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Fz 1 Normal bas lar pap Ita with ntact tectonal mem-  Fig 3 Severely damaged basilar pap Jla from an an mal
brane (74} and ventral type A sensory cells (1) and  treated for 21 days The ventral type A cell population
dorsa) type B cells (8) x300 (4) s relat vely mtact wh le only occasional type B cells
Fie 2 Moderately damaged bas lar pap lla from & [ zard  remaim (8) x300

treated for 14 days Intact tectonal membrane (T1f) and ind

tvpe A (4) and type B (B) sensory cells x300



bundles (HB) and cytoplasmuc hermiations (CH) wn the

dorsal type B sensory cell area x3400

harr bundles x 550

4 Normal type A sensory hair bundles x8000
¢ 5 Normal type B sensory
Fie 6 Moderately damaged basiar pap fla with fused hair

Fig
Fu
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Fig 7 Fused giant hatr of a type B sensory cell x6 100

Fig 8 Distorted hair bundles (HB) and cytoplasmc

heriations 1n a moderately damaged basifar papilla
5900

%
Fig 9 Moderately damaged type A sensory cells with

dles x4800

Fig 10 Cytoplasmuc hernations (CH) and fused b
bundles (B) 1n a moderately damaged organ
the free floating cytoplasm  x2300
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A cell population showed less signs of damage
1n companson with the type B population (Fig
12) Most of the type A sensory hair bundies
were ntact and the unilateral onentation was
still evident Most of the sensory hairs ap

hzard was chosen 1n order to map the con-
secutive phases 1n the development of the
sensory hair deg 1on The envir ]
temperature was fixed i order to mamn-
tain a mikeu which was as near normal

as possible No reports on antibiotic me-

peared normal, butin some bundli 1
hairs were fused together (Fig 11) The
kinocilia showed no signs of damage Herniat-
ng cytoplasmic extrusions were seen at places
protruding from the cell surface outside the
hair bundle

The dorsal type B population was almost
totally destroyed A few distorted hatr bundles
were seen at intervals (Fig 13) These showed
ball g of the cytopl: and
also dislocatton of the cuticular plate The
sensory hatrs appeared lax, and pornted n all
directions  The rest of the organ surface was

tabolism in the reptile have appeared, but
one may assume that gentamicin 1s excreted 1n
the hidney by glomerular filtration, as in the
case of Is G Ipt was
used In the study (Schering GMC-2-M-205),
172 g of Iphate corresponded
to 1 g of gentamicin base Intrapentoneal
administration was chosen as the only possible
way of gwving the drug Intratympame
administration 1s not possible as the middle ear
of lizards is only a recess from the epipharynx
The dosage of 100 mg and 150 mg respectively
seemed ad regarding the general reac

covered by a dense mat of microvilli t
ing from the supporting cells

DISCUSSION

Sensory hatr deformities in the inner ear
organs seems to be the common pattern of
\reacuon to damaging outer stimuli, as well as
~ hereditary disorders Changes tn the mam
. Iran 1nner ear due to exposure to amtno
“elycoside antibiotics are prome to give a
charactenstic  degenerative pattern 1n the
sensory hairs (Duvall & Wersall, 1963, Lund-
quist & Wersall, 1967, Wersall et al, 1970
Wersall et al, 1971) Acoustic trauma also
indures aldraenmsac semory S degenera-
tion {Spoendlin 1958 1962, 1971, Engstrom &
Ades, 1960 Lim & Melnik, 1971) Hereditary
degeneration of the sensory hairs m the waltz-
g guinea pig were descnbed by Ernstsson et
al (1969
All the investigations mentioned above were
carrted out on the mammalian nner-ear

tion of the hzards About 30-50 percent of the
hizards, 10 different senes, died dunng the
ingections  This high mortality rate did not
occurin untreated ammals

Ammals treated for 7 days showed no sig
mificant sensory hair degeneration This has 2
high correlation with the findings of Lundquist
& Wersall (1966) in hanamycin treated guines
pigs, here, rather severe intracellular change:
were observed before sensory hair degenera
tion became evident Animals tnjected for 14
days showed a moderate surface degeneration
1n the basilar papilla A stnking feature how
ever, was that the two cell popufations reacit’
in different ways to the drug The ventral type
A population was relatively intact in compan
son with the dorsal type B sensory cells
According to the findings of Weiss et al
(1974), the ventral sensory cells are stmulated
by low tones while the dorsal cells respond 10
higher tones This would make the degener2

Mammals maintain a fixed body temp

and keep a steady high metabolic rate Reptiles
are cold-blooded amimals where the metabolic
rate 15 dependent on the sur dmg tem-
perature In general, reptiles are considered
to have a slower metabolism than mammals
The hearng organ, the basilar papilla, of the

Acta Orolaryngot 81

Fig 11 Partoftype A sensory area in a severely damaged
basilar papilla Note cytoplasmic hermatons (CH) 20
fused har bundles (FH) ‘The majonty of the sensory haf
bundles appear normal x7800

Fig 12 Type A sensory area m a severely damaged bas
papilla x1000

Fig 13 Severely damaged type B sensory ¢
supportng cells x1700

atat
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tion pattern n the basilar papilla comparable
to that of the mammalian cochlea, where the
harr cells of the basal coil are more severely
damaged than those of the higher situated
cols (Ylhikoski et al , 1973), Yikoski, 1975)
This has been explamed as a possible result
of the spiral flow of the endolymph 1n the
direction towards the basal cotls The ototoxic
drug 1s beheved to be secreted into the
endolymphatic space by the vascular stna
A nsing gradient of the drug concentration
the endolymph would then be found in the
lower levels of the cochlea This theory 1s,
however, not applicable to the findings 1n the
basilar papilla, where no such spial flow of
the endolymph can be antictpated Guinea pigs
treated with ototoxic anubiotics as well as
with atoxyl also showed a different degenera-
tive reaction between inner and outer hair
cells at the same level 1n the cochlea, Anmko
and Wersall (personal commumeaton) In the
severely damaged basilar papilla after 21 days
of admmstration of gentanucrn, the degenera-
tive pattern was even more evident The
\dorsal cell population was now more or less
+,d, while the ventral sensory cells
e relatively intact

" Gentamicn 1s believed to alter the mem-
brane permeability and maybe also the me-
tabolism (n the affected cell (Wersall et al,
1971) Supporting cells of the inner ear,
sensory epithelia are far less susceptible to
_gentamcin treatment than sensory cells This
may be due to the difference 1n metabolic rate
between the two types of cells It may also
explain the difference 1n reaction between the
two sensory cell populations i the basilar
papilla The ventral cells respond to low tones
and may have a lower metabolic rate than the
dorsal cells responsible for registration of
higher tones The dorsal type B sensory cells
also have significantly taller hairs, which gives
these cells a larger cell surface directly ex
posed to the endolymph Tius could increase
the resorptive powers of these cells, and
thus result 1n higher tntracellular concentra
tion of the drug in these cells This theory
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could explain the difference 1n reactive pattern
between sensory cells in the same organ The
different damage pattern 1n the two sensory
cell populations may also be due to the fact
that the ventral type A cells are covered by a
tectonal membrane, whereas the dorsal type
cells are uncovered The tectorial membrane
15 anchored to the basilar papilla by a fine
meshwork of filaments This structure totally
surrounds each hair bundle and creates a
tube ltke formation around the bundle This
arrangement may act as a protective barner
against the action of the ototoxic agent Wer
salletal (1971)analysed the vanous stagesin
sensory hair fusion tn the guinea pig cnsta
ampullans, with the aid of TEM and SEM
(1971) SEM alone does not allow a fine
structural analys:s of the sensory hair changes
n single cells On the other hand, it gives an
excellent view of the whole basilar papilla, and
thus enables a three dimensional study of the
pattern of degencration over the whole
surface The formation of grant hairs due to
the fusion of hairs as descnbed by Duvall &
Wersall (1963) and Wersall et al (1971), 18
certainly one reason for the protrusion of
iregular cytoplasm from the cell surface On
the other hand, protrusions were also found
consisting of herniated cytoplasm appeanng
outside the har bundle as such Even tius type
of changes seems to be dependent on cell
changes caused by the antibiotic, as they are
not observed in the normal basilar,paoilla The
cause of the hair changes and the cytoplasma
protrustons may depend on direct antiboti¢
effects on the plasma membrane A secondary
damage, due to severe damages of cellular
organelles which are essential for the preser
vation of the plasma membrane 15 also posst
ble Of special interest with regard to possible
direct effects on the plasma membrane 1s the
hatr fusion study by Wersall et al (1971) and
the study by Schacht (1974) on the effects 0%
the phospholipids of the plasma membrane
An analysis of cytoplasmic organelles in dam
aged cells 1s in progress and wiil be prescnlcd
m a subsequent article
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ZUSAMMENFASSUNG

Geatamycin wurde 1 €iner Dosterung ven (00 mg und in
eimigen Fallen von 150 mg per kg horpergewicht und Tag
gesunden Exdechsen der Speaies Calotes versicolor 1p
verabreicht Dre Tiere wurden 7 I4 um:l 21 Tage lang
behandelt Nach aby
wurden die Tiere getotet und das Homrgnn die Papitia
basilans fur die Untersuchung mit dem Rastereleh
tronentukroskop aufgearbetet

Die Tiere zeigten nach Ttagiger Behandlung keine sig
nifikante Oberflachenschidigung der Papilla basians
Wenn Gentamycin 14 Tage lang verabrexcht wurde ging
das normale Aussehen der Oberflachenstruktur verloren
Die ventralen (apikalen) Typ A Zellen waren verhaltnis
massig intakt wahrend die Typ B Zellpopulation in dem
dorsalen (basalen) Antesl des Qrgans Fusionen der senso-
nschen Haare und zytoplasmatische Herniattonen auf
wies Die Eidechsen die 21 Tage lang behandelt worden
waren zeigten eine stark geschadigte Papilla basdans D e
ventralen (apikalen) Typ A Zellen waren nur massig
geschadigt und zwar n Form von Haarffusionen und
zytoplasmatischen Hemiatonen wahrend die dorsalen
(basalen) Type B Zellen mehr oder minder zerstort waren
Nur gelegentlich waren Zellen erhalten und etnige von
diesen waren stark geschadigt Die Oberflache des dorsa
len (basalen) Tedes des Organs war stattdessen von
Stutzzellen bedeckt die eine Art von Narbenstadium
darstellten
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AMINOTRANSFERASES IN POST-MORTEM COCHLEAR FLUIDS

T Palva, R Nousiainenand V Raumo

From the Depariments of Otolaryngology Pathology and Microbiology
Unnersity of Helsinkt and Oulu Finland

(Received Apnl 3 1975)

Abstract Aspartate and alanine aminotransferase (ASAT
ALAT) activities were meastred 1n human post mortem
sera cerebrospmal flud (CSF) penlymph and en
dolymph Due to heart and/or liver morbidity dunng a
terminal ilness the ASAT and ALAT serum activities
were considerably increased as compared with normal and
both were 20-30 imes higher (p<0 001) than 1n CSF or
mner ear fluds CSF and inner ear fluds showed mutually
similar values

Few data are available on the aspartate and
alanine aminotransferases (ASAT and ALAT,
formerly known as GOT and GPT, respective-
1y) in the cerebrospinal fluid (CSF) and coch-
Slear flusds Rauch (1964) reported ASAT activ-
m one normal ear to be 7 4 mU/mland in 10
' sronc ears 24 mU/ml, a corresponding
average value in 16 guinea pig perllymph sam-
ples bemg 50 mU/ml In CSF, Flessher et al
(1957) reported activity of 15 mU/m! and Berg
meyer (1962) average activity figures of 23-25
mU/ml The penlymph activity figures gtven
by Rauch (1964) for ALAT were 14 mU/mltn 2
non-otosclerotic and 12 mU/ml in 7 otoscle-
rotic ears Bergmeyer's tables showed an aver-
age value of 36 mU/m! in CSF As for serum,
activity values less than 40 mU/ml are consi-
dered normal measured at 37°C, the upper limit
at 25°C 1s 20 mU/ml
ASAT activity 1n tissues like heart, hver,
sceletal muscle and kidney 1s several thousand
times higher than 10 serum, and the same ap
plies to liver and kidney in the case of ALAT
In patients suffering from myocardial infarction
or liver disease, serum values are highly m
creased
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In this study we have analysed post mortem
sera, CSFand cochlear fluid samples tofind out
the way tn which the normal relationships of
these enzyme activities change when the serum
values are marhedly increased during a term
nal illness

MATERIAL AND METHODS

A total of 23 temporal bones were removed at
autopsies one or (maximally) two days pos!
mortem During this interval the bodies were
kept tn store rooms at +5°C The techmque of
obtaining the samples has been described
earher (Palva & Tikanmaki, 1969) Post
mortem serum was obtained from the large
thoractc veins and CSF from the spial canal

The d for ammnotr
quantitative determination at 22°C was dentt
cal to the one recently described (Palva et al

1975) For post-mortem flud analyses, CSF
was used undiluted, perilymph and endolymph
samples were diluted 1 2, and serum diluted
120

RESULTS

The average values and their standard devia
tions 1n quantitative analyses of post moxtem
flurds are given in Table I The penlymph
specimens as such were always sufficrently
large for analyses, but the endolymph samples
had to be pooled from up to 10 temporal bones
1n order to obtain a few quantitative values
Both utricular and cochlear endolymph spect
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Table I Comparison of ASAT and ALAT
acinagy in post mortem fluds (mUIml)

ASAT ALAT
Serum (A =8) 3360 1510
SD 2035 1590
CSF(V 10) 98 7
SD 5 57
Penlymph (N=23) 124 2
sp 55 15
Endolymph (N=3) 16 25

mens were used 1n these pools Compared with
normal activity (<20 mU/ml) the aminotrans
ferase activity was very high in post mortem
serum samples, the dispersion was large, how
ever The average values were highly signifi-
cantly larger (p<0001) than those found m
snner ear flnds and i CSF While the averages
for the latter two flud groups vaned some-
what the Student s f test revealed no sigmifi
cant differences between cochlear fluids and
CSF From the pooled endolymph samples
similar activity figures were obtamed as from
perilymph

COMMENT

It 1s quite natural that aminotransferases are
highly increased in post mortem sera due to the
basic disease and to release of enzymes from
damaged organs mostly heart and liver duning
a termunal 1llness If these enzymes could dif
fuse freely into the CSF and inner ear their
activity in these fluids should reflect the serum
valwes Tiis s ot the case, however, and the
activity 1 serum remains some 20-30 times
higher than 1n CSF or cochlea As there are no
appreciable differences between the latter two,
the blood-CSF and blood—cochlear barrier ap
parently functions quste effectively upto death
The small increase in penlymph and cere-
brospinal fluid ASAT and ALAT values as
compared with normal data may be a result of
passive diffusion from the small capillanes
around these spaces after death

These data are 1n agreement with our earlier
findings on the activity of vanous enzymes on

cochlear fiuds and CSF as compared with
serum, studied post mortem (Palvaetal , 1973)
The former two fluid groups seem to bear a
very close similanty to each other as far as
organic Jarge molecular substances are con
cerned The actual connection between the
two fluids, the cochlear aqueduct, forms a
natural path b these fluids, all 2
a passage of particles extendmng up to the size
of erythrocytes (Holden & Schuknecht, 1968,
Palva, 1970) and the barrier towards serum
both flmds apparently functions n much the
same way Water and inorganic 1ons, on the
other hand, may pass through the capillary
walls without hindrance

ZUSAMMENFASSUNG

Die Aktwitat der Aspartat und Alamnamnotransferasen
(ASAT ALAT) wurden post mortem i Serum  Zerebro-

P und E; analysiert
Wegen der termnalen Herz und Leberschaden waren
die Serumwerte wiel hoher als die Normalwerte und
beide waren 20-30 mal hoher {(p<0 001) als die Aktivitat
der jeweiligen Zerebrospmalflussigkert oder Innenohr
flussigkesten  Die berden letztgenannten zegten die
gleichen Aktivitatswerte
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ELEKTROPHORETISCHE UNTERSUCHUNGEN ZUR PROTEINVERTEILUNG
IN DER MEERSCHWEINCHEN-PERILYMPHE

F Scheibe, W Diezel', H Haupt und U Hache

Aus der Hals Naser Ohrenklimik und der 'Dermatologischen Klinik des Bereichs
Medin (Charite) der Humboldt Unnersital zu Berlin Berlin DDR

(Eingegangen am 4 Dezember 1974)

Abstract Penlymphe und Serum von Meerschweinchen
wurden muttels Immun und Polyakrylamidgel Elektro
phorese untersucht Drie Molekulargewichte der Pen
lymphproteine wurden durch Elektrophorese in emem
linearen Polyakrylamidgelgradienten (3-209%) ermuttelt
Die Immun und Polyakrylamidgel Elektropherogramme
von aquivalenten Mengen Penlymph und Serumprotern
d ahnlich Der he Nach:

der Penilymphprotemne weist darauf hin dap es sich um
Serumproteine handelt Fur eme emndeutige Jdent:fi
zterung der einzelnen Protetne fehlen monospezifische

Ants gegen die Inen Proteme des
chens Die Molekulargewichtsermttlung zeigt daff in der
lymphe auch relativ hochmolekulare Protemne (Mole
wchtsabschatzung 1m Bereich von 67000290 000)

sind

’3.e zahlreichen Angaben uber die Pro
temvertellung in der Meerschweinchen Pen-
lymphe sind sehr unterschiedhich (Chevance et
al , 1956, Lazzaromi 1956, Beck & Holz, 1965,
Chevance & Usui, 1966, Rademacher, 1966,
Rauch & Rauch, 1971, Scheibe et al 1971,
1972, Giebel, 1972) Fast alle bishengen
Ergebnisse wurden muttels Papier-, Zellulose
azetatfolien- oder Immun-Elektrophorese er-
halten Die Papier- und die Zelluloseazetat
folien Elektrophorese ermoghchen grund
satzlich kemne genaueren qualitativen Aus
sagen, da die mit dresen Methoden erhaltenen
Globulinfraktionen  Protemgemische  sind
{Maurer, 1967) Die unterschiedlichen immun
elektrophoretischen Ergebmsse sind offen
sichtlich auf unterschiediche immunologische
Bedmngungen undf/oder auf unterschiediich
aufgetragene Protemmengen zuruckzufuhren
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(Scheibe et al, 1972) Bisher konnten wir
5 Penlymphproteine immunelektrophoretisch
darstellen Es was zu vermuten, daf bei emer
groferen Menge aufgetragenen Gesamtprote
ms weitere Protemne n der Penlymphe (PL)
nachwersbar sind In der vorliegenden Arbeit
wird {iber die immunelektrophoretische Unter
suchung von konzentrierter Meerschwein
chen-PL benchtet sowie uber vergleichende
Untersuchungen von PL und Serum muttels
Polyakrylamuidgel-Elektrophorese  Von den
gelelektrophoretisch getrennten PL Proteinen
werden Angaben uber die Molehulargewichte
gemacht

MATERIAL UND METHODEN

Probengewinnung

Dte Untersuchungen wurden mut 200-300 g
schweren ohrgesunden Meerschwemchen in
Athylurethan-Narkose durchgefuhrt Zur Ge
winnung blutfreier PL. wurden die Tiere intra
arteriell mit Ringer-Losung perfundiert und
die PL sofort danach — aus den beiden

Sehneck 1

alen -
(Schetbe et al , 1972) Die Blutverunreinigung
der PL Proben wurde durch Erythrozyten
zahlung kontrolliert Danach wurden die Pro
ben zentnfugtert Serum wurde aus Mischblut
gewonnen

Es wurden von insgesamt 90 Tieren 6
Sammel-PL. (jeweils 200-500 p1) und 3 Sam
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melseren gewonnen Es wurden nur reme
PL (Blutverunreimgung unter 0,03¢7) und
hamolysefreies Serum gepoolt Die Protein
konzentration der Sammel PL betrug 182-228
mg/100 ml die der Sammelseren 4 250-4450
mg/100 ml Ein Teil der Sammel PL wurde fur
die 1 lektroph fang! durch

Gefnestrocknung, spater mittels Kollodm-
hulsen  (Sartortus Membranfilter GmbH,
Gottingen) im Unterdruch (Krause etal , 1973)
maximal [Sfach konzentriert (Proteinkonzen
tration 2 700-3 000 mg/100 mi)

Protemnbestummung

Die Protembestimmung erfolgte nach Lowry
et al (I1951) in der schon beschnebenen
Mikromodifikation (Scheibe et al , 1975)

Immunelektrophorese
Die Immunelektrophorese wurde 1n der eben-
falls schon beschniebenen Mrkromodifikation
(Scheibe et al , 1972) durchgefuhrt Als Ant:-
serum verwendeten wir selbst hergestellte
polyspezifische K hen A gegen
Meerschwemchenserum

Pohaknilanudgel Elektrophorese

Die Polyakrylamidgel Elektrophorese (PAA-
Gelelektroph mit hfolgender Mole-
kulargewichtsabschatzung der PL Proteme
wurde nach Kopperschlager et al (1969) in
emem hmearen Gelkonzentrationsgradienten
von 3-20% PAA und emem modifizierten
Puffersystem (Diezel et al, 1972) durchge
fuhrt  (Gel, 025 M, Imdazol/HCI,
pH 7,5 Elektrodenpuffer 001 M Imdazol/
Diathylbarbitursaure, pH 70) Die Elektro
phorese wurde ber 110 V, 3 mA/Gelrohr
chen und Zimmertemperatur durchgefuhrt und
nach 5-6 Stunden beendet Die Farbung er-

Abb 2 Immunclektropherogramme
von je 4 ul PL ta) auf die Proten
konzentraton der PL verdunntem
Serum () und unverdunntem Serum
©
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xé Abb 3 Graphsche Dar
stellung der Immunelektro

( { I pherogramme von je 4 uf
|5fach konzentnerter (a) und
normale PL (4) De font
b Q laufende Nummenerung der
enzelnen Prazpta onsl

‘\ ’\I‘/’ | nen 19 entspncht de ab

: 8w Gotuine A umin nehmenden Lin en ntens tat

folgte mit Coomassie Brillantblau G 250 Beir Proteine ubenwiegend nach Molekulgrofe
diesem Farbstoff besteht emne lineare Be erfolgt Die Positionen der Protemnbanden im
ziehung zwischen Protelnmenge und Farb  Gel entsprechen daher weitgehend ihren
ntensitat (Bramhall et al  1969) Molehulargewichten Tragt man den Loga

Die  Molekulargewichtsbesummung mit  nthmus des Molekulargewichtes gegen den
Hilfe exnes inearen Gelkonzentrationsgradien  Wanderungsabschmtt auf so erg bt sich fur

ten beruht darauf daf die Trennung globularer  die untersuchten globularen Proteme eme Ge
PL Serum PL Serum
—— —e. o]
] 3xpa
I
q
MG 290000
#6 ~ 200000
=4
MG {70000
- "6~ 126000
MG ~ 105800 =
MG ~ 83000
MG 57000
MG ~ 28000
Banden nlensifol
W ok
[ ==Y 2
O somer
[ I 20% PAA
®

Abb 4 PAA Gelelektropherogramme von PL (100 ul)und ~ von 3-20% Die ermuttelten Molekulargewch e s nd 2
Serum (5 p1) m t yewe Is 200 pg aufgetragenem Gesamt  def graphischen Darstellung angegeben
proten n enem |nearen Gelkonzentrationsgrad enten
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rade Wir verwendeten als Eichproteine Rin

derser It (Forsch fur Impf’
stoffe Dessau) und Katalase (EC 11116,
Rinderleber, Bochnnger, Mannheim) 1
jeweils monomerer und dimerer Form
(Abb 1)

ERGEBNISSE
Immunelektrophorese
Typische Immunelektropherogramme von PL
{a) und Serum (c) zeigt die Abb 2 Ber 4 ul
remer PL sind maximal 5 Protemne nach-
weisbar  Ber Serum findet man wesenthch

Serum war sie nicht nachweisbar Die ermut-
telten Molekulargewichte der PL Proteine sind
n Abb 4 angegeben

DISKUSSION DER ERGEBNISSE

Dte immun- und gelelektrophoretischen Unter
suchungen zeigen, da§ aufer den 5 Proteimnen,
die 1in normaler PL immunelektrophoretisch
nachweisbar sind (Schetbe etal , 1972), weitere
Protene n der PL vorhanden sind Der
mmmunologische Nachweis der PL-Proteine
durch Serum Antikorper weist darauf hin, daff
es sich um Serumproteine handelt Dafur

mehr (15-20) und auch starkere Pra;
linien, bedingt durch die 20-30 fach hohere
Proteinkonzentration des Serums Verdunnt
man jedoch Serum auf die Proteinkonzentra
uon der PL (Abb 2b) so ergeben sich nahezu
gleiche Immunelektropherogramme wie ber
PL

Das Ergebms von der Untersuchung der
konzentrierten PL 1st 1n Abb 3 (a) zusam
mengefafit dargestellt Bei 15fach konzentner
ter PL konnten aufer den 5 Pra

p auch die hende Ub

mung der PAA Gelelektropherogramme von
aquvalenten Mengen PL und Serumprotein
Emne Identfizierung der einzelnen Proteine
steht noch aus, da fur emne emdeutige
Identifizierung  monospezifische  Antiseren
gegen die emzelnen Protemme des Meer-
schweinchens bisher fehlen Bishenge Anga
ben uber die Untersuchung der PL Proteine
des Meerschweinchens mut der sog Disk
Laurell Elektrophorese (Giebel, 1972, Giebel

limien, die auch ber normaler PL auftreten
(Abb 3b) zusatzlich 4 wertere Prazipitations-
hnien nachgewiesen werden (Abb 3a, Priz-
pitationslinte 6-9)

Pohakrylanudgel Elekirophorese
Das Ergebmis der gelelektroph

& Saechtling, 1973) weisen ebenfalls darauf
hin, daP n der PL die meisten Serumprotetne
vorhanden sind wenn auch i wesentlich
genngerer Konzentration als im Senun

Die gelelektrophoretische  Molekularge
wichtsbesummung zeigt daP i der PL auch

Untersuchungen tstn Abb 4 dargestellt Abb
4 zeigt typrsche PAA Gelelektropherogramme
von PL und Serum mit gleichen Mengen aufge
tragenen Gesamiproteins {eweils 200 ug) Ber
dieser Proteinmenge findet man 12-13 Pro
b sehr unter: dhcher I n
der PLund 15-171m Serum Der grofite Teil der
beiden Verterlungsmuster 1st jedoch hinsicht
lich der Bandenpositionen weitgehend ahnlich
Die relative Intensitat von entsprechenden
Banden der PL und des Serums 1st allerdings
teil unter: dlich Der hochmoleku!.

relativ h lekulare Protemne (Molekular-
hatzung bis 290 000) nachw eisbar
smd Die Fraktion mt emem Molekulargewicht
von ungefahr 125000 scheint nach Albumin
MG ~67000) die zwertstarkste Proteinfrak-
tion in der PL zu sein Bisher wird noch die
Ansicht vertreten (Schmeder 1974), daB
Makr mt emem Molekulargewicht
uber 50000 nicht vom Blut in die PL gelangen
Eine Disk uber eine Per
grenze emner sog Blut PL Schranke st wohl
zum gegenwartigen Zeitpunkt verfruht dauber

¥ Globulinbereich konnte zum Beispiel in der
PL nur schwach dargestellt werden Die
medermolekulare Bande (MG ~28000) trat in
der PL mut unterschiedlicher Intensitat auf 1m

einen h bisher nichts

bekanntist und expenmentell gemessene Aus-
von 1 Mak

(Neiger 1968 Schnseder, 1970} nicht chne wei

teres verallgemeinert werden konnen
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SUMMARY

Penlymph and serum of guinea pigs wereinvestigated using
immunoelectrophoresis and polyacrylamide gel electro
phorests The molecular weights of the penly mph proteins
were esttmated by electrophoresis tn 2 linear polyacryl
amde gel gradient (3-20°¢) The smmunoelecirophero
grams and the polyacrylamide gel electropherograms of
q amounts of penlymph d protemn
are nearly the same The immunological detection of the
penlymph proteins indicates that they are serum protemns
The clear identification of the individual protems fals
because of missing monospeaific antisera agamst the indi
vidual proteins of guinea pig  High molecular proteins
(range of the molecular werght esumatron 67 000-250000)

Trennung der Eiweiproteine des Liquor cerebro-
spinalis Zbl Pharmacol 112 483

Lazzaront A 1956 Rilievi microelettroforetici sul con
tenuto proterco del hquidi labinntict Arch ftal Otol 67
267

Lowry H O Rosebrough N J Farr A L & Randall
R J 1951 Protein measurement with the Folin phenol
reagent J Biof Chem 193 265

Maurer H R 1967 Disk Elektrophorese Theorie und
Praus der diskontinuerlichen Polvacrylamidgel Elek
trophorese  Walter De Gruyter & Co  Betln 5
126-130

Nager M, 1968 Zur Morphologie und Physiologee des
A d cochleae 1le und morpho-
jogische Untersuchungen betm Rhesusaffen  Ex

L

are also 1 the penlympl to the
molecular weight estimation
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VESTIBULAR EVOKED POTENTIALS IN THALAMUS
AND BASAL GANGLIA OF THE SQUIRREL MONKEY
{SAIMIRI SCIUREUS})

S R C Liedgrenand D W F Schwarz

From the Department of Otolaryngolozs Laboratory of Oto-neurophystologs
Unnersits of Toronto Toronte Canada

(Recewved Apnl 29 1975)

Abstract In anesthetized squutel monkeys vestibular
vepresentation 1n the thalamus and basal gangha was
determined by field potential recording using penpheral
electncal vestbular nerve sumulation Vestibular tha
famic¢ regions were for cortecal

Anatomical methods are not suitable to
idenufy the cells mvolved, because vestibular
cortical fields receive proprioceptive nput 1n

dd tothe inflow It1s therefore

Two relatvely large thalamc areas nucleus ventrahs
posterolateralis  VPL and the postenor nuclear group
(Po) received vestibular inputs with short latencies sug

gesting direct connections with the vestibular nucles

Antdromuc stimulaton of the area 3a vestbular field did
not produce respenses n any of the vesubular thalamic
fields The vesubular regrons n VPL and Po can be a0t

dromically tvaded from SI and the antenior panetal lobe
rtespecuvely In the stnatum vestbular fields were found
m the suprathalamue portion of the nucleus caudatus and
dorsomedially in the putamen

Penipheral mput reaches the neocortex via
thalamic neurons The input from the vestibu
lar labyninth has been located withun the pn
mary somatosensory cortical field, S, for sev-
eral species and an additional panetal field 1s
known for primates and carmivores (Frednck
sonetal 1974 Schwarz & Frednckson, 1974
for recent reviews) The thalamic cell groups
camrying vestibular information lo these fields
have not been clearly 1dentified alth ves

y to d rate that 1
neurons projecting to vestibular cortical fields
also receive afferents from the labyrinth

The purpose of this study was to demon
strate the thalamic location of the vestibular
relay and its cortical connections 1n the spe
cies where the projection to area 3a (SI) first
was descnbed

MATERIAL AND METHODS

This study 1s based on two separate senes of
expeniments Furst, in 18 adult squirrel mon
keys vestibular foc were localized in the
thalamus An attempt was made to identify the
cell population projecting to the vestibular
cortical field 1n area 3¢ Since this was not
successful cortical projection of the defined

tibular acuvity has been descnibed within a
vanety of thalamic locations (Copack et al
1972 Deeckeetal 1973 1974 Hassler 1948
1964 1972 Mickle & Ades 1954 Raymond et
al 1974 Sansetal 1970 Spiegeletal , 1965
Wepsic 1966)

The investigaton was supported by MRC of Canada
grant MA 3311

h regions was later systemat

1wcally investigated in another S monkeys
All expenments were performed under
pentobarbital anesthesia (30 mg/kg 1p addi
twonal doses 1v ) deep enough to prevent
barbiturate spindles The ammals were
tracheotomized  continuously infused with
5¢% sucrose n lactated Ringer s solution and
hept at a body temperature of 37 to 38°C The

Acta Orolarmgot 81
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Thalamuc abbreviations

CL=nucleus centralis lateralis
CM=nucleus centrum medianum
sl=nucleus centralts supenor lateralis
=nucleus lateralis dorsals
=nucleus himitans
=nucleus lateralis postenor
1D=nucleus mediahs dorsalts
MGme=corpus medtalis pars
Jol el med alis pars par
Pf=nucleus parafasciculans
Po=the postenor nuclear group
PO=nucleus postenor

arrangement of stimulation electrodes em
ployed 1s illustrated 1 Fig 1 Only square
wave voltage shocks (0 1 msec I/sec) were
used for simulation

Isolated stimulation of labyrinthine afferents
was achteved via bipolar Ag-AgCl electrodes
(120 um insulated diameter) attached to the
antenior branch of the vestibular nerve usu
ally one wire to the lateral canal branch and
one to the utncular branch [n order to control
current spread dentical electrodes were
positioned on the facial nerve just distal to the
ganglion gemiculi and on the auditory nerve

Acta Otolarvagol 81
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Fig 1 Vestbular field potential record ng
D agram of stmulation and recording elec
trodes ¥ =vestibular nerve A=auditory
rerve F=facial nerve C=central sulcus
§=Sylvaan fissure Specimen recondings a
vestibular evoked surface potental in the
area 3a field b thalamc vesubular field
potential tn VPLo Negatvity upwards as
malt Figs

Pt—nucleus parataemalis

Pulv=pulvinar

Ret=nucleus reticulans

Sg=nucleus supragemculatus
St=subthalamus

VB=the ventrobastlar complex
VI=nucleus ventralts intermedius

VI ucleus ventrahs laterahis
VPI=nucleus ventralis postenior infenor
VPL=nucleus ventralts postenor laterahs
VPLc=the caudal part of the former nucleus
VPLo the oral part of the former nucleus
VPM nucleus ventralis postenor medialis
Zl=zona incerta

withmn the Modiolus These electrode pairs
were embedded m paraffin (42°C melting
pont) to exclude formation of conducting
ussue fluid bridges and fixed to the bone with
dental cement

Since the external ear canal was destroyed
because of this surgical lateral approach only
one ear could be used for fixation of the head
1n the stereotaxic frame On the operated sde
a brass plate cemented to the occiput was
therefore firmly screwed to the frame The
contralateral cerebral cortex was exposed by
cranotomy to allow access to the thalamus
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Fig 2 Vesubular thalamuc foc1 Each dot indicates the
center of a typical focus in this composite diagram

with the recording mucro pipettes and to the
area 3a vestibular field After the latter had

n and basal gangha 75

potentral could be recorded was thus de
termined and recorded on a cortical map In
order to facilitate thalamic location dunng
T il hal. field p Is to the fol
lowing penipheral stimuli were also de-
termmed ntracutancous electrical shocks to
the wrist and ankle areas of the hmbs Record
ngs were obtained at 0 5 mm steps Thalamic
field p Is on cortical were mn
terpreted to be antidromic when the latency
was short (1 msec £0 5 msec) and neither la
tency nor amphtude changed when the sumu-
lation rate was altered from I/sec to 100/sec
at stimulus intensities above threshold but well
below maximum for the amplitude of the field
potential

