have been
drawn on Fig. 4 gving the approximate limits
of the area covering 95% of the results of the
directional hearing tests made on the 30 nor
malty-heaning subjects exammed As our ex
periment permits indication of the location of

¢ sound source with a fincness of 2.5 degrees

pructical use of the graph has necessi-

rounding up the calculated 95% prob-
ability limity to correspond to tho graduation
on our apparatus These approximated Iimits
to the 95% probabllity band have been drawn
in Fig. 4 (dotted Tincs)

COMMENTS

Jongkees & Groen (1946) and van der Veer
(1957) made usc of & similar coordinato sys
tem They investigated directional hearing of
pure tones in a borizontal plane on that part
of & clrcle lying In froat of the subject (the
half circle from 270 to 0 to 90 ) They
found that a normally-hearing subjects deter
minations, when plotied in thelr coordinate
system, resolted m an § shaped curve. The
shape of this curve was statistically verified
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same tendency: The band giving the approxi-
mate limits of the zone contatning 95% of the
indications shows a twisted path, also In the
area behind the subject (from 90 to 180 ©

Tabke 2. Variance of the derlation of the memt
by localtzing the nolse source Analysed for fowd-
speaker positions and for persons tested.

F youty, showt 2 significant differerce between the podtioch

Fppes thows & highty significant difference betwres [
Degreesof  Sum Mt

Yanatioa freedom squares aqoared

Between postiom 11 Ay 1978

Begween peftom k<] aty 1M

Remainder 319 &71.9881 21065

Total 3 [ R

Fm‘i{% 169 Frn>Ps

1791
Frs=37065= 4% Fors>Fom
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different persons in the accuracy to localize
the noise source

The graph plotted In Fig. 4 gives an fm-
peession of the abilities of 30 persons with nor
mal hearing to localize a white nokse somree
This graph will be used as a basns of compzri-
ton during later tests, when examining and
evaloating the localization of white nolse by
peticnts baving impaircd hearing, with and
without hearing alds.

ZUSAMMENFASSUNG
Bs wird die honstrultion und dw Eichung einer An-

meams, we find that M docs pot differ slgnifi-
cntly from O except for the positions 30 and

330 (Test used: O-hypotheshs refected i O b
autsde the Fmits of

Mj:l‘ 1> Py

Huwevtrbon.hforﬂndxﬂermzpmommd
for the different posttions of the nokse source,
Ty of the varlance of the deviation of the
mexn shows a marked significance (Table 2)
Etch of the persons tested made a systerna-
&cmxofnpcumalnmumtbybdicnﬂng
the subjective poeltion of the nolse source For
cach of the objective positions of the nobse
oerce, wo fornd a gystemanc error by mdt
Cating the mubjective positions of the source
The sccuracy In directsonal hearing ability
PPexTs 0 bo a function of azimuth of the
o Exprensed bn the varunce found in each
Position, thhy varlation Iy at maximom between
150 and 210 end at lowest wt 30 ond
330 (Fig 5)

However Bartlett's test for homogenity of
vartances shows 2= 14 005 for 11 degrees of
freedom, giving 7" <P e The cooclmlon k,
therefare, that for our 30 experimental persons
there b no significance i these variations.
Cochnan s test of hamogenlty of vartances
1hows 0o significant differences between the
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Iscralization bave been

! Siemltaneoos rovenes to
Uﬁmhtmnrn:omulh-op:ﬂtdw
brromes seperior to the non-opersted

!
F
3
{
:
i

oa the midlme of the skull, Ths tuning-fork
test is genenally called the Weber test, although
it appears that Veber dud not describe any test
of this kind. He described (1834) only the phe
ol jon of bane cth
o0 occlosion of the external ear canal The
first description of bone condrction lateralza
tion a3 a diagnostic tool to distingnish between
perceptive and conductive deafncss was given
by Schmakz (1846), as far as we have been
ablc to determine (Huodzing, 1967)

ation of B C Lateralization into #e
Conducthe Impaired Ear

Expl.

i
I

A satisfy ¥ exp fon of the ph
of lateralization in the bed car In conductive
deafness s still lacking. The old theocy of the

-

i
i
H

i

i

Booe conduction s lateralized fnto the better
T In sensory-peural deafness and o the
poorer ear in cooductive deafoess. This phe

fmpaired “Sch (Mach) and tho
Maskmg Theory are both absndooed. Accord-
ing to a more recent hypothesks (Tanab 1958
Langenbeck, 1958) this Ilateralization results
from a phase difference between the two coch-
leac, tho car with the condoctrro loss belng
leading in phase. In the experimental anjmal
a change In the middle car syxtem indecd re-
sults In & cochlear phase shift (Legouix & Ta-

known that 10 &ir condoction a pure tone stim
ulus, when offered to both cars with an inter
wural phass dufference, ghves rise to a bt
nﬂmotthﬂwundhmxzotnmﬂmc:;,’

Acs



396 E H Huldng

is leading in phase. This holds especially for
the lower frequencles (Gamner & Werthemmer
1951)

In & previous personal study (Hukzing, 1963)
it was found that In alr conduction for a 500
Hz tooe lateralization s perceived at internu-
ral phose differences from 40 to 140 with
a maximum lateralization at 90 phase differ
ence The intensity of this lateralization, how
cver appeared to be rather weal, ranging from
50 - at 2 40 phese difference to a maximum
of 75% ata 90 phase difference Morcover it
was found that the maximal lateralization at

A preliminary report on the results of i
study appeared somc years ago (Hubmg
1967)

TEST PROCEDURE

Weber-lateralization was determined pre wd
post-operatively by means of & B C. oscillstar
placed on the midline of the forchead. This
site of application of the stimules was chosen
a3 it Is the most commonty wsed in andiometd-
cal Weber testing. The examination was car
ried out at 250 500, 2 000 and 4 000 Hz. All

90 phase difference B already lted at an
Interaural intenstty difference of 5 dB or more
Almost identical data have been obtnined by
Naunton & Elpern (1964) In 2 slmilar experi-
ment.

These and other experimental data (Sedee
1957 Groen, 1962) Indicate that interaural
phase differences form a foctor that can con
tribute to the lateralization of bone conducth
Into the poorer ear in conductive deafness, It
docs not however seem to act as the only
component in the generation of the phenom
enon, which is still not well explained.

Present Study
be alm of the present study was to investigate
in cases of bilateral axymmetrne conduc
¢ deafneny, bone condoction (B C) faterali-
ration 1 affected when the poorer ear has been
transformed by siapes surgery into the better
ear For this purpose Ization was tested

test frequencies were offered 10 times o a ras-
dom procedure The intensity of the simofi
was 40 dB HL, the duration 1 sec. The patlent
had to chose between a right, left, and midline
localization of the tone as fs wsual [n the clas-
sical Weber test. The test wes performed the
day before surgery and post-operatrvely afier
4 days, 11 days, 3 to 4 weeks, 2 months and
thereafter according to the results. Purc tooe
audiograms were made at the same tume, €X
cept during the first weeks after surgery

RESULTS

In the cases dncussed here three differest
types of postoperative behaviour of booe cot-
duction [ateralization were observed.

1 Sinmudtaneous Reversal of Lateraliation
In the greater part (37) of the patients 1
laterall d 1o shift into the contrr

in 90 patlents with hilateral asymmetnc con-
ductlve deafness due to otosclerosls, before and
after stapedectomy In the poorer ear In all
theso cases the stapes was totally removed and
repleced by a gelfoem-wire prosthesis or a Tel
lon piston.
Included in this study were only thoso oto~
sclerosis patients
(a) who showed a purely cocductive impalr
ment withoat sensory-ncural loss, and
(b) in whom the operation had been suceessful
and had led to a tramaformation of the
originally poorer car into the better esr

Acta Otolaryny 69

lateral car as soon as the heanng of the o
erated ear beeame superior to that of the ot
operated ane This we call 2  simultancos
reversal” of the lateraluaton as it occurs #7”
proximately simultancously with the tm
formation of the operated ear from the 85
with the greater conductive loss Into the 8¢
with the smaller conductrve loss. This

of lateralization 1 fn sccordance with oar &
pectation, since we customarily find the Webef
Lateralization dirceted to the poorer car in b
lateral conductive denfness. In general, 8
reversal of laterslimtion was found to
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Tieht ear hes become the better hearing ude | month  after surgery kateralizntion has compietely reversed to
her stapes sarpery latrraliration bes not yet ahlfied  the left

2 Late Reversal of Laterdilzation

Tn a rmmnber of cases (24) however the lateral-
Iration did not chift into the contralateral ear

T Temn

shmultancomly with the hearmg improvement
It took weeks or mouths afier the time at which
the operated mde had became the better ear
before lateralization was feversed into the
contratateral side. This we call a “late reversal
of lacralization™ Flg. 1 gives an example of
this type
Frequently such a late reversal was found
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Gradud lete rerersal | lateralization. Grad-
revermal of BC. Isteralizabon mnio the opposita

Fiz
wl
with & daw chilt of the latereliration towrrdy
the oppasite tide which took place [n a perrod
of several monaths after the definite heanng m-
provement had been atamed.

3 No Reversal of Laterall ation
In 29 patients, B C Interalization did not ¢hift
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ear jn  period of several mooths after sttaismest
bexring gain.

of the defintte

opernted side {2 into the ear with post-opeTd-
tively the smallest amount of conductive i
peirment. The Weber test in these cascs b &

into o

better ear In asymmetrical conductive deafnes-
Two examples are given in Figs. 3 and 4
When comparing the A C. and BC

to the opposite ear dunng 2 follow-up period of both ears wo would expect in both caws &
of 110 4 yeans. It remained directed fnto the  laweralimtion of B C to the ear with
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peood of 20 and
tely 7 mouths, respec
In some
puxat the phenomenon of the
Poadozcal Weber was found for all test fre
_]:h%:ﬁ).inmummndm
oady (Fig. 4) Sometimes, the

" el Weber appeared to be a temporary
»rved ad 8 very late revernal was ob-

2000 4000 H

come the betr car The parmdoucal Weber re
moained coottemt durlng the compicte follow-op pe
riod of 20 moaths.
as
1=
2000 4000 Hz

3
I O

™ M D W0 m Hr
right side 2 momths powt-operathely Far 4,000 Hz
It reversed immefisiely probebly m resolt of
snall trswmatic senxory-neurn) lom for the highest
frequenciey.

others a Iate reversal or no reversal occurs is
ot castly explained.

Three hapbms have to be dered a3
{actors governing B C. Iateralzation after stapes
surgery in otosclerosh.

1 Insercochlear Intensity Differemce
The fist factoe mvolved b the mtensty dif
ference between the two cochleas in boae con-
docton. It Is well known that stapes surgery
may bone d n Jerosts
n two different ways. In the first place, some
high tone loss may result doo to iooer car
tregma. Secondly and more mportant for this

joxs” (also called Cashart potch)
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From the expenmentsl] results we know that
in alr conduction an Intercochlcar intensity dif
ference of more than 5 dB cvokes latcraliza
tion in spie of an opposmg phasc difference
Therefore, a post-operstive bose condoction
improvement of some 5 to 10 dB (as is s0
frequently encountered for the middie frequen
cxs) will probably maintain the lateralization
to the operated ear irrespective of any inter
cochlear phase difference.

Intensity difcrence therefore plays an im-
portant roke in determining lateralization. Al-

As we know from the experiments men
tooed above an interaural phase didference
can cvoke BC. lateralization albeht weakly
and easily cancelled by an opposing intensity
dilference A change of Intercochlear phase
difference will therefore be onc of the factons
determining the post-operative B C. lateralba-
tion. It does not scem the oaly factor invoived,
however Two findings at least cannot be ex
plained by this factor alooe, Le.. (a) the ob-
servation that replacement of the fixed stapes
by a prosthests in somre cases feads to & simul-

though probably more important than phase
dufference, this factor too seems to be pot com-
pletely dommnant, as may appear from the fol
lowmg:

(a) It is penerally found that a B C. gain af
ter stapes surgery (when present) mainly con-
cerns the middle frequency reglon. So if In
tensity difference were the dominant factor we
mught expect a different bebaviour of the ate
raliratron for the various frequencies. This ap-

tancous reversal of lateralization (simultameons
with the hearing pain) whereas in other cases
& late or no reversal occurs, and (b) the ob-
servation that in some cases a reversal of later
aluation takes place months after the definte
hearing paln is antained.

3 Louwdness Habituation
A third factor therefore seems to play a rok.
In our opinlon, loudness habutuation might be

pears to be not the case although the b F
o{l.bclamllnt}cndtmd.‘ﬂmforthcvar#
ous frequencies, s directlon Is generally to the
same side. This holds especially for the low
nd middle frequencies.

(5) The gradual revensal of lateralization ob-
_ cd in a period of months after the definte

earing improvement has been attained, abo

Hered such a factor
It s well known that afier successful stapes
surgery many pabents experience soands o
moderate Intensitics wth abnormally Ligh
loudness. It takes weeks or months before 2
normal loudness mterpretation is aftalned. A
period of habituation to the new range of
sound intensities appears to be pecessary Thi

cannot be dained by an & hk In

h may be partially due to a middie

tensity difference In genemal, no forther im
provement of air or bone conductlon can be
expected Iater than three months afier opera-
thon,

2. Intercocklear Phase Difference

A second factor to be contidered s intercoch-
lear phase difference. Replacement of a fixed
stapes by a mobile prosthesis will change the
mess and the stiffness of the mxddle car system,
which leads to a shift of the relative phase of
the vibration of the } Thn
phase shift will increase or decrease an existing
mtercochicar phase difference or in cases of
symmetrical pathology produce such a differ
cnce.