After the recordmg session all ammals
were sacrificed by perfusion with a 10%
formaldehyde solution The brains were fixed,

been d by evoked p 1T g
a bipolar silver electrode (tip separation 2 mm;
was inserted 1nto the cortex until a negative
potential was recorded from one of these
wires All thalamic sites yielding vestibular
responses were tested for antidromic poten
tials using stimul to this cortical electrode
parr  Glass mucro pipettes {ca 1 MQ, 2M
NaCl) were used for thalamic field potential
recording In each expeniment several elec-
trode tracks were positioned n one plane
(usually n the sagittal occasionally in the
frontal d ) C lac r
(0 | Hz-300 Hz) was employed and specimen
recordings were photographed from an oscil
loscope Since 1n most cases field potentials
were of small and background activity of high
the clear d of a ves
tibular focus frequently depended on compu
ter gmg (PDP8e, of 25
sweeps binwidth 0 I or | msec for 100 bins)
Cortical p of hal;
areas was investigated in 5 additional monkeys
using the same anesthesia and recording
equpment The movable cortical surface
stimulation electrode consisted of two steel
balls with a separation of 1 Smm The cortical
region from which a (halamlf_z{r:ndwmlc field

2N

dehydrated, n and cut
the plane of the electrode tracks in sections of
100 m which were stained with cresylviolet

All recording posittons were reconstructed
and drawn on a composite thalarmic diagram

v 1sT

msec

Fig 3 Speamen recordings along an electrode track
through VPLo Note polanty reversal of the early deflec
uon ¥ 15 7=Vestbular sumulus at 1 5 times-threshold
ntensity
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using a microprojector Tissue shnnkage was
~timated by comparing the onginal electrode
nces with those n the hustological shdes
alamie nucler were labelled according to
Olszewskr's atlas for the Rhesus monkey
(1952)

RESULTS

Vestibular field potentials were recorded dur
tng 116 electrode penetrations through
thalamus and basal gangha in 18 squnrel
monkeys Recordmg was generally difficult
since amplitudes were small enough to be
masked by background activity (cf Figs 3,5)
Therefore computer averaging was usually
necessary It might be objected that widely
dispersed potentials with low amplitudes hnt
at the possibility of volume conductton from a
distant common potential source (current sink
for negative deflections) This was excluded
by a systematic famunar field analysis record
mg at 100-200 gm distance throughout each

Acta Otolaryngol 81

Fig 4 Averaged field potentials along an
electrode track 1n VPLo Vestibular fatency
ts 25 msec Note different ume base for
record ngs 1=4 and 5-6 (10 and 100 msec
respectively)

electrode track (Figs 3-6) and using several
tracks for each of the vestibular foer Vestibu
tar field potentials with latencies shorter than
the cortical evoked potential were observed to

v osT

Y
Frg 5 Specimen record ngs along an electrode (:f;l
passing through nucleus caudatus and the dorsal pa
VPLo



Fig 6 Averaged vestbular field potentals m MGmc and
auditory field potentials m MGpc at senes of electrode
posiions 100 pm apart Note that the MGpc potential with
hegh intensity vestibular nerve sumulanon (v SAT §
umes threshold value for asditory nerve) matches the
ume course of the auditory rather than the vestibular
potential m MGme

be generated n focr dispersed over two
thalamuc regions the VPL and the postenor
nuclear group (Po) (Fig 2)

Vestibular fields tn VPL
The VPL has been subdivided into an oral
{VPLo) and caudal {VPLc) division on cyto
architectomie entena {Olszewsks, 1952) The
oral part VPLo (=nucleus ventrahs interme
dius VI, of C Vogt [909) contains the largest
thalamic cells and 1s known to receive muscle
afferents This partition 1s particularly Jarge m
the squirrel monkey and extends dorsally over
VPL wedging candally between LP and the
pulvinar

Most of the vestibular field potentials were
found 1n this division Occastonally a polanty
reversal along sub I g sites of an

and basal gangha 77

trated and are thus easier recorded whereas
sources are wider dispersed, reversal would
only be recorded when the electrode travels
along long neuronal elements (¢ g long den-
dntes) piving nse to both current smk and
source

Vestibular fields were not concentrated at
one location within the large VPLo but rather
dispersed throughout 1ts extent This imphes
that all regions of VPLo are equally mvolved
mn the transmussion of vestibular and other
afferents (e g from muscle spindles) A
biparttion of VPLo (VI)1n a2 med:al vestibular
and lateral propnioceptive zone (Hassler, 1972)
can accordingly not be assumed for Saimin A
more functional interpretation of the input to
this nucleus 1s possible on the basis of a
neuronal analysis (Liedgren et al , tn prep )

As seen in Fig 2, also the caudal border
zone of VPLc yielded vestibular field poten
tials This region has been known to recerve
wput from jomnt receptors (Pogglo & Mount-
castle, 1960, [963) Within the antenior and
central poruons of VPLc, however, no ves
tibular fields could be identified

L of field Is 1n
both VPLo and VPLc were always shorter (2 5
to 3 msec) than those of the cortical evoked
potenuial (ca 4 msec) in area 3a However,
evidently all these VPL fields do not transmit
vestibular information towards the small area
3a vestibular field n a convergent fashion In
fact, 1solated stimulation of this field was mn no
case sufficient to evoke antidromic field poten
tials at vestibular focit In a subsequent senes
of 5 experiments designed to map out cortical
projection of the thalamic vestibular fields, it
was, of course, easy to evoke antidromc field

electrode track was seen (Fig 3) In most
potential senies, however there was a maxt
mal negative amplitude at one position simply
atteruating 1n exther direction (Figs 4 5) Itus
not to assume sy y dif
ferent field charactenstics m a structure which
1s morphologically as uniform as VPLo Ap
parently current sinks tend to be more concen

ghout VPL 1n the known topo-

graphical crder with stimult to SI mcluding
area 3a Taken together these data suggest a
vestibular projection to wider areas of the
ventrobasilar complex, VB, and SI blending
nto 1ts somatotopic arrangement The small
vestibular area 3a feld as defined by evoked
d only a small

pomon of a more diffuse projection system
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Fig 7 Cortical ongin of antidromuc thalamuc field poten
tials Diagram of a Mstological reconstruction of four
electrode tracks 1n a coromal plane Cortical maps 14
correspond 1o track numbers §-3 Recording sites are 0 §
mm apart To the left of each site the number of the

Posterior nuclear group
Most vestibular fields within these nucler were
found in the MGmc (Fig 2), although also PO

Lat. ventr

corresponding cortical projection field (cf cortical m2p
ss ndicated 1o the right the penpheral input as determint
by standard field potential recording ¢=contralater:

b E . H=hindhmb 4

audttory nerve

tials i1 MGmc are contrasted with auditor.
potentials m MGpe It 1s clear that ssolatel
10n of the bular nerve can evod

and Sg appear to recerve labyninthine informa-
non A more recent unitary analysis supports
this projection for all three nucles (Liedgren et
al, mn prep ) In Fig 6 vestibular field poten-

Acta Otolaryngol 81

field potentials almost throughout the entit
depth of the magnocellular portion whereas It
the parvocellular portion intensities must b
raised to values sufficient for current spread ¥
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L

Fg 8 Amdromc feld potentals recorded (n the LP as
the st mulat on electrode s sl ded from the border of the
cort cal project ve feld (supenmposed record ngs 10 the
nghthinto ts centre (feft) The max mum negat s¢ poten
tal wihn the centre (lefr) does not change latency or
amp! tude when st mulus £ equency 1s changed from Ifsec
10 100fsec

the cochlear nerve before vestibular potentials
are seen {Fig 6 position3 V 5AT) Current
spread from the facial nerve to the cochlear
nerve did not occur even at this high mtensity
(Fig 6 positton3 F 5AT) It was of course
not difficult to evoke MGpc potentials with
hlear nerve i at low
(latency ca § msec)

Vestibular Jatencies in the Po were compar
able with those in the VPL. A projection to the
area 3qa field can however be excluded
Antdromic field potentials were not evoked
from the SI area 1n MGmc PO and Sg but
rather {rom the rostral region of the panetal
cortex (Fig 7) A few parietal locations (Tr 2
14 1S Tr 3 13 19) giving nise to antidrom ¢
field potentials 11 MGme and adjacent
structures may correspond to the panetal
vestibular field found 1n the macaque 1 e the
par etal region bordering the trans tion zone
between hand and face districts of SI
(Frednckson et al  1966) Antidromuc field
potentials in Po can however also be evoked
from other sumulat on sites mn the antenor
paretal lobe A vestibulo panetal projection
may be too diffuse and/or asynchronous to be
detected ustng evoked potential recording
n anesthetized squirrel monkeys The data

labl such a p

le suggest h

© be carned via MGme and adjacent cell
groups

P " and basal gangha 79

Vestibular field potentials

v ath longer latencies

It 1s evident \n Fig 7 that a topographically
orgamzed parietal projection onginates in LP
Vesttbular formation may be transported via
this route although connections are probably
less drrect The earliest vestibular evoked
potentials in LP had a latency of 5 msec
Simdar potentials were found 1a the pulvinar
in the CM as well as in the suprathatamic
portion of the caudate nucleus (Fig 5) and
adjacent medio-dorsal portions of the puta

< Tty
L LP -
Ret .. PR
’ R ~ v, N
D a
- »'5, 2
~ YL ST
- o L2 ~
SV afeg L fy TIntaess Seme s
e B “
. P A R «
[N “F -~ ¥

ALY

> "\r.{’{:,_‘r.\l-

- - 2 E S edit)

IS L R
Wik -~
ot VPL R

o

~ g TN
) L5 PO
V\Pl .J S
Z1 -~
i -, 1\\1
R ¥
w3 -
= -~
St“ \§ Pil
P < \\4
16 x . -

F g 9 Les oncaused by an electrods left with n record ng.
pos ¢ on during *tat on and dehydrat on The track passes
through the dorsal port on of ¥ PLo before entenng VPLc
Vestbular Feld potent als were recorded at the pos t on
ma ked by the arrow
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DISCUSSION
The main purpose of this study was to localize
thalamic stations of the vestibulo cortical
pathway 1n the only primate spectes for which
a vestibular projection to area 3a 1s known
(Odkvist et al , 1974} A second cortical field
1n the parietal lobe, homologous to that in the
Rhesus (Fredrickson et al , 1966, Schwarz &
Fredrickson, 1971) could not be demonstrated
for Saimur: in an earher evoked potential
study Tt 1s however, unreasonable to doubt
corresponding connections  The results of the
present study suggest that relatively direct
vestibular information reaches both SI and
the parietal lobe Proof for the former projec-
tion 1s available tn a recent single unit study
(Liedgren et al , m prep ), whereas the latter
assumption ts supported by conjectural evi-
dence provided here
In view of the small vestibular cortical field

1t 1s surprising that so wide thalanuc areas
within two separate nuclear zones were found
to receive vestibular input with bi-to tnsynap

tic latencies Considering the small amplitudes
and the difficulties 1n demonstrating thalamic

estibular foci 1t 1s not probable that the

9mplete cortical projection can be discovered

y means of evoked potential recording

Cortical vestibular fields defined on basis of
evoked potentials In anesthetized animals can
apparently only illustrate a part of this projec-
tion

A small 1solated prorection field n area 3a

would point at a confinement of vestibular
mflow to a small cluster of cells within the VB
complex A vestibular representation 1n VB
extsts, but it appears to be rather dispersed
over almost the total extent of the large VPLo
and the caudal border zone of VPLc VPLo
corresponds to nucleus mtermedius (VI) m
Vogt’s termunology (1909) and 1s known to
receive group I muscle afferents (Andersson et
al , 1966, Goto et al , 1968, Jasper & Bertrand

1966, Landgren & Silfvenmus, 1970, Mallart,
1964, 1968, Rosen, 1969) Caudally in VPLc a
finesthetic representation has been descrnibed
(Poggio & Mountcastle, 1960, 1963) The ves-
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tibular inflow thus appears to be directed
to the regions where vanous aspects of
movement and position sense are repre
sented

Hassler (1964, 1972) has descnibed a direct
connection between vestibular nucler and the
medial portion of VI (VPLO) in the cat The
forelimb 1s represented medially in VPLo and
htndhimb afferents project to its lateral portion
(Andersson et al, 1966, Landgren & Silf
vemus, 1970) The medial VPLo zone appears
to fit the cortical vestibular projection to the
forelimb field of area 3a, possibly the vestibu
lar mflow to the forehmb region 1s just con
centrated and synchromzed enough to permit
cortical evohed potential recording with gross
electrodes, whereas the vestibular afferents
within other partitions of the propnioceplive
system are too widely dispersed to be demon
strable at the cortical level with a technique of
such a poor resolution power With regard to
this 1t 1s not surprising that antidromic stimula
tion of the small area 3 field could not unverl
the thalamo cortical connections this projec
tion 15 drrected to larger portions of SI and
ongimtes 1n wide thalamic areas A vestibular
prajection to VPL has been reported for the
cat usmng both electrophysiological (Sans ¢t
al , 1970) and anatomical (Raymond et al
1974) techniques In these studies, the cyto
architectonic identity of VPLo (VI) was not
recognized, therefore no analogtes with the
data presented here are possible

A second thalamic region, Po, recevint
relatively direct labyrinthine input wcludes
MGmec, Sg and the posterror nucleus (PO
Vestibular field potentials 1 this area have
previously been recorded in the cat (Copack et
al , 1972) and Rhesus monkey (Deecke et al
1973, 1974) The short latency potentrals 1t the
Rhesus were however, mterpreted as fiber
activity being carried further rostrally It 18
evident from recent unitary recordings
(Liedgren et al , in prep ) that cells in these
nucler can be excited by vestibular nerve
stimulation with latencies as short as 2 5 mse¢
Many neurons 1n MGmc, Sg and PO recen¢
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converging 1put from vesttbular receptors
and from large and often bilateral somato-
sensory RF s andfor the cochlea The tradi
tional claim that this type of sensory wmput
15 unspecific merely 1lustrates the general
sgnorance concerming the function of these
nucles The data now available suggest that
vestibular input 1s transmtted from this region
to the parietal fobe, which 1s thought to serve
higher and thus more specific functions in the
hierarchical arrangement of sensory analysis

In the cat anterograde degeneration follow-
g lesions 1n the postenor nucler was found in
a fringe zone around the somatosensory and
auditory fields including the suprasylvian ves
tubular field (Graybiel, 1973) Part of this
region 1s homologous to the primates panetal
tobe If a panetal lar field 1s d
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ZUSAMMENFASSUNG

[Dre vestibulare Projektion in Thalamus und Basalganghen
whirde ber Totenkopfafichen bestmmt indem Feldpoten
tuale ber Reizung des V abge
fertet wurden Thalamische vestibulare Felder wurden
dann auf kortikale Verbindungen hin uberpruft Zwer
relativ grosse thalamische Kerngruppen empfangen vest
bulare Afferenzen mit so kurzen Latenzen dass emne
direkte g mut

werden kann VPL und dxe postenare hemgruppe (Po)

for Saimn with the same location as n the
macaque it should be situated just caudally to
the border zone between hand and face rep
resentation of SI The MGmc projection fields
2 14, 15and 3 13, 14 Fig 7 would satis-
factonly match such an assumption However,
vestibular representation 1 Po 15 dispersed
over wide regions as in VPL. Accordingly 1t
appears reasonable to assume a more diffuse
distribution of vestibular inflow to the antenior
partetal lobe Our antidromic cortical maps
demonstrate that MGmc and Sg project to
the panetal regron bordenng SI postenorly
This does not imply, however that all anterior
panetal vestibular activity must ongate from
Po also LP projects to this zone and vestib-
ular potentials with a longer latency (5 msec)
were observed in this nucleus

The vestibular input to the Rhesus panetal
field was previously assumed to onginate in
VPI (Deecke etal 1973 1974) In the present
field potential study we were unable to provide
evidence for either a vestibular input to VPI
or a panetal projection of this nucleus Con
sidering the difficulties nvolved in demon
strating vestbular field potenuals 1n the
thalamus exclusion of any cell group as a
possible thalamic vestibular station should be
referred to a more sensitive unitary analysis

& 752953

Reizung des Feldes in Area 3a
retchte micht aus um antdrome Potentiale i thala
mischen Vesubulansfeldern abzulerten Vestibulare Re
gonen 1n VPL konnen von SI aus antidrom aktiviert
werden die 1n Po vom rostralen Panetallappen Vestt
bylare Felder tm Stnatum wurden im suprathalamischen
Teid des Mucleus caudatus und dorso-medial Im Putamen
Tokalisiert
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Abstract For the expenments 39 cats were used Selec
ttve sectioming of either the antenor or the postenor
vertical ampullar nerves was performed bilateralty Addi
uonally in some cats the utncular nerves were cut or the
saccule extirpated on one or both sides The otolith organs
were stimulated by tilting 2round the btemporal axis of
the ammals Bilateral sectuioning of the antenor ampullar
nerve induced vertical nystagmus upwards which dis
appeared 1f the anmals were tilted upside down When
the postenor ampullar nerves were cut bilaterally a
vertical nystagmus downwards was obtamed and if the
antmals were tited upside down there was a large increase
1n nystagmus frequency After unifateral extirpation of the
saccule vertical nystagmas downwards was observed in
50 percent of these expenments This nystagmus was
modulated by ultng However 1f the saccules on both
sides were extrpated no nystagmus could be elicited
The cause of these results 1s discussed

Opuions regarding the function of the saccule
have differed widely In 1883 Sewall opened
the saccule of the ray with a knife and found
that this caused senous disturbances in the
ammal s equilibnum Later Versteegh (1927)
was unable to observe any changes in the

states that this was caused by a stmulation of
the saccular otoliths Jongkees (1950) rejected
however, the 1dea of a cochlear function and
suggested that sounds of low frequency might
be regarded as rapidly changing hinear acceler-
ations, which stmulate the saccule On the
basts of morphological investigations, Loren-
te de N (1933) maintamed that an acoustic
function of the saccule cannot be accepted,
because it has no connection with the auditory
pathways and centres

Adnan (1942) demonstrated, that if the sac-
cular otohths were stimulated by linear accel
eration, the activity in the vestibular nucler
changed Subsequently, several other authors
have shown that the saccule reacts to linear

| (B & Hi 1927,

Huizinga 1955, Jongkees 1950, Loewenstein,
1950, Magnus & de Kleyn, 1926, Perlman,
1940 Szentagothai, 1952)

One of the first to observe the saccular

vesubular reflexes after d of both
saccules in the rabbit He therefore d

on 1l reactions was Kubo

that the saccule has no vestibular function
Other investigators have attnbuted heanng
functions to the saccule Ashcroft & Hallpike
{1934) obtained action potentials from the
saccular nerve after subjectng a frogs
labyninth to low frequency wibrations Von
Behesy (1935) observed, after exposing human
subjects to loud sound beats head

(1906) He the saccule in the shark
with a pece of cotton which resulted
distinct eye movements Quix (1924) consi
dered that the rotating eye movements, 1n
animals with therr eyes in a lateral position,
were released from the utncle whereas
Magnus & de Kleyn (1926) thought that these
reactions onginated from the saccule

that were synchronous with the beats He

hai (1952) d ated on dogs dis
tinct eye movements after mechamcal stumula

Acta Orolaryngat 81
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Fig 1 Schemat ¢ diagram of the anatomical onentat on of
the two saccular areas on the left s de

tion of the otolith membrane n the saccule
Huwzinga (1955) and Benjamuns & Huizinga
(1927 1928) observed that counter rolling of
the eyes in pigeons disappeared after destruc
tion of the saccule Jonghees (1950) reported
that rabbits react normally to thermal and
rotatory stimuly after both unilateral and bilat
eral destruction of the saccules Nor was
Janeke (1968) able to find any alteration in the
labynnth responses provohed by rotation
aroungd a cephalocaudal axis 1n rabbits Con
sequently he concluded that the function of the
Jle1s overshadowed by the mtact utnicle
& Shizu (1960) resected the saccular
in rabbits and found that the com
atory deviation of the eyeball was mflu
enced by the saccule
In recent years it has become much easier to
understand the function of the saccule as
more ‘knowledpe of the morphology of this
organ has been acquired Loewenstemn et al
(1964) have shown that the saccular surface
can be dmided nto two areas depending on
the onentation of the kinoctha and the
stereoctha (Fig 1) In the supertor area the
\mociha are onented upwards 1 relatron to
the stereoctia and 1 the infenor area down
wards
It 1s known that these sensory cells are
stmulated when the stereoctha bend towards
the kinocilta (Loewensten & Wersall 1959)
Fluur & Mellstrom (1970) demonstrated thatat
was posstble by electnical stimulaton of the
wfenor area 1o release eye movements

Acta O ofanngol 81

downwards If the supenor area was stimu
lated they observed eye movements upwards
and 1n some expertments even vertical ny
directed d In earhier ex
peaments Fluur & Siegborn (1973a & ¢ 4
1974a b)nvestigated the interaction between
the utricles and the semicircular canals and
demonstrated a very intimate cooperation be
tween these sensory receptors
Thus the atm of this investigation has been
1o find out if the same relation exists between
the saccule and the vertical semicircular ca
nals and whether the saccule as such s able
to induce nystagmus

3
ds

EXPERIMENTAL PRINCIPLES

As previously mentioned electncal shmulation
of the two areas of the saccule releases distinct
eye movements upwards or downwards
Therefore 1t was decided 1o study the saccular
influence on the vertical semicircular canals
Accordingly either the anterior or the pos
tenor vertical ampuilar nerve was selectively
sectioned bilaterally The superior area of the
saccule was stimulated by tilting the ammals
upside down around therr bitemporal axis In
some expenments the utncular interference
was ehminated by sectiomng the utncular
nerves bilaterally In other expenments the
vestibular balance was disturbed by extirpa

tion of the saccule on one or both sides

MATERIALS AND METHODS

For the expeniments 39 healthy cats were
used After intubation during ether anesthesia
the cats were given Ketamine (Ketalar®
Parhe Dawis) duning the operation and the
recording of eye movements Ketamne 1s 2
nonbarbitunc anesthetic  with pronounced
analgesic properties and a rmmumal effect
on the vestibulo-ocular reflexes (Fluur &
Siegborn 1974c) The investigation was di
vided inta four parts

1 Selective sectioning of either the anteror of
the posterior vertical ampullar nerves com
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Fig 2 Consecutive curves from a cat after selective
bilateral section ng of the anteror ampullar nerves fol
lowed by tilting upside down The upper curve shows

bined with sectioning of the utnicular nerves

followed by tilting the amimal upside down
around 1ts bitemporal axis

11 Selective secttoning of the antenior vertical
ampullar nerves followed by tilting the amimal
upside down around 1ts bitemporal axts

IIT Selective sectroning of the postenor verti

cal ampullar nerves followed by tilting the
ammal upside down around its bitemporal
axis

iV Unilateral and bilateral extirpation of the
saccule followed by tilting the ammal upside
down around 1ts bitemporal axis

When sectioning the antenor ampullar nerve
or the utnicular nerve a small fenestration was
made above the oval window according to a
method descnibed earlier by Fluur & Siegborn
(1973a d) For the of the
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clectronystagmography and the lower curve tilting of the
taple

window according to the method descnbed by
Fluur & Siegborn (1974a) As 1t 1s almost
mpossible to selectively section the saccular
nerve the saccule was extirpated through the
oval window The amimals were operated on a
ulting table where 1t was afterwards possible
to stimulate the otolith organs by tilting the
table all round the ammals bitemporal axis
The angle of tilting was measured in degrees
where 0° was the normal position 90° the
nose up position, 180° the upside-down posi
uon and 270° the nose-down position

The eye movements were studied by elec
tronystagmographical recordings with elec
trodes above and below the eye and by visual
mspection

RESULTS

ampullar nerve the bulla was explored and
a fenestration was made behind the round

Selecine of either anterior or pos
terior vertical ampullar nerves, combined with
sectioning of utricular neries followed by

Acta Orolarvngol 81
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g 3 Consecut ve curves from a cat after select ve
lateral sectonng of the postenor ampullar nerves
llowed by tilting ups de down The upper curve shows

f/“é’ the ammal upside down around is
ateral axis

utally both the anterior ampullar and the
tricular nerves were sectioned bilaterally in 4
ats This resulted in a very weak nystagmus
pwards which was totally inhibuted 1f the
umals were tilted upside down In another
:nes the posterior ampullar and the utncular
:rves were cut bilaterally in 5 ammals which
:sulted tn a total disappearance of nystagmus
" they were tifted upside down nystagmus
>wawards was deveioped Because of the
eak nystagmus that occurred n these sernies
ie following expeniments wncluded only sec
oning of the vertical ampullar nerves

elective sectioning of anterior vertical am
wlar nerves followed by tilting the ammal
sside down around its bitemporal axis

fter selective sectioming of the antenior
mpullar nerves 8 cats presented vertical

ta Otolaryngo! 81

electronystagmography and the lower curve t It ng of the
table

nystagmus upwards The ammals were then
tilted to the 90° position around the bitemporal
axis which caused an increase 1n nystagmus
frequency whereas a decrease amotntng
almost to a total mhuibitton was observed m
the 270° position If the cats were then tilted
from the nose up position to the 180° position

the nystagmus was totally mhibited This 18

hubitive action on nystagmus frequency was
observed already at the 135° position How

ever if the anmals were tlted forwards to the
270°p the ny was nhibited and
remained so until the 180° position was passed
(Fig 2)

Selective sectioming of posterior vertical am
pullar nerves followed by nlting the anmal
upside down around 1ts bitemporal avis

At the next stage of the cxpenment the
postenior ampullar nerves were sectioned
brlaterally 1n 8 cats whereafter a weak vertical
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Fig 4 Schematic diagram of the labynnth after bilateral
selective sectioming of the antenor ampullar nerves 10
resting position and when the ammal 1s lted upside
down The arrows indicate the onentation of the cells 1 ¢

nystagmus downwards occurred When the
amimals were blted to the 90° posiion the
nystagmus frequency decreased in 5 cats, and
nystagmus was totally inhibited n 3 cats On
ultng the ammals further backwards around
the b 1 axis, d

NOSE e TAL

the direction 1 which they increase the discharge fre
quency The number of arrows symbolizes discharge
frequency

observed in 7 ammals, which increased 1n the
upside down position, while in the other 7 no
nystagmus was detectable 1n any position In
the cats with nystagmus, an mcrease was also
seen at the 270° position, whereas a reduction

ystag, pp
successively after the 135° position was
passed, and increased to a maximum, when
the cats were 1n the upside-down position On
the other hand, if they were nlted forwards
the nystagmus tncreased, and reached a maxi

mum when the table was at the 210° position

Tilung from an 1mtial positon of 180° to the
150° poswon resulted n a shght decrease 1n
nystagmus ntensity  Tilting, in the opposite
direction to the 210° position caused an -
crease in nystagmus frequency (Fig 3)

Unilateral and bidateral exurpation of the
saccule followed by ulnng the ammal upside
down around its bitemporal axis

In 14 cais the saccule was extirpated on one
side A vertical nystagmus downwards was

n nystag was observed in the
nose-up posttion Then the other saccule was
also exurpated, which resulted in a total dis-
appearance of nystagmus, which 1t was impos-
sible to induce agamn by ulting

DISCUSSION

In order to eliminate the mfluence from the
utnicles dunng tiltng, the utncular nerves
were cut m addition to bilateral sectioning of
either the antertor or the postenor ampullar
nerves In these expenments no nystagmus or
only a weak nystagmus developed, probably
because the mtensity of the impulses from the
penphery were too low to tngger the nystag-
mus reflex This seems especially 10 have been
——

Acta
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Fig 5 Schematc diagram of the labynnth after bilateral
selective sectiomng of the postenor ampullar nerves 1n
resting posstion and when the ammal 1s tilted upside

the case after sectioning the posterror ampullar
and the utncular nerves This could be due
er to dimimished total input from the
tbular organs or to the fact that the
tivity from the remainmg antenor vertical
:mucircular canals was antagonstic 1o the
activity from the infenor saccular area, when
the cats were (n the normal position From this
stage of the expertment 1t may be concluded
that, ever 1z the absence of the utnicles the
saccules are able to influence the activity from
the vertical semucircular canals so that a
nystagmus nduced by the latter can be
changed However if only the antenor verti
cal ampullar nerves were cut a vertical nys
tagmus upwards occurred as a result of the
activity from the postertor vertical sem
circular canals When the animals were tilted
upside down the nystagmus was totally mnhib-
ited In this position the superior )}

\V

Y
=

R

&

NOSE TAIL

down Arrow mdication the same as tn Fig 4 The number
of arrows symbolizes discharge freguency

There was also a combined influence on the
activity from the posterior vertical semcir
cular canals from both the utncles and the
saccules which was demonstrated at the 150°
and the 210° positions

At the next stage of this investigation the
posterior, vertical ampullar nerves were sec
tioned bilaterally, and vertical nystagmus
downwards was seen, which was due to the
activity from the remamning antenor semicy
cular canals When these animals were tilted
upside down the nystagmus intensity o
creased This could be explamed by the fact
that the antentor vertical semucircular canals
release eye movements upwards, te m the
same direction as those from the supenor
saccular area Thus, these activittes are
synergistic 1n their effects on the extra ocular
muscles (Fig S) At the 150° and the 210°

a combined activity of the saccules

area, which causes eye movements upwards
1s simutated Thus, the activity released from
this area 1s antagonistic to the wtivity from the
postenor semicircular canals (Fyp 4

Acta Orolaryngol 81

and the utricles on the actvity from the
anterior vertical semicircular canals was dem
onstrated

Finally, at the last stage of this mvesugatot
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the saccule was extirpated Iy, which
in 50 percent of the cases nduced a nystagmus
downwards Although the activities of the two
saccules were synergistic, this unilateral de-
struction must have caused a disturbance in
the balance between the two vestbulo-ocular
reflex arcs, which mduces nystagmus How-
ever, a bilateral extirpation of the saccules
does not seem to have disturbed the vestibular
actiity These results are n accordance with
those obtamed by Fluur & Mellstrom (1970)
They reported that 1n some cases, when elec
trically stimulating the supenor area of the
saccule they occasionally observed vertical
nystagmus downwards
Thus, the results of this investigation have
shown that, 1n principle, the saccule, as such,
can not induce nystagmus, but this might be
elicited by unilateral saccular damage
When studying the interaction between the
saccules and the vertical semicircular canals,
only the supenor saccular area was stimu-
lated, because 1t 1s not possibfe to stimufate
the infertor area without relatively comph
cated equipment, since this has to be stimu-
fated with forces exceeding [ g 1n the direction
of the sensory cells m this area
The results of these expeniments lead to the
general conclusion that the saccular actvity
dul the impul d from either
the antenor or the postenor, vertical semicir-
cular canals Moreover, these results show
that, like the utncles, the saccules play an
mportant integrative role together with the
vertical semicircular canals in the vestibular
system

ZUSAMMENFASSUNG

Fur die Versuche wurden 39 Katzen verwendet Eine
selektive Dy der oder

vertkalen Ampufleancrven wunde bexdseitig durchge
fuhrt Zusatzlich wurden ber emigen Katzes die Utn
culamerven oder der Sacculus auf emner Seite oder auf
beiden Seiten entfernt Die Sumuherung der Otolithen
organe erfoigte durch Neigung der Tiere i der bitempora
len Achse Bilaterale Durchschneidung der antenoren
Ampullennenven induzserte cinen vertikalen Nystagmus
nach oben der aufhorte wenn die Tiere mit der Unter
seite nach oben genegt wurden Wenn der postenore

v beidseiug wurde erfolgte ein
vertikater Nystagmus nach unten, und ber Nesgung der
Tiere nut der Unterseste nach oben kam es zu emer
starken Zunahme der Nystagmusfrequenz Nach um
fateraler Entfernung des Sacculus wurde ber 50% der
Versuche ein vertikaler Nystagmus nach unten beobach
tet Dieser Nystagmus konnte durch Kippung modubert
werden Wurde jedoch der Sacculus auf beiden Sesten
entfernt konnte ke Nystagmus erzeugt werden Der
kausale Zusammenhang dieser Ergebmsse wird diskutrert
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ACTIVITY OF SINGLE MEDIAL GENICULATE UNITS
IN RESPONSE TO SINGLE AND DOUBLE CLICKS

B Etholm

From the Institute of Neurophysiology Unnersity of Oslo and the Department of Oto-rkino-laryngology
Ulleval Hospital Oslo Normay

(Recerved February 18 1975)

Abstract The discharge pattern to clicks and the ume
course and pattern of the click induced inhibstion 1n the
medhal gemculate body have been studied by single unit
recording techmque The medial gemculate neurones
showed a tendency to fire at preferred latencies after a
click A conditioning click caused a reduced number and
increased latency of the discharges to a subscquent test
click Provided conditioning click of a certain strength was
employed the inhubition was often cyche, each perod
lasting for about 100-150 ms Chcks could also trgger
barbiturate spindles with synchrony between the activity
of the medial gemculate body and the pnmary auditory
cortex Interaction expenments suggest that the tnggered
and spontaneous spindle actvity operate with the same
neurones

The medial geniculate (MG) neurones undergo
prolonged inhibition 1n response to a click
(Aitkin & Dunlop, 1968, Etholm, 1975) Ths
mhibition alters the discharge of MG neu-
rones Such an alteration may take the form of
changes o discharge pattent lateny, I prab-
ability of discharge Apart from latency reduc-
tion to clicks of increasing strength and the
presence of click-induced rhythmic discharges
of MG neurones (Galambos etal 1952, Aitkin
etal 1966, Aitkin & Dunlop, 1968), relatively
little 15 known about the finer details of the
finng pattern of MG cells and how this may be
changed by inhibition

The purpose of the present mvestigation
This mvestigation has been supported by the Norwegian

Research Counail for Saience and the Humamities and the
Umveraity of Oslo

-~

has, therefore, been to study how the mhibi-
ton at the medial geniculate level 1s able to
change the discharge pattern of single umts
An additional purpose was to study whether
the inhibition can be correlated with the
tendency to rhythmic discharge of the medial
genculate neurones

METHODS

The methods have been described tn detail in
the preceding paper (Etholm, 1975) Briefly,
unitary discharges of the medial geniculate
neurones were recorded with glass micro-elec-
trodes, filled with 4 M NaCi and having
resistances of 5-20 MQ Clicks (main fre

quency 620 Hz) were used both as condition

mg and test stmul The click amplitude was
damped to 10% of the peak value within 11
ms In addition to the short latency responses
to clicks, contmuous and clck mduced
rhythmic activity was recorded from the MG

body and the auditory cortex and displayed

either on an oscilloscope and filmed, or on an
ik writer

RESULTS
Pattern of discharge
The analysis concentrated upon MG cells with

a latency to the first discharge between 7 and
10 ms which most likely represent rela cells

A
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Fig 1 Chick evoked (92 JB) medial gemculate umit
responses Upper trace gives the microphone record
Second to fourth trace show responses with two and one
sptkes Fufth and sixth traces show responses with spin
dles

{Aitkin & Dunlop, 1968} Under the chosen
experimental conditions a charactenstic fea-
ture of the discharges of medial geniculate
untts was a certain degree of vanability (Fig
1) The upper trace gives the microphone
- d of the click, whereas the next traces
i consecutive micro-electrode records

« = cell discharged one or two spikes with
tial latency of about 9 ms or fired a high-

— e

s y

e T
s e B

*

o 5 10 15ms 8

Fig 2 Medual gemculate umt answers 1n response 10 a
chek (A) Consecutive records which are to be read from
down upwards The cell most often discharged twice (B)
Many supenmposed records The cell tended 10 discharge
twice about two preferred latencies {C) Two cells—one
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frequency burst with nearly the same initial
latency (lower two records) The tendency to
discharge 1n such bursts was clearly correlated
to the spontaneous rhythmic barbrturate spin
dle discharges This vanability had to be taken
mto account when studymng the tendency to
multiple sprke discharges The difficulty could
largely be circumvented by rejecting data
taken 1 ously with sp spin-
dle activity or by studying a large number of
records Both methods were used

Another source of mterference was the
background noise The experiments were
performed in a general neurophysiological
laboratory where the noise level was around
45 dB for three peaks at 50, 90 and 180 Hz, but
only 30-32 dB at 500 Hz, close to the mam
frequency of the click In particular, loud
vorces or traffic noise could be seen t0 In
terfere with the spike discharges, usually by
increasing therr latency, but sometimes also by
blocking the discharges altogether Therefore,
the most reliable data were obtamned n the
evenngs or at mght

A common feature of the discharge pattern
of MG cells 1s a tendency to discharge more
than one spike This tendency 1s Mustrated m
Fig 2B, 1n which many superimposed records
show that the cells tended to discharge twice,

1012 14 iEms
small with a fendency to discharge twice whereas the
other (large spikes) discharged three times (D} A post
stimulus histogram with spikes occuming at prefe
times and with one cluster around 8 5 ms and arothef
around 0 ms
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Fig 3 Shows MG unit answers 1n response to chicks of
increasing strength (A) Number of spikes (B) Spike
latency Note the clustenng about preferred umes (C)
Another expenment showing the number of spikes (D)

and that the time of the discharges were
centenng around two preferred latencies In
Fig 2C, are two other cells, one small cell
{filed circles) tended to discharge twice,
whereas another cell {large spikes) discharged
three imes As evident from the records, the
time of discharge could vary, but not random-
ly The umtary discharges tended to occur
around given value after the onset of the clich
This can also be seen in Fig 2A where
consecutive Tecords (to be read from below
upwards) show that the cells most often dis-
charged twice, and that these discharges
tended to occur at a fived interspike interval
QOccastonally, the cell showed only one dis-
charge but this usually occurred at a latency

Single medual gentculate units 93

) /‘\/’\n

70 B8O 90

100 1t0dd

Chck swrength
Spike Jatency and clustenng around three preferred nmes
(E) Spike intervals which tend to occur with an interval of

L8 ms The encircled data imdicate spike mtervals when
the discharge had more than four unuts

corresponding to one of the discharges i the
double finng This tendency to a double or
tniple discharge, with spikes occurnng at pre-
ferred umes, 1s 2150 seen by the post sumulus
diagrams, one example of which 1s given in
Fig 2D

In response to clicks of increasing strength,
the MG unitary discharges showed a systemat-
1c behaviour. Increasing strength gave an -
creased number of spikes and reduced laten-
cy However, the latency reduction to gradual
increase of the click was not gradual, but
occurred in definite steps Fig 3B shows a cell
which at weak clicks (73 dB) discharged sim-
ply, either around 96 or around 102 ms
latency At 78 dB, however, the cell tended 1o

&
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Test cf cx (103 6b)

Number 1 s

a—aCond click = 100db

0 ~ow e =944
—e— * 74dn
~ — = 680b

™, Fig 4 Effect of conditionng clicks of
ncreasing strength on the number of sp kes
evoked by a 103 dB test chick delvered at
vanous intervals after a conditioning chick
The two strongest conditionng ¢l cks
caused a profound thibition of a ¢ycic
nature

Cick nerva

discharge only at the first preferred time,
which now was reduced to about 9 3 ms With
further increase, the cell discharged frequently
at the earliest time, which now was from 8 § to
92 ms When the click was increased to 98 dB
the cell usually discharged twice, the first
spike being recruited at an even earlrer latency
with the second spike occurring at the same
time as the single discharge to weaker ciicks
(Fig 3A) These times were not absolutely
ed, but showed shght vanations around a
an value
~Fig 3D shows the behaviour of a cell which
tended to discharge several spikes 1n response
to a click With weak clicks the latency of
discharge vaned between 9 5 and [1 ms witha
clustering around 10 2 ms On increasing the
stremg (e nne trcerrcy was reabeed’ s drad
from 87 to 108 dB the mean latency measured
92-93 ms The second spike also had a
tendency to occur within certamn time limuts,
roughly between 11 and {2 ms A similar trend
was seen for the third spike in the train which,
although less frequent tended to occur be
tween 13 and 14 ms
The relatively constant interspike interval 1s
plotted in Fig 3E The spike tended to occur
with an mnterval of 1 8 ms The encircled data
indicate sptke intervals when the discharge
consisted of more than 4 umts This was
associated with the occurrence of spindles

Acta Otolaryngol 81

300ms

which probably leads to burst discharge
through a different mechanism than that pro
duced by orthodromical impulses from clicks

Degree and time course of inhbition

of spthe discharges

Click induced inhibition of single umits m the
MG body was observed by Aitkin & Dunlop
(1968), and confirmed in the present senes A
click had an mhibitory effect on MG spthe
discharge as tested by a subsequent test clich
At appropniate test ntervals, this appeared as
a reduced number of sptke discharges or asan
increased latency of discharge The inhbition
was dependent upon the strength of the cond!
tioning click In the experiment shown in Fig
4 the ntensity of the test click was kept at 103
oF wink e strengr of e comdinumng etk
was vaned between 68 and 100 dB The
abscissa represents the interval between the
conditioning and test clicks and the ordinate
gives the average number of spikes per tnal 1n
response to the test chck The shading ndr

cates the range of vanation of the number of
spike discharges (1 01 6) produced by the test
sumulus alone With a conditioning chck

tensity of 68 dB the number of spikes of the
test response did not change at all (@) BY
increasing the strength of the conditiomng
click to 74 dB (A) there was a clear inhibion
as shown by a reduced number of discharges
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Fig 5 (A B) Increase n latency of a single MG unit
neuronal discharge 1n response to a test chick (C § and C2)
caused by a conditiontng chck of varying strength

delivered 30 ms before the testchck R1and R2 giving the
uncanditianed aed canditraned (UL 4RY cesgaase aof the
MG neurone respectively Conditioning caused a latency

at 25 and 50 ms intervals (mean of 10 observa
tions) At an mterval of 10 ms, the spike
number was normal probably due to summa
tion of the excitatory effects of the condition
g and test clicks The reduced response at an
mterval of 5 ms can most likely be explamned
by refractoriness or occlusion of the activity in
auditory nucler below the medial geniculate
level caused by the two stimuli At an interval
of 75 ms the responses again were within the
normal range Increasing the conditioning
click intensity to 94 and later to 100 dB, gave a
more p d mhit (O, A resp
ly) At both of these condittoning mtensities,
the inhibition was total at click intervals from 5
to 50 ms At an interval of 200 ms, there was a
second mhibitory effect, particularly with the
strongest condiioming click (100 dB) This
cyclic inhibition was commonly, but not invar
1ably observed It occurred in expenments
with spontaneous rhythmic spindle activity
Another indrcator of intubition was an n
creased latency of the cellular discharges As
for the number of discharges, both the dura
tion and degree of the latency increase were
dependent upon the strength of the condition
mmg click In Fig 5A the R response was
produced by an unconditioned test click (C 1)

inerease of 1 3ms (B) Discharge latencies of a single MG
ugit i response to a 110 dB test click are expressed along
the ordinate 1n the columns to the left and nght The
central four columns give the discharge latency of the
same nevrone as altered by four conditioning chicks at the
indicated strengths O failures

whereas R2 followed a test click (C2) con-
ditioned by a preceding chick The conditroned
response (R2) showed an imncrease of the
discharge latency In order to establish that
such latency increases were not due to
spontaneous vanability, a number of umit dis-
charges had to be plotted In Fig 5B, the
1eft and nght hand columns (Contr ) show the
discharge latencies of thrs particular umt
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Fig 6 Post sumulus histogram (A) Response toa click of
105dB (B C D)Response with a preceding conditioning

chick at the given intervals Abscissa Response latency
Ordinate Number of discharges
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Fig 7 Time course of the mcreased latency and the
probability of a smgle MG umt caused by condiioning
clicks of varying strength (A D) Results when the

ich only fired once on each trial The cell
wed the descnibed tendency to discharge
%Y preferred times, either at latencies around
8-8 5 oraround 9 5 ms
When a conditioning click of 86 dB was
delivered 30 ms before the test shock, the late
AntaTges were 1Teduted m ot B Ave
clustering of the discharges around the
mentioned latencies were maintained The
same applies when the conditioning ciick was
increased to 92 dB, but the latency of the
clusters increased (broken line gives shortest
control latency) At conditioming click mn
tensities of 106 and 112 dB, the discharges
occurred 1n one cluster only and with a clearly
longer latency than the controls Another
teresting feature i this situation was the
markedly reduced vanability of the discharge
and the occurrence of fatlures (O)
A similar change 1n the pattern of discharge
and increased latency was seen when the

Acrta Otolaryngol 81

condinoning chek intensity was 68 dB (B E)74dB (C F)
94 dB The stars above the stippled line (C) indicate no
failures at click intervals of 100 and 250 ms

condittoming click was delivered at vanous
tuimes before the test chick Fig 6 A shows the
post stimulus histogram of the responses to 2
click of 104 dB The tendency to grouped
occurrence 1s evident When a elick of 110dB
preceded the test click by 45 ms (B), the
enty wntreustd vm the praked apprawct
was maintaned At an mterval of 65 ms the
latency was further increased, and at an inter
val of 100 ms the latency seemed to be similar
to the control agamn Thus, the inhibitory effect
of the transmussion through MG will not only
result in a reduced transmussion but those
impulses that are led through, occur at the
cortex at a later ime than normal

The time course of the latency effect 1$
dlustrated 1n Fig 7A-C In each graph the
abscissa represents the nterval between the
conditioning and test chichs The ordmate
gives the spike latency in ms The test click,
whose intensity remained at 104 dB through
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Fig 8 (A) Quasi intracellular recording from a cell mn the
parvocetiular part of MG Responses to ancreasing
strengths indicated Note the eyche IPSPs response to a

out this expenment caused the cell to dis
charge with an mtal latency around 8 2 ms
At a condittonung intensity of 68 dB (A), no
clear effect could be observed on the spike
latency However, at click intervals of 25 and
50 ms there were cases of fallure (A D) Such
fallures did not occur n the control records
When the strength was d
to 74 dB (B) there was an increase of spke
latency as well as a considerable number of
failures (E) at conditroning test click intervals
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Single medial gemculate umts - 97

70 80

" 120 db

30 100
Cick intensity

chek of 108 dB (B) Size of EPSP and [PSP recorded from
the same neurone in response to increasmg chek m
tensities

below 100 ms The increase of failures was
even more marked when the conditionmg chick
intensity was increased 10 94 dB (C), when
complete failure occurred at intervals of 50 ms
and below (F) At intervals of 100 ms and 250
ms, however, there were no failures indicating
a reduction of the mhibition at these tumes
*)

Latency increases were seen In all relay
cells studred far this purpose

The observation that stmular latency n

et M1 e e Y | N
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Fig 9 Spontancous ($) and tnggered (7 spindles i the
Pamary audnory cotex tupper trace) and the medial
geniculate body (fower trace) (A) Sequence of tngeered
spindles faken at medium speed on the ik wrter Clicks

8955

nd cated by arrows Note comrespondence between the
spindles in the two recording stattons (B) Similar to (A}
but recorded on slower time base The lower trace of each
pair marks the delivery of the chicks
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crease or failure of transmission was observed
following stimulation either of the cortex or of
the white matter, suggests that part of the
mechamsm 1s due to a recurrent inhibition,
similar to that already established for the
somatosensory thalamo cortical system (An
dersen et al , 1964b)

Postsynaptic inhubitory potentials

(IPSPs)

The parvocellular part of the MG body proved
a difficult target for intracellular recording
The small size of the cells combmed with the
relatively firm connective tissue overlying the
dorsal and caudal part of the thalamus made it
difficult to obtamn good intracellular record
ings These experiences were similar to those
of Nelson & Erulkar (1963)

Fig 8 shows some examples from a MG cell
(upper trace) The arrow gives the onset of the
click A weak click (78 dB) produced a de
polanzing potential on top of which small local
responses are seen It ts likely that the under-
lying depolanizing potential can be classified as
an excitatory postsynaptic potential (EPSP)
By gradual increase of the click the EPSP

urred suddenly, showing a unitary charac
;} Further increase of the click gave no clear
ricrease of the size of the EPSP (Fig 6B)

Following the EPSP there was a hyper
polarizing response, which grew 1n size as the
chck mtensity was ncreased Swince this
hyperpolanzing response also could occur
without a preceding spike discharge and was
associated with cessation of spontaneous dis
charges, 1t ts hkely that this deflection repre
sents an nhibttiory postsynaptic potential
(IPSP)

The amphtude of the EPSP in relation to
ncreasing chick strength was remarkably dif
ferent from that of the IPSP In Fig 6B s
shown how the EPSP once appeared In
creased very little while the IPSP after a
short imtial period showed a gradual and

steady nse One possible explanation for this
phenomenon ts that relatively few axons con
verge on the relay neurone to produce an

Acta Orolaryngol 81

EPSP composed of a few unitary EPSPs The
IPSP, however, ts probably due to recruitment
of an increasing number of nhibitory n
terneurones and possibly also an increasing
duration of their respective discharges This
pattern would be compatible with a forward as
well as a recurrent type of inhibition Since
typical IPSPs with simular growing amphtude
also were seen n response to antidromic
1on, recurrent inhib seems a likely
possibility
Sometimes, as seen by the record labelled
108 dB in Fig 6 A, single click produced two
sequential IPSPs, simular to the repetitive
IPSPs recorded from vanous other thalamic
systems under moderate barbiturate anaes
thesia (Andersen et al , 1964a Mcllwam &
Creutzfeldt, 1967) The circumstances under
which repeated IPSPs to single stimuli were
seen, were clearly associated with moderately
Iight barbiturate anaesthesia in which spon
taneous spindle activity was present

Triggered and spontaneous rhythnc

actvity of MG neurones

Rhythmic 10/second activity in other thalamic
nuclel, either triggered by a synchronous af
ferent volley or occurning spontaneously has
been associated with spontaneous barbiturate
cortical spindles {Andersen & Andersson

1968) Since a smgle shock under approprate
circumstances was able to elicit a senes of
IPSPs in MG cells, 1t was of interest to se¢
whether a single shock also could tngger
spindle discharges, both 1 the medial gentcut

late body and m the appropriate cortical pro

Jection area In Fig 9 the upper trace shows 2
surface recording from the A1l part of the
auditory cortex The lower trace shows the
activity obtained simultaneously by a micro

electrode located in the medial geniculate
body In order to compare the slow acuvity of
the two sites the micro-electrode recording
was high frequency filtered (3 dB down at 50
Hz) and displayed on an ik writer Clearly

both the MG and the auditory cortical wea had



a tendency to rhythmuc activity This was
particularly evident in response to the chcks
Each click set off a seres of waves in the
medtal gemculate body which had their direct
counterpart in the spindle activity of the audi-
tory cortex The ehcted thythauc activity
was, however, not simply due to repetitive
bursts discharges m the way of the slow after-
discharges of Bremer & Bonnet (1950) since the
deflections were not damped, but showed
mitial The q s are,
therefore, probably tnggered spindles

The correspondence, and at times competi-
tion, between the tnggered and the spontane-
ous spindle activity were evident (Fig 9B)
Each tnggered spindle 1s indicated by the
letter T, whereas spontaneous spindles are
mdicated by S The marks on the lower hne
indicate the time of delivery of clicks The first
four spindles were tnggered by the chck
When a spontaneous spindle occurred withina
critical period before a test chick such as the
series of 7 spontaneous spindles marked by the

Single medial gemiculate unus
DISCUSSION

Preferred time of firing

A stnking finding was the tendency of mec
geniculate relay neurones to fire at prefer
ntervals after a click  Although spontane«
latency vanations occurred, partly caused
antochthonous central nervous activity
partly by the varying background noise 1in

expenmental room, the discharges fell wit
distinct time-hmits This held true also

cells finng more than one sptke Each of

spikes 1n a group showed a distinct tender
to occur at a given latency An increase of

stimulus 1ntensity caused only a small, grad
reduchon m the spike latency unil a sudd
quantal jump m latency occurred This

haviour could be explained by preservatior
the pattern of repetitive discharge correspo
ing 1o the chek frequency which has b
found in the primary auditory nene fib
(Kiang et al , 1962) In some cases this exp
nation seems likely because there was a go

horizontal bar, the tnggered spindle respi

to a click was markedly dimimshed On the
other hand, if the spindles were tnggered more
y as 1f for the next

ous spindle, the system did not seem available
1o the spontaneous “pacemaker’

With a repetition rate above a certain critical
frequency, which vaned with the depth of
anaesthesia but often was around one every §
seconds, 1t was possible to drive the spindle
acuvity consistently with a click Such tng-
gered spindles would then be obtamed even (f
the interval between two subsequent spindles
was further reduced However, there was a
miimal interval for successful triggenng of
spindles This interval changed somewhat
from situation to sttuation but was usually
about twice the duration of the spindle 1tself
If the clicks were delivered more frequently
than the munmal interval the triggering ability
was markedly reduced Also when a clich was
delivered too soon after a spontaneous spin
dle, the spindle response to the click was
reduced or even abolished

freq

the mam frequer
of lhe click and the spacing of the neuro
discharges in the burst (Fig 1 A, lower trac
However, in other circumstances, the |
quency of the multiple discharge of the }
cell differed from the mawm frequency of
click Fig 21s an example where the inter
between the discharges wasonly 0 610 1 01
whereas the main frequency of the chick v
620 Hz corresponding to a 1 6 ms pertod 1
possibility that such discharges occur
alternative peaks of the click induced volle;
also unlikely since the jump always took pl
between two fixed preferred latencies and 1
to latencies half way between these two v
ues Therefore for this pattern 1t1s proba
that a transformation taking place in auditt
nuclet beyond the prnimary auditory fibres 1
least 1n the gemiculate body itself, may
for the rep: discharges It
therefore, possible that the muluple dischar;
1 the MG are due to a double mechanism 1
first 1s likely due to a temporal coding of 1
cheh as descnbed by Kiang et al (1962) and

Acta Oralaryae.
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Rupert et al , {1963) The other mechanism
operating 1n this context 15 probably largely
residmg mside the medral geniculate body and
may be explaimed by converging nerve voileys
which are slightly dispersed in time Summa-
tion of large but shightly asynchronous EPSPs
would give muiu peaked summed excitatory
synaptic potentials which could explain the
obsenved repetitive behaviour of the umt dis-
charges corresponding to the referred times of
finng Such peaks have indeed been recorded
1n some MG cells (Nelson & Erulkar, 1963)

The disappearance of the spikes with lon-
gest latencies at high click mtensities may be
explamed by the occurrence of an IPSP which
curtails the excitatory effect

The studies of single MG unit behaviour to
clicks of increasing intensity showed a re-
marhably sharp threshold for spihe discharge
i most cells suggesting that few but large
synapses are brought into action This obser-
vation 1s 1n accordance with the large glomeru-
lar synapses 1n this part of the auditory nerv-
ous system (Majorossy & Rethelyt, 1968} and
also helps 1n explaining the steep input/output

urves of the auditory system

>
Inlubitony processes in MG bod)

The mputfoutput curve for the IPSPs of MG
cells differed from that of the EPSPs 1

Triggered and spontaneous spindle

actnity

There was a remarhable similanity i con
figuration and appearance between the
spontaneous spindles mm MG and the audttory
cortex and those triggered by a click Because
the system could be dnven either by a
spontaneous ‘ pacemaker® or by a syn
chronous afferent volley produced by the
clich, the system ts probably operating with
the same neuronal elements 1n both the tng
gered * and the * spontaneous™ mode In this
respect, the behaviour of the medial gemculate
neurons 1s similar to that of ventro basal cells
(Andersen & Andersson [968) The MG spin-
dles are probably due to the same general
mechanism ivolving postsynaptic inhibition
and post inhibitory rebound discharges Irhe
those observed in response to clichs in the
present investigation
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ZUSAMMENFASSUNG

Das Entladungsmuster von Khicksen und threr Latenzzet
und das Muster der klicksinduzresten Inhibitton 1m Corpus
gentculatum mediale wurden mnt emer Techak un
tersucht die das Registnieren von Einzelzeflen erlaubt

g that the IPSP recerved contribution from
many elements, supporting the proposal of an
mterneuronal mhibitory system for the MG
cells as proposed by Arthin & Dunlop (1968)
In analogy with the findings in the somato
sensory system (Andersen & Eccles, 1962) the
mhibition may be recurrent since inhibition
could be induced by antidromic stimulation
This interpretation 1s also supported by the
tendency to cychic mhibition (Figs 4, 8) and
the rebound burst discharges between two
subsequent mhibitory periods On the basis of
the present expeniments it is not possible to
decide whether forward inhibition also con
tributes to the mhibiion in MG

Acta Orolanngol 81

Die 1m Corpus mediale zeigten die
Tendenz in bestimmien Zeitabsianden nach enem WMichs
foszuschressen  Ein auslosender Klicks und en nach
folgender Test Klicks verursachten eine vermindertc
Anzahl und eine erhohte Latenzzen der Entladung einer
Zelle Vorausgesetzt dass emne gewisse Starke des ats
losenden Klicks benutzt wurde verlief die Inh bition oft
zykhsch in Penoden die ungefahr 100-150 ms dauertent
Die Kiichs kornten auch Barbituratspindeln in Gang
setzen wober Uberemsummung zwischen der Aktvial
m Corpus gemculatum mediale und der auditonischen
Cortex bestand Die Expenmente zeigten auch dass d¢
durch Klickse i Gang gesetzten und die spontanen
Spindeln mit denselben Neuronen arbeiteten
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Abstract A method which allows repeated micro elec
trode from without using
any drugs 1s descnbed This method was adopted in
with to
study click evoked potentials and inhibitory processes 10
the audutory system of the cat The chck eveked poten
tials 1n MG were hardly affected by moderate doses of
barbiturate and only to a minor degree m the auditory
cortex [n the unanaesthetized animal the most significant
contnbution to the chick evoked mhbition in the auditory
system was due to mechanisms 1n the MG The inhibition
was diminished both 1n size and duration as compared
ith the situation in anaesthetized cats The MG cells
wed a tendency to cyclic inhibition 1n the unanaes
tzed cat but not so regularly as following admumistra

5, 0of sodum The action of

expenments without use of drugs The data
were later correlated with results obtatned
from the same cats, but 1n barbiturate anaes
thesia It was found that the evoked potential
1n MG was hardly depressed by the barbiturate
anaesthesia The inhibition of the MG poten
tals caused by a preceding click, however,
were greatly prolonged

METHODS

onthe auditory system 1s discussed

In the ventrobasal complex of the thalamus

Paggn & M le. (1963 d da
longer inhtbitton 1n anaesthetized monkeys
than 1n hetized, but flaxedilazed

monkeys with previous bilateral transaction of
the tr 1 perves and ding branches
of the cervical plexus Atk et al (1966)
reported simular results when companng me
dial gemculate (MG) responses from flax-
edilized and barbstunized cats Kitahata et al

Preoy e traiming

Six adult cats of both sexes, selected for
tameness, were used During the week priof t0
the operation the cats recerved therr single
daly wael on the teowidwg plaforn By
gentle handling and stroking they were
persuaded to stay on the platform Afterafew
days’ trainng they often fell asleep and could
stay on the recording platform for several
hours

Operation and recovery
The cats were anaesthetized with sodiim

(1969) found corr ding data for haloth

and barbiturate anaesthetized ammals In the
present expeniments the upper levels of the
audstory system have been studied i waking
or sleeping cats with repeated micro electrode
recordings, employing 2 method devised by
Gyerstad & Skrede (1970) This method allows

barbutal, 40 mg/kg intrapentoneally Un
der aseptic condition the skull was carefully
cleaned of muscles and connective uissue &
caircular hole of diameter 20 mm was dniled 18
the bone, leaving the dura mtact The entre of
the hole was placed over the sagtttal sinus A
polyvinyl chlonde (PVC) cylinder (Fig 1Bes)



Medual geniculate inlubinion in unanaesthenzed cats

Fig 1 Diagram showing the arrangement for fixing the
head of the cat to the amimal frame (B) Dragram shownga
sagiftal section through the bram and skull of the ammal
with the fastening arrangement above  Abbreviations bé
brass plate, co | large cover co 2, mnercover ¢y plastic

with an nner diameter of 20 mm, was placed
over the hole and affixed with dental acrylic
and stainless steel screws 10-12 cortical elec-
trodes were tmplanted 1n the precruciate and
auditory cortices Combined recordings from
the “*killed ends™ of the thalamo-cortical fibres
and the auditory cortex were obtaned by
pushing the electrode through the cortex and
about 5 mminto the white matter The record-
ing electrodes were made of silver or statnless
steel wires, tnsulated except for 1 mm at the
tip The ammals were grounded via one of the
screws 1n the skull (Fig 1B) The leads were
connected to a micro-connector (Fig 1B, mc)
secured with dental acryhc 1o the PVC cylin-
der and the occipital bone

The cats were left to recover for about one
week after surgery Duning this ime, and later
on, when no recording was performed, the
PVC cylinder was filled with stenle Ringer’s
solution, and sealed with a perspex plug The
cats were fed on the recording platform only,
but were not fixed to the holder

103

cylinder, g electrode guide with a coarse cannula at its
lower end for penetration of the dura mc. microcontact,
ml microclectrode holder, 551, 2, 3 set screws sc

screw cap

Fixation and postoperali e training
The cats were fixed by the head-cyhinder to a
10 mm thick brass plate (Fig 1A, bp) with 4
brass bars (bb) which were held i an antmal
frame (head holder) The PVC cyhnder fitted
nto a crrcular hole in the brass plate A PVC
nng (Fig 1. sc), screwed on to the PVC
cylinder, kept the cat's head from moving 1
the vertical plane, and a set screw (Fig B,
s5 1) on the brass plate counteracted rotation
Most cats mtially refused to be fastened,
and one to two weeks of active training were
usually required to get the cats accustomed to
the situation The cats were fastened to the
amma! frame for increasing penods of time,
starting with a few minutes  After some weeks
the cats were quiet and relaxed for several
hours Dunng this pertod the cats were fed
exclusively on the platform in the recording
room, usually as a reward for having been
fastened The length of the traming penods
vaned, depending on the tameness of the cat
One cat was regarded as impossible to tram,

Acta Otolaryngol 81
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and therefore excluded after a tnal of about 3
weeks At the other end of the scale another
cat jumped by itself on to the recording
platform after 2 days of trammng only lay
down and started purmng The cats be
haviour while secured to the frame indrcated
that they had no physical pain  After being
properly tramed they rapidly lay down often
began to purr and soon fell asleep They
frequently accepted milk from a synnge It
was possible 1o keep each of our successful
cats (five) fastened for 10-12 hours duning an
expeniment without the cats showing signs of
discomfort If dunng an expenment a cat
showed signs of discomfort or inoypent dis
tress as judged from increased respiration
frequency dilation of the pupils miaowing or
scratching 1t was immediately released

Micro electrode recording

Micro-clectrode recordings were performed
from one week to maximally 4 months post
operatively After the animals were secured to
the ammal frame the perspex plug was re
moved the Ringer solution replaced by
enhzed liqud paraffin  and the cylinder
ered by two circular transparent perspex
g%)‘ers (Fig 1 col and co?) fiting mto a
wircular groove tn the PVC nng (Fig 1 sc)
The smaller perspex cover (co 2) was situated
excentrically nside the bigger one having a
hole that fitted exactly to the guide (Fig 1B
gu) of the micro-electrode holder (Fig 1B
miry This hole was agam excentrically placed
in the small cover making 1t possible to rotate
the two covers with respect to each other to
reach all points within the cylinder with the
mucro-electrode (Evarts 1968) Thus aclased
system mimimizing the brain movements was
attained
The micro electrodes were made from tung
sten wire (0 5 mm) electroly tically tapered to a
tp diameter of 1-2 mm and insulated with
lacquer except at the tip (Hubel 1957) The
mucro electrode was fixed to the micro-elec
trode holder but insulated from 1t The mucro
electrode holder (Fiz | mh) consisted of a

A a0 olanneol 81

stanless steel tube (outer diameter 2 5 mm)
which could shde inside a stainless steel gmde
(Fig 1B gu) The guide could be fastened 1o
the mucro electrode holder with a set screw
(Fig 1B s52) and 1t was allowed to slide
freely in the hole of the smaller perspex cover
(co2) A cannula with an outer diameter of 5
mm was fixed to the end of the guide tube for
penetration of the dura

The micro-electrode holder was grounded
and the micro-electrode connected through a

hod 10 a pr phfier Thalamic
and cortical evohed potentials were displayed
onan 1t pe and photographed In some
expesiments an average of several responses
was obtamed by feeding the signals to a
Nuclear Chicago data retrieval computer
Spontaneous cortical activity was recorded on
a Grass polygraph erther differentially be
tween two cortical sites or with ground as a
reference

foll

Sumulation

Clicks were made by delivening square 50 ps
pulses to an amphifier which fed a loudspeaker
The click consisted of vanous frequencies
with the largest peak at 620 Hz A clich1sa
useful sumulus because 1t produces in the
auditory nerve a reasonably well synchromzed
burst of impulses whose subsequent disper
sion through the nervous system can be meas
ured w space and tme (Rosenzuelg &
Rosenbhith 1953)

The general arrangement for click stimufa
tion and recording of the sound pressure has
been descnbed m detal earlier (Etholm
1975a) except that in the present expeniments
the sound was delivered just outstde the outer
ear and not through a tube serted i the
outer ear canal

Barbuurates

Sodwm p brtal was

trapentoneally after satisfactory records had
been obtamed in the conscious ammal Dunng
most expeniments only one dose was given 30

ated 11
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Click to mediol geniculate body

A Unonesthetizea cat

I
WWJ-""” A
)
e ———— ",
P A—
Click miensity 10t db 16 db 124 db
B
g -
§ 10
BO:
Fig 2 (A)Upper traces show records from
o the medial gemculate body from an
unanaesthetized cat 1o response to clicks of
40-

oo anesthetized cat

o—o unanesthelized cat

mcreasing intensity The second trace gives
the microphone record of the chck and the
lower trace the ime calibration—10 ms (B)
Inputjoutput curve showing the relauon
between the size of the MG field potential
(ordinate) and the lick intensity (abscrssa)

Per cent of maximum omphiude of resp

sa 100 no

Cuick Infensity

120

mg/kg), bemg sufficiently large to give an
anaesthetic level where the cat just withdrew
the forepaw when pinched

Identification of electrode sites

After a successful track the tissue around lhe
tp of the d 1 de was

without (O) and with anaesthesta (@)
130db

cortex typical short latency evoked poten-
tials are produced by the application of a click
near the cat’s ear (Katsukt et al , 1959, Aitkin
et al , 1966, Rose & Galambos, 1952), (4) in
most experiments sodium pentobarbital was
gwen mtrageritaneally, ta compare the ac-

1 N

by passing 0 2 mA (d ¢ ) through the

tvity of thal cells before and under an-

for 20 sec Subsequent histological sections
usually revealed easily recogmzable Jestons
Dunng the experiments, control of the elec-
trode sites was attained in the following ways
(1) the mucro electrode sites was placed ac-
cording to Horsley Clarke coordinates, (2) the
Ihalamus of the unanaesthetized cat showed a
activity, di
from that of the ovcrlymg structures (Gyerstad

h Under bart h the
thalamic complex shows a charactenstic
spindie activity that has not been recorded
from other subcortical structures (Junge &
Sveen, 1968) The presence of such rhythmic
activity therefore indicated that the electrode
was situated tn the thalamus

Stages of consciousness

The stages of consciousness were determined

& Skrede, d obser ). (3} n
the medial genculate body and the auditory

ding to the behaviour of the cats and
their cortical activity A classification using

Acia Ota I
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Click-click to media! gemiculate body

A Unanesthehized cot

B Anesthet zed car

°
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g 40 pi el e
! y ]
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Fi
o Clck nleryal 18 msec Ctok nterval 30 msee
&

50 1o 150 50 100 150 ms

Cick ante vol

Fig 3 (A)Effectofa g click on a response ! The inset shows the MG field re

response o a standard chek expressed as percentage of
the caatral respoase (orditate) Abscissa Interval be
tween the conditioming and test clich (ms) The two
honzontal stppled knes give the range of the control

five stages was adopted awake/alert,

ake/drowsy, light slow wave sleep (LSWS),

\slow wave sleep (DSWS) and rapid eye

. Ement (REM) sleep (Hess et al, 1953,
uvet 1965, Ursin 1968)

RESULTS

Input to medal geniculate body (MG)

In order to tnvesngate the influence of the
anaesthesia on the negative field potential
wave evoked n the MG input/output curves
were made before and after the cat was
anaesthetized (Fig 2) The examples at the top
(A) show field potentials obtained n the
unanaesthetized cat with increasing click m
tensity from 101 to 124 dB The curves of Fig
2B are constructed from these analogue fig-
ures and simlar records from the anaes-
thetized cat The ordinate gives the answer in
per cent of the maximum amplitude of the re-
sponse, and the abscissa 1s the click intensi-
ty The inputfoutput curve had the same

Acta Orolaryngol 81

sponse (upper trace) and the two clicks (second trace)
The mtensified portions of the sweeps are expandedinthe
two lower traces (B) As (A} but after yection of 30 mg
pentobarbital sodium per hg/body weight

P in the hetized as in the

hetized cat, the r growing from

zero to 1009 while the click mtensity n

creased over a domain of 20~30 dB only The

absolute value of the clich evoked negatve

wave was roughly simlar with or without
anaesthesta

Inlubitory processes tn MG

The effect of barbiturate on the tnhibition were
studied 1n expenments with double clicks Fig
3 A shows the inhibition of the test response I
the medial gemculate body of the unanaes

thetized cat, and similar data from the same
cat after the administration of 30 mg barbitu
ratefkg body weight (Fig 3B) Examples of
the analogue figures are shown as insets W
each plot The abscissa represents the chick
interval and the ordinate the size of the negd

tive field potential evoked by the second clich
1n per cent of the undonditioned response The
amplitude of the control responses vared

When the cat was unanaesthetized they
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] Clek clck fo MG m unonestet zed cot
2
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3 &0
a
3 Test cf ex 1244t
g 50 o—otond ¢lck 1240b
H o—atond cick 120db
M s—econd cick tgad
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&

© 20 30 40 3

Cick interval

100ms

Fig 4 Inhibinon of a MG response to a test chick of 124
dB produced by previaus conditionmg clicks of vanous
wtensities Ordinate Size of the response in per cent of
the control response Abscrssa Interval between the two
clicks

ranged from 90 to 110% and when anaes
thetized between 95 and 10557 In this expen-
ment a single dose of sodmum bital

Fig 3A 1s based The electrode was left in
place in the medial geniculate body n order to
record from the same cells after the cat was
anaesthetized Before a permanent stage of
anaesthesia was reached, however, the cat
showed several vigorous muscle contractions
In spite of the fixation of the head. 1t 1s
possible that this shivenng damaged the tissue
around the tip of the electrode

In the unanaesthetized cat the result showed
that the mmhibiton was about 50% at an
interval of 10 ms The response reached the
control level at an interval of about 30 ms
When the cat was anaesthetized, the inhibition
had a longer duration, and the potentral did not
reach control size before the chich interval was
65 ms or more