Acta Qrolarvny 69

curn.udnmc.hlea:dy:funcdmunmul!ul
the recent surgery A meurophysiologpcal mech-
anism of habituation scems to be possibe
as well. In this connection we may point 0
the temparary loudness discomfort so aften X
perfenced by patients 1 whom a longstandmg
meatal obstruction is removed and by the bard-
d—bmingh"bcmlhmhg—l}dhﬂﬂtdfﬁ
the first time

A lonptanding deafness lesds to a relathe
xmx{rydcmndouolthelﬂcdedlﬁ&n
scems not wnlikely therefore, that a sudden
hearing improvement in these cases o A6
a temporary imbalance of the central mecha-
um that evaluates the stimull arriving froo
both cochleac The information derfved from
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e exr that hat been acoustically understim
siated for mamy years, may be relatlvely over
etimaed doring a certain perlod of time 1f
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HEARING IMPROVEMENT AFTER STAPES OPERATION IN
RELATION TO VARIOUS DETAILS OF SURGERY
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the inner ear fluds (Omchi, 1961 Meler,
1961 1963 1964 Zwislockl, 1962 Guimm

the middle ear s o mechanikal system com-
posed of mass or mertla, stiffness, and fricoon
or resistance. The inertla consists of the mass
of the casicles and of the tympanic membrane.
The suspension ligaments of the ossickes m-
cluding the annular Ggament bolding the stapes
footplate In the oval window the attachments
of the t and the tympioe

muoscles, all contribate o the suffncss of
system. Most of the Inerua b doc to the mib
Ieus and incus whereas the mass of the stapS
amounts to oaly 1/20 of the whale inert

In soch & system an increase m inertis o
creases the impedance a high frequencies. Tb
impedance due to silffness Increases with &=

to the diseased arez of the stapes stself has
aimed to reconstruct a system capable of trans-
mitnng sound to the inner ear and including a
fonctioning oval window and a connection from
the 10cus to the window
The lmes d i the

surgery have been based on the knowkedge of
the nommal middle car mechansm According
to the present cooceptions the middle ear acty
as an mpedance transformer matching tho low
Impedance of the arr to the hugh impedance of

Acta Oxlaryng 69

£a11.

ing frequency The resistive compooent of
the system 1 independent of frequency

In the norma! middle ear the ossxles do 8%
vibrate as a sngle ripd body a least oot B

the meudo-stapedial jomt constitates 2a el
connection between the incos and the coci
In ths fomt there is loss of energy at bigh 7
qucncb::dmngwcmdooudnrﬂmlhmﬂth'h‘
middle ear to the cochlea (Mpfler 1961)-

In otosclerosts, bony fxation of the sUP
footplate to the margins of the oval wdo¥
limits the vibratory movements of the StEPS



Tho futon lncreases the suffncss of the
sowod eondocting mechanism and results in in
aensed mpedance and attenuatin at ower
breqouencies. Thus, there 5 n Joss at Jow fre
qenckes m the carlier stages of the disease
(Crhart, 1964) Higher frequencies are In-
whed later The condoctrve heanng loss
mounts to some 5560 dB when complete
(Sambangh & Carhart, 1951)

In otscleroue surgery intervention o the
rpo of the stapes resalts in changes in sev
enal of the details of the sound condoction ap-
pam. A new soand conduction system is
aeted with differcnces espechally m (1) the
reodo-stapedial fotnt, (2) the mass, sze, and
csticity of the stapes or its sut if pros-
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also provide us with information on the patho-
physiological mechankm (Zwislocku, 1968)

One way of obtaining indirect information
on the post-staped y sound d b
to analyse aud ¢ hearing Imp
at different frequencles A selectne change in
the vibratory mechanism of the mrddle ~ar can
result fn a specific high or Jow tone loss, which
may remain undetected if oaly the meaa of the
speech frequencies bs recorded in calculatron
of the hearng Improvement.

The porpose of this paper Is to present »
senes of patents operated on with differen
techniques and to draw conclorons by com
parng the bhearmg tmprovements at different
frequencics, as 1o the postoperative sound coo-

feo materiahs are used, (3) the comnection
between the atapes and the cochlea, and (4)
te tre and function of the oval window Ac
corfog to many of the clinical reports, this
oW gormd o Fant 1
#ood functional resalts In 80-90% of the oper
&d eans, slthough the artificial mechantsm
&lers from the normal,
dewnmdcmdmuknplnceln
#ch a0 artificial system? Which of its detalls
;“wwramm
h‘mW'Y?Amm‘meﬁnqmm
chmﬁlhnpuhmumndlm
;“Andﬂtndd,lm) In cadsver ears,
€ver the flbrous connections arming in the
® healing period are mossing. Since,
hwmmmpﬂmm
bearing improvement during the first three
SrmImm g

dection.

MATERIAL AND METHODS

The study is based on 354 ears operated on
In the period of 1961-1966 at the Helsinkn
Unlversity Otolaryngological Hospital by ex
perenced surgeons. The material was selected
from the total 1014 otoscleross operations.
The cases fulfilling the followmng cnteria were
zccepted. (1) operations performed by experi-
enced surgroas, (2) coatrol audiometric exam-
Inatlon 6 months after surgery (3) no previows
operanon In the ear concerned, and (4) » pre
operatve abr-bone gap of at feast 20 dB at the
avdiometric frequencies 500, 1,000 and 2,000
Hz or at least two of them.

Fig. 1 gives the age distribation of the pa-
ticats. The vanoos surpcal techniqoes em-

C;;I:‘dd 1959 Porimann, 1962 Riedi &
o 1962 Siinla ef o, 1969) A number
CIpermnents have been conducted to darify

Blddle car
feremy directly after application of dif

sargcal techoiques (Myers er o 1959
:"“‘D\mhp.wu Lawrence, 1960- Al
&, 1964 Coule & Tomndorf 196¢
ok, 1966). Measmrements of the tmput im-
of the car in operated patients can

ployed aro p i in Table 1 m refation to

the oval window Table 2 lists the type of
oval window membrancs used. The stapedius
moscle had been sectioasd fn 191 of the 253
puﬂ.lmpcdcam-nks.Ammnd.mﬂcd;mly-
sk of the sargical techniques ks given elsewhere
(Silrals et ad  1969)

The postoperatt diogr biaiced 6
months after surpery were compared with the
peecperative ones The audlometric threshold
alues for different frequencles were recorded

Acka Orol
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g 22

194 20

u 1] [1 o
2 W O 50 8 NN yan
Fig I Ags distribotion of patients (%).

for computer anslysis, done on an IBM 1620
digital computer For each awdiometric fre
quency the followmg values were cakulated
(1) change m gir conductlon from pre to post
operative, and (2) closure of air-bone gap as
a difference between preoperative bone con
duction and postoperative alr  conduction
thresholds These two paramcters, rcpresent
ing heering improvement oc loss, were tabu-
lated in relation to the various detalls of
surgery Slgnificances were calculated In the
case of large populations with a test of dif
ferences of proportioas (Speegel 1961) and in
the case of small populations using hyperpgeo-
metrical  distributions  (Documenta  Gelgy
1960)

) RESULTS AND DISCUSSION

The changes in alr conduction thresholds In
the whole material 6 moaths after sargery are
pven in Fig. 2 The general trend is a de-
creasing galn and an Increasing loss with in-
creaalng frequency Thb trend accords well
with other reports In the htersture (Tonndosd,

Table 1 Types of inas—oral window conmections

No.ofean %

Antenor cros 17 43
Posterior am 171 42
Anterior and

postenor qrurt. 63 13
Polyethylens

prostheths 101 7
Total I o

Table 2. Grafiing materials used to corer the ora!

window
No oleas %

Fascls 39 01

16 45
Otber materiah such
as fat, veln, exe, " 40
Not stated 5 4
Total 354 1000

1959 hos, 1962 Poparella, 1960 Colman,
1962 Schwetz, 1962 Stenger 1962 Shea &
Somabria, 1963 Ronks, 1966 smong othen).
The high tone afr conduction loss has beem
variously explained. Tonndoef (1959) atirk
butes It to cochlkear damage caused by high
amplitode sudden transfents doring furgery
Schwetz (1962) considers it assocrated with
factors of the artificial ossteular chain, foe ko
stance the length of the prosthesis, rather than
with cochlear damage, Shea & Sanabna (1962)
believe It Is dus to a decreased mass of the
artificial ossbcular chaln. On the comiray
Stenper (1962) nttributes 1t to an incTeass
mass and to a decrease of stiffness [n the
middle ear

Fig 2 QGrapbh showing alr condoction
lhevhotem-:erl.nl(x)ndmrrmmqnmdu
gxim of than 10 dB (cerve
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Flg 5 Graph shoming oserclomnre and cosure 1
alr-booe gap to 10 dB or ks (%) mt cafferent fre
quencies ming pohethylene (cun 1), posterior am
(curve 2), aaterior and postenor crura (corve 1) and
anterior crus (curve 4).

air conduction cannot be expected to improve
s0 much,

Three fypes of attachment were med wth
polyethylene prosthesis: (1) no spectal mess-
wres for attachment, (2) the so-caled “wing-
grip” typo (Stirale er o 1962), and (3) the so-
called self-lockmng -type (Surala, 1965) Com-
parison of these three types of attachment
showed po mgnificant differences as regards
gin jn air conduction threshold. There are
scveral reports coocerning the couplmg be
twreen the prosthests and the incus (e.g. Myers
e o 1959 Goodhill, 1962) In the experi-
mental study of Andersen 1 o (1964) jump-
ing and dislocation of tho prostbesss coukd bo
demonstrated cspeclally at high sound pres-
sures. Audiograms, however are taken at low
sound pressure levels. In sddition, the experl-
ments of Andersen ef of were made on cadaver
cars, in which the fibrous connective tissne tent
growing around the unlon of the prosthesis and
incs postoperatively was, of course, absent.
When the threshold changes were compared
in respect of the varkous connections wed be-
fween the brcus ond the oval window tho re

peosthesis (curre sults shown in Figs. 4 and 5 wero obtained

for galm in air cooduction and closure of air-
Ack Occleryng 69~
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bane gap respectively It was found that the
anterior crus is inferlor to the other techniques
at lower frequencies (250 and 500 Hz) a dif
ference reaching 0 05 level of aignificance

The difference between the techniques using
posterior and antenior crura i mainly in the
type of coancction formed at the incudo-
stapedial joint between the stapes and the
incus. A loose linkage at the joint moy result
in decressed sound conduction as demoa-
strated by Clark & Dunlop (1968)

The clastic modulus reporcted for polyethyl-
cne I3 about 4.5 x 10°N/m® and thus remains
sbout 10* imes smaller than that reported for
bone thsue (sccording to Carothers ef aof
1949 2.7x 10 *N/m% However according to
the present results, no such differences are ob-
tained a3 might be accounted for by the dif
ference in stiffoess It may well be that the
normal stapes is even stiffer than necessary for
good sound conduction.

The prosthetic materials used do not differ
significantly from the normal stapes as regards
mass (polyethylene tubmg, about 5 mm i
length, has a mans of 4 mg, whereas, accord
ing to Kirikae, 1960 the mass of the normal
stapes s sbout 3 mg) Thus the difference be
veen the masses i o small that no differences

yhearing improvement can be expected on
hat batis. According to a number of expert
mental studies, small differences in mass do
not matter while & greater increase results

jor at high frequencles (La

1960 Anderscn et of 1964 Kirikae et of
1964 Cottle & Toandorf, 1966)

On the whale, as regards the incm—oval
window coonectron, the peesent resulis agree
with other clinical reparts thero was no ob-
vious tendency for any ane material to provide
better galns (eg. Myers, 1962 Kaplan &
Shambaugh, 1961 Plester 1963 Salvd, 1964)

The comparison of cases with a sectioned
and an intact stapedius muscle showed no
statistically significant differcnces in hearing
fmprovement. The prescnt results, however
are based oa hearing tests at rather Jow sound
pressarc kevels, where moscle contraction docs

Acta Otolaryny 69
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Fig 6 Graph showing overclosire and closure of
alr-booe gap to 10 dB or bem (%) at &fferent fre-
quencics obtained by complete fencttration of the
oval, window {(circle | 212 ears) and by Incompice
fenestration (curve 2, 62 eans).

not yet take place. This may explain the loss
of difference,

In the reglon of the new ovel window sev-
enl details of importance should be consid-
ercd, such as: (1) the size of the fenestrated
window (2) the type of grafting materlal, (3)
the type of coupling between the oval window
membrane and the prosthesis, and (4) the sze
of the tip of the prosthesls or stapedial aws ln
relatton to the size of the membeane
(v Békésy 1960)

Complete opening of the oval window gives
somewhat betier closure of the air—boas g3
at all frequencies (to O 05 level of significence)
than does Ircomplete opening (Fig. 6) Saff-
ciently extenstve fencstration is required to
prmrd:lgrcatmoughvolmdkplmrﬁd
the nner ear fludds. The results arc thus 2
agreement with those of Heermann (1960) and
HiaviZek (1967).

Operation without grafting marerfal seems 2
offer a smaller chance of good gam at ko®
frequencies (Fig. 7) than the use of fasclt
for instance A thin membeane 1 formed 08
the oval window even when no graftng is ued
(Goldman ¢t ol 1963 Thomas & Liv, 1967
However the vibratory propertics of sk #
membrane may not be as good as after spplics
tion of some grafting material. Unfortunately
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fn this study between the polyethylene pros-
lhcshundthtlncmaﬂmurcpodsound
tramsmissson,

2. The different stiffness of polyethylenc
prosthesis a1 compared with the stapes does
naot caose any difference in sound conduction
In the middle ear after surgery

3 Poorer low frequency results are ob-
tained whh the anterior crus than whth other
techniques.

4 Small changes in the mass of the incus-
oval window coanection seem to play no role

5 The fonctional state of the stapedim
muscie has no effect on tound ransmissror.
after surgery at threshokd sound pressure
fevels.

6 From the point of view of sound trans-
mistion, complcte fenestration of the oval
wimdow appeass to be better than incomplete
fenestration.

7 A better fcaring improvement 15 ob-
talned by sesling the fencstrated oval window
with some material than by keaving it unsealed,

ZUSAMMENFASSUNG

Eing Serfa von 354 Stapedeljomaen, die ein Teil tnes
enchiedenem Verfahren

e ncns and e fenes-

o the surgical techniqne de
mﬂ.m!mnmber&mthom

i

lﬁu“":‘“f.vpt-:alu:t:cl:mmtnm:d

Reyaltat vor 5 Dwe Erpeimbes waren aach vorsel
hater falls day Fenster mit irpendciees Material ge
deckt wurde.
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DEVELOPMENT OF DICHOTIC AND MONAURAL HEARING
ABILITIES IN YOUNG CHILDREN

M. Nagatuchl

From the Departme 1 of Amdielory wnd Sperch Parkolory Facalty of Edweation
Toholx Untversicy Semdal Japen

Recelved Angou 20, 1569
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18614, b Duks, 1964 Inglis, 1965)
ninm:nh‘dﬂh!btdﬁmumdidu
Py tight ear arc more accuratcly
m&tc,;!ntbcmnhedmdc
te speech fs represented
et bemisphere. Kimara (1963) tertod

Pendy
L

dichotic listenung of children from age four up-
“rdsmd!omdbmhboyﬂmdlﬁbnwwtdl
significant right-cxr superiarity

The authoe has investigated the development
of central muditory function concerung specch
development In young chikdren  The present
experiment was destgmed to clucidate the de
velopment of dichotic and monaural scparaton
abilities in young children using dichotre and
monaural Intening. The tefm dichouc  Usteo-
ing means the simultancous presentation of two
dm’u'mt‘u'dswtbemoctnmd moosu

" fistening means the simultancows presen
mbno!mdﬂ'fau!!-m’ds(ooncmonly
(Fig. 1)

METHODS
Swbfects

Tooutiulmpmﬁwﬁhcbm5)o@1
datts wth sormal hearfog were selectod 2
iamlcnndzmlnm;rwmd o
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(A) Drchotsc Mod
Chennel Channed
| X ]
(=] [s] 6

(B) Momayrsl Mod
Chereal
| []
o]

OO0 O

Fip I Modes of presentation of the patred words
10 the car,

Test material
The test material consisted of 20 two-syllable
words and 20 three-syllable words, wiich were
comidered to be relatively b in i
telligibility for yonng children. Those words
were recorded to pair each syllable word sepa
rately on a dual-channel! Sony TC 9680 tape
recorder 3o that both words began at exactly
the same time The first channel consisted of
9 twoayllable words and 10 three-syllable
Js, and the remainder on the second chan-
/{d.Thcpah-xo[wo-rdxfmmad.uul-cha.nnd
appeared at 5 sec intervals. Ten paired words
of each syllable were divided into two groaps,
hat s, exch group comsisted of 5 pained words.
Five pany of words were presented at each
set volume, making a toal score of 5 for each
ear Taped words were delivered to the subjeets
throngh a dualchmmel tape recorder via a
speech di with ph car
phones. Stimufi in both ears were umilar