In the anaesthetized state cychc inhubition
was observed In this example the second
mhibitory peak appeared at a chick interval of
about 130 ms The mhibiion observed in
barbiturate anaesthesia n these expenments

was given after recording the data on which

Click
A

18ads

was of a hat shorter duration than
found earlier (Etholm, 1975a), posstbly due to

to auditory cortex

8 db

N~ — N\

Fig 5 (A)Response from the audi
tory cortex toachck of 118 dB in the
unanaesthetized cat (B) As (A} but
afier imection of 30 mg pento-
barbatal sodium per kg/body weight
(C) Input/output curves showing
the relation between the size of the
auditory cortex response and chick
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Fig 6 Inhubition of a click-evoked response in the  plotted agmnst the interval between the condiioning and

auditory cortex by a preceding click (A) Control response
from the auditory cortex to a chick of 120 dB (B)
Reduction of the control response by a click preceding the
test by 60 ms (A D) Simlar to (A) and (B) but atter
myection of 30 mg pentobarbital sodtum per kg/body
weight (E) Graph with the response to the test stmulus

a shallower depth of anaesthesia In anaes

ehized cats mcreasing strength of the conds

ng chicks mcreased the duration of the

fuon (Etholm 1975a) Stmiar expen

" ents were done 1n unanaesthetized cats (Fig

4) and also here was the infubition prolonged
and augmented

Input to the auditory cortex

To study the output from the MG cells the
short latency positive wave of the auditory
cortical potenttal was measured taking this
part of the response mainly as an indicator of
the effect of the thalamo cortical fibres partly
a sign of the afferent volley and partly as an
extracellular EPSP  Although composed of
two processes the deflection gives a measure
of the output from the MG cells Input/output
curves were made, similar to those m MG by
measunng the amphitude of the posttive wave
Fig SA and B are examples of averaged
analogue records from a cat before and after

2 o vt ont 81

testclicks The symbols in the insets indicate the different
sleep/alert stages 1n which the ammal was when the
responses were taken All responses composed by 30
computer averaged responses (F) As (E) but after
myection of 30 mg pentobarbital sodwm per kgfbody
werght

anaesthesta respectively Fig 5C shows the
amplitude of click evoked responses obtamed
by averaging 30 consecutive sweeps 1n the ¢2
when unanaesthetized and anaesthetized re
spectively Each data pomnt of the curve
represents one set of averaged response Th
ordinate gives the response in per cent ¢
maximum amphtude and the abscissa give
‘tne ¢uck mtensity The answer grew Trom zer
to 100% while the click intensity increase
about 40 dB 1n the unanaesthetized as well a
anaesthetized state the threshold n th
former condition however bemng somewh
lower Comparing the absolute value of th
click evoked response (Fig SA and B} th
auditory cortical response decreased witl
anaesthesta

Duratton and size of iminbition

n auditon corfex

The inhibition of the chick evohed responst
from the auditory cortex represents 1he
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Fig 7 {A) Reduction of responses from the medial
gemiculate body and from the lateral lemmuscus to a chick of
121 d8 caused by a conditioming chick of 121 dB delivered
at vanous intervals before the test chick The responses
are expressed 1n per cent of the control (B) Response

cumulative inhibrtion from the organ of Cortt
up to and ncluding the MG and the auditory
cortical cells Fig 6 shows the results obtained
from such an expenment 1n a cat before and
after admimistration of sodium pentobarbital
In Fig 6A-D each example represents 30
averaged analogue signals Fig 6 E shows the
results obtamed when the cat was unanaes
thetized and Fig 6 F when anaesthetized The
ordinate gives the answer 1n per cent of the
of the d and
the abscissa the chick mterval
When unanaesthetized the cat’s stage of
arousal or sleep was determined using the
lassifi described 1n metk
Compared with Figs 3 and 4 i1t 1s obvious
that the inhtbition w as stronger when the chick
had passed the relay cells in the medial genic
ulate body The test reponse was zero when
the chick interval was about 10 ms and the re
sponse did not return normal unul the chek
mterval was increased to about 40 ms In these
expenments there was a second penod of
mhibition when the chick nterval was about

Control med gen body
C W™
I3

v
J -

—

Controt fat temn

from the medial gemculate body (C) The kifled end
response from the lateral lemmiscus taken after the medial
genculate body had been destroyed The second trace in
each assemblage gives the microphone record of the chick
and the Jower trace the ime calibration 10 ms

100 ms The cyclic inhibition was observed
both when the cat was awake/drowsy or
showed the charactenstics of light slow wave
sleep deep slow wave sleep or REM sleep

Fig 6F shows the result obtamned from the
same electrode site 1n the same cat but dunng
Iight barbital h The
increased n strength as well as duration when
the cat was anaesthetized In this example the
test potennal did not reach the control size
unti! the chick interval was about 150 ms The
tendency to cyclic inhibition at about 100 ms
was more pronounced when the cat was anaes
thetized A new penod of nhibitory process
was observed with a click mterval around
190-210 ms Correspondingly, repetitive
evoked potentials 1n response to a single chek
was often observed, particularly when the cat
was drowsy Such reverberations could how
ever not be obtamed in the state of alertness,
for example when the cat was excited by the
sight of mulk  The regulanty and amplitudes of
the cyclic discharges increased with anaesthe |
sta
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Click —click to oudiory cortex

Contral
Ay o [ —

’\"‘\‘i \/I Y \\/\/

E F

% Unanesthet zed  cat

c Centrel D

—_

55 mser ntevc

Anaesthet zed cat

Per cent of moxmum amp tude of response

20 40 60 80 100 R0 140 160 180 200 ms
Cick nterva

Fig 6 Inhibwon of a chck evoked response in the
auditory cortex by a preceding click (A) Control response
from the auditory cortex to a chck of 120 dB (B)
Reduction of the control response by a elick preceding the
test by 60 ms (A D) Similar o (A) and (B) but after
imjection of 30 mg pentobarbital sodum per kg/body
weight (E) Graph with the response 10 the test sumulus

a shallower depth of anaesthesia In anaes-
hetized cats increasing strength of the condi-
ng chcks increased the duration of the
ybition (Etholm, [975@) Similar expen-
efits were done 1n unanaesthetized cats (Fig
4) and also here was the inhibition prolonged
and augmented

Input to the audiron cortex

To study the output from the MG cells the
short latency positive wave of the auditory
cortical potential was measured taking this
part of the response mainly as an indicator of
the effect of the thalamo-cortical fibres, partly
a sign of the afferent volley and partiy as an
extracellular EPSP  Although composed of
two processes the deflection gives a measure
of the output from the MG cells Input/output
curves were made, stmilar to those 1n MG, by
measuning the amplitude of the positive wave

Fig 5A and B are examples of averaged
analogue records from a cat before and after
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100 120 MO 160 180 200 ms
Cien nterval

20 40 0 8

plotted agarnst the interval between the condiioning and
testchicks The symbols in the insets indicate the diffecent
sleepfalert stages m which the amimal was when the
responses were taken All responses composed by 30
computer averaged responses (F) As (E) but after
mjection of 30 mg pentobarbital sedium per hg/body
werght

anaesthesia, respectively Fig 5C shows the
amphtude of click evoked responses obtatned
by averaging 30 consecutive sweeps in the cat
when hetized and hetized, re
spectively Each data pomt of the cunes
represents one set of averaged response The
ordmate gives the response 1n per cent of
maximum amplitude, and the abscissa gnes
the chick sensity The answer grew from 2610
to 1009 while the chich intensity increased
about 40 dB 1n the unanaesthentized as well as
anaesthetized state, the threshold n the
former condition, however, betng somewhat
lower Companng the absolute value of the
click-evoked response (Fig 5A and B). the
auditory cortical response decreased with
anaesthesia

Duration and size of inhibition

n auditory cortex

The mhibition of the chich-evohed responsc
from the auditory cortex represents the



) b

Medal g

n hetized cats 111

DISCUSSION

The nputfoutput curve of the responses re-
corded from the MG i the unanaesthetized
cat had the same steepness as that found
dunng th (Fig
3) indicating that the hugh fidelty of transmis
ston was retained The absolute value of the
click evoked response 10 the MG was hardly
depressed by the barbiturate anaeslhesm In
the auditory cortex, h , the

the expenmental data of Poggio & Mountcas-
tle (1963) from VPL and of Aitkin et al (1966)
from MG Even more stnhing effects have
been reported by Bloedel & Raoberts (1969)
who found a change from facilitation to inhibt

tton of cerebellar Purkine cells on addition of
barbiturate Although this prolongation of n

hibition or even facihtationfinhibition reversal
most hkely 1s a main factor in controlling
neuronal acttvity during anaesthesia, the basic

value of the evoked response showed a lttle
reduction duning barbiturate anaesthesia This
may indicate that cortical cells are more
susceptible to barbrturate than thalamrc relay
cells

The MG was found to contribute most to the
mhibrtion 1 the upper auditory pathway (Fig
8) Measured as equivalent reduction of sound
pressure in dB the total inhibition caused by 2
strong preceding click was about 13 dB when
recorded in the lateral | When re-

) for the nervous effect of barbitu-
rate are, however, still unknown Aithin et al
(1966) suggested that the influence from the
reticular formation had a depressive effect on
the inhibitory interneurones m the unanaesthe
tized cat Dunng anaesthesia this effect was
reduced and hence followed by an increase of
the click-evoked mmhibition An even more
general explanation s suggested by Loyning et
al (1963), finding that barbifurate acts manly
on the afferent termmals resulting 1n less

corded 1n the auditory cortex the inhibition
represented a reduction of the mput chck of
about 34 dB The difference mn hibition
recorded from the two locations can be inter-
preted as due to the combined effect of pre-
and postsynaptic mhibition added at the MG
fevel
These data ot d 1 the

telease and reduced synaptic po-
tentials

Another explanation densves from expen
ments Which have shown that barbiurate
exerts 2 local action when administrated di-
rectly 10 the neurones by rontophoreuc techm-
que (Krmyevic, 1965, Bradley & Wolstencroft,
1965) Another possibility 15 the hypothes:s

cat correspond to the findings 1n the barbitu
rate anaesthetized antmal (Arkin et al , 1966,
Kitahata et al , 1969, Etholm, 1975a) It corre-
lates with the findings from the somatosensory
andioesnh sgaTen sk halamis has kR
found to be the seat of strong inhibition
{Poggio & Mountcastle, 1963, Andersen et al
1964 Burke & Sefton, 1966} After h

that barb exert a direct inhibstory ac
tion on an enzyme {Eccles, 1965) destroying
the transmutter released from the synapses
responsible for presynaptic nhtbimon Qur
finding that the snhibrtzon 1s more pronounced
“whr it Tiearored voiley ‘nad passed tne MG
relay cells, does not allow us to choose be-
wween these hypotheses, but indicates that

sia the MG nhibiton was prolonged The
duration of the inhibition (the time before the
response reached the control value) was in-
creased by aver 100Z when recorded post-
synaptically in MG and even more when
estimated from the size of the response of the
auditory cortex

The prolongation of the inhibitton dunng
barbiturate anaesthesia is tn accordance with

sodwm p bital changes the
properttes of the inhibitory systems operating
on the MG cells

Although the number of expenimental am-
mals was restricted we conclude that the same
inhibitory function found in MG of anaesthe-
tized ammals probably s present in the
unanaesthetized state, but to a lower degree
The tendency to cyclic mhibition found 1n
VPL by Andersen et al (1964) and 1n MG by
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Etholm (1975a) and 1n VL of unanaesthetized
ammals was also found in our experrment The
cyclic discharges sometimes recorded in the
auditory cortex after a single click probably
have the same mechamism as this recurrent
inhtbition shown (n the thalamus The similar

ity between the cyclic discharges recorded
duning drowstness and dunng anaesthesia
further supports the tdea that the same inhibt

tory mechanism 1s present also in the unanaes-
thetized cat

ZUSAMMENFASSUNG
Emne Methode die das wiederholte Registneren von
mit eraubt

ohne rgendene Art von Medizin zu benutzen st be
schneben worden

Dese Methode wurde n Verbindung mit der

I X det um

durch emen Khcks hervorgerufene Potentiale und die

m Systember

Katzen zu untersuchen Im Corpus gentculatym mediale

Bradiey P B & Wolstencroft J H 195 Acnons of
drugs on single neurones in the brain stem Br Med
Bull21 15

Burke W & Sefton A ] 1966 Inhibitory mechamsms in
fateral geniculate nucleus of rat J Physiof (Lond) 187
231

Eccles J C 1965 Pharmacology of central inhibitory
synapses Br Med Bull 2! 19

Etholm B 19754 Inhibitory processes in the medial
genculate body Acta Orolaryngol {Stockh) 80 323

— 1975b  Activity of simgle medial gericulate unts in
response to single and double clicks Acta Otolaryngol
(Stockh) 81 91

Evarts E 1968 A technique for recording activity of
subcortical neurons in moving ammals Electroence
phal Clin Neurophysiol 24 83

Gjerstad L 1 & Skrede K K 1970 Rhythmc thalam ¢
umit activity tn the unanaesthetized cat Acta Physiol
Seand 79 34A

Hess R koelta W P & Akert K 1953 Cortrcal and
subcortical recordings in natural and aruficially 1n
duced sleep in cats Electroencephal Clin Neuro-
phnsiol 5 75

Hubel D H 1957 Tungsten nucroelectrode for recording
from single units Scrence 125 549

Jouvet M 1965 Paradoxical sleep—a study of its nature
and mechanisms Progr Brain Res 18 20

Junge K & Sveen O 1968 Exclusive thalamic Jocat on

wurden die durch emen Klicks her 2l
kaum von Dosen von
und 11 der auditonschen Cortex nur in genngem Masse
Beim micht anasthesierten Tier wurde der bedeutendste
Beitrag zu der durch emnen Khicks hervorgerufenen Inhiby
on im Gehorsystem durch Mechamsmen im Corpus
icalatum mediale verursacht Beim micht anasthe
Tier war die [nhibition sowobl 1 threr Grosse als
i threr Dauer gennger als beim anasthesterten Tier
¢ Zellen 1m Corpus gemculatum mediale zeigten eme
Tendenz zur zykhschen Inhibition ber der mcht anasthe
sierten Katze jedoch micht so regelmassig wie wenn die
Katze emn Barbiturat bekam Verschiedene Theornien
daruber wie Barbiturate auf das Gehdrsystem wirken
konaen wurden besprochen
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ADVANCED MENIERE S DISEASE

A Study of 356 Severely Disabled Patients

1 Stahle

From the Department of Otolaryngology Unnversuv Hospital Uppsala Sweden

(Received May 28 1975)

Abstract A selected matenal of 356 patents with
Meniere s discase all severely disabled by paroxysmal
vertigo was analysed The guestion under study was to
what extent and in what way the severe verugo s reflected
tw the calonc reaction and 1 the level of heanng The
calonc response expressed as differences 1n nght/left
sensitivity was reduced in 59¢% and exaggerated in 1<% of
the patients 1n the rematmng 40% it was normal The
medhan values for pure tone audiogram speech reception
threshold and speech discnm:nation score were 56 dB 60
dB and 54°% The heanng

considerably 1n the early stage of the disease but the
heanng level statilised with ume A parallelism between
acoustic and vesubular dysfunctzon was demonstrated

Reduction of the pure lone thresheld was accompamied by
aprogressive decrease tn calonc response The frequency
of brlateral cases wncreased with duranon of

exaggeration to describe this senes as repre-
senting the most severe and most disabled
Mensere patients to be encountered in this
country

Several problems were attacked, viz what
are the levels of vestibular and acoustic func
tion 1n these patients with severe vertigo? Is
the severe vertigo reflected in a clearly de-
pressed calonc response? What s the influence
of the duration of the disease on the function
of the inner ear”?

The present investigation is to some extent a

liness  All patients included n this investgation have
since undergone operation

Large vanmations m the course degree of
seventy and inner ear dysfunction are
charactenstic of Mentere s disease  This
multfacetted disease pattern. makes evalna.
tions of the long term prognosts very uncer-
tain One way of increasing our knowledge of
the nature and development of the disease 1s to
study a stnctly selected well defined group of
patients This was done in the present 1
vestigaion

The patients included were all severely
wneapacutated by vertigo and were considered
n need of surgical therapy It 1s probably no
This work was supported by the Swedish Medical Re

starch Couneill (Project No B74 17X 3908-0° and B7S
17X 3908-03A)

x

of p studies {Enander &
Stahle 1967 Smhle & Bergman 1967 Enan
der & Stahle [969) The matenal was funher
selected b and had a derably
more umform profile

PATIENTS

The matenal compnsed 356 patents with
Mentere s disease  selected dunng a 12 year
period from December 1961 to December
1973 All of them had been admutted to the
Department of Otorhinolaryngology of the
Umversity Hospital Uppsala for investiga
tion

Common to al} of them were {a) that they
suffered from severely disabling attacks of
vertigo (b) that these attacks were refractory
to vanous forms of medical therapy, {c) thatin
bilateral cases the labynnth from whic  the

-
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Table 1 General profile of the case material

Total number of Meniere patients 356

Unilateral krs)
Right side 164
Left side 158
Bilateral 34
Male 206
Female 150
Mean age S0 years (range 23-77
years)
Mean duration of illness 8 years (range 2 months —
years}

vertigmous attacks were mduced could be
clearly defined

All 356 patients underwent operation sub-
sequent to the mvestigations descnbed befow
The method of operation was stmple mastoid-
ectomy combined with ultrasonic irradiation
of the vestibular part of the inner ear (Sjoberg
etal , 1963 Stahle 1975) The results of these
operations will be reported 1n this journal

METHODS

Pure tone audiometry was performed on all
356 pattents The mean value for the fre-
uenctes 500 1000 2000 and 3000 Hz was
}«’l‘lmlated The speech discninunation score
and speech reception threshold were meas-
ured 1n 234 patients The reason that the two
latter examinattons were not performed on all
patients was that up to 1968 we did not have
access Lo complele avdiologieal servces AF
ter that date all three heanng tests were
included routinely 1n  the investigations
Caloric tesis were camied out on all patients
In 4 patients the reaction could not be
evaluated with certainty (3 with a perforated
tympanic membrane and 1 with fixation
nystagmus} and the f{inal report thus com

prised 352 patients
For the calonc test the patient lay supine
with the head raised 30° The water tempera-
tures were 30° and 44°C and the duration of
syringing 30 sec with a S mmute mterval
between each synnging  Electronystag
mography with closed eyes was invanably
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used (Aschan etal , 1956) The reactions were
evaluated on the basts of the maxumum n
tensiny (Stahle, 1958, 1968) By this 1s meant
the mean eye speed in the slow nystagmus
phase during a 10 second period at the peak of
the calonc reaction The percentage difference
between the right and feft ear was assessed
according to Jonghees & Philipszoon (1964)
Only differences exceeding 20 % (equivalent to
about 2 5% the standard deviation) were re-
garded as clearly pathological We are aware
of the liberality of this figure, but we selected
it partly to simphfy the calculations and partly
to avoid the risk of overdiagnosis (Stahle &
Bergman, 1967) The 34 bilateral cases were
also evaluated separately by another method
each ear being assessed separately in compan
son with existing normal values

The data were treated in a Siemens 305
Process Computer

General profile of the case material
The mean age of the patients was 50 years
(range 23-77 years) and the mean duratton of

Table Il Heaning and caloric response in
relation to duration of liness

Duration of llness (years)

02 35 68 913 14 Total
Pure tone audiogram (dB)
Median 6 56 55 55 sk 5B
Mean ss 54 55 56 6 5
No of
patients 73 100 64 60 59 3%
Speech discimination score ()
Median 49 % 53 st 39 M
Mean 2 51 54 52 46 S
No of
patients 54 65 50 31 31 M
Speech reception |hrcshold 1dB)y
Median 61 57 56 67 60
Mean 62 59 9 6 63 60
No of
patients 5% 65 S0 34
Calong response tdifference i max
ntensity in rightfleft sensumly) ('z)
Median 2% w1
Mean :5 25 :x 36 AR
No of
pateents 66 94 61 51 46 38
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Fig 1 Histogram illustrating the results of pure tone
audiograms from 356 patients with advanced Menere s
disease  Only 4 patiears were completely deaf The
median ts 56 dB

illness B years (range 2 months~38 years)
Only one patient had a shorter duration of
illness than one year The sex distnbution and
location of the disease are shown n Table I
The overrepresentation of men has been
pointed out previously {Cawthorne & Hewlett,
1954, Stahle & Bergman, 1967, Hamson &
Naftalin 1968, Hedgecock, 1968)

Results of hearing tests and caloric tests
These results are presented in Table Il in
relation to the duration of the discase [n the
calculations of mean values four completely
deaf ears were gtven a heaning loss value of
100 dB

For pure tone audiogram the medran value
was 56 dB and the mean 55 dB (Fig 1) For
speech discrimnation score the median value
was 54 and for speech reception threshold
60 dB (Fig 2) The number of observations for
these two latter parameters was only 234, for
the reasons given above

The differences 10 maximum nfensity pre-
sented i Table 11 represent the calonc test

Advanced Memere's disease 115

results from 3[8 undateral cases The 34
bif | cases were d sep ly and
the results are presented in Table V

As seen n Table II, the heaning level,
expressed by the pure tone audiogram, re-
mamed fairly constant after the imtial loss
during the first 2 years of illness For speech
discnmimation, on the other hand, a change in
the median value from 49 % to 39 % was noted
with lengthening of the duration of illness
This reduction can be regarded as an expres
ston of continuing degeneration tn the snner
ear (cf Table 1V)

NO OF
PATIENTS

as

1}
o 20 40 80 80 o %

SPEECH DISCA  SCORE

Naor

ot o

st

50+

] T

33 32
] 19
2
LR Soren
eceotor

0 6 20 10 40 50 0 70 8O- a8 iewent
Fig 2 e (@) speech

score and t5) speech recepnon threshold in 234 ;-nncms
The medsans are $47 and 60 dB
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Table I Duration of iness and mcidence of
bilateraliry

Duration of illness (years)

02 3-5 68 913 14~ Toral
Total no of
patients 73 100 64 60 59 356
No of ilateral 6 6 3 7 12 M
Rate () & 6 5 12 20 1

The recordings of differences in maximum
mtensity of calonc response ndicate that the
vestibular hypofunction 1n the diseased ears
progresses, to reach a maximum after 9 to 13
years (Table II) From that penod both the
median and the mean value for the differences
between the two labynnths decreased One
possible expl 1on for this ph I
that the disease may have become bilateral,
without this beng clearly manifested as bilat
eral hearing loss or in any other way

Duranion of liness and bilaterality
As reported previously the number of briateral
Meniere cases mncreases with the duratton of
Ibe disease (Stahle & Bergman, 1967) Among
€ 356 patients of the present mvestigation 34
. "ere bilateral It can be seen in Table I1T that

Fig 3 Companison between speech discnmenation score
and pure tone audiogram 234 patients with advanced
Menere s disease The connection 1s evident (p<0 001}

the majority of observations are grouped on
the diagonal of a coordinate system, and by
the empty squares in one of the corners, which
umphes a lack of cases with comparatively
poor discrimination score in relation to the
pure tone loss

The caloric response
Among the 318 unilateral cases, the caloric

*{he frequency of bil | cases d with
time—from 8% to 20% 10 14 years

Age and speech discrimmnation

Younger pattents had a better speech dis

crimination score than older ones (Table 1V)

In a x? test the differences were statistically
significant {p<0 01) No significant detenora-
tion of the hearing loss expressed by the pure
tone audiogram and speech reception thresh

old in relation to age was found

Comparison betw een results of

different hearing tests

Fig 3 illustrates the hearng loss 234 pa
tients, as expressed by pure tone audiograms
and speech discrimination scores A distinct
parallelism between these two parameters can
be seen Ttus 1s evident both by the fact that
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resp was reduced wn 188 (59°%), ex
aggerated m 4 (1) and normal 1n 126 (40%)
It should be noted, however, that normal
means no significant difference between the
responses from the nght and left ear Phenom-
ena such as directional preponderance were
not taken (nto consideration i this investiga
tion

Table IV Speech discrumnation scores (2}in
relation 10 age i 234 panents with severe
Meniere s disease

Peroemi
Agelyears) 0-20 2140 41-60 61-80 §1-100
-39 4 4 16 17 14
4049 8 15 s 16 15
50-59 18 15 14 18 [}
60— 1 1 6 7 4
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Fig 4 The calonc response of 352 Memere patients
disabled from severe paroxysmal vertigo Maxtmum 1n
tensity 15 an expression of the eye speed of the stow
nystagmus phase at the peak of the calonc response
Dufferences m nght/left sensityvity of up to 20 have been
regarded as normal The disease was bilateral in 34
patients Abnormal difference 1€ reduced calonc re
sponse was recorded in 199 patients

The results of the calonc test in all 352
patients are illustrated in Fig 4 An abnormal
difference where the affected ear (the ear with
the greater heanng loss in bilateral cases) had
a weaker reaction than the other ear was found
in 199 pattents and an abnormal difference
where the affected ear had the stronger reac
tion was found in 7 patients (4 umlateral and 3
bilateral) In the remaiming 146 patients no
significant difference 1n nght/left sensittvity
was noted according to the cntenion for ab-
normality given above under Methods

The finding of patients with a stronger
calonc resp from the d d labynnthis
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Table V Caloric reaction in 34 patients with
bilateral Memere s disease

Poorer Better
heanngear  heanng ear
Normal b2} 28
Reduced 1 5
Increased _ 1

Normal range for cold plus hot water reactions 10-53"/sec
@xSD)

Correlanon between caloric response
and hearing loss
According to a previous study there 1s a
correlation between calonc hypofunction and
heanng loss In Memere's disease (Enander &
Stahle, 1969) The question arose If this corre
lation was distinct in the present, more
selected, matenal of pattents with severe ver-
tigo

As mentioned above, normal night/left
sensitivity was recorded in 40% of the 318
umilateral cases This means that in 126 pa
tients severely incapacitated by paroxysmal
vertigo and considerable heanng tmparrment,
the calonc test results were not pathological
For the matenal as a whole, however (Fig 5),
a significant correlation was found between
the degree of caloric impairment and the degree
of heaning loss (c=0 90)

DISCUSSION

As s evident from the above, both hearing loss
and reduction of calonc excitability increase
with the duration of symptoms It has been
found, further, that the hearing detenorates

consistent with previous observations (Stahle
& Bergman 1967, Thomas & Hamson, 1971)

In the 34 bilateral cases the calonc excita
bility was estimated separately (Table V) in
relation to data from normal subjects (Stahle,
1956 1958) Caloric hy was more

d ly within a short peniod of time
duning the early stage of the disease Even in
the group of patients who had had therr disease
for less than 3 years the mean values for pure
tone audiogram SRT and speech discnmma
tion score lay at 55 dB, 62 dB and 52¢¢

frequently found in the poorer heanng ears
than in the better ears Hyperfunction was
recorded n the better hearing ear in one
pauent

r ively These values then showed no
appreciable change with time, except for some
further of the speech discr

capacity in patients with a very lony, durat.on
of iliness
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Fig 5 Companson between calonc response (dff n
max intens ty)and pure tone aud ogram in 318 cases with
advanced un lateral Men ere s d sease [ncrease m hearing
deterorat on is accompan ed by further depress on of the
calonc response (p<0 001)

The observation that the dominant part of
the heanng loss develops relatively early in the
course of the disease has been made pre
viously (Enander & Stahle 1967) In that
study :n a large group of patients with a total
duration of illness of up to 6 months the
average heanng loss (pure tone audiogram)
was 35 dB while in the next duration group
(61 months) it had progressed to 50 dB The
report by Thomas & Harnison (1971) that the
deterioration in heanng 1s far greater in the
first § year period than in the subsequent years
1s completely 1n line with our observations

The braking of the functional reduction at a

eanng threshold of 50-60 dB and 2 speech

cnimination capacity of 50-609 seems to be

cbmmon phenomenon in Mentere s disease
A simlar tendency 1s seen n Hedgecock s
matenal (1968) Patients with more advanced
heanng loss are few and in our expenence
Sl clenfness of acamTaT TR Gl s
of considerable heaning loss seems to motivate
special therapeutic attention in the initral stage
of the disease particularly in patients i
capacitated by severe vertigo

As regards the caloric response 1n the
present senes 1t behaved similarly to the
heanng loss A reduction was observed even
duning the first 2 years of the disease The
mean values then rose shghtly in the following

It years In patients with an even longer
duration of iliness the difference in nght/left
sensitivity decreased somewhat which mught
be nterpreted uncrtically 1s a sign of recov
ery of the labynnth  Thts 1s probably not the

Acta Otolarsneot 8!

case however The explanation may be that
during the protricted illness the apparently
healthy or better ear has been afflcted by
vestibular impairment even though there s
no charactenstic heaning loss Thts should re
duce the ¢ pancy tn caloric resy be
tween the two labynnths This interpretation
would seem reasonable 1n view of the remarh
ably high figures for bilaterality reported 1n
recent years Jonghees (1971) denoted two
thirds of the Meniere patients attending his
chnic 1n Amsterdam as bilateral Thomas &
Hamison (1971) reported 32 % bilateral cases
in their English senies of 564 patients We
ourselves have shown previously that the
frequency of patients with bilateral volve
ment increases with the duration of the disease
(Bergman & Stahle 1967) an observation
which was also made in the present study Itis
also known that the disease often has its onset
mono symy lly 1¢ a bular dys
function may occur without any signs of coch
lear imvolvement (Enander & Stahle 1967
Thomas & Hammson 1971} 1t 1s thus fully
conceivable that bilaterality of the vestbular
dysfunction alone underhes the dimumshing
nght/left difference noted 1n our study

In occasional cases there was 1 stronger
calonic response from the affected ear than
from the apparently intact ear In 7 patents
mcluding 4 with bilateral symptoms  the
calonic response was definitely stronger on the
afftad sk g & Ty phanamanarhas
been described previously (Stahle & Bergman
1967 Thomas & Harrison 1971) The expla
nation might be that the semicrrcular ¢ wnals
the better hearing ear are even more diseased
than in the ear with the greater heanng loss

As severe paroxysmal vertigo was a ca
terion for nclusion n the present matenal 1t
may seem remarkable that reduced c(alonc
response was recorded 1n only 59¢ of the
patients This corresponds fully with our pre
vious findings in a less highly selected senes
(Stahle & Bergman 1967) In other investigd
nons on the other hand considerably hicher
figures have been reported Cawthorne &




Hewlett (1954) found * canal paresis 1n 83¢¢
and Thomas & Harmison (1971) 1n 807 The
discrepancies 1n the frequency of cases with
reduced caloric response may be due to differ
ent opiions as to what 1s normal We have
placed the limuits for a normal difference i
nght/left sensttivity at as wide as 258 D, for
the reasons given above, whereas the cited
authors have used limts of 2 S D In view of
the domunance of vertigo in our series of
patents 1 must be concluded that disabling
paroxysmal vertigo 1s not reflected in marhed
calonic depresston either in the frequency of
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cases or 1n the degree of dep This
result1s not surpnsing as the calonc response
1s mainly an expresston of the functions of the
semicircwlar canils and leaves the quesuion of
the state of the uincle and saccule un
answered The occurrence of a permanent
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Abstract Twelve years expenience of vltrasound treat
ment of 356 patients 15 presented For evaluaung the
results a new multtifacetted sconng system was developed
where each mdividual patient was evaluated on the basis
of four A ding 1o this eval 71 of
the patients improved after the operation while 2942
remained unchanged or detenorated Because of lack of
improvement 42 patients underwent reoperation by dif

in which the r g hearing 1s
destroyed should therefore be avoided as far
as posstble

The whole art of the treatment of Meniere's
disease with ultrasound rests upon the neces-
sity of applying an optimum dose of energy to
the bular end organs so that destruction

ferent methods 1n half of them ul “as
agan used The heanng detenorated in about 40°% of the
patients to which result the long observation imes also
contnbuted The calonc response became reduced in 70 7%
of the patients Marked depression of the calonc response
charactenized the patents who were reheved of vertigo
Transient facral paralysis in 4 pauents was the only
c\rpphca(mn

.

long as the pathogenesis of Menere's
disease rematns uncertain, medical as well as
surgical treatment has to be symptomatic In
most patients the condition can nowadays be
satisfactonly controlled by different kinds of
conservative therapy Long term treatment
with dwretics has been found effective,
particularly agamst vertigo (Klockhoff et al ,
1974) Surgery has to be considered in the very
small number of patents who in spite of
longstanding medical therapy are still disabled
by frequent and severe attacks of vertigo
When choosing the form of surgical therapy 1t
has to be taken into account that the disease
may afflict both labyninths tn about a quarter
of all cases—perhaps even more Operations
This work was supported by the Swedish Medical Re
search Councit (Project No B74 17X 190802 and B7S
17X 3908-03A)
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or near destruction can be achieved but with

out causmg further damage to the organ of
Cortr or the facial nerve It1s the attainment of
perfect balance between these two effects that
1s the hey to successful treatment

The ultrasound method has been used at the
ENT clintc 1n Uppsala since November 1961
During the 12-year period ending in November
1973, 356 patients have been treated n ths
way Our principles in selecting the patients,
and several charactenstics of this group have
been described 1n a previous article (Stahle,
1975)

In the present paper the long term results of
the operation. as judged from questionnaires
and otoneurological examinations will be pre-
sented

Techmique of operanon

The onginal apparatus designated  Ultra-
point” , which emuts focused 125 MHz ultra-
sound, was used (Johnson, 1967) Up to 1965
the gracile transducer was supphed with inter-
changeable steel tps Since that tme we have
gone over to cone shaped teflon tips with an
end drameter of 2 mm



The semucircular canals were exposed
through a simple mastoidectomy which was
performed under local anaesthesia The otic
capsule was thinned out with a diamond dnltin
the target area When we first started these

we d d the beam
towards the ampullar part of the lateral sem:-
circular canal, but since 1963 we have directed
st towards the thinned out capsule m the
Junction between the lateral and supenor can
als, which region lies more distant from the
factal nerve and the cochlea With this
approach the ultrasomic energy will affect
mamly the supenor and lateral ampullae and
the vestibule During the last two years 1f the
anatomy has allowed, the posterior semi-
circular canal has also been wradiated, with
the aim of improving the result further The
technique of operation has been descnbed 1n
detail previously (Sjoberg et al , 1963, Stahle,
1975)

Only two surgeons have performed the
actual irradiation—A  Sjoberg, M D, Profes-
sor and previous head of the ENT department
in Uppsala, and the author

Composttion of panent material and
obsenation times
The nvestigation was carried out by two
approaches—partly by means of a question
naire sent to the patients (Fig 1), and partly by
a retrospective analysis of the results of oto
neurological examnations at the hospital At
least one year should have elapsed between
the operation and the ime of the mvesugation,
for incluston of a patient in the senes
Concerning the questionnarre, 356 patients
fulfilled the criterion of a 1-year observation
time Thirteen of these patients could not be
reached because of a change of address The
remaining 343 patients received the questron
natre, and 303 of them answered Of the 40 for
whom no replies were received, 14 had died,
thus leaving 26 who dechned to answer Of the
303 patients who answered the questionnaire
279, who had undergone ultrasound treatment
etther once or twice, were mcluded in the
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{a) S nce your operation s your Jeompletet; absent
TJless pronounced
Dunchanged

tness

(b) Since your operation i your hearng  (Junchanged
Jmproved
Tworse

(e} Since your operation are the nvrses
smrour ears

CJunchanged
completely absent
T e gecreased
more disturbing
3 than before

W Since your operation 15 youruh {
prwor

unchanged
Trnceeased
ressened

Fig I The questionnarre sent to 356 panents with
Afeniere s disease treated with ultrasound The observa
110N ime was at least one year

javestigation The answers from the remaining
24 pantents, all of whom had undergone re-
operation by another method than ultrasomc
yradiation, were not included tn this part of
the study as 1t was apparent that in their reply
the patients could not differentiate with cer-
tamty between the results of the two opera
ttons, these patients are reported 1n connec-
ton with the multifacetted sconng system

For the 279 patients who were ncluded, the
observation times were 1-6 years in 82 cases
and 7 years or more in the remaining 157

Otoneurological  exanunation was per-
formed one year or longer after the opera-
pon 1n 268 patients (Table I) The results of
110 operations i pauents with a shorter

Table | Follow up times in otoneurological
examunations

No of ultra
follow up time sound opera
(years) tions
&1 1o

1-2 124

34 79
56 40
»7 25 268
Toul 263 378
wo of p tent  perated on

once 3%

twice

talne  tres und operations

w81
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Abstract Twelve years expenence of ultrasound treat
ment of 356 patients 1s presented For evaluating the
results a new mulufacetted sconng system was developed
where each mdnvndual patient was evaluated on the basis
of four ding to this eval 71 of
the patients improved after the operation while 29%
rema ned unchanged or detenorated Because of lack of
improvement 42 patients underwent reoperation by d f
ferent methods tn half of them was