Procedure

Esch subject was tested in a sound-proof room.
The threshold for spondee words with speech
andiometer (67 AB list of Japanese Audiology)
was obtained on each ear of a subpect by up-
and-down method. In ths iovestigation, the
spondee words were employed only as refer

Acta Orleryng 69

ence to establish the level at which the experi-
mental lists were to be delivered. Sabsequently
all test words were delivered (0 the subjects
ears at scnsation level above the obtaned spoo-
dee thresholds, with range from 20 dB 10 80
dB with 10 dB steps. Esch subject received
a serres of 5 paired words at each set volume.
The subject was imtricted to report what ke
beard. For half the subjects s each agesex
groap the earphones were reversed so that any
remaining asymmetrices In the tape or apperatus
were counterbalanced

First, the dichotic tistemng test was carried
out and the levels were determined which were
sufficzent for each subject to score 5 (100%)
on the words tests. Secondly at the mnimal
level at which the score of dichotic Istepmg
achieved 5 for both ears, the monawral listes-
ing test was doee for each ear

RESULTS

Finst, the dichotic separation ability was i
vestigated. The pumber of correct respomes
on each test was cheeked. The differences of

o

/
d
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i DBt scperation ability of threeylable

hm’m’“hnﬂl are shown
250 2md 3 Izhmmm
mm‘“ﬁcmahd:lp,lhehwadt
e g xTUon abllity The heartng fevel
“m’;'!mpahcdmdsinlm:mngm
o, 9B lower than for two-syliable paired
hh’?"’“"ddmbka-thmmdﬂ
m"mn"“ﬂnlncmulwms even at 80
wl Sommmﬂkkmfaryuungmr
wﬁhhmwms

e total acore actieved on the test Is
M’.kbd-b"ﬂ“ucin!m‘kr though not aig-

19 grrds ot age 3 but the difference

G
M £=onal, especially in boys (here
Ql%ﬁﬂamhhmdlbeﬁt!
%luml)mlld.umobuinudmupa‘x

2 dower seovanon Jeved thin fo the
v children, 50 that the donieance
Yooy Dot always obterved s clearly s In
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Table I Afean munber of scores [ 1 each age ser
group br dichotic listening (b vs)

5y
lable

Right

Age Left
(yeany) ear ear

4 27 o

& w oA W
[FYCTRICTITPTIN

32
27
15
14
16
15
22
17

Secondly the monavra! sepanator
was lnvestigated The mean scores 2c)
comrectly at each ear jn cach age—sex 2
are shown In Figs. 4 and 5 Threes Il
paired words were more correctly drserir
nated than two-syllable ones. The mooaurs
separation ability mcreased with age. More
over there Is almost no difference betaeen
boys and girls m thk respect. The monanoral
scparation scores from the right ear genenlly
mantsined & slight supenority but the differ
ence between sides did not reach a level of
statrtical slgnificance

In & comparison of dichotc lhtening wnd
monaural listening, it was foand that when the
paired words werc presented  dichotically
wonds arriving at the right ear were more eff-
cicntly  (stathtcally significant) recognzed
than words arriving at the feft car and when
the samoe paired words were presented mooao-

Table 2. Wean manber of scores for each age—sex
growp by dichotic listentng (girls)

Ap Syt Right Lefi  Batance
ble cur

(year1) o RLD s 4
3 2 32 23 oy 120
327 1o 17 777 <001
4 2 11 13 -a2 052
111 010
H 2 20 10 10 217 -.08
3 13 a3 1s 135 05
« 2 19 11 o 140
3 20 14 07 .14

fat et powp cochrs of 10 sttt
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(A) Dechotic Made {8) Morawrsl Mode
Cimneed Cranael Chanae!
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Fig 1 Modey of prescotation of the paired words

to the can.

Test material

The test material comnsted of 20 two-syllable
words and 20 three-syllable words, winch were
comxdered 1o be relatnely bomogeneous 1 in-
telligibility for young children. Those words
were recarded to paur each syllable word sepa
rately on a dualchannel Sony TC 9680 tape
recorder 5o that both words began at exactly
the same tme. The first channel consisted of
10 twosyllable words and 10 three-syllable
words, and the remainder on the second chan-
pel. The pams of words from a duazlchannel
appeared at 5 sec intervals. Ten patred words
of each syllable were divided into two groups,
that k&, ezch group coassted of 5 patred words,
Five palrs of wonls were presented at each
set volume, making a total score of S for each
ear Taped words were delivered to the subjects
through a dualchannel tape recorder via a
speech di with pi ear
phanes, Stimuli in both eans were similar

Procedure

Each subject was tested in a sound-proof room
The threshold for spondee words with speech
audlometer (67 AB List of Japanese Avdiology)
was obtained on cach ear of a subject by up-
and-down method. In this nvestigation, the
spondee words were employed only as refer
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Y

ence 1o establnh the level at which the exper-
menta] Bsts were 10 be delivered. Subsequenty
all test words were delivered to the subpects
cars at semsation level above the obtained spoo-
dee thresholds, wath range from 20 dB 10 80
dB with 10 dB steps. Each subject recerved
a series of 5 palred words at cach set volome.
The subject was instructed to report what be
heard. For half the sobjects in cach age-sex
group, the earphoots were reversed so that azy
ini; ries in the tape or apf
were counterbatanced.

First, the dichotic [istenmg test was carried
oat and the levels were determined which wero
sufficient for each smbject to scorc 5 (100%)
on the words tests. Secondly at the minim:
level at which the score of dichotic listems
achleved 5 for both ears, the monamrat [ister
ing test was done for each ear

RESULTS

First, the dichotic separation ability was o
vestigated  The mumber of comeet responst
on each test was checked. The differences ¢

e

v

Maw s ber of 3eors COTeClly pavarced for bock wrt
—

P ]

Fle 7 Dicbotic scpurstion shily of teoB
parred words



even when it occurs as late a3 age 6, does not
permancnty affect speech. Zangwill (1960)
propesed that left cercbral dominance bs estab-
Eshed gradmally durmg childhood. In dichotie
listeaing, boys are significantly better on the
right ear than on the left at the ape of 3 Al
though no significant sex dufference was ob-
tained for the night ear cffcct In the age rangs
hove three, there i a little difference between
boys and grrfs In averall effickency on the task.
The present Investigation suggests that boys at
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elli & Calearo (1968) deduced that 2 leslon of
the brain-stem reticular formaton causes & de
crease of the abllity far temporal discrimina
tion of auditory messages,

The results of the present vestipation con-

gz three lag behind gurls in the perception of
speech sounds. Terman & Tyler (1554) stated
Ctat concerning sex difference In copnitive abil
bty gids excel boys In about all speaking skilly
at kat In the eady yrars, McCarthy (193D)
wegpested that with regards to langnage abil-
by grls go through the developmental cyele
more rapidly than boys, but both arrive even-
tally at approximately the same level.

The shroltaneous dichotic presentation of
words prodoced a right car effect In normal
sobjects above 3 years old, the discrimk

Ulddxxhﬁﬂmmgobuhedbyuch5pulr¢d
words wxs close to 100% at a satisfactory
level, When the same paired words were de
Ivered monaurally the discrimination scores
were almost fdentical for each ear and attained
to oaly 50% except young adults and 3-year
od chilkdren. One obvious Implication based
on the present study b thst respomses from
tests with monanral paired verbal materlals are
Dot demonstrably affected by dominence for
speech, Lindén (1964) reported that the In-
wlligihifity for mongunal distorted speech 1 the
ume in both cars and suggested that the ro
duction of intelligibility for distorted speech
B doc to the reduction of the ability of the
oditory center The author deduced that mos-
wnl Hstening of patred words is considered
10 be the same as the intelfigibility test by dn-
torted speech and there f1 a difference In mech-
anhm between dichotic separution ability and
monanral scparation ability

Ohta (1966) muggested that the ability of
binaural ceparation 18 a fonction of the highest
kevels of the central awditory pathway Anton-

0 oTemer

— 19615 Cmvbral dommence and the perception
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MATERIALS AND METHODS

The tsues for this stody were obtmned during
surgical procedures being performed to ablato
vestibular function. Esach patient had disabling
cplsodic vertigo as well as umilateral severs
bearing loss for more than one year Aunditory
and vestibular tests showred the opposite cars
to be normal or near normal. Tho surgical pro-
cedures on the affected cars were performed
with the patients under general anesthesra and

TN
E 5
it
il
ﬁgﬁia;

Ths work wes mopporisd by US. Pebiic Heath
Gt 5 RO1 NB03932-08.

tited of the following steps:

1 Infitration of the skin of the external audi-
tary camal with 1% zylocaine coataining
adrenalin (1 1000)

2. Elcvation of a tympanomestal flap

3 Removal of the Incus and stapes

4 Removal of part of the Isteral wafl of the
otic capsule and placement of the specimen
in fixatree solation

5 Removal of scgments of tho membranows
labyrinth and placement in fixatrre solution
The excised fragment comisted of the booe

between the oval and round windows and ad-

jacent promontary zttached to which were tho
stria vasculurls and spiral igament of the basal

5 to 7 mm of tho cochiea. In ten of thirteen

specimens the stria vascularls remated at

tached to the spiral ligament and was avalable

for study All specimens were fixed I 1%

phosphato buffered oamium, dehydrated in o}

cobol, imbedded in Epon, cut with an LXB

altrotome  double stained with uranyl

and lead cltrate, and photograpbed w

mens Elmbskop 1 -
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FINDINGS

The stna vasculans of the human contains
three types of cells (Fig. 1) umilar to those
described in small enimals. marginal, nterme
duate and basal cells. Although these specmmens
came from Inné¢r ears manifesting aboormal
function, a relative distmction between the nor
mal and pathological ultrastructures can be
made by comperison with the siria vascularh
talen from early post-mortem human speci-
mens, Rhess and squoirrel monkeys, gimea
pigs, bats, opossums and cats.

Acts Otolarysg 69

Marginal cells (chromophil cells dark co)
The marginal cells are noted by thexr dark &
pearance which b due to numcrous cell o
nclies and an clectron-dense, diffuse substen®

spread throughout the cytoplasm. Thelr mdel

are located rather high near the cell spex =8
are marked by numerous inva The
central and basal cytoplasms (about /s of B¢
cell herght) show cxtensive plagma

infoldings which hterdightate with those of ¢
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(Fip. 1 2, 3C) and ploocytotic invaginations
which are coated with a diffuso substance The
mamber of these vesicles tn the ccll varkes in
o eclls the plnocytotic vesicles are great in
mmber whilo in sdjaceat cclls they sre few
The unit membrane at the endolymph surface
ofttn xppears thicker than that of the deeper
Part of the cell. The inner leaflet of the wnit
Dembrane, appean 1 b demer and perhaps
ticker in comparison to the outer leaflet at
both lmmal and interdiptating cell surfaces
Fp.34 B ©)

Diectly beneath the luminal plasma mem-
bame thers 1 often a thin layer of electron-
dﬂnemb:nmurmlng;nnl\clmtbemr
face and extending fato the microvilli where
Cores are sometumes demonstrable. Close to the
kmiml rarfaces aro alo extenstee netwocks
o tubules which contaln a diffuso substance
One, two or thoree centrioles are rather com
monly observed m ths area sometimes they
e wssociated with sootlets running diagonal

to the free coll surfsce The Golgl appanatus
B xmall, and there arc toveral. At their adjscent
sress gre wmall and large demse oval bodies
with a dbstinct limiting membrane winch is
underlined by a circnlar layer of light band,
The substance within these small bodies s ho-
mogeneons  however samo of them contaln
short membranous segments, They aro pre
sunred 1o be Yysosames (Fig. 2) The large bod-
jes contatning a «milar substance and lipokdal
droplets and showing pleomorphism are prob-
sbly lipofuscin granules (Fig. 2) Free RNA
particles, roagh endoplagnic reticula and mito-
choodria are numeroos in the apical cytoplasm
A few multivesiculsted bodles arc abio found
near the endolymph surface

The lateral plasma membrancs  establish
nomerom interdigitations with adjacent mar
glm&cdhmdthdrcd]bord:rﬂmm/
cult to establish. Largo cell processes
mitochondria, free RNA and & 7
Thnm\uﬂce{lpmmmdm‘l
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;

1 attachments to the besal celhs. (4)
cytoplamic condemations (errows) be
banal cells (BA) and marginal cell (Af),

Two
tween the
The

mediate cell. The basement membrane ks same
times found below the marginal cell adjacent
to the capillary wall

Acwm Oiolaryng 69

(IN) adiacent to the homopentons thin layer (srrows)
The intercelullar gap at the right s sboot 450 A-
24,000,

Intermediate cells (chromophobe cells

light cells)

The intermediate cells aro common bat less i@
nomber In comparlson to the margme! cellt
They are located below tho marginal el
and thelr cell processes Interdigitate with tho®
of the marginal cells and basal celly. Thelr €7
toplasm appears lighter than that of the m30
gindudldoemﬂymﬂnhmdcmc
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marginal cels (Fig 4 A) Free RNA particks  present. A fow multivesiculated bodics as well
4 rough and smooth endoplmmic retienla w3 some tmall dense bodies and large
are scattered throughout the cytoplasm. Golyi  containmg lLipoidsl droplets are
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B2

centrole 18 common and, in some Instances,
Binll‘:fclmo(nrudlmmlnrycﬂlaprojccﬂng
into the intercellular space The cell junction
between intermediate cells shows a few des
mosomes (Fig. 8 B) and small segments of the
basement membrane. Between the intermediate
and marginal cells, the short basement mem
branes arc often noted intermittently around
Lhopcmmlcrufﬂ'ni.n!:rurdlnttccﬂ(ﬂ;
4 B) Cytoplasmic condensation is usually pres-
ent adjacent to the basement membrane which
is located cquidstant or closer to the inter
mednte cell than the marginal cell. Smnflar
functions are also found between the interme
diate and the basal cells (Flg. 5 B)

Acta Osolaryng 69

layer

Basal cells
Thebanlceusmﬂalnndkﬂ&m:
m:mscvcmlluymwhkhnmpﬂﬂudm
luminal surface below the margumal #0d Bt
medhate cells (Figs. 1 6) In geoenl the 7%
plmhl}ghlwiﬂ]ceﬂmpntﬂdvm‘:”
cells adjoining uth:rmialcdhmmr
more mitochondns, roogh endoplasmic o
ula, free RNA and tubules pear the o7l
mtnudmﬂmm}orpanquwg
i frequenty filled mthdmmw
64 ), which make the celis 2pe 770
ﬂmmlhoftmconulnhusc.iﬂﬂld‘
ses of coarse granules mived Wil
droplets, and sometimes a large



Ultrastructure of human stria vascu @ is 4.3
u (v wyp Bt B e - —
7 - - Ed 1 LI
) L
L A ERN A
1 reil Sy - =
— 7 X
fa e
5 & (0 A capillary currounded by com-  (#) Both marpinal cellv (A1) and jatermetide ceity
Owirically wrranged t-n;chhh BA4) whidlby&-pdﬂ (IN) e directly oxposed 1o the capellary (€} The
fron the tacal pettern of parsliel orientation st tho andothelial cell are surrosnded by Liyers of baso
kxil mcface (arrow). Nots bundies of collegen  ment mem and oot Dot

thelle (CO) w1 the pertvascdiar arte. A bigh magnd
Soaton of such fubnls i shown tn FI 9 8

movome
on the kil side (mrow), Pericyte (7. 1,700,

of tho spiral ligament near the basal cclly are
Joosely organized in comparison to the com
pactly arranged mtrlal epitheliom (g, )
Among the basal cells and flbrocytes are nu-
merous flbells mbedded in m homog

Act
-
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The 9 Both phototraphs are talen with the same
iication. 60,000 (A) Cross section of fbrils
in & mariv of homotencoms substance

among flbrocytes of the spiral | gament Each fibril
© rectangular {n shape and comists of subfibril
whose number arier, bt four unis, coe st each

substance  The fibrils are rectangular in eross
section, measure 108 A on the side, and con
sist of & varymg number of subfibells, but cac
at cach cormer of the square is mast obvious
(Fig 9A)ndcmontu-ucdh:mcsplmlﬁga-
ment of the Rhesus monley by Takahashi &
Kimura (1970) and in the vestibular peri-
Iymphatc tssue of the rat by Hamitton (1967)

One of the most striking features of the bas
al cell layer B an extremely narrow intercel-
lular space and the presence of numerows
short desmosomes (Fig. 6 B) There are two
types of close junctions. the foscia

:@@ "
Dol e A0 %5

n.

. ~—:Aﬁtxm‘ﬂm

with an 80 A gop lndlht:hﬂtilﬂdmz
mnctﬂaocdndcmwllh-w;\glpbfmm
inner leaflets. Thecd]j\mcﬂm
basal cell and the fibrocyte b simiar bt
numbcrofamchmcnuhhrlﬂﬂhdrmm
son to the basal cell group Although ;
cy‘taufﬂxrplmlhpm:nlm"*ﬂhd’ e
i
Umnndunuhhmmydﬂnmdo#
meocdmmumdrccﬂl\ﬂfﬁ”m&
:bml]y-thm,shoﬂbumcn!mﬂn

fcocyte T
bstance is seen adjacent to the
o  coad _..-ﬁmzmﬂﬂ’h’ﬂ
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s well s at the area where the bundle of fi-
kxﬁ:ppmmmmeccunn(ﬁa.ﬂ The
cd}mtmubtmmﬂxbulctumdm!xr
¢l eells b deseribed In the previous section.

Rlood restels

Hood vessels penetrste the basal cell layens
#od ren among the marginal and intermediate
afls. Smooth muscle cells and noural clements
e not been identified in the strial epithe
fem, However they may be pantially or com-
sietely surroomded by concentrically amanged
fusal cells (Fig. 8 A) The endotheilal cells are
ot fenestrated, though In some arcas they wre
atremely thin Pinocytotic vesicles are demon-
arted more often on the basal skde The no-

mic condentation it noted at the endotbefial
eodl function where approaimation of the outer

Ultrastructure of human siria vascularis 1 425

gulea pigs (Enptrdm ef al 1955 Smith,
1957 Rodriguez-Echandia & Burgos, 1965)
cats (Hinojosa & Rodriguer Echandia, 1966)
and mice (Spoendiin, 1967) The cytoarchitee-
tures diller somewhat In different species, b
comshtent agreement Is ooted ln the pretence
of three types of cells. marginal cells near the

Jolymph surface | diate cells below
the marginal cells, and basal celis adjacent o
the spiral ligament. In comparison to adult ani-
mals, the marginal cells of man frequently
show short mkrovilli at the luminal sorface
The presence of such microvilll i other post
mortem uma suggests that they may be a rather
common occurrence in the human Associated
with the microvilll are numerout piracytotc
vesicles, which reinforces the concept of flukd
resorption, at least in part, at thi site (Hino-
jota & Rodriguez Echandia, 1966) A comple
tely opposite Interpretation of these veskles b
made by Johnson & Spoendhin (1966) who be
Heve that the vesicles carry potasuum into the
endotymph. The sxme authors funther state
that secretocy grannles are discharped into the

DISCUSSION

The alirastructre of the cells of the siria va-
2k s been stodied for many yeans tn

ymph. In our matenal similar granules
wit observed, but are Interpreted 1o bo lyso-
somal granules with no evidence of such gran-
ules belng directly dicharged into the endo-
lymph. At present, the role of marginal cells
B not cleady established but they are pre-
sumed to take an acibve part bn both flurd and
electrolyte transport.

Equal thickness of the outer and inner leaf
Iets of the luminal membrane and the thicker
and denser mmer leaflet of the lateral and basal
suriacts of absorptive cells arc poted by
Farquhar & Palade (1963) Johnson & Spoend.
T (1966) report similar findings In the mar
gl celfs of guinea pigs. In our humaa specr-
meny, the oater leaflets &t both the luminal and
intercellular worfaces appear tews demse than
the inner leaflets Although the tnner leaflet
salns denset the actual thickness may be
equal or alightly greater than that of the owter
Jeaflct of both of these cell surfaces. The entire
'ﬁ&dm:nnhmhmenm;wm

(.cchuﬂml.htkcrthmdm%
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part of the cell The thick lmminal membrane
is reported earlier in other areas by Farqubar &
Palzde (1963) The thicker unit membrane at
the luminal surface may bmply a difference in
rate or nature of exchange of sub: across

marginal cells and the basal cellt ks poe
worthy They are apparcaty beld together by
the laterfocking of thelr cell processes. On the
contrary mrumerable fascise and maculae oc
Tud (Faweett, 1966) and short desmo-

the cell membrane in comparison to that of
the Intercellolar plasma membrane It has not
been established whether the thick unit mem-
brane is specific to ths marginal cell or to the
cells facing the endolymphatic fluid in general,
or whether the variation in thickness s due
to a substance coatng the cell membranes,
thcr:mdymd&chnu]hpmvmmum

somes are outstandmg features In the basel
cells, The cell junctions between the basal cells
and the fibrocytes of the spiral lLgament
show desmosames Jexs frequently than those
between the basal cells, but more frequentty
than thase between the marginal and the basal
cells. Thus the basal cells appear to serve as
lmpmtmgplaﬁmmlmlmchmmtdme

sirial epithelial cells and blood vessels oa one

necessary before any bk
can he made,

The absence of a continucns basement mem
brane in the strin vascularis of animals fs re
cognized by Iurato (1967) Kikuchl & Hilding
(1966) and Takahxshi & hmmura (1970) The
presence of short segments of the basement
membrane b recognized by Hinojosa & Rod-
riguez Echandia (1966) who beleve that they
are an extension of the capillary endothelial
basement membrane which may serve as a
pathway for rapid ddfusion of materials from
the copillary lumen. The basement membrane
fs regarded as a barrier to flitrates (Farquhar
1961 Faweett, 1959) Foc instance, tracer sub-
stances in the absence of a basement mem
brane spread very rapidly (Zamboni & Pease,
1961) The basement membrane serves also as
an anschment for endothelal cells (Stchbems,
1966) Kikuchi & Hilding (1966) rcport that
the basement membrane is evident below the
marginal cells m the early developmental
phase, but larer disappears. The bascment
membrane seen in the sta could be the e
mains of developmental changes and possibly
serves a3 a2 d Another
poin!lsthc:lascucnmd{requcmmodnﬂm
of the basement membrane to the intermediate
cells, rather than the marginal and besal cells,
whichmgg:rtxnpw"bﬂlxyofdxmtamcdhtc
cells having a strooger functional tie to the
besement membmne or scereting a substance
to foem the basement membeane.

The pawcity of desmosomes between the

Acta Osokaryng 69

side, and of fibrocytes of the spiral ligament
oa the other and also to provide a rather tight
scal scparating fluids between the strial epithe
1ia snd the spiral Iigament.

The blood vessels of the stria vasculards de
not differ from thoso of other areas. Up to the
present, neither smooth muscles nar neural ek
ments have been Kenufied. The endothells
cells are not fenestrated and pinocytotic &
tivity is not parbcalarly remarkable. Occasio-
nally they coatain bundles of filaments how
ever they are rather longitudinally arranged,
local in dstribution, and are morphologically
ulike tho contractlle filaments seen in the
smooth muscle cells of other areas. They are
probably of cytoskeictal nature and may peo-
vide elasticity to the cells as proposed by Ceco
(1967) The basal cells often contain nmner
oas, short fllaments and they encirde the blood
vessels, but they ars not coatractile In type,
and arc peesumed pot to teke pert in active
cootro! of vascular flow 1n or out of the sttt
Iayers, Perhaps some of these factars may &
plaln the stable sirla vascular flow observed i
the living animal by Pertman & Kimura (1955-
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ZUM NYSTAGMUSVERHALTEN BEI VORUBERGEHENDER
REIZLOSER AUSSCHALTUNG DER GROSSHIRNRINDE IM BEREICH
DES LOBUS TEMPORALIS MITTELS DIREKTER UNTERKRUHLUNG

B Minnigerode
Auxs der Hels-hasen-Olrend lintk der Universitke Goiinpen, GXttingen, BRD
Eiogrgangen am 5 Derember 1969

Wiederholte, vorfibergehende, reiziose Amsschahtoo-
pen der freigelegten GroBhimrinde Im Bereich des
Lobas minels K vilpng ergaben
gos qur Seite

(Frenzel, 1955) Es Ist schwer vorstellbar cab
es corticale, den Tonus bemmende Bahoen 7
den Vestibulariskernen gibt, deren Schidigmg

den  exper flen Nystagmesvorgang i

cinen y
der Rindenlfihlong, der trotz sufrecht
Aumchaltong maximal pur 2 min 30 sec anhich.
und Schwinden des Nystagroms werden
ab Awodrocl  efner Rechts-Linky-
T dlf| belder V infolpe der
Umterbrechang de corticofupalem Stevern gacffehtes
auf das eerebellovesubolire System gedemtet und in

H.rnrhded:uhrilhnctthlkhmhm.

"2 heute nioch sind die von der GroBhirmrinde
und viellefcht auch vom Kleinhirn her (Mygind,
1953) kommenden hemmenden Elnfilisse pro-
blamatisch, die derexperimentell nach Exstr
pation einer GroBhirnhilfte und awch in ki
nischen Beobachtungen (De Kleyn & Ver
steegh, 1927 1928 Vogel 1929 1930 Hall

Sinne eines richtungsbestimmten Uberwiegens
beeinflnssen, chne cinen Spontan- odes Provo-
kationsnystapmus ru verursachea. Dre foges-
den terexp llen Untersuchungen gltes
dober einer Kfrung der Elnfifmee corticakt
Hemm durch Suche nach dem Yot
Frenzel (1955) postulierten Spontemystagmes
im Falle jhrer Unterbrechung

METHODIK
Fiir das Studium der Funktionen des Zeotath
ncrvcmyucmsbergmnﬂcMcLhodcﬂ.d*Eh’
Ausschaltung von Zentralteilen durch brevef
sible Zerstbrung rur Grundlage haben, o<z
Nechteil in sich daf sie mit ¥
Sicherhelt keine Rilckschilsse zolassen, ob &

hcbunznomn}aFunkﬂwenod:rdeBE"‘h‘h
PRI jwdaang-:ﬂa

pike ef ol 1951 Hofmam, 1961) rum Auf

treten eines rich Nystag

Gberwrepens qur operwerten baw hranken Serte,
helnend choc pous, geflibrt

haben. Wenn es sich — wie man sannmmt —
in solchen Fillen um dic Schidigung gleichsel-
tig hemmender GroBhimbahnen zu den Vestl
bularnkermnen handelt, so wilre bei threr Unter
g cin Spotanystagmus als Ausdruck
einer  Vestibularhtonusdifferenz zu  erwarten

Acte Otolarvag 69

heaeh

durch Schidigmg oder Relzung benackbare
Himtelle pedeutet werden komoen. Ich Babe
dsher zur Kiirung der Frage, welche St
mmmmmmwﬂm";
tibularisbahn emnimmt, in 1

Vaf.nmvamddmm(wW)dﬂ“:
lose vorfibergehende Aussclhaltung dex G

hirnrmde mittels direkter Kihlung voIpemos
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f A“lu.c,;pmn-ﬂymm-dzcmmﬂm-
du temporaks
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men, da ich mir von dieser Untersuchungs-
hode bessere Aufschlisse v ch, Aus
gehend von  den Untcrmdmngrn Splepels
(1934), der dwe Rindenfelder des vestibuliren
Apparates medial von der Horrinde vermustete,
und den Versuchen vor Fulton (1967) der bel
Strychniation des Temporallappens '\ estibula-
ris-Symptome It sowxe den Hinfsch
Erfahrungen von Fitzgerald & Hallpike (194 )
habe Ich dle Abkilhlung der GroBhirdnde im
Bereich des Lobus temporalis vorgenommen.
Um die Rindenoberdliche des Lobus tempo-
ralls der kithlung awssetzen zu kdnmen, wurdd
nach ecinem bogenfdrmigen Hautschnit im
Schiifenbeinbereich eine krewfdrmige Trepana
tionsdifnung voa etwa 1!/, cm Durchmesser
unter Schonung der Dura angelegt. Durch die
Erhaltung der Dura sollte cinc Funktionsstrung
in der unterliegenden Rinde, ders folge
Prolabicrems der Himoberfliche, und ein fir
dic KOhlung stBrender Blutavstritt aws den
DuragefiBen vermieden werden. Die KOhltem-
peratur wurde mittels elner Kohlenslureschnee-
Sonds (Spitzendurchmesser 3 mm) auf -3
bis —5 C engestdt und dadurch eine
Dunatemperatur  zwischen +11,5 Can und
+130 Co, erriclt Dicse Tm:p:nmrm
reichten rur vollstindi|
auvs, ohne die Rindenstrukturen der Gefahr des
QGefrierem suszusctzen. Da auch die pltzlich
mpmnmchhkﬂhlun&ndmdlumVu
3 lokaler  Rein ohne
Drt deruengen de Ul h
tiere mmbecdndruckt 118, konnte sle ohme Be-
tiubung durchgeftihrt werden. Lediglich der
Kopl der soost engefesseiten Tlere wurde zur
schonenden Kilteapplikation und betseren Ny-

werden sk birte mit Abklingen der Kiitewir
kung cbenfalls auf. Der cinnge Nachteil der
Mecthode lag tn der verhltntsmSlg kurzen Zeut
(b 24 Stunden), die vom Zetpunkt der

ersten Kublung an fiir wiederholte Beobach-
tungen rur Verfligomg stand, da sich selbst bel
streng Rseptschern Verfalren pach etwa elnem
halben Tege aof der Dura ein Belag bildete,
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! | !
} ! |
A HT\{
" it Pt
(! FTTTP\-{
It I Lot
C —
I it b
D —
it I I
e

w

m

dcrdeuEdolgdcrAbkﬁhlung schr wesenthen
herabsetzte
DmUm:nmhuugmwurdmmSCbcng:-
schlechtereifen Kannchen YOTETnommen, ynd
zwnbdlﬂ:r:udmchAhkﬂmnngdcrkd-
grlcgtmmndzuberdcmrcduanobmtcm-
pcn'lﬂ;,bdlwdlermecrtndurchAbkﬂhltmg
dchlndeﬂbcrdcmllnkmLobmtﬂnpcnlb

sschaltung  dpren dirckte  Kxt

wmdcicWeﬂxﬂberSOm:,lmm,Zmlnundbh
xu4mind\nd:!=fﬂhnuudnach3cmd]gm:g
derKﬂMuﬂgd.uGehh‘n:HJlﬂbﬁdcr\Vitder
Die BCObachnms er
ldmbdmalakopﬂlgcdcrﬂmlmm
und erstreckte gich gyt
die Entstehung von Spontl.nnyﬂ:gmm, seine

Dunchn:qumzundAmpﬂmdc

maximal 2 mn 15 8¢ — individoelle
Acte Orlaryng 69

ieder slitiert, Wird dagegen dic Abklihfong
buzudmlufonsucm,mbrkhlnochwﬂ:rmd
dna%abummRMmmhhm;ﬂﬂ'
Nyn.mmmchzmmwmbhzmm

Tempertunnessung, die peg einer Abkflidung
det Dursoberfliche ant +11.5 C im Geblet des

min gekllbl, 50 heB sich wiederum der cbea
Nystagmus beobachten. Der gie-
tbcl:‘ﬂehhumchbd\'achachdugcrmm
Jeweils mir Schiagrichtung des Nystagmus fov
Seite der Rindenamsschaitung hin, e,
Die witrend der fber 4 min andsernden
Rindeskihlung, nach Abklingen des Spootas-
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Same von Fizgernid & Hallpike (1942) sawre
Io0 & Takeyama (1961) konnte ich also bei der
reilosen und vorilbergehenden  Ausschaltung
der GroBhimninde tm Berexch des Lobus tem-
poralis nicht feststellen.