1n which the r hearning 1s
destroyed should therefore be avoided as fnr
as posstble

The whole art of the treatment of Memiere s
disease with ultrasound rests upon the neces
sity of applying an optimum dose of energy to
the vestibular end organs so that destruction

again used The heanng detenorated in about 40% of the
pattents to which result the long observation umes also
contnbuted The calonc response became reduced 1n 70 %
of the patients Marked depression of the calonc response
charactenzed the patients who were reheved of vertigo
Transient facial paralysis i 4 patients was the only
comphication
~

)

s “long as the pathogenesis of Memere's
disease remains uncertain medical as well as
surgical treatment has to be symptomauc In
most patients the condition can nowadays be
satisfactonly controlled by different hinds of
conservative therapy Long term treatment
with dwretics has been found effective,
particularly agunst vertigo (Klockhoff et al
1974) Surgery has to be considered 1n the very
small number of patients who in spite of
longstanding medical therapy are sull disabled
by frequent and severe attacks of verugo
When choosing the form of surgical therapy 1t
has to be taken into account that the disease
may afflict both labyrinths 1n about a quarter
of all cases—perhaps even more Operations
This work was supporied by the Swedish Medical Re
search Council {Projgct No B74 17X 3950802 and BIS
17X 3908-0)A)
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or near destruction can be achieved but with

out causing further damage to the organ of
Corti or the facial nerve Itis the attainment of
perfect balance between these two effects that
1s the key to successful treatment

The ultrasound method has been used at the

ENT chinic in Uppsala stnce November 1961
During the 12 year period ending in November
1973, 356 pattents have been ftreated in this
way Our principles in selecting the patients
and several charactenstics of this group have
been described 1n a previous article (Stahle
1975)

In the present paper the long term results of
the operation as judged from questionnures
and otoneurological examinations wil! be pre
sented

Techmque of operation

The onginal apparatus designated  Ultra
point  which emuts focused 1 25 MHz ulira
sound, was used (Johnson 1967) Up to 1963
the gracile transducer was supphed with inter
changeable steel tips Since that ime we have
gone over 1o cone shaped teflon tips with an
end drameter of 2 mm
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Fig 3 Calonc response in patients with bilateral Memere s
disease 47 patients were tested before the operation and
43 of these sausfied the requirement of an observation
tume of at least one year Calonc fesponse has been
expressed as mawmum mtensity and the vatues for the
cold and warm water reactions have been summed The
mean value for normal indivrduals 15 32°/sec withS D 10
‘The majonty of patients had a weak response both on the
iradiated and on the non iradhated side

compared with the preoperaive value was
recorded in 70% Even an increased reaction
was noted i {2% The 236 patients reported
m Fig 2 also include some bilateral cases
where the calonc reaction was absent on the
poorer side

The response to calonc stimulation n all
bilateral cases before and after the operation s
illustrated in Fig 3 The reason that the results
are reported separately 1s that the method
of Jongkees & Philipszoon (1964) s not surt-
able 10 bilateral cases Each labynnth should
be assessed separately in relation to data from
normal individuals (Stahle, 1975) On the ir
radiated side, in many cases the calonc re
sponse was degressed. hath, before and ,espe
cally after the operaton On the non
iradiated side more values were within nor
mal imuts Generally, however there was a
trend towards abnormally weak reactions even
on this side

Mulufacetted scoring system

An attempt at a more penetrating and, In
particular a more individual evaluation of the
operatton results ts presented n Fig 4 This
analysis icluded 229 patients. all of whom
satisfied two requi
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the questtonnaire, and (b) they had undergone
follow-up examation one year or longer after
the operation The effect of the operation on
the vertigo, ability to work, hearing and tin
nitus i each individual case was assessed and
given a score of —1,0, 1,2, 3 or 4 The best
resuft was thus ascnbed 4 pomts, which a
patient received if, at the same time, the
vertigo was completely absent, the ability to
work was wncreased and the heanng and tin
nitus had not detenorated The poorest result
was —1 The hearing was assessed with pure
tone audiometry Failures who later under
went reoperation by another method than
ultrasound were classified as unchanged with
respect to vertigo, inmtus and ability to work,
while their heaning was evaluated from avail
able audiograms

Improvement of varying degrees from 1 to 4
points was noted for 71 of the patients,
while 1492 were considered to be unchanged
and [5% detenorated (Fig 5) When the
sconng evaluation was based on the speech
discrimmation score instead of the pure tone
audiogram, 1t was found that of 144 pauents,
65% were improved, 16% unchanged and
19% worse

Eight patients stated in the questionnatre

POST-OPERATIVE SCORE

VERTIGO

%3

-

z § ¢

£ 35

aBILITY HEARING & 245 £

TOWORK  TINNITUS £25 5

wncreased nather desmrred] 4121 Q0
ncreased oae -

inchanged  netnes  + 4310

unchanged  one - 10}

lessened and or both R L il

Fig 4 Scheme for mdividual sconng of the results of
cltrasonic treatment in Menicre s disease The best results
have beengivend paints the poorest — | Results between
1and 4 have been considered to represent vanous degrees
of improvement The followng Is one example of the
sconng A patient who reported subjectively less pro-
nounced vertigo increased abrlity to work and unchanged
tnnitus and whose pure tone audiogram showed un-
. . aed with the preoperative,~wes

Acta
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170 1273 4 pons

F g 5 The results of ultrason ¢ treatment in 229 patients
with Men ere s d sease based on the new mult facetted
sconng system presented n Fg 5 The observatont me
was at least one year in all cases

that they had become free from vertigo but
that therr ability to work was lessened An
expl for this pected result was
obtained 1n seven cases the underlying factors
being difficulty in maintaining balance mental
depression severe tinnitus and headache

Complications
1 four patients transient facial paralysts oc

Sugar 1973) On the other hand n recent
investigations the cochlea in guwinea pigs has

remamed ntact  both functionally and
morpk lly after i of the semi
circular canals (Lundqvist et al - §975)

The long observation times in this series of
patients give nise 1o the question however o
what extent the natural course of the disease
may have contnibuted to the heanng loss A
good 1dea of the importance of the time factor
can be obtained by companng the heanng
course postoperatively in 43 bilateral cases
(Fig 6) Hearing joss {detertoration of at feast
10 dB of the pure tone threshold) was noted 1n
53 % of the patients on the operated side and1n
309 on the non operated side This may be
regarded as evidence that the disease in com
bination with ttme was partly the cause of the
postoperative deterioration tn hearing

When the results were compared with our
previous findings which partly concerned the
same patients (Sjoberg & Stahle 1965 Dretlt
neretal 1970) good agreement was found In
1970 we reported detenorated heanng {pure
tone andiogram) 1n 36% of the patients while
the heaning 1n the remainder was unchanged or

rred during or diately after ir

1 n the early stages of the treatment senes
n‘all cases the paralysts regressed spontane
ously within one to three months No other
complications were seen

DISCUSSION

Inthe 409 of the stated
that their heanng was worse after the opera
tion Ths figure 1s in good agreement with the
results of different hearing tests which have
shown heanng deterioration i 42—49 %% of the
patients This [oss can be attnbuted in parttoa
direct ultrasonic effect on sensory neural ele
ments in the cochlea which will have occurred

P: d This may be compared with the
figure of 42% 1n the present senies The smll
discrepancy can probably be explained by
longer observation times in the Iater series 1§
well as the fact that a frequency of 3000 Hz
has been added to the three frequencies used
previously in the hearing assessment

The speech discrimmmation score post
operatively was detenorated i 49% of the
patients unchanged 1n 34 and improved
17 (Fig 2) In view of previous reports of
deterioration of the discrimnatory ab ity of
Mentere patients with age (Stahle 1975} it
would seem that postoperative speech audio
metry does not reveal cochlear dimage 1o any
higher extent than tone audiometry

ut 1rrad; teads to depression of

despite our efforts to avord direct irrad of

the fi of the semicirenfar canals s has

the cochlea Supporting this fe are
results 1n expenimental ammals which have
shown damage to the cochlea following direct
irradation (Crysdale & Stahle 1972 Stahle &

Ac 20 olanyngol 81

been previously shown tn both calonc and
rotatory tests (Stahle & Sahl 1964) This fact
ts now further corroborated by the present
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Fig 6 The heanng after ultrasomc treatment of one ear m
43 pateents with bilateral Meniere s disease expressed in
pure tone audiograms The observanon times are at least
one year The heanng detenorated in the non operated ear
1n 30<% of the patients and i the operated earin 5377

findings, of an absent or decreased calonc
reaction postoperatively in 70%, no change 1n
185z and anincrease in 1292 The frequency of
cases with a depressed response has been
found 10 be somewhat higher now than 5 years
ago (cf Drettner et al , 1970)

In order to study more closely the thera
peutic importance of postoperalive depression
of the calonc response, we have compared this
with the symplom vertigo {Table 1I) This
analysis compnsed 200 patients with umlateral
disease, of these, 66 had undergone operation
once and 34 had been reoperated on later In
these 34 patients we considered the vertigo to
be unchanged The observation time was at
least one year It ts concluded that patrents in
whom the irradiation has led to absence of a
calonc reaction have the greatest chance of
becoming completely free from vertigo A x*
test revealed a dependence (p<0 05)

The question must then be asked how ss the
postoperative heanng in patients with no
calonc reaction? It is often deteriorated (Table
1) ¥ testing revealed a statisucally signifi
cant dependence (p<0 05} As preservation of
the heaning 1s one of the basi pnnciples in the
ultrasound method, the surgeon now finds
timself 1n a dilemma An increase of the
energy dose may increase the
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Table Il A comparison between caloric re
sponse and vertigo tn 200 patients with uni
lateral Meriere s disease treated with ultra-
sound

Verugo

Completely Less Un
Calonc reaction absent pronounced changed
Absent 43 21 5
Reduced 29 24 16
Unchanged 4 12 11
Increased 10 9 6

freedom from vertigo, but at the same time
will give a greater nisk of heaning detenoration

Finally, for companson some results of
ultrasound treatment from other hospitals may
be mentioned James (1970) has reported that
859 of tus patients became free from vertigo,
but 1n severa! cases not unul after repeated
irradiztions Deterorated hearing was found in
44% Serensen (1970), who uses the same
method and has the same equipment as we In
Uppsala, has stated that 7292 of his patients
had pl ora derable de-
crease of vertigo Dionne et al (1972) have
reported satisfactory control of dizzmess m
75% while heanng was completely lost 1n
20%, sigmficantly decreased 1n 409 and pre-
served in 409 Basek (1973) reviewed reports
of the treatment of 560 patients operated on
with a lateral canal or round window ap-
proach, 20% were descnibed as failures

Most of the reports hitherto have been made
n the conventional way, where vertigo, hear-

Table Hl A comparison between caloric re
sponse and hearing in 236 patents with
Memere's disease treated wuth ultrasound

Pure tone aud ogram

Calonc

Im- Un De
reaction proved changed  creased
Absent 7 36 8
Reduced 7 37 30
Unchang=d r 24 13
pritbiovst 2 1

- F
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and climcal e on ultrasonic

1ng and tinnitus have been reported sep y
In our opmion this gtves an incomplete de-
scription of the individual course For this
reason we have suggested evaluation utilizing
a sconng system, which also includes the
ability to work Thus latter has been motivated
by our confirmed view that the rehabilitation
provided by an improved ability to work has
been expenenced by the patients as a very
important benefit, even 1f their vertigo has not
been completely eliminated

ZUSAMMENFASSUNG

Es wird uber emne 12jahnge Erfahrung mrt Ultraschall
behandlung von nsgesamt 356 Patenten berichtet Zur
Auswertung der Ergebnisse wurde em neues Viel
facetten Punktesystem entwickelt wo jeder einzelne Pa
tient an Hand von vier Parametern bewertet wird In
Uberemstimemung mut dieser Auswertung hatten sich 71€4
der Patienten nach der Operation gebessert wahrend
29% unverandert blieben oder sich verschlechterten
Wegen mangelnder Besserung wurden 42 Patienten nach
verschiedenen Methoden nochmals operiert wobet bet
der Halfte der Falle erneut Ultraschallbestrahlung ver
wende¢t wurde Das Horvermogen verschlechterte sich in
4077 der Falle was auch mut der langen Beobachtungs
zeit1n 2 steht Die h
verminderte sich ber 707 der Patienten Beiden Patienten
t deutlich verminderter kalonischer Erregbarkest hane
h der Schwinde) abgenommen Vorubergehende Fa
- sparese bet vier Patienten war di¢ einzige homplika
} on
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THE NYSTAGMUS THRESHOLD IN TURNING TEST
IN DIFFERENT AGE GROUPS AND IN PATIENTS SUFFERING
FROM OTOSCLEROSIS

E S Virolamenand E Aantaa

From the Otolaryngological Unn ersirs Clme Turku Finland

{Recerved May 9 1975)

Abstract The lhrcshold of nystagmus duning angular

1 was, n two
senes of he:l(hy persons with an average age of 20 and 42
years and in senes of otosclerouc patients with an average
age of 42 years It was shown that age as such does not
mfluence the thresholds buta lesion in the inner ear such
as otosclerosts causes higher thresholds even in younger
subjects

The use of the modern rotating chawr provides
us with the posstbiity of producing very
small 1 and decel while
stmultaneous recording of the ENG makes 1t
possible to detect small alterations m the

nystagmus
Hilding (1953), de Vries & Schierbeek (1953)
as well as Roggeveen & Nuyhoff (1956) have
shown that the threshold of the mmimum
and var

MATERIAL

Three groups of subjects were mvestigated
The first senes consisted of 20 female students
aged 19 to 22 from the local Nursing School
The mean age of this group was 20 years The
second senes consisted of 20 female nurses
and assistant nurses aged 36 to SO from the
Otolaryngological Chinic, the mean age being
42 years All members of these two groups had
pormal heanng Subjects with a history of
vertigo or dizziness, as well as subjects with
neurological disorders or diseases of the ears
were excluded The third senes consisted of
60 pauents (31 female, 29 male) suffening from
chinical otosclerosis, aged [8 to 64 the mean
age being 42 years The arrbone gap was
agpmuma.u.ly 27 dR m average and hane-

percep

1es from 0 25°/sec? to 3 5°/sec? According to
Montandon & Russbach (1956) the threshold
of the nystagmus and sensation of turming m
normal subjects approximates 0 8%/sec?, a
value which applies both to acceleration and
deceleration A somewhat lower threshold
0 ¥°/sec? approximately has been reported by
Decher (1965)

In the present investigation the threshold of
acceleration and deceleration has been de
termuned 1n two senes of normal subjects and
1n otosclerotic patients before operation

values were correspondingly I5dB
(1n 250, 500, 1000, 2000 and 4000 cps) After
examinations the patients in the senes were all
operated on (at the Otolaryngological Clinic,
dunng 1970-71) and the final diagnosis was
venfied at the operation

METHODS

Rotatory tests were carned out by using the
rotaing chair of Polman (Mod 11 e 111}
Chlonded silvere  trodes (7 mm jn diameter)

Atta Otofarsazod 5t
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Table 1 The thresholds of angular acceleration and deceleration during rotatons stmulanon

(expressed in degreesisec?)

Series {

Healthy subjects
Mean age 20 years

Senes 31

Patrents suffenng
from otosclerous
Mcan age 42 years

Serses 1

Healthy subjects
Mean age 42 years

(19-22 years) {36-50 years) (18-64 years)

degfsec? S D deglsec?  SD deglsec*  SD
Acceleration 1o the nght 035 013 037 013 049 033
Acceleration to the left 032 o 032 010 060 028
Deceleration to the left 031 004 033 007 038 033
Deceleration to the left 030 000 037 o 050 02

were used Recording electrodes were located
on the skin near the temporal canthi of the two
eyes and an earthed electrode was placed on
the shin of the forehead The electrodes were
attached to the skin with adhesive tape and
electrode jelly was used to improve the con
tact A condenser coupled amplfier, time
constant 2 seconds, was used All recordings
were performed 1n a dark room with the
subjects eyes closed The subject to be ex
amined was 1n sitting posttion  The head of the
subject was fixed to a forward declining pos)
on making an angle of 30° from the vertical
ition
“6.The threshold of acceleration was measured
by accelerating for 90 seconds at the rate of
0 2°/sec? to the nght The subject was then
rotated at a constant speed for 120 seconds
and subsequently decelerated at the rate of
0 2°/sec? (acceleration to the left) Two mun
utes later the same procedure was repeated
now tn the reversed direction This procedure
was continued with a stepwise increase at
0 2°/sec? of acceleratton and deceleration
until measurable nystagmus was observed

RESULTS

The results are given in Table I In series |
consisting of young healthy subjects with an
average age of 20 years (19-20 years) the
threshold of acceleration t0 the rnight was
0 35°fsec® and to the left 032%sec” The

Acta Qrolaryngol 8

thresholds of deceleration were correspond
mgly 031%sec? to the nght and 0 30°/sec? to
the left These thresholds are equal In senes
11, consssting of older, healthy subjects with
an average age of 42 years (36-50 years) the
corresponding values were 0 37°/sec” for ac
celeration to the right and 0 32°/sec” to the left
and 0 33%sec? for deceleration to the nght and
0 37°/sec? to the left Also these thresholds are
equal

There are no staustically sigmificant differ
ences m thresholds between sides In senes
I11, conststing of patients suffering from oto
sclerosis with an average age of 42 ycars (18-
64 years) the threshold of acceleration to
the nght was 0 49°fsec? and to the left 9 60/
sec? The corresponding values of decel
were 0 58/sec? and 0 50%sec? Also these
small diffesences in thresholds between nght
and left are statistically not sigmificnt This
HI senes was devided 1n two subsenes The
first one of these consisting of 20 ptients with
a mean age of 29 years (18-35 years) and the
second one consisting of 40 patients the meaa
age being 48 years (35-64 years) The thresh
olds of these both subscries were cqual 10
those of the 11l senes

COMMENTS

It s obvious (Table I) that there ¢ nC
significant differences 1n thresholds of accel
eration and deceleration to nght and teft be



Nystagmus threshold in otosclerotic patients

tween the two age groups of healthy persons
The stanstically companson of thresholds of
acceleration and deceleration between sertes |
and senes [11 and between senes 11 and senes
II1 The results show that the thresholds of
acceleration and deceleration of patients suf
fenng from otosclerosis are all staustically
sigmficantly higher than the thresholds of
healthy subjects (P 001) There are some
earlier investigations where they have shown
that the semle vestibular apparatus has a
diminished reactivity to rotational as well as
calonc stimulus (Camarada & Lumra, 1959,
Zelenka & Slaninova, 1964, Rossberg, 1964,
Haas, 1964} On the contrary Forgacs (1957)
reported ‘ normal vestibular reactions in all
cases
The aim of this study was to compare the

thresholds of younger and older people and the
thresholds of patients suffering from otoscle

rosts

It was interesting to observe that there were

no differences in thresholds between the two
first senes, but statistically very sigmificant
differences between both healthy and otoscle

rotic groups It can thus be concluded that age
as such does not influence the thresholds On
the other hand such a disease as otosclerosis,
which affects pnmanly the labynnthine
capsule and the round transmutting system but
also semicireular canals (Bretlau & Jorgensen

1968 Chevance et al 1969) causes higher
thresholds of angular ac and decel
eration (Virolainen 1972)

ZUSAMMENFASSUNG

Es warde die Schuelle des Nystagmus bet 2unehmender
und und

PR
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zwar anhand von zwe: Gruppen gesunder Personen mit
emen Durchschmittsalter von 20 und 47 Jahren und emer
Gruppe von Patienten mit Otosklerose und mut ewem
Durchschmttsalter von 32 Jahren Es wurde gezeigt dass
das Alter keinen Einfluss auf die Schwelle hat dass aber
ene Storung im [nnenohr m diesem Fall Otoskierose
sogar ber yungeren Patienten hohere Schwellen serur
sacht
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RADIOSIALOMETRY
1 A Method for Evaluanon of Sain ary Gland Disorders

C-M Enerothand M G Lind

From the Department of Otolarsngologs  Aarolinska Spekhuset Stockholm Sweden

(Recerved Apnl 3 1975)

Abstract The temporal course of the total *Tcm0, ac
cumulation tn the parotid gland after fast mtravenous in
Jectton of the hde 15 studied by e with
quantitative radiosialomery  The method adopted 1s
based on the use of two colltmated symmetnically located
and opposite placed Nal-detectors The normal ranges of
five evaluauon parameters are obtained from a control
material of 100 paroud glands 1 50 tndividuals without

ation of stalometric values 1s also of Itmited
value 1n diagnostic work due to the wide nor
mal vartation i the salivary flow

Obviously, there 1s a need for several differ-
ent hods tn the d of disorders of
the salivary glands Scintigraphy and radio-

disorders of the parotid glands The 0 of ! y are hods which offer further
these five s d and the bl i hol
pe n ev. changes
and the y of the aswell M &

as different sources of vanauon are discussed Classifica
tion boundaries betw een normal and abnormal values are
arbitranly chosen from the normal ranges

§Dnannosuc methods employed mn salvary
gland disorders are mamly based on the ex-
amination erther of the morphology or the
function of 1he pathologic glands The
morphology 1s examined by vanious methods
such as careful palpation silography fine
needle aspiration bropsy or excision biopsy
The function of the pathologic glands 1s com
monly evaluated from the exammation of the
salivary flow by different sialometric methods
or by the chemical analysis of the saliva com
posttion  Pathologic processes engaging the
salivary glands may cause an abnormal salv
ary flow or abnormal concentrations of for
mstance, Na K Ca protein or amylase
However, chemical analy sis of the saliva s of
Itle diagnostic value because of the wide
ranges of norm1l values caused by many dif-
ferent factors, such as varations in blood con
centranons and salivary secretion rate Ex alu-
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in the salivary glands These methods differ in
principle both from morphologic examination
and examination of the salivary flow or saliva
composttion They are based on the fict thit
normal salivary gland tissue actively trans
ports #Tcm0; from plasma to saliva concen
trating the radionuchide 5-50 tmes by
metabohic processes of the saltvary gland cells
(Harden et al  1968) It can be presumed that
diseased glands with pathologte disturbances
of the metabolism have a decreased capactty
to transport ®Tc™Q, from plasma to saliva
aganst the high concentrayion gradients In
these pathologic salivary glands the wccumt
Intion of ®Tc™0, 1n the salivary gland nssue
and n the saliva can be expected to decrease
Thus different disorders of the salivary glands
can be diagnosed by the examimition of the
wTc™0, accumulation process

Scintigraphic examination offers both mor-
phologic and functional aspects of local or
general pathologic  processes within  the
parotid glands (Schall & Dy Chiro 1972)
There are however, considerable norml var:



1 st

Fig 1 Age and sex distnbuttons in the control group A

30 Age

1ations n scintigraphic results, partly because
of methodological errors and the subjective
evaluation of the salivary gland scmtigrams
domed (Eafissanad L 0
The am of this study was to develop radio-
sialometry (Lind & Soderborg, 1971, Eneroth
etal , 1972) into an uncomplicated and reliable
method for the ditagnosis of parotid gland dss-
orders in clinical praxis by analysing different
evaluation parameters, thewr normal ranges
and different sources of vanation The method
1s based on the quantitative examimation of the
temporal course of the total *Tc™Q, ac-
cumulation 1n the parotid glands after fast in-
of the rad| i

CASE MATERIAL

The subjects studied consisted of 24 medical
students, nurses and ward maids and 32 pa-
tients with diseases considered not to affect
the salivary glands (for instance cancer of the
uterus, deviation of the nasal septum etc } Six
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Group C 15 female individuals i group A,
closest 1n age to the males tn group B

Group D All individuals 1n group A, aged
between 18 and 30 (27)

Group E All individuals n group A aged
between 60 and 80 (10)

Furthermore, 15 individuals with neoplastic
or inflammatory diseases of the parotid glands
were examned (group F) and another 11 1ndi-
widuals without diseases expected to influence
the #Tc™0, distnbution i the body (group G)

METHOD

The method was based on the principles
earlier described by Lind & Soderborg n 1971
and Enercth et al 1n 1972 In the present
study, the measunng performance was simpli-
fied

10 mg atr Iph was ad! d
by tntramuscular injectton about 15-30 min be-
fore the mjection of ®Tc™0y The patient was
placed supine and told not to move his tongue
of mouth Both buccal cavities as well as the
floor of the mouth were filled by three com-
presses 10-20 mCr *Tc™0, was admun-
istered by fast intravenous mjection and
the registrations were started immediately
Two coliimated detectors (Nal 2"X2", col
nymator length 35 cm, aperture circular @=5
cm) were used (Fig 2) The detectors were

[

of the total 56 cases were by mishaps
n the measurements Thus 2 cases were ex-

Es

cluded because the rad lid was
not completely intravenous and 4 cases be
cause the salivary flow was not sufficiently

hib The r 50 indi Is were
divided 1nto five groups (A-E)

Group A All 50 individuals  Age and sex
distributions are given m Fig 1

Group B All 15 male individuals n group A
(15)

9 752958

,_\&_‘
|

Fix 2 Amangement of the detectors The measunng
region of the nght and left detectors includes both parotid
glands The measunng regton located betw cen the parond
gfands 1s measured from the neck
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Fig 3 Measunng values obtauined from the nght and left
detectors between 0-24 minutes after the injection of
*Te"0, One indivadual of the control group A

symmetrically placed opposite each other with
the common central axes through the paroud
glands They regtsiered simultaneously the
same region of the skull from the nght and left
sides, respectively The circular apertures,
close to the skull, touched the mandibular ang-
les from above and covered the lateral projec-
tions of the parotd glands (Fig 2)

14-20 registrations (measunng time 60 sec)
were made automatically with 15 sec intervals
and the obtained values were punched on
paper tape The two compresses placed
aganst the parotid ducts were removed 1m
mediately after the final registration and
placed 1n thin plastic cups within the apertures

f the coll s Therr rad lide content

s measured

. /The results obtained were computed by a
PDP-8 computer and all values were corrected
for imbalance between the detectors, and for
radioactive decay The correction factors for
¢ were ob d from
of a plastic vessel contaming a homogeneous
solution of ®*Tc™0, i water These meas-
were rep d diately before
each patient exammation (Larsson et al,
1975} A mean value of the 3rd 4th and 5th
values for both sides (six values) was calcu
lated and used as a reference All values were
then calculated m per cent of this reference
value, and the change with ime was illustrated
by graphically smoothed curves (Fig 3) The
increases between the 2nd 10 8th, 8th 10 14th
and 2nd tc¢ 14th values, calculated from these
cunves, were obtained in per cent of the refer
ence value Because of the 15 second mntervals

.ot
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between each 60 sec measunng period, the
corresponding mean times were 13-9% mm,
94-163 minand 13-163 min, respectively The
differences between the nght and left side -
creases (13-94 min and 13-163 nun, respec-
tively) were also calculated and obtamed in
per cent of the reference value (Fig 3)

The ®Tc¢™O, content tn a region between the
parotid glands was measured with one of the
detectors equpped with a narrow er collimator
(length 30 cm, aperture square, 3X3 cm)
The aperture was located close to the nech and
the detector's central axis was Jocated 1n the
medran plane between the parotid glands (Fig
2) The measunng values obtained were calcu
lated 1n the same way n per cent of the mean
value of the obtamed 3rd, 4th and Sth values
and the changes between the 2nd 1o the 8th,
8th to 14th and 2nd to 14th values were calcu-
lated from graphically smoothed curves

RESULTS

After fast intravenous injection of »Tcm0,
there was an accumulation of the radionuchide
i the measuning region contaring both
parotid glands The accumulation process dur-
1ng the first mynute was not registered in detail
The accumulation between 17 and 93 min was

T/
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Fig 4 Measunng values m the nght and left detectons
obtatned (n one individual after a partially subcutaneous
tmection of Tc=0,
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Fig 5 Amounts of ®Tcm0, 1n compresses covenng the
parotid gland ducts given in per cent of the reference
values used Values of 108 parotd glands from 54 mds
viduals

generally larger than that between 94 and 163
min after the imection of #Tc™0, Generally,
both sides increased thewr *Tc™O, content
symmetrically (Fig 3)
If the #*Tc™0; injecuon 1n €IToT Was given
, the within the
measuring region was symmetnc, but ex
ceeded by far the normally obtained values
between 2 and 20 min (Fig 4) Accidental
subcutaneous mjection was thus possible to
recognize from the shape of the curves
obtamed
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Fig 6 Twocases with losses of **Tcm0O, from the parotid
plands to the compresses covenng the parotid ducts The
accumulation of »Tc™0, in the parond glands might cease
after some time (upper curve) or not occur at all {lower
curve) The amo nts of ®Tc 0, i the compresses cover
mg the parotd ducts were in these cases large 1¢
between S0-70 per cent of the reference value used
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Table 1 Aean values and standard errors
(S E) nter-tndntdual and wntra indnidual
standard deviations (S D) of the evaluation
parameters used

Inter Intra
individual indyvedual
Mean SD SO
Increase nghtside
139t min 279 93 13 23
94-163mmn no 72 10 21
13163 min 390 155 22 41
Increase left side
1394 min 286 100 14 6
91-163 min ”’7 73 1o 23
13-163 mn 413 164 23 45
Side difference
13 93 min -06 23 03 32
13162 mun. -22 47 07 39

The values of the ®Tc™O, content in the
compresses covening the onfices of the paroud
ducts were calculated in per cent of the
reference value defined above, and were in
general less than 25%¢ (Fig 5) High values
wmndicated a loss of ®Tc™0, from the measunng
regton owing to sahva leakage The accumula
tron was then decreased and the curves
obtained appeared abnormal 1n some cases
(Fig 6)

The amount of radionuchde in the measur-
ng region located between the parotid glands
was measured in tndividuals in group G and
found to be almost constant between 1§ and
163 muin of the imjectton There was on an
average a small wncrease between 1§ and 93
men after injection (+0 834 7%) and a small
decrease between 9% and 16§ mn
(~3 423 3%) and thus a small decrease be
tween [{and 163 min (-2 67 17)

The measuring values from the measunng
region containing both parotid glands in
creased and these increases were calculated
for all individuals The results obtaned are
presented in Table I and Figs 7-9

The differences between the right and left
sides were also calculated for all individuals in
group A The side difference was arbitranly
given a positive sien if the increase of the nght

As ~feolarn 1
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Increase 12-93 minutes  Control group A

side was largest, and a negative sign 1f the
ncrease of the left side was largest Obtained
values are presented in Table 1 and Figs
10-11 The mean value of side differences
(—0 6 %) obtained duning the measuring time,
11-91 min did not deviate significantly from 0
The values were almost symmetrically distri-
buted around their mean value and the vara-
tion was small (S D =2 3¢%) compared with
the vanatton of corresponding increases
{SD =93% and 10 0%, respectnely) (Fig
10, Table )
The mean value of side differences (-2 2z)
tamed dunag the measuring time 13163
oy deviated significantly (p<0 05) from 0
“4Fig 11 Table I) Hence. there was in this
evaluation parameter a significant difference
between the nght and left sides with a higher
accumulation of “TemQ, at the left side

R RE!) n Fi2Y

Fig 8 Distnb of values of the evaluation parameter
Increase 1 3-161 minutes * Control group A

The distnibution of increases n group B
{males} and group C (females) corresponded
well with each other as exemphfied in Fig 12,
and there was no sigmficant difference be-
tween group B and C as tested by Wilcoxon's
ranksum test

The distribution of increases in group D (age
18-30) and group E (age 60-80) corresponded
well with each other, as shown tn Fig 13 and
there was no sigmificant difference between
group D and E in Wilcoxon's ranksum test

All the wndividuals n group F were ex-
ammed twice within a few days and the
intra-individual vanations {(withyn indrviduals)
were calculated from the pared observations
The intra-ndividual SD  of the increase
parameters was much smaller than the cor-
responding inter-individual (betw een individu-
als) S D, but the intra-mdividual S D of side

Nor 30

S-12 8 4 0 4 12N

Fie 10 Dy of values of the cvaluation parame

Fie 9 Dutnpution of salues of the
Increase 91-16§ minutes  Control group A
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ter “Difference 13-9% munutes  Control group A
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Frg 11 Distribution of values of the evaluation parame
ter  Difference 13-161 minutes Control group A

difference parameters was of appr

Radiosialometry I 135

The function of the paroud glands can be
evaluated by principally different methods
The sahvary flow 1s measured by sialometnc
methods but large normal vanations :mply that
only very small values can be assessed as
abpormal (Enfors, 1962) The chemical
composition of the saliva ts changed by some
diseases, but large normal variation mahes the
evaluation of results difficult (Rauch, 1959,
Benedek Spit, 1973) The capacity of the
parotid glands to accumulate *Tc™0, from
plasma can be demonstrated by scintigraphy

the same de as the corr

and d by the rad 1c method

inter indivadual S D (Table I)

DISCUSSION

General principles
The purpose was to design a simple method of
high accuracy in the diagnose of salvary gland
disorders for practical clinical use, 1¢ the
pathologic cases of interest to be separated
from the normal cases with the highest poss:
ble reliability

Many pathologic processes of the salivary
glands cause morphologte changes, which can
be examined 1n order to obtain a diagnosis
Several pathologic processes cause functional
disturbances which also can be exanuned
order to separate the pathologic cases from the
normal

wo

Fig 12 Dstnbution of values of the evaluation parame
ter Increase I§-9} munutes Group C (females) and
group B tmalesy

(Lind & Sodert 197}, Eneroth et al,
1972) The given amount of ®Tc™Q, (1-2 mC1}
caused a whole body dose of about 0 01-0 04
rad, and a cntical organ dose of about 0 5-1
rad (thyroid gland, salivary glands) (Smuth,
1965, National Institute of Radiation Protec
tion, Sweden, 1969)

The amount of #*Tc™0; in tissues within the
measuring region, but located between the
parotid glands was found to be almost con
stant between 2 and 20 mun of fast intravenous
myection of the radionuchide The increase of
#TcmO, 1n the measunng regon, which in
cluded both parotid glands (Fig 2} was thus
caused by an 10n of the rad. lide
n the glands

The change with time of the total #Tc™Q,
content withm the region was studred, and
hence the temporal distribution of the radio-

1t n L) s

Fig 13 Distnbution of values of the evaluation parame
ter Increase 1393 minutes Group E age 60-80
(upper diagram} and group D age (8-30 (lower diagram)
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nuclide nstead of its spaual distnbution was
used as the basis for evaluation contrany to
scintigraphy or the use of gamma cameras
without computers

Sensitivany and detectabilin

The concepts of sensitivity and detectability
have been defined elsewhere and found valu
able 1n trnls to optimize the symmetry de
tector method for gammacncephalography
(Lund & Larsson 1975}

The sensitivity (S) of a parameter was
defined as the true mean value of parameter
units obtained per unit of the defined effect of
interest (for nstance counts/min per mCi
*Tc™O, in the measuning region) The de
tectability (5) of a parameter was defined 1s
the smallest effect of nterest which can be
detected with a significance that corresponds
to ¢ standard deviations

q o
=5
where o 1s the standard deviation of the
parameter in a normal group
« In order to increase the detectabihity (smal
values of &) the standard deviauon of
a's o of the pirameter used should be
as small 1s possible and the sensttivity
S of the parameter as high as possible

An evaluation parameter can be constructed
by combimung several different measuring
parameters Example side difference in this
method was an evaluation parameter which
was constructed by a subtraction of the in
crease of measuring values in the left detector
from the corresponding tncrease of measuring
values 1n the nght detector The evaluauon
parameter was made relative by division with
a reference value (=mean value of the 3rd to
5th measuring values of both detectors) Cor
respondingly large numbers of evaluation
parameters can be constructed with different