In dresem Zosammenhange Bt cin Befund
von Interesse, den ich bey elnem 11 fhimigen
Midchen (E C, Poliklin. Nr 4579/63) crhe-
ben koonte, bel der zur Exstupation cines Ab-

seits normal. Nach umchnebener Enapplia
toa tm Berelch des Lot temporalis trat nach
ener Latenzzert, die bel wiederholten Prifun-
00 zwlschen 45 ond 60 sec sch fir die

wurde die Frequenz und Amplitude des Ny-
stapmus allmBhlich immrer geringer und schlieB-
fch vyon emem Zichen der Augen in Devia
thonsstellung nach rechts abpriBst, bis pach ctwa
4 min Auvgenrube elntrat. Subjektive MiBemp-
findungen wurden wihrend der Daver des Ny
stagmus nicht angegeben. Die Untersochung
erfolgte im Dunkelraum unter der Leochthrille
in Rikkenlage mit um 30 erhobenen Ober
K3rper und Xopf.

Newro-physiologische Deuting der Befunde
Zwischen rwel mmbhingig voneinander verfin-
derdichen Antrieben kdnnen alle pur denkbaren
Wechselwirkungen bestehen. Einer kann em-
seitlg einen snderen fBrdern und antreiben, rwel
kiinnen einander unterstiitzen, me kdanen nch,
ohne im Ubrigen mrtclnander m Beziehung o
treten, summatry in ciner wnd derselben Ver
haltenswerse (iberlagern und sic klanen eman-
der schiseBlich wechselseltig bemmen. Es gibt
endfich den seftenen Spezialfall, daB yon rwex
Antrieben der jeneils starkers den schwiicheren
tn ciner nach dem Alles-oder NichtsGesetz

Kipprealtion Jtet. Da-

o <

bei h

Dancr der Rihhmg cin mittelschligiper nach

fnks gerichieter Nystagmes aol Worde dis

Unterktihlung Uber .. min hinavs foctgrsetzt, s
rd

- enp

haufig mehrere Impulsquellen (sog. Wer-
Aktivithten n K. Lorenz), die aber =
zur spentanen Produkton von F
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in der Lage sind. Schaltet man das {ibergeord-

rungseffektes auf die nachgeordneten Vestibula-

nete Zentrum durch einfache MaBnah aus,
so wird man alsbald gewabr daf die an das
periphere Organ abgehenden Impulse zur Auf
rechterhaltung der normalen Funkton voll-
stindig ausreichen Obwohl also dle Werkzeug-
Ak fhre cigene Sp besltzen,

kommen de elne StSrung des to-
nischen Rechts-Links-Glerchgrwichtes bader
Vestibulanssysteme  herbeifilhrt, deren Am-
druck der von mir beobachtete, zur Serto der
Rind haltung hin schlagy S

nystagmus ist Scine Daver wilre der priamto-

werden ;e von dem {bergrord System
noch angetriben, mehr zu lclsten, als sic e,
sich selbst {tberlassen, thten

Fin derartiges Angetrieben-Werden emer an
sich spontapen Funktion durch einen vom einer
Obergeordneten Stelle kommenden Reiz ist von
den Rewrerzeugungszentren des Herzens selt
Langem bekannt. Der Herzschlag wird nosmaler
wene von den rhythmisch-automatischen Rel-
zen nuspeldist, die der nahe dem Eingang des
Blutstromes in den Herzvorhof pelepene Smus-
knoten erzeugt. Elwas weiter Blotstrom-ab-
wirts, am Obergange in dic hammer befindet
sich der Atno-Ventricularknoten, mit dem Sk
nusknoten durch ein Blndel rewul Mus-

dsct Pouse des cardislen Relzleitimgs-
systems gleichzusetzen. Sobald danm das cere
bello-vestibulkre System Im Eigenthythmus
arbeiten beginnt, wird das Tonusglexchgrwicht
rwnschen belden Saiten wieder hergestellt, wo-
darch alle Sp hetnung hwind

Es muB dabei offen blefben, ob der Cortex
cerebn In einem echten  Dominanzverhifitos
zum cerebello-vestibuliren System steht oder ob
rwischen bewden Antriebsquellen emne gegen
s.itige Beeinflussung im dem Sinne besteht, daB
pede der zwel, Spontanimpulsc erzrugenden In-
stanzen bestrebt ist, der anderen jhre clgene
Frequenz sufnuzwingen und sle In konstanter
Ph bezreh hall Bade  Impuls-

kelfasern verbimden. Belde knoten produzieren
Rewzst3Be, die imstande sind, die Herzkammer
ru ciner hoatraktion zu veranlassen. Der Sinus-
knoten arbeltet schocller als der Atrio-Ventri-
culsrknoten. Letzterer kommt daher unter nor
{lm Umstinden memals in die Lage, sich
tan za verhalten, denn jedesmal, wenn er
) anschickt, einc Relmalve  abrufeuern,
mgt thm der Sinosknoten seinen Arbeits
rhythmus auf Flhtt man nun das kiasshche
Expenment von Stannius aus und unterbricht
durch Absch des Relzl pblindels die
Verbmdung, 50 befreit man den Atrio-Ventn-
cularknoten von dem Einflul des Sthskmotens
und der erstere bepinnt, mach der sogenannten
priantomatischen  Pause 1m  Eigenrhythmos
Retre mu produzicren.
In elpem Verhflimis, das dem des Atrio-
Ventricularknotens zom Simusknoten analog ist,

quellen wiirden dann nach den Gesctzichkeiten
der relativen hoordimation (E. v Holst) ar
beiten. Ausschaltung ciner Impubsquelie hitte
dann rwar stets cine vorfiberpehende Rirythmas-
318rung, aber keinen blefbenden Frmitiomsais-
fall 1m Slanc ciner Rechts-Links Toansdiffere
zor Folge Elne solchte Deutung licc die Mog-
Lichket zu, daB dorch die Unterkfihtang des
Cortex nicht die efferenten, sondemn unter Um-
stinden isollert die afferenten GroShimbalned
blockiert witrden.

Dic hicr dargelegte funktionelle Stellang o
GroBlumrinde Innerhalb des zentraken Vestbd
larissystems gewinnt an Wahnchembichkelt, &2
sic sich mit den Untersuchungsergebmissen vo2
Bauer & Leadler (1911), Dusser de Bareane &
De Kieyn (1922), F!tzg:nld&Haﬂp{k:(an
Crammer (1951) sowe Ino & Takeyama (1961)
unter Berlicksichtigung der Tatsache, da8 &¢

steht num mit groBer Wahr hkelt anch
der Cortex cercbelll Im Bereich des Flocculus
accessorivs zur GroBhlmninde des Lobus tem-
poalis. Durch dic Ausschaltung der letxteren
wilrde es dempach z einer Unterbrechung des
corticofugalen Hemmungs- oder besser Steue

Acte Oslarag 69

Anmrmbd{b:ml’itpeﬂmtﬂt!nk
reversible Zerstdrungen setzten, Oh:::h“:::
in Einklang bringen 148t Se erkikrt

los, warum Hofmann (1961) nach dehﬂ:
chirurgischer Abtragung der G 2
Stumden spiiter bei der tsprit-
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feog kelne versentbaren D.fferenzen im Ablauf
A 1 i

3

tornte, Im Gegemsatz zo Holmanm (1961) und
n Uberemstimmung mit den oben gemannten
Astoren glavbe xctt — mnt der bd Teerexpert-
monlen KM nmg._

Beemflonong  des  \ estibularspparates
dorch den Cortex als sehr wabmschemlich an-
rehmen m dErfen.

3
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OBSERVATIONS ON CENTRAL MECHANISMS COMMON TO
VESTIBULAR AND OPTOKINETIC NYSTAGMUS

Lita Tibhling
From the Department of Osclarynpology University of Lund Luwd Sweden
Received Jannary 26, 1970

The covaristion of optolinctic and vestibular nystag-

mms before and after of nicotine wai
sindled. The resuits indieate that the ampilindes of
and the optokineth have a

Alnetic aystagmm are Infloenced by & common cen-
mechomism.

The integration of optokinctic and westibular
Impulses is of fmdamental importance for the
regulation of eye movements, e.g. for spattal
ocientation. The concept of an optovestibular
Integraton was proved esentral by the experl-
ments of Jung (1947) who demonstrated that
i (OKN) 2nd vestibular nystagmn
show alpcbraic  summation. Later
er ol (1961) clmmed that the vestib-

~N)

)

fron does not occur in one centre oafy How
ever the ponto-mesencephalic nucler in the re
ticular formation were considered an 1mportant

. for the b o $ank

In coatrast to the OKN the subcortcal
pathways of the VN are faldy well mapped
out. It is generally scecpted that the slow phase
cye speed ls the nystagmus quality that most
adequately reflects the activity of the periphe-
! receptor (Henriksson, 1955) From the ves
tibular nuclel, continuously fed with vollcys of
etectrical activity from the vestibular merves,
the impulwes arc medinted partly through the
medla) longitdinal fasaculus to the ocular
mudel. Simultancously the incoming impulscs
spread to the reticolar formation fram whero

and the oplokinctic eye are
progammed In one common system. This was
shown by means of vestibalar and optokinetic

l with slow pendul Eiv-
Ing the same frequency characternstics. The
seat for this intcgraton may rensomably be
found in centres common for the optokinetic
and the vestibular pathways. Jung & Komhu-
ber (1964) suggest that the integration of opto-
kinetic and vestibular nystagmos takes place
in the paramedian zomo of the popto-mesen-
cephalic reticular focmation, Bender & Shanzer
(1964) conchrded that the oculomotor Intcgra-

This work was by tho Swedish Tobscco

supporied
Company The Maggic Stepheas #nd tho
Modial Councll Research (Project No. B 68:21K-
17302
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the 1 of the rhythmical interruption
of the slow components tale place (McCabe,
1965) This vestibulo-ocular system & com-
pased of pathways connecting variow reghons
of the cerchrum, brainstem, and cerebellum by
means of multisynaptic articolations, and It b
influenced by vestibular as well as by vessal
stronli (Bender & Shanzer 1964)

The subcortical neuropal respoascs o op-
knetic sthmulation are not known o detall
Effects of beainstem lesions oo optokinetic
nystagmus, however have been inveatgated
by Enoksson (1956) and Teng et of (1958)
They showed that the OKN can be utitized for
tocalinng the side of the lesion In the posterfor
cramal fosza. Coben & Feldman (1968) showed
the Intimate relation between nearonal activity
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identical prechely when the sapply of the sen-
sory informaton is of equal mapmtode to the
two semsory orgams. This forms the basls for
a study of the relation between the vestibular
and the optokinetic nystagmus Siace the retinx
mforms continvously on the velocity didference
between the head and the sarroundmges as du-
tingmhhed from the cupula organs. the nystap-
mus output wonld be unchanged durmg a con-
stant optokinetic stimulation. However all mo-
toc actrvitics depend to some extent on central
modulation phenomena. Amy difference be-
tween the fnitml and the later obtained opto-
kinche oystegmuos may therefore depend on 2
central processing, provided the peripheral re
ceptivity of the sensory organ remauns umaf
fected.

Any change of the nervous transpussion in
the common central pathways for the optoki-
petic and the vestibular reflex arcs shookd be
equally refiected on the resp y
panm:s.'l‘hus,immlhemmﬂono(thevﬁ-
tibular and the optokmetic nystagmus patterns,

oo may be drawn about the central
on the configuration of the

%, 1955). In certain conditions, the informa-
fron of the angular veloclty of the head 1n rela-
thoe 10 the mrroandings Is equivalent imespec
frve of whcther the labynmths or the eyes have
beca stinmalated (seo chrcles tn Fig, 1)

Tits, the CNS will get nformation about
the body in movement from etber of two
different crazial sensory oegans. Furthermore,

beat and the nystagmus pattern.

The aim of the present stedy was to foves-
tigate:

1 The pormal covariation of the different
qualitics of the op ic and the Tbul;
nystagmus patteros.

2. The indoced covariation obtamed by ad
ministration of a central acting drug, mcotine
(Tibblmg, 1969 a)

MATERIAL AND METHODS

The material consisted of 12 healthy adolts (9
female and 3 male) All smoked at Jeast 10
cigarettes/duy All had a smokmg-free mterval
of 12 hours before the test.

the op and the signals ink-
tizte the same kind of motor sctivhly Le. the
Iyxtagmus beats. Therefore, the vestibular and
e optokinetic Vq:ihouldbc

The test subfect, with head fixed and the lateral
semicirculer canals oriented in the horzontal
plane, 1at in a rotary b The vestbbular
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stmulation was pgiven by a clockwise angolar
acceleration of 120 /sec/18 sec dunng 18
sec in complete darkness The sobject was in-
structed to keep the eyes open and to report
about perception of rotation and non rotation.
After a 3 min period of rotation in darkness,
the light was switched on. White vertical
stripes, 6 wide, placed 120 cm from the test
subject and at intervals of 30 on the black
surrounding curtains, gave an optokmetic stim
ulus of 120 /sec. After 20 sec, the light was
switched off During the optokinetic shmula-
tion, the test subject was told to work on arith-
metic problems to distract consclous attention
from the passing stripes. After the light was
switched off the reglstration was continued un
til the optokinctic afternystagmus disappeared

Ntcotine experiment
Flve minutes after the vestibular and the opto-
kinetic tests were ended, the mbject was told
to smoke a cigarette. The smoke was deeply
inhaled every 15 sec for 3 min. Immediately
after the subject was again rotated as de
scribed above, except that the rotation in dark
nesy lasted for cnly 1 min befoce the light was
switched on Each subject was re-examined in
the same mammer on two different oceaslons—
week apart—In order to stody the reliability
he tests,

4 ecordings

The horrzontal eyc movements were recorded
by means of an electrical DC-techruque which
utlizes the corneo-retinal potentlal difference.
Before and after cach of the scparate tests, the
horizontal eye movements were calibrated for
50 aroand the midpoint. The speed of the
rotary chalr was recorded by means of an op-
tical device, The signals wrre recorded on 2
four-channel ink writer (Mingograf 81 Elema
Schdnender Sweden) fed with a paper peed
of 2.5 cm/sec.

Analysis of the recordings
The speed of the slow component of VN
OKN and OKAN was calculated at the 2nd,
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4th, 10th and 18th second after the appex
ance of the respective nystagmus. The waps-
tude of the nystagmus beats was worked ot
at the same pomts. Tho nystagmus freqoency
per 10 sec was analysed during the first 20 s
of the VN and the OKN and during the firt
40 sec of the OhAN The duration of oaly the
OKAN was taken Into consideration. The dza
were statlstically evaluated by Student’s +test

RESULTS

Values of speed of the slow component, ampl-
tude frequency and duration refer to the re
spective mean values of the test group

Speed of dow component
Tabie 1 gives the mean speed of the slow cam-
pouent of VN OKN and OKAN and the
standard error of the means.

The speed of the VN decreased during the
first 18 sec of rotation from 60 /sec to 25 /
sce. No sigaificant differences wers found be
tween the values obtained on the two ddferent
test occasions or between the values obtained
before and after smoking. The speed of te
OKN was highest at the beglnning of the opto-
kinetical stimulation, 55 /sec, and decreased
successively to 42 /sec dorng the first 18 sec.
The corresponding values on the sccond test
occation (50 /sec and 36 /sec, respectively)
did not differ significantly from these obtaloed
on the first test occasion. The speed of the
sow components during the first 10 sec after
smoking was aboat 10 /sec Jower than thaf
before smoking.

The OKAN was present before smoking B
11 subjects on the first fest oceasion and i
IODnLho;ccond.Aﬂrr;moking,LbnOKAN
appeared In eleven test subjects on bol the
test occasions. On the first test ocrasion
smoking, the speed decreased from 18 /s ©
7 [sec durlng the first 30 sec. Tho speed WK
lower on the second occasion than on tho first
ntumypdntotﬁmenudbd.mmdd
lbe:luwcnmpcmcntlﬂtrlmtﬂiﬂlw'w
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Tabke 1 Speed of slow of cestibular (VN), of fe (OAN), and optrhinctic after-mstag
mg (OKAN) before and after smoking
lhnnhn(drﬁtup«mmmd\mwﬁhmmrdmu o parentl ses refer ¢ the
wrood test occasion, The mdniﬂ:nnmlhrﬂudp<ons( ).0.01( )mdomu } The st tsheal
Nhﬂmmpcﬂmdwhhlh:nhnbdmmlkuu
Thno in seconds  fer omset
2 4 10 18
Before smok ey
W 94144 532+37 373136 254+26
(639+14) (583+2.6) (6231 Q48121)
N 6139 20.3:+5.8 442243 20+.9
s (4611358 43330) Q535+13)
OKAN 184166 105425 5.1*14 66220 w91
=11 =11 10
[eE R (£3:0.9) (64+O.97 629 (NS—ZD
Afser cmck vy
635432 363130 127428 213227
0514 (32313.0) (L7126 Q13121
OKN H4t42 11146 371492 351237
“0713%) 021344 G23+10 015134
OKAN 125418 B8+12 9.5¢18 12719 16.2“11_1
=1t =11 =11 -
(ai+y @711 got1n @0o+1y 133+22)
-1 =11

Table 2. AmpEtude of vestibudar (VN) optokinetic (OKN), and optokinetic after-nystagmus (OKAN)

before end after smoking

Munnh:(d.rm)uemmmnﬁrdmuant-m
#eat occasion. For explansison of the asterakn, see T ble 1

Time in seconds
2

Before smokiey

VN 170421
(12813

OxXN 140115
as4£1n

OKAN 0112
(53314

-10

Afer trmaking

AL 39109°
“8106)

OXN 21114
q6tl4)

OKAN sttt

0305
-11

13.4+13
(117+13)

13117
09110

!.43;1 1
(5.lt|-5)

6008
[eR B

120417
(12414
1n9+1s
(123+15)
7_21ll|

1
(30109
=7

56408
(42104
6.7+1.0*
(62107
4 lj-_10.7

1
06105

93108
©03%11)
n2+10
(3R £33 %3]
ni+r4

(71.012.4)
7

32+08
“siom
74409
72410
séi1.0°

08109

~12. V tues  parentheses refer to the sccund
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the same as before smoking dunng the first 10
sec. Afterwards, however the speed mereased
slightly so that the values at the 30th second
were higher than those at the 2nd second The
increase I the speed of ORAN obtained after
smoking was sttistically lighly significant on
both test occasions.

Amplitude

Table 2 gives the mean amplimdes of VN
OKN and OKAN and the standard error of
the means at the different times studicd. The
VN ampiltude decreased fram 17 0 9 dar
ing the first 18 sec. The corresponding values
on the second test occasion were 13 and 10
respectively The nystagm pli during
the first 10 sec afrer smoking were less than
half the height of those before smoking. The
amplitude decrease by smoking was most

d 2t the t ing of the ib
stimulation. The mean valees did not duffer
significantly between the two test occasions

The inttial amplitude of the OKN was of
sbout the same magnitude as the vestbular
amplitade. However there was no decreste
the amplimde as long as the optokmetic stimn
labon lasted, Thus, at the 18th sec, there was
Slgnificant difference between the mmplitude

vestibular and of optokinetic origin. The

amplitude was not significantly changed

repetiton of the tests. After the smoking
procedure, the amplitede decreased kn relatron
to that before by about 5 at each point of
tme measured after the start of stimulation
(Teble 2 and Fig 2) Tho decrrase in the
amplitudes on the two different test occasions
was statrstically significant.

The amplitudes of the OKAN wrre almoxt
half those of the VN and the OKN The ampls-
tudes were upaffected a8 Joog as the OKAN
persisted. They were throughout lower on

—
=

™ o
] B MRt A A

Fig 2 Reprodoction of the initlal nystagmm patictn

by vestlbular and optolinctic stimalrtion
before unoking (cpper recording) and afier (ower
recording),

Frequency

Table 3 gives the mean nystagmus freqoency
per 10 sec of VN OKN and OKAN and the
standard error of the means The frequency of
the VN during the 1-10 and 11-20 scc penods
af rotation were shighdy lower than the cor

panding freq d on the second
test occasion (26.3 1o 287 and 214 to 241
beats) After smoking a cigarette the oysteg-
mus frequencies were almost doubled, The fo-
creases wers statistically hughly significant.
The frequency of the OKN was very similar
to that of the VN during the first 10 sec. After
smoking, the was incremscd aboot
7 beats per 10 sec (28 to 35 beap) The fre-
guency of the OKAN was calculated In periods
of 10 sec during the first 40 sec. As Table 3
shows, the values belore smokmg were tow &
refation to both VN and OKN and rather ¢oa-
stant during tho four 10-sec periods™ Afer
smoking, the nystagmus frequency on both te
test occasions was more than twice that te
fore smoking The nystagmus frequency io-
crease reached Ity maximam daring the “21-30
sec perjod™ after anset of the OKAN The floc
tustion of the frequency maxinum was €00~
dlstent with the fluctustion of the speed of e
sow 13 of the OKAN

second test occasion, however although this
difference betwreen the two test occasioms was
not statistically significant. Forther reduction
of tho smplitndes appeared after smoling on
both the test occasfons

Acta Osolerynyg 69

Duration
Themnnmluuotundunﬁonofomﬂ
were calculated with a maximum duration
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Table 3. Frequency per 10sec of restibular (VN) optokinetic (OXKNY and optok inetic after-mystagmus
(0XAN) before and after omcking

lhauhn(bmumlﬂm)mdmwﬂhmn&mmdlh:m =12 Yaluer -3 refer (o the

#ecoed dext oceaslon. Far explanation of the asterhiks, see Table 1

Seconds
o-10 112
Before cmking
AL 26318 20416
;I @4 1=1n
XN 275517 FSESN
@7+2n s4x17
ORAN 98E12 84311
~11 a~3
0114 ©7:08
APt wacking
YN 483435 36232
G413y (E-“
7+31)
oxN M1 31616
n=11 1"
OAs+24) Q11 e
OXAN 198%27 218324
=10 11
200122 00127

120 sec n each subyect, alihough afer smok
ing. the OKAN lasted Tonger In some of the
subjects, In the mnoking-free tests, the mean

wat 41176 sec (£SEM, n=11)
on the first oceasion and 2244 9 (n~10) on
hlﬁmnd.Aﬂcrnmking.LhzmuponcEng
vilnes were 1154205 sec (n=11) and 98+
11 5e¢ (n=12), Le. the duration wes decreased
prcﬁﬂmmwmurmm

DISCUSSION

Toemh\:mmcmnpcm'.hcmﬂmyuflbe
vestibolar and the optokinetic reflex arcs, sig-
b from reglons other than the respectivo sen-
0y argam must be reduced to a minlmum.
Tho VN was therefore provoked In completo

The eyes were open to prevent & coo-
Ceivable vertical upward movement of the eyes
by eyo closure, which might change the hor-

edry & Montagne, 1961). Tho degres of alart
foc the VN intemity (Collins

Dest,
& Goedry 1961) was held a3 constant &3 pot-
——

213 3140
96-13 19515
3

a9=t9 ®0-27)
-7 -4

N3+24 234-21
il

@49+27)* Q1328

slble by mental tasks, Le attention to the sen-
sation of rotation

The optokinetic nystagmus, which also var
jes with attentlon (Jung & Kombuber 1964)
or with consclous tracking, was provoked dur
1ng deprivation of ocular attenton. This was
done by instrocting the test person to do men-
tal anthmetlc problems as rapidly as possible.
As suggested by Calllms & Guedry (1961) such
arithmetic tasks sscertain the cootrol of the
arousal bevel and coumternct the decline of nys-
tagmus intensity by decreasing alertness. A
possibde stronger mental activity in the OKN
tests than in the VN tests, glving a more inten-
stve vestbular nerve activity must be taken
imo account by evaluation of the present ro-
salte.

Speed of dow component

The porposc of OKN us well as VN Is to
track & moving object. This refiexogeake track
ing by vestibular stimulation k to tome extent
Inadequate since the cye speed of the slow
canponent lags bebind the stmulus vel
umnhcrvnbyﬂenr[knon(ﬂjf}
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ging cyo speed behind the stimulus veloclty In-
creases with Increasing age (Tibbling, 1969 b)
From the present results, it is obvious that also
the speed of the slow component of the ORN
which depends an the velodty drfference be
tween the head and the surroundmgs and not
on the number of stnpes (Hourubla et af.,
1967) lag behind the stimulus velockty A
comparison of the mitial speed of the slow
component of OKN and VN when the two
sorts of stimulation are equivalemt (see intro-
duction and Flg. 1) reveals that the magni-
tude of the speed lag is about the same m
OKN and VN The laggmg cye speed behind
the stimulus velocity common to the Inltial
OKN and the imtial VN indicates a common
central regulation mechankm for the nystag-
mus eyo speed

Regarding the optolapetic eye speed of the
slow component as a function of time, the pres-
ent results show a slight exponential slope of
the speed (seo Flg. 3) This argnes in favour
of a central damping mechanism since the pe
ripheral lﬂmulaﬁonmcm:tlm. The damp-
ing mechant the mech appll-
ublctothemov:mmuofldlmpcdpmdu-
~lum. It seems hlc that the p

eL‘lxlopc of thovaﬂbulnrﬂcwphmeyn
>

i3 also to some extent damped from the
same centres as the OKN and b5 not merely o
functron of the cupula deviatron. Based on ex
perimental work, similar thoughts have been
disansed by Collins & Guedry (1961) and by
Flour & Mendel (1969)

The vestibulady Induced eye speed of the
slow component after smoking remained un
changed thu coafimms earfier results by Tibb-
ling & Henrdksson (1968) and Tibbling
(1969 a) In the present stdy the optokinetl-
cally indoced eye speed of the slow component
was lower after the smokmng test. This decrease
fs probabiy doe to the dexign of the test: in
order to imvestigate the effect of smokmg a3
goon as ponmiblc after the test person had
stopped smoking, the optokinetic mystagmus
was provoked within 1 min postaccelerstorily
At that time, the vestibular postpost-nystagmus,

Acta Osoleryng 69

Fir 3 Bpecd of the sow componant of vestibatar and
nystagmm 23 & function of time, Vestboler
sthoalus =120 feec/1.8 see during 1.8 sec. Optokdoctic
simulus =120 fice.  —— = VN (mean values,
®=12. A —-— 4 =OKN (mecan values, a=~12), The
mean values refer to the Mt text occasion.
directed opposite to the induced optokinetic my
wagmus, was continulog and {n many cases was
even at ity maximum. This mode of action
made the speed values of the OKN equal to
the presmoking values of the OKN minns the
speed of the postpost-nystagmus, It is therefore
suggested that smoking does not affect the cye
speed of the optokaretically induced slow com-
ponent, any more than it affects the vestibular
slow component To prove this definitively
turther experiments with an optokinetic drum
are needed.