-

and the physical charctenistics of a symmetry
detector method for gammaencephalography
(stability of counung efficiency chorwce of
pulse height discrimunation  detector re

sponse) have been described earlier and the
obtained results were possible to 1pply on the
two di s used for rad } y (Lars

sonetal 1975) It was demonstrated that the
sensivity of evaluation parameters based on
side difference was smaller than the sensitivity
of evaluation parameters based on the increase
of measuning values 1n one detector Despite
this side difference parameters offered better
detectability because of smaller standard de

viation v a normal group (Lind & Larsson

1975)

In order to increase the detectabiliy of the
chosen evaluation parameters 1ts standard
deviauon n a normal group should be de
creased without decreasmng the senstisily
Therefore different sources of variation were
analysed and reduced within pracucal imits

Sources of vanation

Vanation caused by counting  statistics

(1500060000 cpm) general background
(100-200 cpm) or by the electromic device have
] e been d d to be neghgibl

(Larssonetal 1975)

The position of detectors spatial distrbu
tion of the radionuclide chinge of radio-
nuchde distribution with time saftvary flow
age sex and individual biologic variuon of
the parotid glands are the more 1mporiant
sources of varition

The position ¢ f the detectors conshtuted one
source of varation which may prove cons d
emble A small parotid gland will not extend
outside the me ssuning region even If there are
small changes 1 the detectors pasitions thead
mo wrong local of the de
tectors) but large glands mught extend  utside
the measuring region  and the parotd
Ac ! of »TcmO, 1s then not rey, stered

1 h

sensunvity different normal dard devia
tion and thus difTerent detectability

The sensitinity of different esvaluation
parameters 1n different measuning situations

A 120 olaryagol 81

completely Probably the mam chinral interest
will be directed to small or very small accumu
lations and hence thrs source of vanaton s



less tmportant in practical climcal work The
positions of the detectors were clearly defined
the coll s touched both zyg arches
and inhihited head movements The ntra
ndividual vanations of tncrease parameters
were found smafl which ind d that the
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region gradually increased not because
of accumulation 1n the parotid glands but
because of the changed course of plasma
concentration Two of 56 individuals 1mtally
examined were excluded because of sub

change of the detectors positions between two
examinations was only a small source of
varation [f the measuring region was ex
tended the relative size of parotid gland
accumulation of #Tc™O, should decrease
compared to the larger amount and enlarged
variation of #Tc™Q, in the measuring region
In addition parts of the submandibular glands
or brain might be more or less included mn the
measuning region and thus cause further vana
tion Nevertheless it may be desirable to
increase the diameter of the colimator tubes
from 50 to 60 cm 1 order to assure the
incluston of the parotid glands within the
measunng region

The spatial distribution of *Tc™Q, vanes
because of different blood volume hemo-
globin content **Tc™0, distribution between
blood thyroid gland ventnicular mucosa
hidneys etc  Most of this vanation can be
avoided by the use of relative \{

recognized from the
abnorma]ly large increase of the registered
amount of radionuchde (Fig 4) It was found
advisable to control the positton of the mnjec
tron needle regularly by immediate aspiration
of some blood both before and after the
imection further to assure a correct wntraven
ous admimstration of ¥Tc™0,

In order to estimate the vanation caused by
the change with time of the ¥ Tc™0, contentin
the tissues of the measuning region outside the
parotid glands measurements were made with
the central axis of one detector located in the
median plane between the parotid glands (Fig
2) The obtamed results from group G demon
strated that the amount of *Tc™0, tn tissues
between the parotid glands was n mean
almost constant between t § and 16§ min after
myection  There was a not neghgible vana
tion the e dividuals  but

1t was regarded as too small to motivate
the and m

parameters 1e each measuring value 1S re
lated to a reference value which

chinical praxis of using three detectors
H,

for this variation for instance the plasma
concentration at a certain time after the ijec
tion as described earher (Lind & Soderborg
1971) The less complicated use of the mean
value of the 3rd 4th and Sth measuring values

y for
purposes 1t should be of great value 1o
achieve control of the temporal changes of
the *Tc™0, concentration in the measunng
region outside the parotid glands

The salnary flow has elsewhere been de

15 i a method ded for climical

work

The change of *Tc™O, concentration with
time was dependent on many factors The
relative change of the plasma concentration of
®Tcm0, between 2 and 70 mun of fast in
travenous injection was earher found to be
reprod between within nar
row limits (Lind & Soderborg 1971) How
ever the ijection technique may fail and if a
sufficiently large amount of radionuchde was
mjected  subcutaneously  the registered
amount of rad within the

d to Qne roRar saurce
of vamation n salivary gland scintigraphy
(Enfors et al  1969) The accumulation of
7 c™0, in the parotid glands 1s dependent on
the total transport of ®Tc™Q, from plasma tnto
the gland and salva and on the salnary
transport of *®Tc™0, out from the glands (Lind
& Soderborg 1971 Ancrietal 1973) There
ts a large vanation between individuals of both
the resting and the stimulated salivary flow
(Enfors  1962) and therefore any salnary
transport of #Tcm™Q, out from the glands

< an important source of vanation as
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demonstrated by Fig 6 These losses of
9TcmO, were however easily controlled by the
mnhibition of the salivation and measurements
of the actual losses 1 0 mg atropinesulphate,
q by \

caused a pharmacological inhibition of saliva
tion, and compresses in the oral cavity mnhi-
bited involuntary movements of the tongue
and the floor of the mouth, which might press
saliva out from the glands Accidental trans-
port of ¥Tc™O, from the glands to the oral
cavity, during the exammation was easily
discovered by measuring the radionuchde con-
tent of the compresses, placed in the buccal
cavities, agarnst the parotid ducts

I general there was onfy a smaif amount of’
#Tc™0, n the compresses, but 1n a small
number of cases theirr contents of *TcmQ,
were considerable (Fig 5) In order to reduce
this source of vanaton, 1t was decided to
exclude all examinations with 2 ®Tc™O, con
tent 1n one or two buccal compresses, higher
than 25 per cent of the reference value Four of
the imtially examined 56 individuals were
excluded for this reason It 1s evident that

~ntrolled salivation constitutes a source of
riation, which also should make the in
[crprelauon of salivary gland scintigraphy un
certain (Enfors et al  1969)

Age and sex were no important sources of
variation Females and individuals aged 18-30
years were over represented n the material
examined However there was no difference
in ¥TemO; accumulation between the group of
oldest and youngest individuals (Fig 13) nor
between males and females (Fig 12) The
number of examined indtviduals was too small
to permit definite conclusions concerning the
nfluence of age and sex on the parotid gland
capacity to accumulate **TcmQ, but large
influences can be excluded However, very
old or senile individuals and children were not
examned

Indn idual biologic varation of the parotd
glands 1s probably large as despite reductions
of different sources of variation the values of
ncreases vared considerably between indi

ed ntr
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viduals (Table I, Figs 7-9) It s to be sup-
posed that this vaniation depends on the vary-
g size as well as the varying functional
capactty of the parotid glands, 1 accordance
with the large vaniation of smlometry values
obtatned between normal ndividuals (Enfors,
1962, Ericson, 1974) The intra individual var-
1ation 1s much smaller (Table D), indicating that
most methodological errors were sufficiently
reduced It 1s possible to estimate the sizes of
the parotid glands by sialography, and this part
of normal biological variation can be reduced
by dividing obtained results by the estimated
size of the exarmined gland (Encson, 1974)
For ethical and practical reasons 1t was not
possible to examme the volunteers of group A
both by radiostalometry and salography, and
the relative importance of glandular stze as a
source of vanation was thus not possible to
estimate from this matenal

The vanations of side difference parameters
were much smaller than corresponding values
of increase parameters (Table 1, Figs 7-11)
which indicated that the biological variation of
glandular size and functional capacity are
symmetric as well as the normal vartation of
99Tcm0, concentration with time n tissues
within the measuring region but outside the
parotid glands Besides, vanation caused by
the accidental occurrence of parotid gland
tissue outside the measuring regton was also
assumed to be marnly symmetrical

The symmetry of the glands was great and
the 1ntra-individual vanation (withm indvide
als) of values of difference was of the same
magmtude as corresponding inter indivadual
vanation (Table I) This indicated that
methodological sources of variation (for in
stance stabilization of salivary flow) become
important 1n relation to the small biologic
variation between the right and left parotid
glands

The sensitivity of side difference parameters
1s smaller than the sensiivity of increase
parameters (Larsson et al , 1975) However,
the standard deviations of the side difference
parameters obtained from a contro! group
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Table 11 Classification botundaries betw een normal and abnormal The values were arbitrarly

chosen from the normal ranges

1 Al
Deliarely Probably
normal normal
(4] "e)
Increass values
9% mun >+18 +12- 418
13-163 mun >+20 +15- +70
Sude difference values P
(3 9imn I-42 +2::4
10~ -5
1163 min —sowz | Jo-d

m W
Probably Defintely
abnormal abnormal
434 8
+8-+12 <+8
+10-+15 <+10
9~ ~6 <-9
{ +A4- +7 >47
-15- 10 <~15
[Fhos {5

where much smaller than corresponding
standard deviations of the increase para
meters (Table 1) Therefore, the detectabiity
concerning unilateral changes of the $Tem0,
accumulation in the glands was supposed to
be better in stde difference parameters than 11t
correspondinNg increase S

Classification of results

In diagnostic work the obtamed measuring
results must be classified as norma! or abnor
mal and 1t 1s often practical 10 use the
following classification of results

1 Definitely normal
Il Probably normal
1 Probably abnormal
W DeFmraly doreamed

If normal values have a gaussian distribu
ton confidence intervals with different levels
of probabilty are easily defined However the
vilues of inCrease were not symmetrically
distributed around thest Mean values and the
number of observations was wo¢ small o
permyt definttion of confidence wtervals For
the purpose of diagnosing pathologic lestons of
the plands with few e€\ceptions only the
decrensed eapacity to accumulate ®TcmO, 15
of nterest Therefore barders between nor
Ml ind abrormally low values were che-=n

arbutrarily, from the distributtons in Figs 7-9
‘The chosen borders are presented in Table 11
“The borders of classificatron of side difference
values were arbitranly chosen from Figs 10
and 11 (Table Iy

Diagnostic accuracy

The concepts of detectability and sensitivity
defined above were of great value i the
opumal choice and design of evaluaton
p s ded for the d of an
abnormal radionuclide distnbution n certain
Is The knowledge ob concern
ing the normal ranges of the evaluation
P! S d s Y 1n asses
sing examination results of unknown individu
als as normal or abnormal

However the purpose of a diagnostic
method 1s not to separate individuals with
abnormal radionuchide distributions from the
normal but to offer high diagnostic accuracy
1 certain diseases e hugh capacity to sepa
rate the pathologic cases of interest from
normal cases The diagnostic accuracy of the
method 1S not oniy dependent on the detecta
bility of the evaluation parameters used but
also on the correlation between the disease of
taterest and the evaluated radionuchde dis
tribution Therefore, the diagnostic accuracy
of the described evaluation parameters n
ratincmlnmetry must be studied by compan-

Actar
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t d

son between ex results
from normal individuals and results obtamed
from individuals with different verified parotid
gland diseases (Eneroth & Lind, 1975)

ZUSAMMENFASSUNG

Der zeithche Verlauf der totalen ®Tc™0, Anreicherung
n der Gl parotis nach schoeller mtravenoser Imektion

des R wurde mit g

metne Ber dieser ds

bedient man sich zweier mut entgegengesetzt aus
K an

gebrachter und gegenuberliegend plazterter Nal De
tektoren Die normalen Bereiche der funf benutzten
Auswertungsparameter wurden aus emem Kontroll
matenal von 100 Parotisdrusen von 50 Personen ohne
Erkrankungen der Parotisdrusen erhalten

Die barkeit dieser funf A
meter wird h und die und
Nachweisbarkeit der Paramcter sowie verschiedene
Ursachen der Streuungen werden diskutiert Die Kiasst
fikauonsgrenzen zwischen normalen und abnormen
Werten werden ausgehend von den Werten der 50 Normat
personen defimert
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RADIOSIALOMETRY

11 The Diagnostic Accuracy of Different Evaluation Parameters

C M Enerothand M G Lind

From the Department of O olanngolog  ha ol nska §; khuser Stockholm S eden

(Recaved Apnl4 1975)

Abstr ¢t The temporal course of #Tc™0, n

the parot d gland after fast intravenous npection of the
rad onucl de was measured quanttatively by rado-
salometry n 32 patients suffenng from inflammatory
or neoplast ¢ d seases of the paroud glands The d agnos
tic accuracy of fve d fferent evaluation parameters was
compared It was found that w thout reducing d agnostic
accuracy the method used could be s mpl Ced by omtting
three of the fve evaluation parameters Ths mples a
shorten ng of the measunng t me from I8 to 10 m nutes
The d agnostic accuracy of rad os alometry i 14 cases

placed d detectors and the temporal
course of the accumulation process was
evaluated from the percentual increases of re
gstered activity 1n each detector as well as
from the side differences between these
percentual increases Five different evaluation
parameters as well as different sources of van
ation were analysed in order to gamn high

w th a general of the paroud ar
rad ation damage collagen sialos s and chron ¢ recurrent
parot t s) was h gh Thus all these 14 cases had abnormal
rad osialometric values Parotd tumours not caus ng ex
ten ve destruct on of the parotd parenchyma were not
detected by th s method

Normal parotid glands accumulate ¥Tc™Q,
from plasma This accumulation can be ex
amimed by scintigraphic or radrosialometric
methods (Borner et al 1965 Lind & So
derborg 1971 Enecrothetal 1972 b Eneroth
£ Land J97H Raduvsealamary cramwnes she
temporal course of ®Tc™Q, accumulation 1n
the parotid glands It 1s assumed that path
ologic disturbances of the parotid metabo-

bility concerming the *T¢™0, accumu
lation 1n the parotid glands (Ereroth & Lind
1975) The normal ranges of these five differ
ent 1 s were ob d by
analysis of a control matenal consisting of
100 parotrd glands (50 individuals)

The purpose of the present study 1s to esti
mate the diagnostic accuracy of the five evalu
ation parameters by a correlation study be
tween a control group and a group of pauents
with parotid gland disorders This was done in
order to achieve a further simplification of the
method by the excluston of unnecessary
evaluation parameters though sull without a
reduction of the diagnostic accuracy of the

d 1c method

hsm causes a d of the it
tion of ¥*Tc™0, 1n diseased glands
The rad: 1¢ methed was d
by Lind & Soderborg (1971) and Eneroth et al
(1572 b) and has been simphfied 1n order to
ncrease its  practicability m chmcal use
{Eneroth & Lind 1975) Thus the accumula
tion of the radionuclide 1n the parotid glands
was measured by two opposite symmetncally

10 74955

MATERIAL

The present study 1s based on the examunation
of 82 individuals The case matenal 1s divided
mntosixgroups(A B C D Eand F)

Group A mncludes 50 individuals without

Acta O oluryngol 81
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diseases expected to affect the parotd glands
and 1s therefore noted as the control group

Group B ncludes 5 patients irradiated for
malignant tumours in the head and neck re
gion Three patients were irradiated because
of nasopharyngeal carcinomas In these cases,
both parotid glands were inciuded completely
within the wradated region and all the
parenchyma of the 6 parotid glands received
irradiation doses exceeding 6000 rads The
remaining two patents suffered from car-
cinomas of the left bucca In these two
cases, the left parotid glands were supposed to
be within the radiation field, but small parts of
the parotid parenchyma might extend beyond
the irradiated region  The nght parotid glands
receved doses of less than 100 and 500 rads,
respectively

Group C includes 4 patients with the follow-
ing cnitenna of collagen swlosis  subjective
xerostomia and abnormally low salivary
flow demonstrated by swialometry, bilateral
sialoectasies demonstrated by stalography,
keratoconjunctivitis sicca, and positive tests
for rheumatoid factors (RF) andfor antinuclear
factors (ANF) All these patients were women
and at the examination their ages varied from
36-78 years
} Group D includes 5 patients with chronic

~-Tecurrent parotitis aged between 40 and 61

years (4 women and one man) All these pa-
tients had had relapses of parotid swelling over
a long period These patients had bilateral
symptoms, but two of the § patients had exclu
svely left sided symptoms In all 5 patients
there were abnormal stalograms of the parotid
glands with sialoectasies and strictures of the
excretory ducts

Group E includes 14 patients with benign
parotid tumours on either the left or right side
sized 05%X1 cm to 5X6 cm Twelve of the
tumours were histologically classified as
pleomorphic adenoma and two as papillary
cystadenolymphoma (Warthin s tumour)

Group F includes 4 nauents with one sided
malignant parotid tumours i (o cases
the tumours were classiic 1 s highly dif

Acta Otolasyngol 81

ferentiated mucoepidermoid carcinoma (2>
cm and 3X3 cm, respectively) One tumo
was a 2X2 cm large metastasts of squamo
cell carcinoma and the remaining tumour w
a very low differentiated mucoepidermod ¢z
cinoma growing invasively through the whe
left parotid gland

METHOD

The pnnciples and the development of tf
radiosialometric method has previously be¢
descnibed by Lind & Soderborg (1971), En
roth et al (1972b) and Eneroth & Lind (1975
The patients sahvary flow was inhibited t
atr Iphate and comp! 1n the or
cavity Technetium pertecnetate (®Tc"™0
was then admtnistered by fast intravenous n

qlp

{mﬂ?c”\&'

Left
— Rgnt

INT

09

0
G 5 10 15 20ma

Fig 1 Arrangement of the detectors The measunng
mion of the nght and left detectors mcludes both parot
glands The measunng regton located between the parol
glands 1s not used n this study h

The diagram demonstrates the measunag values of 1
right and left detectors from one patent suffenc from
low differentiated carcinoma invading the cn:re :
parotd gland The accumulauon of *TemOq in the NE
unaffected gland ts wathin normal Imits but there 1S rl:
accumulation of % Tc™0), between 2 and 20 munu(es i 4
diseased gland
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RESULTS

. o aluarion parameters
neoplasms (Groups E and F) The beht doed piey so-  Chotc€ of evaluation p

dicate glands which could not be established to be com-  The obtasred values of each evaluation para-
pletely located within the radiation fields glands without

2-6 Group B, C
rater are presented i Fizs p B,
symptoms of chromic recurrent parotirs and ghnds with
benign neoplasm (Group E) respectvely Thus the dgx  2nd D (patients wath wraduated glands, col-
= piles indicate glands completely located withm the rdra-  famen sialosis and chromc parotitis) deviated
non ﬁelddgl@mds with symptoms of chromc recurrent pa- d;;uncﬂy from the control group (A) in the
1}¢
= £ONTS an ignant neoplasms respectively evaluaton eters “Increase ‘%_9* min
(Fiz 2) and “Increase 13-163 mn” (Fyg 4)
Jection and the accumulation of *Tc™0; tn the
paroud glands was measured by o collr

na

mated detectors placed opposite each other on -

a common axis (Fig 1) The temporal course "t

of the accumulation process was evaluated by ~ Nomat
five evaluation parameters These were the

three Increase parameters, the percentual i

H
creases of registered activaty 1n each detector EIE L, m i e
between 13-91 min, 94-163 mn and 13-

ir
163 min, respectively, as well as the two Cottgan
side-difference parameters, the differences be FE;]—«-E—.——,—.__,_,\‘
tween the percentual ncreases of the nght Se

<3and left detectors (33-91 min and 13-163 mun —E—!ﬁ——-—«—q__p:““‘ o
#Tespectively) (Eferoth & Lind, 1973) The H

obtained results were classified as normal or l i = l:] [
- abnormal 1n with the

-@wl+x 20 1 0 P
boundanes {Table I} arbitranly chosen in con- Fir 4 Drsinbaton o vae
¥
¢ sienng the normal distnbution (Eneroth &  ©f s ues of the

ey
Increase 11161 min  obtained homi"‘"
Ling 1975y and presented in the same way 33
s e way
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Fig 5 Distnbutions of values of the evaluation parameter
*Difference 13-91 min  obtained from 164 parotd glands
(82indviduals) There were 50 control individuals (Group
A) 5 pauents with heavily irudiated glands (Group B) 4
patrents with coffagen siafosts (Group C) § patents with
chronec recurrent parotitis {Group D) and 18 pattents with
neoplasms (Groups E and F) The light dotted piles 1n
dicate patients of which the Irradated gland could not be
established as being completely located within the radia
tion Neld or patients with umlateral symptoms of chrontc
recurrent parotiis or patients harbounng a bemign neo
Tasm in ene parotid gland (Groug E} respectively The
piles mdicate patients with both glands completely
, ted within the radiation fields or patents with col
‘agen stalosts  bilateral symntoms of chronic recument
paroutis or malignant neoplasms respectively

TI0S SUPEraonT was Tor aisnmct in ule evilia
tion parameters Increase 93-163 min™, be-
cause values for the control group were destrs-
buted from about —5 % to +35% (Fig 3) The
pathologic groups, B C and D were not sepa
rated from the control group (A) by side differ-
ence parameters (*‘Difference 13-93 min” and
“Difference 13-163 mmn” 1in Figs 5 and 6), but
two patients with umlateral irradiation damage
of the parotid glands and one of two patients
with anamnestic grounds for unilateral chronic
parotiis had side difference values far beyond
the normal range (Figs § and 6)

The results of group A (control group 50
cases) and group B, C and D gathered mnto one
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Fig 6 Distnbutions of values of the evaluaton parameter
Difference 13-164 min obtained from the same matenal
as presented tn the same way as m Fig 5

group (pathologic group, 14 cases) were clas-
sified as normal or abnormal according to the
classification scheme (Table I) Three differ
ent classifications, based on three different
combrnations of evaluation parameters were
made The first classification presumed that
the examination of the *¥Tc™O, accumulation
process was restricted to 10 min thus offenng
only the evaluation Parameters * Increase 1§~
93 mun"* and ‘Difference 1393 min  The re-
sults obtained 1n each of these two evaluation
parameters were classiiea accoruing Tehle
I and the patients exammed were given the
highest classification number (most abnormal)
of either of these two evaluation parameters
(Fig 7) The second classification was made
presuming that the *TcmQ, accumulatton pro |
cess exammned was Jonger than 18 mun and
thus all evaluation parameters were obtamn-
able The results of each of the evaluation
parameters “Increase 13-16§ min™ and “Dif ¢
ference 13-163 min" were classified according/?
to Table 1, and the patients examined, were)
given the highest classification number (mosf?
abnormal) of either of these two evaluatio "

parameters (Fig 8) Finally, the third classifig’
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Table 1 Classification boundaries between normal and abnormal The values were arbitrarly
chosen from the normal ranges (Eneroth & Lind, 1975)

1 (] {13 1w
Definttely Probably Probably Defimtely
normal normal abnormat abnormal
(431 i) (3] (3]
Increase values
139 min >+18 +12-+18 +B-+12 <48
13-163 min >+20 +15-+20 +10- +15 <+10
Side difference values
} 9- -6 <=9
139t mmn ~3-42 { +ie 47 { >+7
—15--10 <-=15
13161 —5-42 { +1- +8 { >4+8

cation was based on the use of all five
evaluation parameters except for “Increase
94161 min", and the patents examined
were given the highest number of classifica
tion {most abnormal) of either of these four
evaluation parameters (Fig 9)

It s seen from Figs 7 and 8 that the com-
brnation of the two parameters “Increase 13-
9% mun’ and “Difference 13-94 min” (Fig 7)
offered a better separation of the pathologic
groups (B, C and D) from the control group (A),
than the comby of the two p

a
0 40 F No of Patients
NE
nr-
10 n
nf
a
, 0 o [ !
Class 1 I T m ©

V% 7 Classificanon 1 results as normal or abnormal
2ecording 10 Table 1 <0 control ndwiduals {Group A
light dotted piles) nd 14 pauents with chromic inflam
#natory reactions of the parotid glands (Group B Cand D
lark piles) Two evaluation parameters obtaned from
0 minutes measurements were used as base for classy
icauon  Increase 13-9% mn” and Difference i 9%
am

“Increase 13-163 mn™ and “Duifference 13-
163 min" (Fig 8) Further,1t1s seen from Figs
7 and 9 that the use of only the two evaluation
parameters “Increase 1§-9} mun™ and “Dif-
ference 13-9% min’ (Fig 7) offered a better
separation of the pathologic groups from the
control group than the use of all four evalua-
tion parameters (Fig 9) It was concluded that
the examination time could be restricted to 10
mn without relevant reduction in diagnostic
accuracy (1 e capacity to separate pathologic
cases from normal)

a7 40 - No of Patients

dark piles) Two evaluation parameters obtamed from
18 munutes measurement were used as base for class:
fication Increase 11-16} min and “Difference 13-
163 mun
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Ll r No of Patients

0 Q

Class I o
Fig 9 Classification of resufts as normal or abnormal
according 1o Table 1 50 control individuals {Group A
bght dotted piles) and 14 patients with chronic inflamma
tory reactions of the parotid glands (Group B C and D
dark piles) Four evaluatton parameters obtaned from 18
mnutes measurement were used as base for classifica
ton  Increase 13-9¢ min  and Difference 13-9%
min as well as Increase 13-163 min and Difference
13-163 min

Diagnostic accuracy
The chinical value of radiosialometry was
therefore assessed from the diagnostic accu-
cy offered by merely the parameters “In
, . ase 13-94 min” and “‘Ddfference 13-9%
A0’ It was then found that all patients ir
radrated because of nasopharyngeal carcinoma
had increase values below 5% and side differ-
ences within the normal range Two patients
wradiated because of a left-stded buccal cancer
had increase values of the left, heavily ir-
radrated side of 6% and 31% respectively
(Fig 2) Both these patients had increase
values of the nght less wradiated side, well
within the normal range and the side differ
ences were clearly abnormal m both cases
{Figs 2and 5)

Three of four cases with collagen sialosts
(Group C) had increase values between 0 and
5% and one case had values between 10 and
15¢% There were no side differences outside
the normal range (Figs 2 and 5)

Four of five cases with chronic parofitis
(Group D) had increase values of both parotid
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glands between O and 15 and one of five wnt
symptoms only of the left side had increas
values within the normal range but the sid
difference mn this case was clearly abnorm:
with lower values of the affected left sidc
Another of these five cases had unilater:
symptoms, but her side difference was 0 (Fig:
2and 5)

Eight of 14 cases with bemign tumour
(Group E) were classified as definttely norme
(Class I) No case was classified as deffmtel
abnormal (Class IV), but three cases wer
classified as probably abnormal (Class 1)
The increase values of both sides of one cas:
with a large pleomorphic adenoma (5%6 cm
were normal (34 and 3095) and the differenct
was only 4 %, indicating that the total accumu
lation in the affected parotid gland was not o.
only shightly decreased

Two of four cases with malignant tumour:
(Group F} were classified as defintely norma
or probably normal and two cases as probably
or definitely abnormal The definitely abnor
mal case {Increase right 22%, left 097) had a
low differ cancer ding the lefl
gland (Fig 1)

q

DISCUSSION

Radiosialometry was developed in order to ob
tamn an uncompltcated and reliable quantitattve
method for diagnosing pathologic lesions of
the parotid glands (Lind & Soderborg, 1971,
Eneroth et al , 1972, b) The method 1s based
on the study of the temporal course of the
#Tcm0, accumulation process 1n the parotid
glands #Tc™O, 15 transported from plasma to
the saliva by metabolic processes of the
parotd gland cells and hereby concentrated
550 nmes (Harden et al 1968) It can be
presumed that pathologic lesions of the parotid
glands disturb these metabolic processes and
hence the concentration capacity A study of
the accumulation of ¥Tc™0, 1n the parotid
glands after fast intravenous injection thus can
be expected to offer possibilities to separate



glands with pathologic lestons from normal
glands (Schafl & DiChiro, 1972)

The onginal radiosialometric  method
Lind & Soderborg, 1971) has been developed
and simphfied (Eneroth & Lind, 1975) Five
evaluation parameters and their normal ranges
have been described as well as different
sources of vanation (Eneroth & Lind, 1975)
As far as umlaterally decreased *Tc™0; ac
cumulation 1s concerned evaluation para
mieters based on side difference were shown to
have higher detectability than parameters
based on the increase of regstered activity in
one detector (Eneroth & Lind, 1975) How-
ever, the dragnostic accuracy (1 ¢ capacity to
separate pathologic cases of nterest from
normal) of the different evaluation parameters
concermng parotid gland lesions depends on
the correlation between the evaluated effect of
mterest {temporal course of the ¥Tc™Oq ac
cumulation) and the pathologic lesion of inter
est (for instance chronic inflammation)

Chorce of evaluation pararmeters
The aim of the present study was to yudge and
pare the d: e y of the five

above 1
parameters Therefore, patients with definite
lesions of the parotid glands were examined

As neoplasms usually leave most of the
parotid parenchyma unaffected, tumours were
excluded from the patient material used to test
and compare the duagnostic accuracy of the
five evaluation parameters Instead, patients
were chosen with paroud gland diseases ex
pected to cause a generic engagement of the
parotid parenchyma

As Eneroth et al (1972, a) pointed out, the
parotid glands were usually exunguished after
heavy irradiation In the present study. a total
dose of 5100-7200 rads was given agamnst
eight parotid plands (five patients) located
within the radiation beam The results
obtained from these patients should be rep
resentative for glands with a generalised dis-
order of the paroud gland pa °
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The entire parenchy ma of the eight parotid
glands of the four patients with collagen
stalosis was assumed to be senously affected
because the demonstrated pathologic influ-
ence on their morphology and function was
defimte (sialoectasies and reduced salivary
flow) The five patients with chronic recurrent
parotitis were also assumed to have sertously
affected parotid parenchyma because of long
pentods of relapsing parotid swellings and de-
finite pathologic sialographic findings How-
ever, relapsing infections might leave some
parts of the parenchyma unaffected and two
cases had only umlateral symptoms

The five different evaluation parameters,
above descnbed, were obtamed from meas-
urements lastig about 18 mm The diagnostic
accuracy of these five evaluation parameters
were compared 1n order to 1nvestigate whether
the method could be simplified without reduc-
g diagnostic accuracy It was found that the
pathologic cases n groups B, C and D were
not clearly separated from the normal range by
the evaluation parameters “‘Increase 94-161
mun” (Fig 3) and this parameter was regarded
as less valuable and therefore excluded The
normal ranges of the parameters *‘Increase
13-163 min” and “Difference 13-16§ mn™
were wider than the normal ranges of the
parameters “Increase 13-91 mun™ and “Dif-
ference 14-93 min" (Figs 2 and 4-6), probably
because of some disturbing, irrelevant varia-
tion which becomes more important with ume,
for mstance varymg salivary flow This POSSI-
bly explains why some pathologic cases not
were separated from the normal range as effec-
tively by the parameters *“Increase [3-167
mn” and * Difference 13-161 mn™ as by the
“Increase 1393 min™ and “Difference 11-9}
mn™ (Figs 2 and 4-6)

In d: Figs 7-8 d that
the use of the two parameters “Increase 13-
9% min” and “Dufference 11-94 mn™ (Fig 7)
offered a better separation of patents with
chromc 1nflammatory lesions of the parotd
glands (groups B, C and D) from the control
group (A) then the use of the two para-
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meters “Increase 13-16% min™ and ‘ Dif-
ference 13-163 min™

Hypothetically, a combination of all these
four evaluation parameters might offer better
diagnostic accuracy then the parameters *In-
crease 19~9} min’ and “Difference 13-9}
min” alone, because of added mformation n-
herent 1n the parameters “Increase 13-163
min” and “Difference 13-163 min” How-
ever, this could not be demonstrated (Fig
9) and 1t was concluded that in clinical praxis
the radiosialometric method can be simplified
by using only the parameters “Increase 13-
9% min’ and “Differenice 13-91 min™, hence
reducing the exammnation time from 18 to 10
mm

Duagnostic accuracy
Figs 2, 5 and 7 demonstrate that the #TemQ,
ac lation process, evaluated 1n this way,

offers good possibilities of separating glands
with radation damage, collagen sialosis,
chronic recurrent parotiis from normal glands

alarge part of the affected gland (Figs 1, 2 and
5) Tumours of the parotid glands have been
described as detectable by scintigraphy in
some cases because of nonumiform distribu
tion of the radronuclide n the affected gland
(Shall & DiChiro, 1972) Warthin's tumour
(papillary cystadenolymphoma) has been de
scnibed to have an increased accumulation of
9Te™Q, (Shall & DiChiro, 1972) but 1n the
present study there was no side difference in
the ton of the rad lide 1n the
two cases of Warthin's tumour However,
tumours less than about 13-2 centimeters, are
difficult to demonstrate with scimtigraphy
(Shall & DiChiro, 1972) and tumours of this
size or larger 1n most patients are eastly re
vealed by palpation and fine needle aspiration
biopsy 1s preferable i order to obtam a
preoperative chagnose (Eneroth, 1973)
However, 1t 1s sometimes of interest to ob-
tain nformation concerning the degree of
parotid parenchyma destruction, caused by
tumours in the region Such information can
be ob d both by phy and radio

This accords well with results ok d from
scintigraphy and gammacameras (Shall &
DiChiro, 1972)
1t was found that brlaterally equal irradiation
age caused a sigmficant and symmetric
ction of the ¥Tc™0, I capac

stalometry The localization of the destruction
mught be demonstrable by scmtigraphy bur
radiosialometry offers side difference as a
quantitative evaluation parameter with high
d .

y

?  KFigs 2-6) but unilateral wradiation dam
»” ¢ caused defimitely abnormal side differ
ences between the right and left glands capa
aties to accumulate ®Tc™Q, (Figs 2-6) The
four patients with collagen sialosis had also
bilaterally reductions of the #*Tc™Q, accumu-
{ation without side difference hence tlustrat
ing the genenc character of this disease The
five pattents with chromc recurrent parotitis
had less significant reductions (Fig 2} and one
case had a definitely abnormal side difference
(Fig S), possibly illustrating a less generic
character of this disease
Glands harbounng neoplastic processes
were not separated from normal glands by this
method with the exception of a small number
of patients. (n particular one patient with a low
differentiated cancer, nvading and destroying
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CONCLUSIONS

Radiostalometry can be simpltfied by the use
of two oppositely placed detectors measuring
the parotld accumulation of *¥T¢™QO; dunng
only 10 mun after fast mtravenous tnjection of
the radionuciide

Side difference 1s a valuable parameter
which cannot be sacrificed without a reduction
1n the dragnostic accuracy

The diagnostic accuracy of radiosialometry
1n genenc lestons of the parotid parenchyma
1s high Thus alf 14 cases with irradiation
damage, collagen sialosts or chromc recurrent
parotitls presented quantitative examnatton
values objectively classified as defimtely or
probably abnormal whereas 49 of 50 control
cases without parotrd gland disorders pre



sented quantiive examtnation values ob
Jectively classified as defimtely or probably
normal

Irradiation  damage  collagen sialosis,
chronic recurrent parotitis cause disturbances
of the parotid gland cell metabolism and hence
a reduced capacity of the parotid glands to
accumulate ¥Tc™0,

Collagen swlosis caused a bilaterally re-
duced capacity of the parotid glands to ac-
cumulate ¥Tc™0; without side difference

Neoplasm not causing extensive destruc-
tion of the parotid gland parenchyma could
not be diagnosed with the radiosialometric
method nsed