Amplitude

The nystagmus amplitnde is here defined a3
a quality of the fast component since the amp-
litade iy an expression for when the sow com~
ponent Is interrupted by the fast ane (Tibbling,
1969 b)

In the present study the amplitnde was
about the same height in the initial vestbular
and the optokinctic nystagmus beats. During
the course of the test, however the optokinetic

amplitude was mainly unchanged
despite the decreasing specd of the tlow com
porent. This was in contrast to the decreaso
found in the vestibalar nystagmuos amplitude by
decreasing speed of the slow component. It
seems reasonabic to conclode that the ampli-
tode depends on peripberal as well as central
factors, and that only strong changes in the
semsory mput are reflected In the amplitdes.
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This argrment 18 [urtber supported by the rels-
wms obizined betwen the amphtude mnd the
xeed of the slow component of the ORAN
n 3 foocton of tme. The mmplitode of the
OKAN was about hall that of the vestibular
ol the optolinctic amplitudes, and at the
ame tme, the speed of the slow

Triocker et @ (1961) In m study of the nys-
tagmus frequency it mumst be observed that
the frequency depends on the nystagmus ampli-
tude as well as on the speed of the sow cam
ponent. Thus the nicotine induced increase in
the frequency of the VN is due 10 a decrease

in ae-fourth. The decrease n the slow eye
weed of the OKAN to hall that of the ininal
vibee was insafficient to bring about a decrease
b the amplinde of OKAN

The smoking-Induced decrease in the vestib-
¥ar amplitades, reported in an earbier pubhea-
‘mmbbﬁnx&}{mrﬂmon,l%s’) was con
ﬂ'mi'l'lrprumtnndyh:s‘ d

in the amplitudes, whereas the meotne induced
increase m the frequency of the OKAN s due
to both en amplitede decrease and an increase
In the specd of the slow components Funathy
the less propounced frequency increas 1n the
OKN In relatron to VN imdoced by smokung
is duc to the decrease in the speed of the sl

P which the 1~
crease obtained by lowered amplited:

¢ smoking also provoked & decreasc In the
topfindes of the OKN and the ORAN In-
derd, the amplitnde decrease in the OKN and
&Mmmmpmmmdmdnlul
e VN Since the mcotine In the cercbrum Is
Dpidly elimnated (Schmiterlow et o, 1967
Tibbling & Henrikuson, 1968) the reduced fn-
flococe o0 the ORN and the ORAN ampli-
“ﬂﬂmrrlmmmhe \}

OKAN

When dicusung the ORAN it mwst be ob-
scrved that this oystagmos s not & secondary
nystagmus of canventional type, ie 2 mystag-
mus of opposite direction to the initial nysmg-
mus. Rather it must be compared to a vestib-
ular nystagomos appearing when the shrrnlation
disapp After the smoking test, bowever

old be explatned by the longer time Interval
Mdmbﬂmhsmoﬂn;lnddx;m—
red OEN and OKAN than that between the
Loking and the generated VN

Tie infivence of smoking on the amplitndes
VN OKN and ORAN seems to be of cen-
'l odgin since the semsory sumulations and
&Wﬂﬂldﬂwmngmﬂoahgtba
wrength of the stimmlanoes, were mainly un-
changed. This centeal infincnce possibly ems-
XSS from the stroctures in the reticular for
Zen that programme the fast phase (Mc
Cabe, 1965) The covariation of the amphitades
VN OKN and OKAN arpses bn favour of
* common centre for the fast compozents Ths
Tt support the hypothesh by Trinckes of
. (1961) abont & programming 1yrtem com
1002 10 OKN and VN

Fl’%

of the Indis) Fral:

= opokinetic syvtzzmm frojweney fued In

Be proseat work azees with fhe rundss 1y
P

the OKAN differed 1n many ways from the
VN The nystagmus Intemity of the OKAN
increated after 18 sec, giving an increamng
speed In the slow component and mdirectly s
increase in the mystagmmm frequency Further
more, the duration of OKAN was prolonged
by more than three imes the presmoking vat-
ues Whether this increase In the OKAN
intemity obtained after smoking © duc to a

b fter-postp mterfering
with ths OFAN or to some sort of ceatral
reless mechantim b at the moment unclear

CO {CLUSIONS

1 The optokinetic nduced speed of
s ppdagmus enmponent §s lower than
spood of the optokinetic stimulms, provided Do
widuntary tracking 1 Involved This relation
betmen th atimulus and the resulting eye
s+t 0 sdults 1 of the same magnitnde as
fhat between a correvponding vestibtolar stim-
ul i3 & the resalting vestibular eye speed.

Acks Ol
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2. The wmtial amplitndes of the vestibular
and the optokinetic nystagmus beats are of the
same height when the respective semsory organs
are stimulated equally

3 The mbal nystagmus freqoencies ob-
tained by a vestibular or an optokinenc stim
ulus of analogous power are equal.

4 Durmg a constant optokinetic stimula
von, the optokinetic mystagmus shows a de
cremse In the speed of the slow components
and In the frequency similar to but less pro-
nounced than the postrotatory vestibular mys-
tagmus.

5 The speed of the slow component of the
vestibular and the optokinetic nmystagmus s
muunly unchanged by smoking.

6 After smollng, there b a dearcut de
crease of the amplitudes of the and

effects and nystagmot diniog prolooped comtast
uph:t:uhﬁbn.USAmdehdkmj
Laboretory 500 1

Van Egmood, A. A. J Groen, J J & Jowgkess,
L. B. W 1949 The mechanics of the sermcirentar
caml. J Physiol 110 1

Enoksson, P 1936, Optolinetic mystagmm
Jesioms. Acta Ophthed (Kbh) 34 163

Flour E & Mendel, L. 1969 Relation betwra

in bk

63 127

Guedry F E & Montagne, E K. 1561 Quumtitathe
cvaluation of the vestibalar coriolis reachon
Aerospace AMed 32 (6), 487

Henriksson, N G 1955 The correlation betwers

tagmus
(Stockh) 45 170,

— 1936, Speed of slow componcnt and duraboa ja
caloric oystagmuos.  Acta Otolaryap (Stockh)
Sappl. 125

Hoerublz, V., Scott, Bartars, J & Ward, P H. 1967

optokinetic nystagmus and the optokinetic af
ternystagmus.

7 After smoking, the duoraton of the opto-
knetic afternystagmus s markedly prolonged.

8. The results support the hypothess of a
common system within the CNS that program-
mes the vestibolar and the optokinetic nystag-
mus, and to some extent also the optokinetic
afternystagmus.
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ON VESTIBULAR RESPONSE TO MECHANICAL IRRITA” !

A.Munand G Leventon

From the EN.T D, Tel Hash

G Hesplral Tel Hohom

Recetved October 11 1969

prosthesls was used. Nooe of the cases requ
a drill-cut procedure.

ENG electrodes were fixed and remawned in
place throughout the surgery A recording was
performed prior 1o as well as at the following
stages of the operarion 1 Elevstion of the
ympanic fap 2. Removal of the p
bony canal wall 3 Extmpation of the foot
platt 4 Insertion of tho prosthesks Additonal
ENG tracings were donc oa the sccond post
opcrative day

RESULTS

In 8 ot of the 10 cases po nystagmus ap-
peared st all Jn I case there were nystagmus
beats after fmertion of the prosthesh, They
were In the direction opporlts to the operated
exr In the remalning case there wero some
aystegmic waves after removal of the posterhy
bosty camal wall The direction there, was (3
wards tho operated car

The ENG tracingy on the second punl i)
enallve day demomsirated nystapmin i) g
caxcs In 7 patents it wos direct 4l Jypayly
the epersted ear in 2 away frn B ) | §
case It wat a directlon-changhig iyatapirin

DISCUY I
Even Gough s witlyy fhhi] | recer

Labyrinshine respen  dyyfny gyppica +-
voc, this was ik piajnfy when w
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radiaton was employed. To the best of our
knowledge only Majoros (1967) used nystag-
mography during stapedectomy but this was
in order to blish damage

had occurred. Nevertheless, his findings re-
garding the lack of nystagmus were similar to
ours

Arslan (1964) concluded that nystagmus oc
curring during the ultrasonic irradiation of the
labyrinth was probably due to thermic irrita
tion Stahle & Sahl (1964) believe that this was
due to the ultrasonic energy itself Although
these authors differ on the subject of etology
on thus nystagmus, they do not consider the
factor of mechanical frritaton.

The post-operative nystagmus which appe
ared in all our cases is probably dee to 2 post
operntive labyrinthino reaction, acd not to
mechanical irritatlon during actual surgery
Shea (1963) and Shambaugh (1963 1967) al
ready suggested that post-operatlve nystagmus
Is due to a labyrinthine reaction (scrous laby
rinthitls) which occurs somo time after surgery
the time Interval belng as yet undefined

The results obtalned demonstrate that me
dnnical wrtation, such as produccd durmg

y has po g effect upon
d:-cvaﬁ\mle which cnnbcmcamn:d and/or
by means of ENG

Acta Oolaryng 69

graphic durchpaflihrt,
Dic Elehtronystagmographie hat ;unl;:,dnh
w‘l.h.rtndclnef
Irriation inend kelren Effelt
an? das Labyrinth bat.
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ELECTROGUSTOMETRY

Spatidd Threshold Varlations

M Foms
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this wdeal. A very high demtity of pepillae on
the tip of the tongue a grodual decrease back
wards along the cdge and an extreme scarclty
on the mid dorsum were typical findings. Sym
metrcal areas on the two sides were often un-
equally covered with papillac In relation to
ciimical electrogustometry this means that =
5 mm, circolar metal electrode may cover a
vnrﬁngnumbcrolplpﬂludcp:uihuwtho
site of app As the stt

cannot be spplied repeatedly to cxactly the
same point on the tangue surface the threshold
determinations may vary accordingly If the
(hreshold at the tip of the tongue is comider
ably lower than at the part of the tougoe edge
wsually preferred for clinical taste cxamine
tioas, the latter point seems kesy representative
and not quite sutable for the demonstraton
of agrinla. In view of thews implcations, ft
was decided to lovestigate the spatial threshold
vartations experimentally

METHOD

Six flat, cireular steel electrodes, § mm in
diameter were embedded in the imsde wall of
the wngue holder shown in Fig. | Tho wing-
shaped [ateral extensions were held between
ﬂ)cmdutmh,vhﬂplbeomc—mxpcdﬁpln

Ined the flexes. EX de 1 corres-

therefore have been ideal. v Skramlik (1924)
(ﬂ]ndﬂ:n:dmld.hﬂﬂnﬂmrldﬂ‘h:\hnm

poud:ludmmld—domm clectrode 4 to the
dp of the tongue. Electrodes 3 and 5
[ymmztﬂalpoinumlhecdgec:’



Fig I The acrylic tongne holder in which the stimp-
inting clectrodes were embedded.

11/, cm from the midline appeoximately off
the canine teeth. These are the two pomts
recommended by Rrarup (1958) far climcal
taste examinations. Electrode 2 and 6
are placed symmetrically farther back on the
edge of the tongue Thuy, ooly the anterior
two-thirds of the toogue, innervated by the
chorda tympant em the two sides, were exam
ined. The subjpects were Imtructed to keep
the tip of the tongue m contact with electrode
4 and as far as possible avoid movements of
the tongue duning the trialy,
As stimulator was uxed & transistocired d.c.
stant current generator The stmaulus in-
Ity was controlled by means of two wire
poteniometers mounted on the same
axle and connected 10 that the current varied
with the square of the angle of romtion. A
gradoal torn of the knob thus gave an ex
ponential change of the stimulos mtensity
which & 1 good secordance with the physio-
logrcal variations of the taste sensitivity
A number of rectangnlar stimuli, 500 msec
in duraton were pretented with 4 scc interval
The stimulating impulses were followed by the
andlbie clicks of the reiays, thus cheracterizing
the method as & so-called “forced choice pro-
cedore” Accocding to the “method of adjust
ment” the subject controfled the stimulus in
tensity himself by tuming the knob of the
poientiometer  Alternately Increasing and de
cressmg the stimulus intensity be found the
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lowest detectable intensity which was then reg-
wstered by the exammer

Ten subgcts, 5 male and 5 female all 20~
25 years old, went through five trials each.
One tral Issted about 45 mun and consfsted
of four threshold determmations with each of
the six electrodes. This gave a total of 1200
threshold determmations, 120 in each subject,
200 with each electrode,

RESULTS

Fig. 2 and Table 1 give the average thresholds
corresponding standard deviations for the
six electrodes. The results were registered In
#A and converted to Krarups logarithmic
Electric Gust Units (1958) before the cakmla-
ton of mean values and standard devianons.
The final resalts were then reconverted to A,
but the diagram m Fig. 2 has a loganthmuc
ordinate
As expected, the Jowest average threshold
was found on the fip of the tongue (clectrode
4) whereas the threshold increased slightly
backwards aleng the edpe of the tongue (ckc
trodes 2, 3 5 and 6) For thess five dectrodes,
however all average thresholds L within the
rather narrow range of 2 0-6 1 pA, a spread
which b very moderate compared with the
average standard deviations and the total oge
of the gustometer (0-300 uA) Theso average

100 {

T
L T
ELECTRODE

Fig 2 Averago thrnbolds and coresponding stand-
ard devistions for the six eféctroder
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Tuble | Average thresholds and standard deria-
tioms obtatned with the Hx electrodes

Average
Eertrode  threshokd

Limits

1 1000 1630
640

1 53 103
pX

3 a4 65
17

4 0 40
15

s 33 [
17

6 a1 n7
32

semBogarithmic
dhmmﬂrtmnd.l:dd.uvhﬂmblowmkx
dectrode 6 and highest for clectrode 4 which
15 in good dance with the daser
ability (Feas & Osterhammel, 1968)
F@Spvudnindindmlmﬂuforndl
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solis. The threshold pofuts of clectrodes 2-6 were
conpected by solid lioo which correaponds to the
towgue scen from the frout.

threshalds at clectrodes 2-6 were connected hy
a solid line which comrespoads to the tonguo
holder secn from above oc the stretched oul
tongoe seen from the froot. The modt atriking
feature §s the pronounced Individunl differ
ences. Althoagh most of the subjects v (I
lowest threshokd on the tip of the tongie ayh
fects 1 7 and 10 aro excepiions from (i
All the subjects hxd the highest threalwl
the mid-dorsum but it varked whhin e brow!
range of 26 #A (smblect T) 10 over ¥} pA
(subjects 5 snd 8) The sMe dIf 1y g wrpe
usmlly small, bot sublectd 3 wnd f1) ofwpwyil

of the 10 subjects. The pomts the

Table 2. J'kedd]'mbﬂmlhtr}gk!md
lefuﬂtnfﬁ‘ttwwmaflmcanﬂu-uﬁlt the

breshalds d tned with des 3 and 5 were
therefore compared statlstically
Tight-doft
Sabhect (EGU) Poios
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H Te ©.10-003
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3 Hero agaln, the Indivldust Af 1 jvs wro
pronounced. Tho values are ghmy fuy [ fectric
Gust Units in order 10 mbpkrum (i futfuence
of the stimulus level
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Table 3 Acerage standard deviation given In
Electric Gust Units for each of 10 subjects

M Fons

i

LR YOF ST

subjects, Nevertheless, the threshold oa the tip
of the tongue B not genenally so much lower
than at the sites of clectrodes 3 and 5 that
the Iatter points cannot be comidered sutable
for the demonstration of agrusia by means of
= standardized procedure

In wiew of the spatial threshold variatans,
the accuracy of the electrode application deser
ves great attention. It has already been mentio-
necd that under cimical circumstances, the elec-
trode cannot be appled a number of times to
exactly the same spot on the tongue surface.
Jodoulrtedly thrs accounts for part of the un-
, v of choical threshold determinations

spite of this, the control of the ntc and ex
tension of the stimulated tongue area is moch
eatier with electric than with chemical stimala-
tion. Conscquently the spatal th id varia-
tons peovide another reason for preferring
clectrogustometry for clinical purpases.

The queston of threshold differences be
tween the two sides concerms clecirodes 3 and
5 in particolar as these were placed oa the
stes selected by Krarup for clmical electro-
gustometry In 140 normal subjects Krarop
found that in all age groups the threshold va
red within 2 wide range, while the difference
between the two mdes was equal to—or less
than—2 EGU in 99% of the subjecty. Ag seen
trom Table 2 ooly sabjects 2, 5 and 9 of the
peesent study fall withun this 2 EGU range

Acta Osolaryug 69

The side difference, however wis only saf-
cally significant in subjects 3 and 10 The o
parent discrepancy between the findings m the
two studics should be taken with some resern-
ton as the methods employed were quite &-
ferent. The present matenal of 10 subyech 8
small compared with Krarup s of 140 subjects.
On the other hand, the 10 subjects, chosen at
random and found to be narmal from hrarup's
cnterla, were tested repeatedly with the vory
reliable “method of adjustment” In vew o
the varying profiles of the indivadual curves B
Flg. 3 and the fact that none of the threshokk
were remarkably high, it scens likely that mb-
Jects 3 and 5 represent extreme varrants within
a normal range.

In conclusion 1t can be stated that a rather
uneven distribution of the sensitlvity over the
tongue surface seems quite consstent with
normal afferent taste pathays If clmical ekec
trogustametry shows a moderate threshotd &if-
ference between symmetrical points on the tv0
gides, repeated examinatons over a peried of
time should be carried out and the results be
Interpreted as part of the completc OLODETTo-
logical picture of the case,
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CERVICAL CHORDOMA

Report of a Case and a Brief Revlew of the Literanee

S. T Bach

From the Depariments of Otolarysgology and Patholoty Central Cownty Hocpisadl
Srendbory D nmark

Recrived November 18 1969
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Tt 1s further remarkable because of the paveity

cal spme.

Case Report

A Styorold wormun wkh  history f operarions
for benign breast (umonr and for otts med  Dur
ing the mooth prior o ber pewent admmyon. on
431952, she had been xware of 3 nodwe o the
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Fa I Enemt of tesony

PTEbL At operation the tomont was formd to havs

tumour th bt pres h 1
vereles 13 mm [ o
this ertebra appeared

Historical

Virchow (1857) & aften itew
dbcovered the chordoms, b

he did not notxe thk type ot
Linchka (1856) had deseribed sou
gelatinons neoplastic masses on Bluw. pn.
divus. Virchow belieming that they w < &
rived from degencrated cartilaginows trw
called them ecchondroshs physaliphora. Mu —
(1858) demoostrated the sumBarlty to chardal
thssue, and this was confirmed by Ribberts ex
periments (1894) He punctured the nuckeus
pulposus of rabbits. The tiwue which escaped
from this hemm grew into a greynhored
tumour of the zame hrstological archutecturs
which had been described previously Ribbert
was the first to cmploy the term chordoma.
Hibs caperiments on rabbits have later been ro-
peated by Congdon (1952) with the same rc
sult. Stewart & Morin (1926) have wmed the
term “ecchordosis physaliphora™ of the chor
dal thsue whach some authors maintain b pres-
ent o the dovx In 1 /2% of all artopsies
(Ribbert, 1894 Stewart & Morin, 1926) Thh
tissoe, considered to be a chardal vestige, hay
been found to co-exist with malignant chor
doma, but not In direct connection with it
(Cappell, 1928)

The first case (o be diagnosed in rhvo Wi
& cranial chordoma described by Kleba (1864)
a3 2 chordal chondrama.

Up to 1968 a total of about 550 cases have
been reported (Wang & James, 1968) In Den-
mark  Fabeicius-M#iler (1919) described the
first nasopharyngeal case, and later 30 cascs
have been reported Jn Scandioavian literature
Inclnding 3 nasopharyngeal ones. Godtfrec

Acta
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(1943) has described a case in which the causo
of death was lnvanon of the carotd artery
and Simonsen (1963) has reported a cose in
which death was due to subdural haemorrhage
from a clivoid chordoma. The largest Scandr
navian series, comprhing 16 esses—3 lumbar

and 13 sacrococcypeat R quist & Salez
man s (1959)
Embryology

The notochord arises around the 3rd week of
foctal life, developing fust as the prochordal
plate from Hensen s node which is situated in
the centre of the embryonic disc. Hence it
growa Into the cranial direction by stmple cel-
Tular proliferation up to Rathke s pouch at the
pheno-ocaipital synchondrosis (Flg. 2) There
b some disagreement as to whether it i to be
considered endoderm or ectoderm. Therefore,
some anthors (Harvey & Dawson, 1941) have
maintamed that it is a tissue s generis devel-
oping from i3 own blast, independently of the
mesoderm by which it gradunlly becomes sar
rounded and which later makes up the verte
bral body

According to Huber (1912) end Horwitz
(1941), who studled foctnses with a vew to
the course of the motochord, it is quite close
to the pharyngeal wall and in some cases em-
bedded therein. Around the 8th week there

cat developmental upheaval around the

of the notochard, and It bas been imag-
=d (Wright, 1967) that after this process
10me ectoplc tmue might be left, pivmg me
1o tumour formation.

Gradually as the vertebrae are completed,
the notochord gets coustrcted, and remnants
of it may be found in the noclens pulposus,
while otherwise It disappears. It is believed that
the chardomas develop in intracorporeal or
extravertebral vestiges, while tumours have not
been observed to develop from the nucleus pul-
posus (Harvey & Dawson, 1941)

Pathology
The tumour b firm, preykh-white, Jobulated,

Fig 2 Course of the potochord.

face When the capsole Is removed thero are
1-3 mm large vesicles, the so-called chord-
oma eyes” The tumour varfes in sizo accord-
ing to itz site, the vertcbral and cranfl oocs
not exceeding a few cm, whik in the sacrdl
spine very large chordomas have been soen.
The largest chordoma which has been removed
weighed sbout 7 kg, and 19 months Jater the
patient returned with a recurrence which
welghed 11 kg (Mabrey 1935)

The histological picture of this fumoer B
charactenzed by its vanegated appesranct, &
the same tumour may inclode extremdy ce-
lular areas and arcas which conust
nmﬂydanulluhrncwmuhdomdm
Between these extremes there are all kinds of
transitional varienes. The tumour js devided
into microlobules by fibrous cthve-thsoe
strands which are vascular while the mmotr
tissne itslf ks avasculsr The cells are of X
tremely varked size, but of approximarcly the
same shape. The smallest cells, n
the lobules, arc moderately costaophillc #d
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2y stightly vacuolated (Fig- 3) The nuclel
Ty Titte in alze &nd chromatm denstty As &
de they wre cenmnlly shoated, but may be
Tessed peripberaily by vacuoles so that the
xlly scquire the appearance of signet ring celly

Thita & MxCanty 1952) M there

Histochemieally several staining mcthods
have been wed 11 an awd In disgnosls Prima-
rily a number of metbods for demonstrating
mucus and abo Bests carmine stalning for
demomtrating glycogen which bs sald to be ac

&y be mlear vacuoles. Centrally in the lo-
~ the cefs fuse to 2 syDLYUTD oF 10 BE
trote areas (Fig, 4) Exmaceiiolty diere witt
be accumulanon of mocinoos masses

! By ekctron miroscopy Fricdman et ol
(1962) haree found that there are two, possibly

,thres. kinds of ocl, viz. cteflate, phyvalipborou,

pecially tn an flolar sitns-
ton. In the present case it was not pomible
10 we the Janter a3 the thsoe had been fixed
n agueows formalm Al tess ming mucicar
mine were negatve for intacellular mucms,
while fafmt staintng of extracellalar mocus was
obtained Periodic ackl-Schiff (PAS) pave the
wrongest poaattve resction intracellularly while
Aldian Bus was postiive both for extra and
intracelinlar mucus, but not equally stroog o
all cells, fn particular not the latpest. Like
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Iurato & Leantardellt (1956) we found meta
chromasin extracellularly upon staining with
toluldine blue, Indicating that the ground sub-

stance 5 made up of acrd mucopolysacchar
ides.

In spite of the characteristic histological pic

served in a 7 month foetus, and chordomat
bave been described in 80-year-old persom
(Mabrey 1935)

Clinked! features

ture, there have been, In the course of time,
great difficulues in making the diagnons at the
fint microscoplc examination, probebly be-
cause the tumour has not been borme 1n mind.
The most common erroneous diagnoses have

fibro-myxosarcoma (Mabrey 1935).

Metastases have been found in 10-15% of
the cases, mainly from the sacral chordomas,
possibly because on the whole they have ex
isted for a long time before they are detected
and treated. The metsstascs have been seen
in the Liver lungs, heart, bemes, serous mem-
branes, Iymph nodes, and in the subcutapeous
tmsue  (Higmbotham et of., 1967 Wright,
1967)

Site sex and age

Coenen, in 1925 suppested a classification of
LEhmmourwhhbn:d]lmusr

/mnl—tpbmoidll

clivoad
nasopharyngeal
(2) verrebmmi—
(3) sacrococcygeal—(a) antesacral
(&) sacral
{c} retrosacral

In comprehensive snalyses (Dahin & Mac
Carty 1952 Higinbotham &7 & 1967 Ma-
trey 1935) about 55% of the chordomas have
been found to be sacrococcygeal, 35% cranial,
and the remaining 10% vertebeal, maunly cer
vical. Twice as many males as females arc af
fected. Most of the cranial and vertebral chor
domas occr m the age range 30-45 years,
while the sacral ones are most from

No symp or sigm sre pathognomonic of
chordoma. Of the chordomas which affect the
upper part of the spme and the nasopharyngeal
space there are the primarly vertchral one
and those which Issue from the spheno-occipt
tal synchondroals whence they grow down into
the rimopharynx. The former usually manifes(
themsetyes {n pam, partly suggesting root pain,
pareses, dysphagus, hoarsencss, and possibly
dysprnoca. The latier give rise to nasal obstroc
ton, rhinolalla dausa, and secondarily puoro-
lent nasal discharge and posibly epistaxis
(Jepsen, 1951 Wrght, 1967) In addition,
there will be the primarily intracramal symp-
toms which usually arc unilateral at first, bat
gradually become bilateral, primarily ocular
symptoms because of wvolvement of the ab-
ducent nmerve, the other ocular-muscle nerves,
and optic perve Thereafter deafpess of e
perceptive type, signs of pitultary involvement,
headache, and bulber paby (Bremdstrup,
1943)

The progposis of the cervical chardomas
poor the sverage survival trme being 24
years, The course of the sacral ones b some-
what loager as already mentloned. Dahlln &
MacCarcty (1952) have published the case of
a patient who lived for 23 years after the dhag
nosis had been mede

The cause of death has seldom been re-
ported, but iIn mast cases thers has been 2
question of local recurrence, increass in bntrs-
cranial pressure, cachexis, splsstic amaemis
due to radictherspy and fn sdditton the three
cases of vascolar invaston.

Diagnosis

The mvestigations which may be applicd In

this type of tumour are the usual radlological
bat nooc i p alc €x

50 to about 65 years of age (Dahlin & Mac
Carty 1952) However a case has besn ob-
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cept for Sosmans sign, which is a small, ¥
shaped notch In the clivus Blumenbachil (5S¢



rasen, 1937) but thh potch s evident oaly
i the earliest cases and disappears gradually
= the tumour destroys ever more bony thsue.
In same cases, however ft & posalble to deter
e the extent of the tumour by tomography
bot In the great majority of cases the X my
cuminations arc entirely negative as in the
present case where bone destruction was pot
rh'bleunﬂl-—Smmﬂnbdmdanh.Amwg
e dufle 1 di fhitkes there b
mhemﬂmhaibououwcﬂnd‘nlargcnum—
ber of primary or sccondary tumours which
may be situated in the skull or in and arommd
the spine.

The anly possibillty of making the carrect
dagnoen b, as already mentioned, histological
exmination.

Treatment

The treatment s elther surgleal, radwlogical,
Or a combination of both. It i very difficult
0 remove the tumour radically unless, =3 sug
tosted by some anthon (Higinbotham et of
1967) the operation b hemicorp with
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damaging the adjacent tisue (Zolin & Fényes,
1960)

Accordmp to most recent investigations, the
optimal tumour dosc is about 6 000 R, and the
previous opinlon that this tumour was fairly
radioreshstant was probably due to the Inade-
quate therapeutic possibilitics,

all iy implications oc removal of at least 2
verichrae wbove the level where destruction
may have been seen. Of course, this is appll-
cable only for sacral chordomas, while in the
@ of vertebaal o cramfal chordomas re
Peated curcttage of the tmour may be tried
or possibly lsminectomy without any hope of
Temoving the tnmour in healthy thsuc How
¢ver when the operation b combimed with
beavy bradiation good palllstion muay be ob-

Among patients treated exclostvely by radio-
therapy there have been cases in which doses
Up to a total of 17,500 R, sdministered as
bigh-voltage irradiation, have resulted i 2
wmporary  but complete regremsion of all
mptoms, without bum Infudes (Boyls &
Frank, 1966) Furthermore by the use of
Sereotactic radicactive  Yttrmm
wceds bave been placed in the tumour Owing
o ity embion of betarays anly thh dement
nndeﬂm-mouzln;dmelo?i}!,:uhouz

Sch grtunden,

daw dle Q betans am shuren M

riden anfgabeat it

Addendum

Jwe m this paper was ready for primt,  cmse of
wua admitted.

Thh w3 10-year-old boy whh a hittory

headache. revealed om the right fim
tomowr the nus of adbyrng to the
mhcows, from the orifice of the Ewstachiea

Boyb,T lL&ka,H_O.l%&Tmlnm,:
nnaﬂnrrm:-lchordomnby
l.rrlbﬂc-.lL'yrngJL
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FOOD AUDIOMETRY
Preliminary Report

H. W Ewertsen and S Scott Nicksen
From the Sirte Hearing RekabiRsation Conter Copenhapen  Deamark

Recei ed Janmary 70, 1970

sudiometer
proved to be soccewfnl in the exsmination of
lexring in emsll children #nd i mentally retarded

!
:
§
i
7

APPARATUS

on exch side of the child. The tope spmuli can
be activated from a pedal at the exsminers
foot, 20 (hat movements of the hands do not
hfluence the child,

The comists of &
dish of staindess seel. In the side of ths dish
4 & parrow afit, which opens when the finle
wooden bear i pashed backwards. Inside the
box fs & magarine (like the ooe in m auto-
matic gum). The magazine is filled with eround
30 little chocolate tablets, which melt mapidly
I the month and are swallowed quickly

By means of & witch, it s to make

time #3 the pare tone s given aver the audio-
meter This procedure is oaly med in the be
ginnbog of the test in order to aftract the
child’s attention to the wooden bear Later on
the lummated cyes are switched off so that
the child caly (eacts to the pure tonesd

1t the child bappens to push the bear back
wards without 2 tone belog ghven, the sbit In
the dish does not open, and the chocolate
tablet cannot be ejected
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2

PROCEDURE OF EXAMINATION
If the child refuses to have the head-phones

releases a pure tone of 1000 Hz of a reason
able intensity by pressing his foot against the
pedal. When the child hears the tone, the Eght
in the bears eyes The Iittle padent
the bear & push on its nosc, and to the
of the child a chocolate tablet jumps

|
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out into the dish The tablet 13 grasped aod
soon caten the child 15 then ready for the pext
tone impulse.

Dur to the interest of children in this exa
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