ZUSAMMENFASSUNG

Der zeithiche Verlauf der Tc™0, Anreicherung 1n der
Parotisdruse nach schnelter |nlrav:noser Injekuon des
wurde bei 32
Patienten mit entzundlichen oder neoplastischen Er
krankungen der Parotisdrusen gemessen Dic diag
nostische  Sicherheit von funf verschiedenen Aus
wertungsparametern wurde v:rgllchen \v.e es sich zesgte
konntedie U
der diagnostischen Sicherhert dadurch vereinfucht wer
den dass dret der funf Auswertungsparameter mcht
berucksichtigt wurden Dies bedeutete eine Verkurzung
der Messzewt von 18 auf 10 Minuten Die diagnostische
Sicherheit der Radiosialometne war in 14 Fallen mit
allgemeiner  Affekuon des Parottsparenchyms (Be
strahlungsschadigung  Collagen Salose und chromisch
rekurrente Parotits) hoch  Alle 14 Falle zeigten abnorme
Werte P die kemne
ausgedehnte Destruktion des Parotisparenchyms verur
sachten wurden mit dieser Methode nicht entdeckt
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THE USE OF QUICK HARDENING POLYMERS IN THE SURGICAL
TREATMENT OF CONGENITAL NECK FISTULAE AND CYSTS

J Zakrzewsh

From the Department of Otolarsngolugy  Medical Acadern Po nan Poland

(Recerved March {0 1975)

In 1970 the use of quick hardeming polymers
was decided on in the surgical treatment of
congenital neck fistulae The only correct
method of treatment 1s a surgical one Com
plete extirpation 1s a precondition for complete
chnical success The operation may be unsuc
cessful 1if the surgeon leaves a small fragment
of fistula or of its lumen lining membrane, as
this may cause a recurrence of the fistula

A thorough study of the whole course of the
fistula during the operation 1s therefore neces

v It often happens that a fistula 1s difficult
. rate because of the varymg diameter

_-itin1ts course and recesses or lateral
oranches Complete lateral neck fistulae are
difficult to separate particularly n their
pharyngeal segment Introduction of a metal
or elastic probe ato the lumen s often limited
because of the winding course or stenosis of
the fistula

Since 1974 the same method with quick
hardening polymers has been used during the
extirpation of cysts of the neck

METHOD

In the surgtcal treatment of congemtal neck
fistulae an X ray contrast examunation per
formed before the operation permits one to
recognize the volume of the fistula, as 1t 1s
necessary to know how much of the liquid
plastic mass should be prepared to fill up the
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whole fistula In the first stage of extirpation a
short fragment of the fistula with its external
shin ornfice 1s separated A swuitably thich
needle with a small ball at its end 1s introduced
nto the lumen for about 2 cm, and the needle
ts then fixed above the ball by means of a stk
ligature, thus becoming fixed in the outer
onfice of the fistula Thereafter the quick
hardemng hquid mass, prepared ex tempore 1s
mtroduced nto the fistula lumen with a
synnge In lateral complete fistulae of the neck
the iyecting must be stopped at the moment
the njected mass appears at the internal
pharyngeal onfice of the fistula in the regton of
the posterior tonsillar arch When the Iateral
fistula 1s not complete 1t has only its external
onifice and canal, but no pharyngeal onfice [n
this case njection must be stopped when the
fistula 1s filled ly whichis fested
by resistance duning the imjechon The mass
ntroduced under certain pressure fills up the
lumen of the fistula with its probable branches
or dilatations and after 3 to 4 minutes becomes
hard enough to enable palpation of the course
of the fistulr The blue polymers now m use
offer a better visual contrast than the pik
ones used durning the first operations

In the extirpation of congemital neck cysts
the same quick hardening polymers have been
used After skin anaesthesia with 15 novo
cain a thick needle 1s introduced (nto the cyst
The cystic content 1s sucked out and measured
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Fig | Complete fistula media filled up with contrast M
medism Narrow fistula with two difatations one above H
the other \
\

to estabhsh how much of the hquid plastic
should be prepared The same amount of
liquid plastic mass 15 then introduced into the
lumen of the cyst Three to four minutes later,

Fig 2 Surgical speaimen of the complete fistula media

after the mass has hardened the separation of (from Fig 1) operatively removed (right) Polymer cast of
the cyst can be started without any nsk of  the fistula lumen after the dissection of surg:cal specmen
ety

rupturing its wall

i
i

O
T U

Fig 3 Surgical specimen of the fistula media filled up with
peck (right)

polymer 1aflated along its full length from the hyo d bone
Acta Otolaryngol 81
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DISCUSSION

The method presented ts simple and without
danger to the patient When properly used, 1t
guarantees fillmg of all the recesses and
branches of the fistular system (Figs 1, 2)
The hardening mass makes the separation
easter and quicher, not only under visual
control but also in tactile contact with the
structure to be remoed

The hquid polymers, mtroduced with a
synnge, inflate the whole fistula lumen as well
(Fig 3) This method of filling complete lateral
nech fistulae does not require tonsillectomy 1n
allcases The filling of the fistula facilitates the
location of its pharyngeal onfice This method
may also be used in extirpation of other
congenital fistulae on the face (preauncular
and other)

Ater paration
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1s casier when they are filled The blue colour
of the plastic mass inside the cyst contrasts
against the surrounding tissues Puncture be-
fore filling of the cyst s of diagnostic value as
1t permits recognition of the cystic content

We have so far used the method presented
above for the surgrcal treatment of two cysts
of the neck and ten congenital neck fistulae

ZUSAMMENFASSUNG

Es wurde eine Methode der Fullung von angeborenen
Halsfisteln mit emmem schnell hart werdender Polymer
wahrend der Eingnifszeit beschneben Das gleiche
Polymer wurde zur op von
angewandt

J Zakrzewski M D
Dept of Otolaryngology
Medical Academv
Po-nan

Poland
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PRESIDENT'S ADDRESS

Mesdames et Messieurs
Sehr geehrte Damen und Herren
Ladies and Gentlemen

It 1s a particular pleasure to welcome you to
Dubravauk, ths physcally small but eston
cally rich and important city—the city that
possesses a nch hentage from the penods
when histortans called 1t the “*Athens of the
Slavs" This city. hke the Greek “‘polis™,
proved that size was less important than free-
dom 1f one was to contnbute to the welfare of
manhind Over a thousand years of its free

the R of D k contn.
buted more. 1n relauve terms, to the advance
ment of human knowledge than many big
states It gave birth to great scholars and
artists such as the philosopher and mathemat.

ctan Rugjer Boskovic, the Roman professor of
anatomy and theoretical medicme Gyorgye Bag-
Iivi, mathematictan Ghetaldus, the great poet
Gyivoe Frano Gunduhic, playwnght Mann
Draic, and others Of course, the Republic
would not have heen ahie to play such 2 wiral
part in the development of science and culture
i the Balkans if it had not been for its
economic strength which rested on the Ragu-
san merchant navy Ragusan ships were most
numerous 1n the sixteenth and seventeenth
centunes. when they linked western Europe
and the Balkan peninsula and made Dubrovmk
a major mantime trading centre The Ragusan
fleet sahng under the sign of St Blase, was a
very senious competitor of the Venenan fleet
satling under the sign of St Mark For
centunies, Dubrovaik was a mediator between
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the Christtan West and the Turkish part of the
Balkans At the beginming of the mineteenth
century both political and economic de
velopments conspired to weaken Dubrovnik s
economic sigmficance just as they weahened
the position of Venice too When the French
troops headed by Napoleons generals en
tered the area both Vemce and Dubrovnik
Tost their political independence
At tins happy moment when we open our
ORLAS Congress here in Dubrovnik we
should perhaps remember that we are meeting
i a city whose patron saint was St Blaise
And St Blaise was not only Dubrovmk s
patron saint but also a protector and healer of
people s throats 1f we wish to understand why
so many saints were celebrated as protectors
agamnst various diseases dunng the Middle
Ages we must look at the living conditions
and mentality of the people of that time Man
was at that time still largely helpless in the face
of various elementary forces 1nd was unable
to understand therr meaning Science was too
undeveloped to supply answers to people s
questions It 1s understandable therefore that
natural phenomena were interpreted as mant
festations of divine or infernal forces Dunng
the late Middle Ages when catistrophic
wdemics of pestilence leprosy diphthena
S i fever and simtlar diseases took their
+in uncountable lives 1t was almost natural
people should seek help mn religion and
miraculous powers of the samts seemng that
medicine could neither heal them nor relieve
therr suffenimg  Though lacking historical
truth numerous legends circulating through
out Europe smce the thirteenth century con
tained much beauty and poetry which stimu
lated the artists of the Renaissance to produce
some tmmortal examples of it To the people
who bistened to them these legends brought at
least some comfort and hope Now comfort
and hope are the two psychologscal ingredients
of great therapeutic importance which modern
medicine  has only recently begun to
appreciate
Bemg a mantime country the Republic of
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Dubrovnik was certainly not immune agamnst
widespread epidemics of diseases and it was
1n view of this fact that St Blaise was chosen
as1fs patron samnt But at the same time a great
deal of attention was patd to medictne too and
matenal sacnfices were readily made to pro
vide for health A detailed study of the appear
ance of the cult of St Blaise was made byJ D
Rolleston from London who reported his find
ings to the Sixth International Congress on
Medical History held in Amsterdam and
Leiden n 1927

The putting of crossed candles under peo
ple s throats on St Blarse s day (3 February) s
a very old custom spread throughout the
Christian world Naturally the practuce was
particularly strong in the Republic of Dubrov
nih whose patron saint St Blaise became as
early as 1190

The belief 1n the supernatural powers of
healing and the mistrust of mediaeval offictal
medicine which consisted mainly in the un
critical adoption and often wrong mterpreta
tion of classical medical principles remained
the charactertstic feature of western medicine
for many centunes unul the arrival of the Re
naissance But 1t should be stressed that even
duning these centunies there were some fine
examples of man s successful struggle against
infectious diseases In this respect Dubrovnik

pies a very dist hed place in the

mstory of medicine of that period Medical
problems were often on the agenda of the ¢t
ty s Council of the State and Grand Counct!
The authonties pad a great deal of attention (0
public hygtene one of the major events
was the decree of July 27 1377 wnstututing
quaranting against contagious diseases Du
brovnik s position was such that it couid not
easily escape epidemics of plague It 1s est
mated that some 25000 of the Republic s in
habitants died of plague between 1346 wnd
1374 From the recorded hist of symptoms we
conclude that 1t was the lung pestilence Look
ng for ways to protect the city the authontics
remembered their experience with the tsold
tion of lepers and the Grand Council decided




(on July 27 1377) by 34 votes agamnst 13 that
no ciizen of Dubrovntk or foreigner coming
from nfected parts of the world could enter
the city or its surroundings unless he first un
derwent cleaming on the 1sland of Mrkan or
1n the nearby village of Cavtat The local peo
ple were not allowed to visit these seamen
without special permuts 1ssued by the sanitary
authonties Other Mediterranean ports soon
followed Dubrovmk s example Spemal offi
cers were appointed to supervise the imple
mentation of the measure and to punish those
who disobeyed 1t Samtary officers checked
the borders very carefully particularly from
the sea and scrutimzed the medical certifi
cates of those amving m the Republic No
cargo was allowed to be unloaded before 1t was
carefully checked The santtary officers who
enforced the regulations reported directly to
the Rector and the Council of the State Fies
for those who violated the regulations were
severe a person escaping from the quarantine
was fined between 50 and 100 perpers which
was then an enormous sum of money Graver
offences or those committed by the citizens
of Dubrovnik were punishable by brand
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orphanage was built 1 1432 The Repubhc
also estabhished hospitals and old people s
homes The first excellently organized hospi
tal named Domus Chnsti was opened m
1540 The Dubrovnik Archives still keep the
Hospital Rules from that hospital with very
clearly specified duties for doctors and nurses
Scientific medicine began to develop 1n
Dubrovmk at an early date thankstothe ity s
close connections with Salerno  which started
anew trend m medicine Promuent physicians
from different Mediterranean countries served
n Dubrovnik leaving behind visible traces not
only in the form of new medical 1deas applied
m practice but also in written works Shortly
before the fall of the Republic Dr Luka Stulh
mtroduced vaccimation against cowpox and
wrote a treatise about plague and anthrax Dr
Stull; also started vaccination agamst smallpox
according to the method proposed by Edward
Jenner three years earlier He obtained the
vaccine from his friend Liigt Aloysio Careno
i Vienna In 1805 Stulli published a booklet
about vaccination He was the first physician
1 Dubrovnik to wnte medical texts in Croa

the person m question with hot ron or by
having one of hus ears cut off In 1628 Dubrov
nik built a large and modern lazaretto which
was long regarded as the best quarantine 1o
the world

The small Republic of Dubrovmk as we
see had a well orgamized public hygene
service already 1n the fourteenth century Itis
no mere chance that the figure of Asclepus
stands on the finest capital in the Rectors

tun was d m popular and
tried to improve hygienic standards among the
people

Several citizens of Dubrovauk established
therr medical reputations abroad Thus for
mstance  Dominko of Dubrovnik was a pro
fessor at the Universities of Bologna and Sie
na towards the end of the Middle Ages Some
of lus commentaries on Arab medical texts and
ongmnal discussions of podagra calculosis
poisons and medicines have been preserved

Palace here in Dubrovmk But § 1he
ortentation of the people 1n old Dubrovmk
one ludes that 1t was reasons
that prompted them to nstitute a very strict
samtary rule They knew very well that a
healthy population was a country s most valu
able asset It 1s important to note m this con
nection that the first pharmacy was opened 1n
the Franciscan monastery 1 Dubrovnik n
1317 that the municipal authorities opened a
public pharmacy m 1420 and that the first

m pt form The 1pt of an 1m
portant study on vegetable amimal and min
eral medicines wntten by the Dubrovmik
physictan and phiosopher Grgur Budislavic
{early 16th century) s now Kept 1n Bologna
The best known of the Dubrovnik physicians
was undoubtedly Giorgio Baglivi (1668-1707)
who became a famous professor of anatomy
and theoretical medicine 11 Rome His wnt
1ngs were used for a long me by all the sa1
entists of the physical onentation m medicine
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His expenments, particularly those mvolving
tyections m the blood circulation system and
spine of ammals, were very important for the

lop of phar logy Itisinteresting
to note that Baghvi provided theoretically for
the possibility of specific chemotherapy In
many ways, the place of Baghvi tn the de
velop of modern med can be com
pared to that of Rugier Boskovic in the de-

velopment of modern physics Over two

1 +

dev

1972), n the work of which scientists, scholars
and students from over 40 countries have
participated so far The Centre operates under
the auspices of the Umversity of Zagreb and
includes among its members many of the
members of the International Assoctation of
Universities  Students and teachers from
non-member umversities can also participate
In the course of 1974/75 academic year, 1m
portant problems of philosophy and humantsm

hundred years ago, Boskovic, a ph p
and professor at varnous European um-
versities, formulated a view of the structure of
matter which foreshadowed 1n an interesting
way modern developments in physics and
theory of relativity
In the not too distant past, Dubrovmk led
the way in the Balkans in the introduction of
new methods tn medicine, particularly n sur-
gery On Apnl 20, 1847, Frane Loptiic oper-
ated a woman's breast cancer 1n the Dubrov-
ik Hospital using ether as an anesthetic given
through a mask designed by his colleague
Pinelll With the same mask, Pinelli ex-
penmented with the use of ether on himself In
this operation one whole breast was excised If
one remembers that the first operation under
ether in the world was performed by John Col-
ns Warren (1778-1856) 1n Boston on Octo-
r 16, 1846, then the Pinelli Lopi$ic ether
“afiesthesia must have been one of the first such
attempts 1n Europe and especially in the Bal
kan area
Medical science and particularly university

were d d, the two that the
Republic of Dubrovnik never ceased to cultt
vate The topics included Philosophy and St
ence of Humamsm, Theory of Knowledge,
European Secunty and Cooperatron, Practice
and Theoretical Perspective, Man and Envi
ronment, New and Oid Materiahsm 1 the
Philosophy of Rugier Boskovic, Resource
Energy and Multinational Cooperation Such
facts show that this small city of Dubrovnik
will continue to play a role in the development
of world science n the future To all screntists
and scholars 1t will open its beauty, harmony
and hospitality 1n the mterest of scientific
progress 1n the world These are, 1n short the
reasons which have prompted us to orgamze
this meeting here 1 wish you a most cordral
welcome and hope that you will meet new
friends and come agam to enjoy the shade of
the Dubrovnik walls and the azure beauty of
the Adnatic These ancient walls which pro
tect the old city with 1ts magmificent palaces
guiet churches and narrow streets will remind
you of the freedom and sndependence of this
small Republic which has produced such grea

education m med 15 not lected In
modern Dubrovaik either We are proud to
have here 1n Dubrovnik the Inter-University
Centre for Postgraduate Studies (opened 1n
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VICE PRESIDENTS ADDRESS

Ladies and Gentlemen
Members of the Collegium

It 1s a great pleasure and honour for me to
greet this distinguished gathering 1in the name
of the Orgamzing Commuttee and the Zagreb
Faculty of Medicine  After twenty years our
country 1s once agamn the host of this eminent
scienufic reunion 1n this traditional centre of
culture and freedom 11 our Dubrovauk
The Zagreb Faculty of Medicine the oldest
among the Southern Slavs )s thus for the sec
ond time your host Although 1t was founded
only in 1917 the efforts towards 1ts foundation
began already at the end of the 18th century
and continued umnterrupted to the final
achievement This fact need not surprise us
when we remember that the Turkish border
was fifty kilometres away from Zagreb and
that the age long struggle between East and
West was waged onour terntory The Founda
uon of this Faculty was made more difficult
owing to the lack of economuc prospenty
which 1s always a conditton of every scientific
devel But tn this
arduous past there were also radrant moments
and examples which bear witness to our
capabilities in the field of medicime and were
actually forerunners of the development of
health service in our country This apphes
pnmanly to Dubrovmk and to our other
coastal cittes which were 1n constant good re
lavons with the welt known centres of
medicme at Salerno Bologna Florence and
Padua Several of our physicians distinguished
themselves by considerable hnowledge and
medical skill so as to become professors at
these eminent centres of learmng and of the ant
of medicine So for example our first woman
physiciin Draga Slava 1s mentioned at Ven

~~

ice n the 14th century Also in the 14th
century a certain Domenico of Dubrovnik be
comes professor of astrology and theoretical
medicine at Bologna Matya Vlasic 1s made
junior professor at Rostock 1n the 17th
century Djuro Baglivi 1s elected professor of
anatomy and later also of theoretical medicine
in Roma As an important commercial centre
on the Mediterranean Dubrovmk orgamzed
on the terntory of its Republic a model health
service for those days perhaps one of the best
and most modern in the whole of Europe 1n
connection with this a modern hospital was
founded there in 1540 in which curatnve
medicine seems to have played the most 1m
portant part

The t of higher n
Croatia date from the opening of a Jesuit Aca
demy 1n Zagreb which 1in 1669 received a
charter from king Leopold I giving 1t all un:
versity privileges In 1776 the same Academy
was pr d a Royal Academy of
with three facul (of theology, phil Yy
and law) It was then that the first imtative
was taken to found also a faculty of medicine
but instead of a chair of surgery the Academy
of Zagreb was piven a chair of Hunganan lan
guage and hterature However dunng this
period some schools of medicine came 1nto
beimg in our country So in 1806 two medical
schools were founded in Dalmatia and 1n [812
an attempt was made 1o open a surgical school
in Zagreb All these efforts just as in later
penods always met with opposition on the
part of the foreigner even when in 1874 a
university having unlhimited nghts was offi
cially founded in Zaereb In the meantime
owing to the ewver imcreasing number of
doctors 1o the founding of the Corporation of
Physicians 1n 1874 as well as to bad health
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conditions 1n large areas of the country, 1t be-
came imperative that a faculty of medicine
should be created Even means had to be col-
lected from among the notable and weli-to-do
citizens until finally in 1917 the more than a
century old dream couid come true and the
first faculty of medicine n the Balkan Penin-
sula founded
1t 15 mteresting to note that among the first
three appointed professors was the Nestor of
our otorhmolaryngology, Professor Masek,
who on that occasion sard *“*Our Faculty of
Medicine will not be a nursery only for us
Croats but also for all the Slavs of the South as
a symbol of their cultural and national umty ™
And so otortunolaryngology was introduced 1n
1919 n the curnculum and became a com-
pulsory subject of chnteal nstruction Conse-
quently also m our siuation otorhinolaryngo-
fogy attained its proper place almost at the
same time as 1n many first-rate medical centres
of Europe This discipline has thus piayed an
important role in Yugoslavia aitself, setting an
example for all future faculties of medicine
m the country, and by its professional and
scholarly work 1t gained a good reputation even
abroad Sercer was one of the first members
of the Collegium, and he was later jomed by
~ ugic and Podvinec They together formed the
wy g Zagreb school which helped to develop
=" “orhinolaryngology 1n this country and tramn
new members of the Collegium so that in the
past few years Yugoslavia has been able 1o
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raise 1ts full quota of members for this distin
guished society,

I think that the otorhmolaryngologists at the
Zagreb Faculty of Medicine have not only de
veloped their branch of study but have made a
palpable contribution to medical thought, edu
cation and scientific development in general
both among their staffs and 1n a wider circle 1
am of the opimion that after Zagreb and Bel
grade in 1955 we could hardly have chosen a
more suitable place than Dubrovnik for this
gathening of the most prominent otorhino
laryngologists of the world When four
centunes ago (mn 1579) Dominko Zlatanc was
made Rector Artistarum at the University of
Padua, Professor Galluc: dehvered a solemn
speech in which he brought out all the good
qualities of the newly elected Rector and in the
first place he mentioned that Zlataric was born
1n Dubrovnik—u nobidissuma totus orbis ter
rarum Republica quae ceterts Rebus publicss
antecelli

On behalf of the Organizers and the Zagreb
Faculty of Medicine I wish you all a very
pleasant sojourn here May the Mistoncal
monuments of this city remind you of the ex-
ceptional accomplishments of this nation
which even 1n the teeth of fearful odds, fight
1ng against all possible invaders, was able not
only to preserve its national entity but also to
foster medical thought and things of the spit

Z krapna
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RETRACTION OF THE DELTO PECTORAL FLAP

Clinscal Observanons and the Design of an Experimental Model

P M Stelland] R Green

From the Departments of Owolaryngology and of Computanonal Science and Stansncs
Unnersins of Lnerpool Liserpool England

Abstract The human delto pectoral flap retracts markedly
across 1ts breadth but remains the same length after
elevation This umdirectional retraction declines with age
Flaps 1n a similar position on the pig runmag i the same
direcuon behave 1 3 smular fashion suggesting that
such flaps are a swiable ammal model for the study of
this property

The delto pectoral flap was first descnbed by
Aymard n 1917 for reconstruction of the nose
It was forgotten until Bakampan revived 1t 1in
1965 for reconstruction of the pharynx after
total pharyngo laryngectomy since then it has
rapidly gained 1n populanty and 1s now used
for reconstruction of many defects in the head
and neck particularly the skin of the neck
within the oral cavity, and the oropharynx n
addinon to pharyngeal replacement as de
scnbed by Bakamyian

In an article on the use of the delto pectoral
flap McGregor discussed the fact that the
lower border of the flap has more slack than
1ts upper border due to the presence of ex
tensile skin in the anterior axiltary fold, this
gves the flap greater length when 1t 1s turned
upward since 1t 1s the lower border which 15
under greatest tension when the flap 1s turned
upwards McGregorllustrated this by a photo
graph of a delto pectoral flap drawn on the skin
of the chest when the arm was abducted from
the side the pattern of the flap elongated
furthermore when the flap was actually raised
1t stralarly elongated and retracted from side
to side (McGregor & Jachson 1970)

The presence of excess shin n the axilla
which must be present to allow the arm to be
abducted from the side could explain the
elonganion along the long axs but would not
explamn the diminution which observation
shows takes place 1n the vertical height of the
flap and this change 1s more likely to be due
10 the 1nherent tension of the skin Thus the
delto pectoral flap remains approximately the
same length and may even elongate but re
tracts across its width after it has been rassed

This observation raises several questtons
Do all long rectangular flaps retract n this way
or 1s the retraction of the delto pectoral flap
dictated by lines of tension runnmg i one
direction only 1f there are umlateral Imes of
tension what 15 their cause, and 1s 1t neces
sary to take the retraction of a flap nto ac
count when planntng a flap”

The investigation 1nto some of these ques
ttons will be reported elsewhere (Stell &
Green 1976) this article 1s concerned with
measunng the changes which take place n
human delto pectoral flaps and with the design
of an expenmental mode! on the pig to study
this

MATERIAL AND METHOD
b Human delto-pectoral flaps

Delto pectoral flaps, for use n reconstruction
after excision of a head and neck cancer, were
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Fig 1 Dagram of a delto pectoral flap w th pomts to
be measured marked

marked out on 24 patients The flaps were
marked with methylene blue they extended
laterally to the acromton the superior border
lay over the clavicle and the upper four per
forating branches of the internal mammary

artery were mcluded m the base of the flap
The flap was measured along ts length (1e
medio Iateraily) from a pont marked on the
mudhne to the extreme end of the flap (length
an Fig 1) and across its width (1 e supero
mfenorly) one quarter one half and three
quarters of the way along the flap (Jengths
b candd inFig 1) The flap was then elevated
1n the usual way tncluding the pectoral fascia
on the (fap stoppinag efeviton medally i (e
medial end of the intercostal space to preserve
the perforating branches of the mternal mam
mary artery The flap was then replaced and
measured at the same places as before A
typical flap 1s shown after elongatton (Fig 2)
The measurement of the width of the flap
after elevation for the lengths marked b and
don Fig | were discarded because the lme b
was too near the origm of the flap to allow
the elastic recoil to exert its maxmmal effect
and because d was placed at the axila and
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Fig 2 Adelto pectoral flap after retracuon
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accurate measurements at this pomt were
difficult because of excess tissue present at
the site and because of the curvature of the
shin The results for change of length (meas
urement ¢} and change across the flap (meas
urement ¢} were then analysed The mean
and standard error of the changes 1n size of the
flap along its length and across sts width at
1ts centre were calculated and the difference
between these two was analysed by a Stu
dents 1 test for unpared data

The retraction across the flap was then
broken down nto two groups for men and
women and the data analysed by a Students
f test for unpaired data This analysis was done
because it has been suggested that the tensian
m the sk of this part of the chest differs be
tween men and women because of the pres
ence of breast ussue (Kraissl 1951) The
retraction across the flap with respect 1o age
was analysed by the method of least squares

to show any correlation between retraction
and age

Retraction of the delto pectoral flap 163

used smce it has been accepted by previous
workers (e g Patterson 1968) as the ammal
with skin which most closely resembles the
human Flaps were studied as near as possible
m posiion 10 the human delio pectoral flap
(1e based on the ventral surface of the
trunk) based medially and runnimg parallel to
the coronal axis

Ten pigs of a Large White/Landrace cross
were used 1 the 30-35 kg range Anaesthesia
was induced with halothane and continued
with halothane mitrous oxide and oxygen

Thirty mine coronally placed flaps based
medially were marked out on the pigs ab
domen They ranged 1n size from [00x50 mm
to 50x20 mm (length to base) and their post
tion and the side of the abdomen on which
they were placed was randomused (these flaps
were also used m an expenment 1o compare
the viability of rectangular against tnangular
flaps—h their rand as to side)
The flaps were then elevated and measured
along and across the flap at the centre of the
sides The flaps were finally sewn back wn
place for studies on viability A typical flap
1s shown (Fig 3)

The raw data were analysed to find the
mean and standard error of the percentage
change 1n size along and across the flaps and
the differences between the change m length
against the change in width for each flap was
compared by a Students f test for unpared
data

RESULTS
1 Human delto pectoral flaps

The complete results show that the change tn
length of the delto pectoral flap ranged from 1n
increase of almost 79 1o a decrease of 177%

Table | Retracnion along, and across human
delto-pectoral flaps

Alng the Across the f1
2 Coronal abdomunal flaps in the pig 8 the e cros e Tap
In order 10 answer many of the questions  Mean X3 R Rl
ly umlateral retracion  *F Y 1t 106

raised by pred

an ammal model 1s necessary The pig was

—~~

=120 dFf =36 p<0 001
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Table Il Retraction across delto-pectoral flaps
with respect to sex

Male Female
Mean 203% 19472
SE 132 189

=040 df=22 NS

but the overall mean was a slight retraction of
16% Thus for practical purposes the flaps
stayed the same length As regards change of
size across the flap at its centre, the flaps
always retracted with a mean of approxi-
mately 209 (Table 1) There was a highly
significant difference in the change n shipe
along and across the flap

There was no significant difference n the
retraction across the flap with respect to sex
(Table II) The results of the analysis by the
least squares method for the changes across
the flaps with respect to age are shown in a
graph (Fig 4) The correlation coefficient
(r=—056, t=3 21, d f =22, p<0 005} showed
that there was a signtficant correlation be-
tween the change 1 shape and age, the correla
tion bewng negative so that the retraction de-

ned with increasing age

Examinanon of the resuits for change m

Z 4, pe along the flap also suggested that there

=

nught be a correlation with age A graph (not
shown here) did not show as clear-cut a picture
as Fig 4 but breaking down the results mto
two groups above and below the age of 55
(Table I1I) did suggest a trend flaps above
this age elongatmg after cutting, and flaps
below this age shrking along the flap The
numbers were not large enough for analysis by
a x*-test

2 Coronal abdomnal flaps in the prg

Two thirds of the flaps elongated after they
had been elevated and one third retracted
along their long axis the net result was an

HUMAN DELTO PECTORAL FLAPS
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Fig 4

standard error and f test of the changes along
and across the flaps are shown i Table IV
The differences were statistically hughly sig
nificant

DISCUSSION

These results indicate that both abdommal
flaps parallel to the coronal axss of the pig and
the human delto pectora) flap undergo a change
1 shape after they have been elevated shnak
wng across the flap but remarning more or iess
the same length This change in shape ts thus
unidirectional and in the same direction 1
both human and pig flaps, so that coronal
flaps on the abdomen of the pig appear 0
be a reasonable ammal model for studyng
retraction In the human the change 1s mot®
pronounced tn younger patients suggesing
that 1t 1s mediated by elastic tissue

Table Il Human delto-pectoral flaps

ncrease n the mean length after elevation,
whereas the flaps all retracted markedly
(about 40%) from side to side The mean,
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Across the flap

Shortened Lengthened
Age after cutting after cutung
55 and under 8 1
Qver 85 years 5 10




Table IV Change of shape of rectangular
flaps parallel to the coronal axis (pig)
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of a skin flap dictated by the length to breadth
ratio of the flap and what 1s 1ts relation to the
orsginal size of the flap? Finally, if there 1s a

ynal tension tn the skin, what causes

Alongiheflap  Acvoss the flap Y
Mean +70% —40 6%
SEM 20 08

1 2194{ o p<0 001

McGregor s observation (1970) that the flap
elongates after 1t has been cut was only an
ncidental observation i a long article about
the use of thus flap and it was not mvestigated
further by detailed measurements The evi
dence presented here supports the contention
that some flaps do indeed elongate after they
have been cut, particularly 1n the elderly, but
that 1n a group of moderate size there ts no
overall mean change for practcal purposes 1n
the length of the flap The clinical sigmificance
of this change of shape has already been dis
cussed by McGregor—it Is obvious that a flap
which retains 1ts length rather than shnnking
has clinical advantages since st has less dis
tance to travel and can be cut shorter than if
shrinkage peeded to be allowed for This as
pect does not need to be developed further
here therefore

The results showed that the delto pectoral

flaps always shrank across their long axis
n patients under 55 years old the flaps be
came slhightly shorter along their length and
over this age they tended to become shghtly
longer after elevation It thus appears that the
enston operates maxtmally in a vertucal direc
tion With the well known decreasing elasticity
which occurs with age the effect of the ten
sion along the flap appears to disappear after
the age of $5 1t1s postulted that the flap then
behaves Iike a tube of toothpaste-—pressure
from the sides pushes tissue outwards at the
end

The observation raises several questions
which have been investigated further Do all
long rectangular flaps behave in this way or ts
the change 1n shape dictated by a umdirec
tonal tension 1n the shin? Is the retraction

1t” The standard description of elastic tissue
(Ham, 1974, Pinkus & Mehregan, 1969) states
that the elastic tissue of the dermis 1s arranged
haph dly such an arr would not
explatn umdirectional tension The results of
mvestigation into some of these aspects are
m publication elsewhere (Stell & Green 1976}
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RESUME

11 est bren connu quun lambeau se retracte apres sa
decoupe La retraction peut cependant avowr une
polante directionelle <1 hien que le lambeau change de
forme dany une seule direction C est le cav avec e lam

beau delto pectorat qui se retracte lateralement mas reste
de la meme longueur apres son elevation Un pratocol
expenmental a ete effectue pour ilfustrer cet effet direc

tonnel de L1 retruction elastique ses bases histologiques.

et sa signification pratique pour fa viabilite d un Jambeau
cutane

ZUSAMMENFASSUNG

Es st wonl behannt daB ein Hautlappen schrumpft
nachdem er geschmitten wurde Dreses Schrumpfen kann
dber emne die Richtung beeinflussende Ergenschaft haben
~o daB der Lappes seine Form nur i emer Richtung
andert Das 15t der Fall mut dem delto pectoralen Haut
lappen der nach Abhebung von Serte zur Seite schrumpft
aber dieselbe Lange behalt Al Bewers werden expen
mentelle Resultate vorgelegt um sowoht den Richtungs
effekt des elastischen Schrumpfens als auch die histo-
Togische Grundlage unter die prakuische Bedetrtung fiir dre
1 Keit des u
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or the good services of an mterested laryngo

1,

T

O ITIIIY

logist Immediate fixation 1n formal saline has
allowed storage until, i the case of spectmens
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The mammalian larvnc studied by whole organ sertal sectioning

F g 3 Coronal sect on human laryny x*

presents no problem 1n England and gives the
Customs Officials something to talk about!

Expeditions by the Institute Zoologists has
resulted in excellent matenial all fixed intra
vitally and identified by experts Naturally
this s confined at present to the smalfer and
more manageable mammals

Standard staimng methods similar to those
used m the human larynx are used though
requinng some modifications in the case of
unusually small or large specimens Two tech
mcians are constantly employed on this pro
Ject in order to deal with the ever increasing
volume of work

(@) Haematoxylm and Eosin remans the
single most useful procedure allowing differen
tial staimng of cartilage and bone Thus 15 most
useful in deciding the degree of ossification of
12 76%36

-

PaadianN

169

the laryngeal cartilages Some such as the
Chiroptera are always completely ossified
since therr unusually well developed intnnsic
musculature obviously requires strong attach
ment

Muscle fibres and thyroid colloid stain deep
pink which permuts ready 1dentification

(b) Verhoeff's elasuc stamn combined with
Van Gieson allows the differentiation of con
nective tissue and 1s obviously of great value in
detecting the various fascial sheets such as the
cricovocal membrane Elastic fibres are black
with connective tissue red the muscle stamns
a bright contrasting yellow

{c) Penodic acid Schiff (PAS) stams for

S

.
T
/,“ai

~ -, =
RNy

—

Fig 4 Coronal section of the cat larynx (Fehs domes
fcus) x4
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Fig 6 High power view of divisions of ternal branch
supenor laryngeal nerve (cat) x20
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Fu, 7 Coronal section Larynx of the horse (Eqieus cabal
{usy x2 Note the internal branch of the supertor laryn
geal nerve

carbohydrate giving red or magenta for PAS
posiitve substances with blue nucler This
technique 1s probbly of more jmportance 1n
the examunation of pathological matenal but
does differentiate polysaccharides {(glycogen)
mucoprotemns and glycoprotetns and there
fore could provide useful information

() Glees Silver stan 1s only one of the
many techniques employing a silver salt to
stain nerve fibres With this 1t 15 possible to
stamn both large and small whole orgm sec
tons not easy even n shilied hands but of
great importance in following the pathw 135 of
the laryngeal nerves Nerve cells and xons
stain black and Figs 3 4 5 and 6 shows
this method used 1n man and the cat Expent
menters using the cat have commented or the
unusually sensitive larynx which muy result
in fatal laryngeal spasm Our sections of £¢/ns
domesticus show that the superior laryngeal



The mammahan larynx studied by » hole organ seriai sectioning

Fig 8 Coronal secton horse larynx i an ammal w th
an inhented left recurrent nerve paress X175 Note
atrophy of intnasic muscles

Fg 9 Coronal sect on dog larynx (Cams fam [ ar s X3

171

Fg 10 Coronal section mongoose larynx (herpestes) X6

nerve 1s unusually large and divides mto a
surpnsingly large number of branches Since
this ammal possesses no ary epiglottic fold it 1s
possible that the sensory nerve supply is
greater than the Horse (Equus caballus) where
the high folds direct hqud food away from the
gloms (Fig 7) Simlar staimng methods are
peng used to study the left recurrent nerve
paresis which 1s so common in theroughbreds
resulting tn Roanng  This 1s probably an
inhented conditton but no information 1s avail
able as to whether the intnnsic branch of the
supenor laryngeal nerve 1s entirely sensory n
thts species Indeed no study has been made
of the nerve supply 1n this ammal at all (Fig 8)
Apart from the preparatory work of Negus
we possess little in the way of three dimen
stonal knowledge of the mammalian larynx
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Many anatomucal features such as the pres
ence and relationships of laryngeal arr sacs,
nervous pathways and even the lining epithe
lum can only be obtamed by whole organ
sectioning  The acquisition of such funda
mental information will eventually allow an
mformed reappraisal of many theones and
also provide a reference collection for all
interested comparative laryngologists to study
the intnicacies of this exceptional organ (Figs
9, 10)

RESUME

Cet article comprend les détals brefs d une étude trn
dimensionelle a long terme de la fine structure du
larynx mamnufére en employant les coupes en séne de
lorgane entier L emplor de colorant differenttel y
compns la techmque dargent de Glees est essentiel
pour bien profiter de 1informaton Une carte perforée
{de computeur) de dessemn spécial rendra capable de
retrouver rapdement 1information petiente nimporte
quel 1avestigateur de lavenss Il est donc pensé que les
spécimens de tout larynges rmamnuféres seront compns
Cet article renferme des illustrations du chat du chien
du cheval et du mangouste

ZUSAMMENFASSUNG

Die Arbeit behandelt Details emer langfnsugen drey
menstonalen Untersuchung der feinen Struktur des
malen kehlkopfes wober ganze Organ Sentenschnitte

vsind Ul Farbstoffe
Y Glee s Silber Methode sind noug um eane gute hennt
ms zu erlangen Etne speziell entworfene Lochkarte wird
¢s kommenden Nachforschern leichter machen sehr
schnell h finden  Man
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erwartet dass Exemplare aller Saugetierhehlkopfe darm
vorhommen werden Abbildungen von Katze Hund
Plerd und Mungo sind in diesem Artikel erbegnifen
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DISCUSSION

I Friedmann You have ponted ont the importance of
penneural 1nvasion of cancer n this organ Smce such
lestons may be iregularly distnbuted mght not a more
detarled knowledge of the distnbution of the laryngeal
nerves be of some assistance to the pathologist”

P M Stell Have you found any tumours in ammal
larynges and have you any comments to make about the
laryngeal arr sacs and laryngocochlea®

D Harrison (Reply) to Mr Friedmann It 1s hoped that
our studies on the normal luman larynx will provide
detailed informaton of the pathways of the miernal
laryngeal nerve supply and its relationship to the fascial
planes Translating this informaton to the larynx with
cancer will then help us to answer the questions pow

posed

To Mr Stell As yet Iittle reltable ynformation 1s aval
able as to animal air sacs since they can not always be
seen on morphological examinatron Only three dimen
stonal reconstructions will give this mformation but it
seems hikely that in most spectes the arr sacs if present
will not be entirely saccular
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STUDIES ON THE ANATOMY OF THE FACIAL NERVE

M Podvinecand C R Pfaltz

From the Depurtment of Otorhtnolanmologs Unnersin of Basel
Basel Swireerland

Abstract The present study on the anatomy of the human
facial nerve 15 based on the results of a semes of gross
dissections, and fust.fogical and electro-diagnostic ex-
aminations From our findings 1t follows that there s 2
definite spatial onientation of the penpheral branches in
the facial nerve trunk The results of the morphologic
studies are m agreement with those obtaned by electre
stimulation combined with electromyography

Problems of pathophysiology and surgery
have repeatedly given tmpetus to detaled
studies on the normal anatomy of the facial
nerve The investigation of spatial onentation
of the nerve fibres within the mamn trunk 1s of
particular mterest i the elaboration of
dragnostic and surgical procedures n cases of
facial nerve neuninoma, hemifacial spasm and
blepharospasm
A review of hiterature in this field, however,
reveals that there 1s no agreement with respect
to the intraneural spatial orgamization of the
nerve fibres and the existence of a cross-
sectional arrangement of fibre bundles, in-
nervating respective facial muscle groups, 1s
stll In question Sunderland & Cossar (1952)
demonstrated that there 1s no consistent pat-
tern of nerve fibre bundles withtn the facial
nerve 1n man They found an intraneurat
plexus of nerve fibres, which revealed thewr
destination only after they coursed from the
stylomastoid foramen to their termynation n
the face Harris (1968) confirmed these find-
ngs by experiments tn monkeys when partial
sectiontng of the proximal portion of the main
trunk farled to produce a corresponding pat-

tern of degeneration 1n the distal course of the
facial nerve. Scoville’s (1955} chnical observa-
tions also supported the idea of no spatial
orentation, as he reported that partial section-
ing of the proximal trunk of the facial nerve
when treating patients with hemifacial spasm
did not appear to affect one diviston more than
the other

On the other hand, Hofmann (1924) de-
scnbed a well defined course of the Chorda
tympant and of fibre bundles extending sepa-
rately to the upper and lower regions of the
face Miehlke (1958) added further support to
the theory of an intraneural spattal organiza-
tion of facsal nerve fibres by means of intra-
operative mechanical stimulation of the tym-
panomastord segment Eynés & Chouard
(1963) who reconstructed the topographic ar-
rangement of the nerve fibres by the method of
Born (1883) were able to prove a distingt spa-
ual onentation of the facial nerve throughout
1ts course from the bratnstem to the periphery
Observations by Pohlmann (1937), Michlke
(1973) and other authors, such as Saito et al
(1970) and May (1973) also suggest the pres-
ence of a well defined cross-sectional pattern
of facial nerve fibre bundles, innervating
specific groups of facial muscles

In the present paper we have made the at-
tempt to gain further information on the topo-
graphic (1e  spatial) arrangement of facial
nerve fibres 1n man by the following methods:
1 Gross dissection of the nerve under the

surgical microscope In cadave

e Yo
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Fig 1A-B At the level of the stylomastoid foramen the
oral branch lies posterior to the mam bundle 1ts volume

amounting to one third of the nerve trunk Isolated 1t
forms a crescent moon with an irrepular concave profile in

Lat

An.Pust
Mea

which the longitudinal impressions correspond 10 protu
berances of the main bundle and vice versa A parallel ar
rangement of fibres was observed in all specimens and the
oral branch could be peeled away from the main trunk
without taterference of any crossing or mtertwinng fibres
The volume of the oral branch remains constant At the
level of the second bend 1t takes the shape of a half moon
and occupymg the postero-medial part of the nerve it lics
closest to the honzontal semucircular canal Within the
labyrinthine segment the oral branch shdes partatly under
the matn trunk and takes a shightly rotaung course untg it
15 located postero-medially to the gemculate ganghon In
the meatal segment the oral branch courses 1n a postero-
supertor position CH Chorda fympam F frontal OC,
ocular,ZY zygomatic OR oral branch

Figs 2-3 At the level of the stylomastoid foramen the
upper branch of the facil nerve containtng temporo-
frontal and zygomatic fibres (s located first in an antenor
positon Adjacent to its lateral muargin hes the Chorda
tympint Al the level of the second bend and withen the
tympanic portion 1(15 locuted supero-tateraily Thus at the
tevel of the tympantc segment the Chorda tympani 1s lo-
cated supenorly P petrosal nerve INT intermedius
nerve

At the level of the stylomastoid foramen the temporo-
frontial fibres are running antero laterally In the upper
1wo thirds of the vertical portton thev lte central to the
Charda tympam at the maran between the oral and ocu
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lar branches At the level of the gentculate ganglion the
upper branch s located antero mnfenordy crossing ob

liquely with the fibres of the intermedius nerve In most
specimens ocular and zygomatic branches were not reud

iy discermble from each other the longitudinal dissection
however showed a parallel course of the fibres and proved
again the absence of an interfascicular crossing



2 Histological examination

3 Electnic stimul of the ty d
segment dunng surgery under electromyo
graphic control

MATERIALS AND METHODS

Three facial nerves were carefully dissected
and extracted from the temporal bones of hu-
man cadavers and, after fixation 1in osmm
tetroxide. embedded 1n Epon and stained wath
toludine for examinition of crosswise sec-
tions
One nerve was used for longitudinal frozen
sections which were stained with Sudan red
Four nerves were dissected in fresh human
temporal bones without previous fixation six
facial nerves were dissected, extracted and
fixed ad modum Thomas (1955) after 24
hours' fixation 1n 49 formahn the nerve 1s
washed in tap water and osmucated for 24
hours A treatment with a mixture of equal
parts of water and glycenn for a further penod
of 24 hours renders the tissue suffictently elas-
tic for an accurate dissection under the surgi-
cal microscope 1t must be kept in mind, how-
ever that this method has its techmcal hmits
for the preparation of extremely fine and
fragile nerve structures

RESULTS

Examination of transverse and longitudinal
sections of the f11al nerve does not reveal any
conclusive facts ehout the course of the fibres
By analysing the longitudinal sections we
could only confirm the findings of Sunderland
& Cossar (1952) whereby tracing a single fibre
1n a stngle section cannot give precise tnforma
tion about 1ts course over a longer distance
Dissection of the nerve m fresh temporal
bones encounters technical difficulties as
post mortem  changes tend to  produce
artefacts and ncrense the fragiity of the
fibres For these reasons we had to find a more
appropnte method of dissection and there-
fore used the fixation procedure of Thomas
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(1955) Although dissection and complete ex-
traction of the nerve from its canal as well as
fixation may cause difficulties in spatial onen-
tation of the fibre bundles in relation to neigh-
bounng structures, dissection of nerve tissue
becomes much easter and more precise Fig-
ures 1-4 reproduce the results of our ana-
tomical studies, carried out under the control
of the operating microscope

Finally we present the results obtained by
intraoperattve electnc shmulation of the facial
nerve We have used the following techmque

After decompression and sphtting of the
nerve sheath m 1ts tympanomastoid segment,
the marn trunk 1s divided by blunt dissection
nto three or four fascicles over a distance of
5-6 mm, proximal to the stylomastoid fora-
men The fibre groups are thus chosen at ran-
dom, as no anatomical structure exists delimit-
g the fascicles within the nerve trunk Each
of these fibre bundles 1s stimulated separately
by supramaximal square-wave stimuli by
means of a bipolar microforceps {6 volts. 1 Hz,
02 mSec) The response of the facial muscles
1s observed directly and simultaneously The
summation potential 1s recorded by surface
electrodes

We have carned out this experimental pro-
cedure m 2 patients one suffering from hemu-
factal spasm and one with blepharospasm and
we were able to chart the following functional
orgamizanon of fibres in the vertical segment
(Fig 4)

\
DRBICULARIS CHORDA| MOUTH ORBICULARIS
ocuLt ) CHXEK QORI

FRONTAL LBWER PLATYSMA
MUSCLES NosE
[ LOWER EYELID

UPPER NOSE

Fig 4 Map of fibre bundies n the verucal segment
tsurgcon s view nght facral nerve)
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This topographic arrangement, 1 e the spa-
tial onentation of nerve fibres, 1s mn full agree-
ment with the results of the anatomic investig
ation

DISCUSSION

Analysis of the results of gross dissection and
wntraoperative stimulation furmshes substan
tial evidence of a segmental orgamzation of
functionally grouped nerve fibre bundles
withm the facial nerve A postertor branch
represents the lower region of the face, an
anteromedial bundle the upper region A
mmor difference between the two charts 15
found where the Chorda tympani 1s con
cerned Possibly the reason for this discrep
ancy 1s due to the fact that during surgery,
the position of the Chorda can only be located
by a lack of motonc responses followmng
electtic stmulation of the dissected fibre bun-
dles

The results of our dissection experiments
confirm a defined cross-sectional pattern
already demonstrated in cats by May (1973)
The feline and human orgamzation patterns
show a certain difference with respect to the
olume of the nerve fibre bundles, however,

ere 15 remarkable simiarity regarding the in-
7 erfascicular orgamization and the rotatory
displacement of the main trunk The analysis
of the fibre structure of the facral nerve within
1ts meatal portion confirms the presence of a
topic arrangement of fibre bundles descnibed
previously by Chouard et al (1972) In its
tymparue and vertical segments however,
wrapping of the supenor branch by the fibres
of the nferior branch could not be confirmed
The discrepancy between our findings and the
spattal pattern of fibre bundles descnibed by
Miehlhe (1973) concerns only the topical
onentation of the bundles within the nerve
trunk

Summung up the results of our present
study complete the picture of a functionally
organized bundle grouping within the facial
nerve trunk
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Qur observations are of some relevance
with respect to factal nerve surgery i general
and to the surgical treatment of hemfacial
spasm i partscular This chmcal aspect will be
discussed 1n a subsequent paper
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RESUME

Les auteurs présentent une etude du nerf facia) chez
1 homme qut ce base sur une séne d'examens macroscop
ques histologiques et &lectrodiagnostiques Ces données
supportent ) hypothése de 1 exstence d une orentation
spatrale des fibres pértphérnques au ntveau du trone

ZUSAMMENFASSUNG

Die vorhegende Untersuchung befasst sich mit der

Anatomye des Nervus facialis beim Menschen Sie beruht

auf den Ergebnissen emner Anzahl von makroskopischen
am L

faser sowte
auf und
elektnischer Reizung des Nerven bei operativen Eingnffen
mit R des

trals Dre Ergebmisse samthicher Untersuchungsmethoden
konnen auf emen Nenner gebracht werden und hefern
einen weiteren Bewers fur die Hypothese emer raumhichen
Oliederung des Famalisstammes mn geordnete Faser
bundel hend der HE
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DISCUSSION

L B W Jonglees Can the descnbed findings have any
mportance for nerve grafung”

S Podstnec (Reply) to Mr Jonghees In graftmng the
nerve with an mplant not only the length but also the
diameter must be considered because concentnc as well
as longuitudinal shnnkage has to be considered as an
mportant factor The adaptation of the proxtmal and
distal stumps 15 more promusing if they are refreshed by
obhque splicing Finally the electnc sumalation of fibre
bundles as descnbed 1n this paper gives further poss bit
ity to the surgeon to positon the severed nerve properly

‘map of cross
of factal nerve fibre bundles

folfowing
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REAKTIONSFORMEN DER MITTELOHRSCHLEIMHAUT

G Zechner

Aus dee HNO Abtedung der stadinschen Arankenanstalten Wien Lanz
hien Osterreich

Abstraht Das histo-pathologische Schieimhautbild bet der
Ouns media chronica adhaesiva ist gepragt durch das

akut lich veranderter
und narbiger Bezirke durch das Vnrherrschen prolifera
uver dl G m der Cho-
lesterol G ! und wer

den von der Mittelohrschletmhaut allein bewaltigt da die
Unterstutzung durch Drainage des Mutelohres mit Hilfe
emer durchgangigen Tube und emer Trommelfellper
foration, Grundbedingung fur eine mogliche, vollkom
mene Wiederherstellung ber Ouns media 1n diesem be
sonderen Falle fehlt
Auf Grund eigener histomorphologtscher und hsto
her 1 h an der
haut  sowie cytologischer und biochemischer Unter
suchungen am PaukenerguB gehort die Oturs m:dm
chromca adh; zum Formenkreis der
Ontis und unterscherdet sich nur graduell von der puru
™ ten Form Sie kann stch aus jeder Ontis mit stenlem
udat entwickeln und endet unbehandelt m Ad
edivproze

Jurch emnen mduzierten Gestalt: del des

dungen der Mittelohr- 1 Tubenschieimhaut,
wobet ein kermfreier ErguB, wechselnder
Konsistenz entsteht Man spricht von Ot
tis media acuta recidivans, Otosalpingiis
schlieBlich Otitis media catarrhalis oder
serosa

2 Hypowvirulenz der Erreger, wodurch
kewne tiefgreifenden Zerstorungen an der Mit
telohrausklesdung gesetzt werden Dies wird
am ehesten durch die Wirkung der Antibiotica
erklart

3 Gestorte Tubenfunktion und fehlen-
de Trommelfellperforation verhindern die
Drainage des Mittelohrergusses und die Ven-
tilation der Pauke

Die Otitis media chromca adhaesiva ver-
lauft 1n Schuben Unbehandelt folgt auf die

1nh

klassischen Bildes der Outs media auf dem
Boden chemuscher und antibiotischer Therapie
im Sinne Doer’s (1955), Lmk’s {1961} und
Thuedemann's (1964) sind an die Stelle entniger
Komplikationen mehr und mehr die prolifera-
tiven, adhaesiven getreten Sie sind Ausdruck
emes Gleichgewichts zwisch hadigend
Noxe und Abwehrlage der Schletmhaut Vor
b fur das E hen der Otitis
media chronica adhaestva nach  Zollner
(1942) dem Formenkreis der nmicht eitngen
Mittelohrentzundung  zugehong, sind den
Untersuchungen von Surala, Ojala, Grahne,
Singleton, Suehsu a m nach

1 Langer anhaltende mutigierte Entzun-
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mit der Erg und dem
Tubenblock ber mtaktem Trommelfell das
der Die Mutteloh

schleimhaut sucht das angefallene Sehret zu
verarbetten Da dies nur selten gelingt, ent-
steht 1n der Termnalphase der Adhaestv-
prozeB Er ist Ausdruck emner Defekiheilung
und fuhrt zu betrachthchen Horstorungen

Diesem Ablauf entsprechen typrsche Schieim

hautbiider, wie wir an Hand eigener Unter-
suchungen zergen konnten

Srad, Moanfe

PATHOLOGISCHE ANATOMIE
Nach Ojala und Singer wird die Mttelohr-
ausklerdung erst durch den Reiz der Infek-
tion zur Schleimhaut, mach Kessel (1892)
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zum Sehrettonsorgan Lim und Mitarbeiter
(1970, 1971) sprechen dariiber hinaus von
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durch regelrechte Cysten entstehen Rénnen,
ahnllch denen nach oberflachennaher Ob-

emem , enzy h und
xmmuno]ogxschen Schutzsystem Die Sekret-
Tiah

von Krypten Stellenweise findet
man Epnhel Desquamanon gedoch nur n

in  verschied tigen
sezermcrenden Zelltypen, der Sekrettrans-
port erfolgt eatlang, der von Sade (1966) be-
schnebenen Fimmerstra8en Im Rahmen der
Outs media chronica adhaesiva reagiert die
Schletmhaut, gepriigt durch die Rezidivnergung
folgendermaBen

U Subacute rezdnterende Entzundung

mut seromicoser Sekretion

(Otosalpinginis)

Dte Schlermhaut schwilit durch Verbreiterung
der Lamina propna wegen Hyperamie und
Ocedem, sowie herdformiger Rundzelhnfiltra-
tion an Das Oberflichenepithel desquarmert
stellenwerse oder unterliegt der Metaplasie
Die Zah! der Becherzellen mmmt vornehm-
Iich zu Tiefgreffende destruktive Veran-
derungen fehlen jedoch Akut entzundliche
Herde liegen neben in Abherlung begnffenen

2 Chromische Entziindune nut
Cholesterolgranulom (chromsche Ontis

media adhaesn a)

(a) Eputhelveranderungen  An die Stelle des
flachen Epithels tnitt infolge M 1t und

besch B GroBere Epithel
defekte honnten wir mcht beobachten

(b) Bindegew ebsverinderungen  Die ent-
ziindliche Infiltraion der Lamina propna
nimmt gegen die kndcherne Unterlage zu ab
Sie 15t bevorzugt subepithehal und penvas-
cular gelegen Es herrschen Lymphocyten
vor und Plasmazellen, Mastzellen fehlen
nahezu vollstandig, ebenso Granulocyten
Die Rundzellen honnen granulomartig zu-
sammentreten und dadurch Struhturen bil-
den, die Lymphfollikeln ahnlich sind Tief-
greifende Defekte, bzw echte Geschwurs-
bildungen fehlen  Polypos prolifenierende
Herde treten zurick, wahrend granulie-
rende vorherrschen Das patholstologische
Substrat der Granulation 15t vor allem das
Cholestero! Granulom Es 1st von emer bin
degewebigen Kapsel umgeben enthalt spalt-
formige  Hohl die Cholester del
oder -platten enthalten und von Fremdhorper-
nesenzellen gesaumt sind Das dazwischen-
liegende Bindegewebsstroma 1st wechselnd
zell und faserreich Die Bidegewebsbruchen
konnen auch atrophisch und schmal semn
Ste bestehen daan fast nur aus verquollenen

Hyperplasie uber weite Strechen Zylhinder
Epithel zum Teil mut Flimmerbesatz und
hl ™ h Bech 1
Da dieses Epithel Fatten und Buchten uber-
zieht und am Boden der krypten besonders
rechlich Becherzellen zu finden sid hann
der Emdruck drusenschlauchartiger Gebilde
entstehen Emne andere auffallige Bildung
sind die sogenannten Hohlraumsprossen em
Produkt der Epithehsierung von zwer Seiten

her Zwischen Hyperpl h p

fgebroch Fasemn  wodurch der Emn-
druck regressiver Veranderungen entsteht
Fettfarbungen zeigen die starke Verfettungs-
tendenz von Exsudat und Granulationsge-
webte Auch das Eprchet selbst Ramm rerchiich
Fettropfchen enthalten Die  Granulome
atrophieren oder brechen auf und entleeren
thren Inhalt, entstanden durch homogene
Nekrose. in das \Mutelohr Ber diesen Vor-
gangen b ders aber be; Verarb
des anfallenden Exsudates spielt neben der

r Epuhelpar-
ten ragen bindegewebige Prliferanons-
knospen 1n das der Schleimhaut aufliegende
Exsudat hmemn und leiten die Organisation
bzw Verarbenung dieses e Am Rande
dieser Sprossen hniecht das Epithel mit wo-

Or vor aflem die fermentative
Abbauleistung der Lamma propna  eme
groBe Rolle Verstirkie Aktnvuat unspez
fischer E und der L p-
tdase 15t vor allem 1n Granulomnihe nach
wersbar  Phosphatase Aktnatat findet sich
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bevorzugt 1m Bereiche verfetieter Choleste-
rol Granulome, mm vernarbenden, unspezi-
fischen Granulationsgewebe und in Herden
dystrophischer Verkalkung

(¢) Muselohrflussighert  Der Mittelohrer-
guB st nach Surala abaktenell Er besteht
aus entzundhcher Exsudation, dem Sekret
der ischen  Schleimh und den
Abbauprodukten von organisiertem Exsudat
und verfettetem Granulationsgewebe Ne-
ben Schleim finden sich bevarzugt Fettspalt-
produkte und Cholestenin Beides wurde von
Zechner und Mitarbeiter (1965) biochemisch
nachg; Im cytolog: Ausstrich
fehlen Entzundungszellen Vorherrschende
Zelltype 1st der Makrophage, von denen
viele nach Art der Bryan’schen Lipophago
cyten aufgebaut sind Daneben finden sich
auch Phagocyten, die mut Mucopolysaccha-
nden und Ribonuclemmsauren beladen sind,
was am deutichsten ber Acndinorange
fluorochromerung zu sehen 1st

3 Adhaesnprozef (terminale Phase)

Dreser st Endzustand jeder chromschen

Ouns, besonders ausgepragt aber nach ad

haesiver chronischer Outis media Das Ept
el, welches das gekammerte und ver
inerte Cavum tympam ausklerdet, 1st emn-

1st mcht perfonert und die Tubenfunktion
gestort Der ErguB im Muttelohr 1st stets
keimfrel, er bleibt Liegen, 1st zu Beginn sero-
mucos, um spater emngedickt u terdweise
orgamstert zu werden Emn Teil wird abge
baut und verflussigt und bildet mut dem
Sekret des sezermerenden Schleimhautept
thels das Suspensionsmedm fur das an
fallende Cholestenn In dieser Suspension
lassen sich tmmer zahlreiche Makrophagen
nachwersen und wie wir zeigen konnten kaum
Entzundungszellen Diese ErguBtype stellt
emnen wesentlichen Unterschied zwischen
Otiis media chromica adhaesiva und puru
lenta dar

Das Bild emer Abortivform der Otitis mit
Neigung zu Rezidiven 1st sicher emnerseits
medikamentenabhangig worauf ja schon May
er und auch Buchholz verwiesen haben Sie st
aber nach Lim (1974), Lim & Shimada (1971)
Ishukawa et al (1972) Ausdruck emer beson

deren immunologischen  Situation  Die
Schl ezerntert ] lobuline nach
gewiesen durch Howie et al (1973), Lim

& Hussl (1969, 1970) Calseyde et al (1972)
fanden, daB bemn serosen ErguB=Typ L
JgMu JgG, beim glue ear=Typ 2, JgA u JgM
stark vermehrt sind und daBl zwischen diesen
Werten und den 1m Blut gefundenen kein Zu

" 1s zwerrethtg und nur h herd-

I

h besteht Singer (1933) hat das
Rind,

ubepithehal be des Tymp

formig hypertrophisch  Die bige
Unterlage 1st immer verdickt, fibros indunert
out  sparhchen, penvascularen  Infiliraten
durchsetzt Mrtunter gelangen Herde dystro-
phischer Verkalkung zur Ansicht Zwischen
Narbenzugen liegen resorptionscystenahn
Iiche Raume und spaltformige Buchten, weiche
der Schleimhaut em lochriges Aussehen ver
lethen konnen

ATIOLOGIE UND PATHOGENESE

Den Untersuchungen Snralas nach mufl die
stattgehabte Infektion eher schwach gewesen
und 1m zweiten Stadwm der Mamfestation
der chromschen adhaesiven Otitis media
berents abgeklungen sein  Das Trommelfell
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mit dem reticulohistiozytaren System ver
oheken pod Lim n s bewsesen, daf die
Schleimhant sich wie etn eigenes Immunorgan
verhalt

Die Haufung der Rezidive bringt eme Um
formung der Schleimhaut mit sich Eigene Beo
bachtungen wurden von Gundersen & Gluck
(1972), Tos & Bak-Pedersen (1972) Hentzer
(1972) dahingehend bestatigt, dafl es zu emer
starken  Zunahme der  sezermerenden
Schlemmhautelemente hommt Weitere en
greifende Mucosaveranderungen bringt nach
Politzer (1862), van Dishoeck (1941), Ingel
stedt (1963) und Elner (1972) der Tubenblock
Es fehlt die Druckregulation und aus dem
normalerwetse bestehen den milden Unter-



Abb | HE gefabt akut

Schieimhautstuck (Biopsiematenal)
Abb 2 HE gefarbt chromsch

Schleimhautstuck mit stark verdickter Basalmembran
(Biopsiematenal)
Abb 3 HE gefarbt

aus dem Mu

telohrerguB
Abb 7 HE gefarbt Cholestenngranulom zellreich
Abb 8

: n chronisch
ohrschleimhant (Biopsiematenat)
Abb 4 Sogenannte glandlike structure  Anhaufung
von Zellen am Ko

Mtte]

(dunkle Arcale) und polansier

tes Licht Doppelbrechende Cholestennknstalle und

esterase positive Herde 1m Cholestenngranulom

Abb 9 HE gefarbt Cholestenngranulom z T verfettet
o mit

0 MPSnachwetsreaktion (Biopsiematenat}
Abb5 HE gefarbt granulomartige an hetmzentren enn

z T narbig i Verkal
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bevorzugt 1m Bereiche verfetteter Choleste
rol Granulome 1m vernarbenden unspezi
fischen Granulationsgewebe und 1n Herden
dystrophischer Verhalkung

(©) Mutelohrflussighest  Der Mittelohrer
guB 1st nach Surala abaktenell Er besteht
aus entzundlicher Exsudation dem Sekret
der It und den
Abbauprodukten von orgamsiertem Exsudat
und verfettetem Granulationsgewebe Ne
ben Schleim finden sich bevorzugt Fettspalt
produkte und Cholesterin Beides wurde von

1schen hieimh

st nucht perforiert und die Tubenfunktion
gestort Der ErguB im Mittelohr st stets
kemnfret er bleibt hiegen st zu Beginn sero-
mucos um spater emngedicht u terlweise
orgamsiert zu werden Ein Teil wird abge
baut und verflussigt und bildet mit dem
Sekret des sezermerenden Schleimhautep:
thels das Suspensionsmeditm fur das an
fallende Cholesterin In dieser Suspenston
lassen sich immer zahlreiche Makrophagen
nachweisen und wie wir zeigen konnten kaum
Entzundungszellen Diese ErguBitype stellt

Zechner und Mitarbeiter (1965) bioch h

h Im cytol h Ausstrich
fehlen Entzund 11 Vorherrschend:
Zelltype 1st der Makrophage von denen

viele nach Art der Bryan schen Lipophago
cyten aufgebaut sind Daneben finden sich
auch Phagocyten dte mit Mucopolysaccha
nden und Ribonuclemnsauren beladen sind
was am deuthichsten ber Acndinorange
fluorochromrerung zu sehen 1st

3 Adhaesn prozef (ternunale Phase)}

Dieser 1st Endzostand jeder chromschen

Otitis besonders ausgepragt aber nach ad

haesiver chronischer Otiis media Das Ep:
welches das gekammerte und ver
w Cavum tympam ausklerdet 1st emn

emen lict Unterschied zwischen
Outis media chromca adhaesiva und puru
lenta dar

Das Bid einer Abortivform der Otitis mit
Negung zu Rezidiven 1st sicher emersets
medikamentenabhangig worauf ja schon May
er und auch Buchholz verwiesen haben Steist
aber nach Lim (1974) Lim & Shimada (1971)
Istikawa et al (1972) Ausdruck emner beson

deren 1mmunologischen  Sitwaton  Die
Schl ezermiert lobuline nach
gewsesen durch Howie et al (1973) Lm

& Huss! (1969 1970) Calseyde et al (1972}
fanden daB beim serosen ErguB=Typ |
JgMu JgG beim glue ear=Typ 2 JgAu JgM
stark vermehrt sind und daB zwischen diesen
Werten und den 1m Blut gefundenen ke Zu

ns zwerrethig und nur h. herd
‘brmug hypertrophisch Die bindegewebige
Jnterlage 1st immer verdickt fibros indunert
mut sparlichen penvascularen Infiltraten
durchsetzt Mitunter gelangen Herde dystro-
phischer Verkalkung zur Ansicht Zwischen
Narbenzugen legen resorptionscystenahn
liche Raume und spaltformige Buchten welche
der Schiemmhaut em lochriges Aussehen ver
lethen konnen

ATIOLOGIE UND PATHOGENESE

Den Untersuchungen Suralas nach muf die
stattgehabte Infekton eher schwach gewesen
und 1m zweiten Stadum der Mamnfestation
der chromschen adhaestven Otiis media
bereits abgeklungen semn Das Trommelfell
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h bestcht Singer (1933) hat das
subepitheliale Bindegewebe des Tympanon
mit dem reticulohistiozytaren System ver
ghichen und Lim u a bewiesen daB die
Schleimhaut sich wie ein eigenes Immunorgan
verhalt

Die Haufung der Rezidive bringt eine Um
formung der Schletmhaut mit sich Eigene Beo
bachtungen wurden von Gundersen & Gluck
(1972) Tos & Bak Pedersen (1972) Hentzer
(1972) dahingehend bestatigt daB es zu emner
starken  Zunahme der sezernierenden
Schleimhautelemente kommt Weitere em
greifende Mucosaveranderungen bringt nach
Politzer (1862) van Dishoeck (1941) Ingel
stedt (1963) und Einer (1972) der Tubenblock
Es fehlt die Druckregulanon und aus dem
normalerweise bestehen den milden Unter



Reak. fc

tant than purulent complicaions The meddle ear
dramage normally provided by good function of the
eustachian fube and a drum perforation have now be
come a focus of interest A blocked tube and an mtact
eardsum cause not only serous otiis media but when
untreated ouuis media chronica adhesiva as well We
have studied these problems histologically Histoche
mucally and cytologically
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DISCUSSION

R Albrecht Memne Frage geht an alle dret Vortragenden
Hr Amold waes in der Schleimhaut bes Otosklerose auf
Kalzumapatitformationen 1 Gewebe hin  Demnach
interessiert es nuch ob Hr Zechner und Frau Wullstein
welche auch auf kalzifizierte Substanzen humwies diese
als Ca Apatit nachwersen konnten Wir wissen dass ber
Sialolithiasis emn Teil der kleme Apattsteine sind sodass
Ckran entzundete Schleimhiute hier vielleicht Gemein
samkerten zeigen, emschliesshich die Otosklerose”
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T Paha You suggested that the degenerating choles-
terol granulomata transform into fatty tissue What
evidence 15 there to this? Could 1t not be the other
way round, simlar to macrophage contuimng cyst trans-
formung into cholesterol granulomata® Then about the
enzymes I think that their mamn activity can be seen
1 the epithelum more than in the stroma The greatest
actvity 15 seen with the phosphatases and dehydro-
genases Are there any particular reasons for ascnbing
non specific esterases a spectfic function with the
cholesterol granutomata?

€ R Pfaltz Which 1s the proof of the hypothesis that
the alterations of the middle ear mucosa are mostly due
to a previous antistolic treatment, modifying the immuno-
logical reactivity of the tissue? Since stmular histologic
findings have been published already before the chemo
therapeutic and anubiotic area, other factors such as
muddle ear ventlation and drarnage must also be taken
1nto constderation as the cause of these pathologie reac-
tions of ruddle ear mucosa

Acta Orolarsngol 81

F Escher Does the transformanen from a choles

n a real with hyalimiza

tion and calafication happen often” Do you agree that

an intervention for acration should be done as early
as possible?

G Zechner (Reply) to Frau Albrecht Die Kalkablage

rungen sind meines Erachtens dystrophische kalafica

tion

To Mr Palia Fatty degeneration takes place, the fatty
tissue istands subside necrotic cholesterolgranutomas, if
they get contact with the mddle ear cleft Enzyme ac-
tivity 1s shown in the epithelium, but also in the granula
tion tissue

To Mr Pfaltz The antibiouc therapy s one fact only
because of influencig the local smmunological condi

tions

To Mr Escher Cholesterolgranuloma s only one typical
tissue formatron Necrosts or hyalnzation 15 the curmic-
ulum What we can do practically 15 to cure this form
of outts early restoration of middle ear clearance
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VERANDERUNGEN IM BEREICH DER MITTELOHRSCHLEIMHAUT
BEI DER OTOSKLEROSE

W Arnold

Aus der Hals Nasen Ohrenkhnik der Unss ersitat FrankfurtiM  Frankfurti\f BRD

Abstrakt | von ben von

98 Of ImaBlg mesen

eine direkte Abhangigkeit des

chymale vaskulare und epitheliale Veranderungen ge
genuber dem normalen Aufbau der Muttelohrschteim
haut 1m ovalen F und F
Diese Veranderungen bestehen in einer Einlagering von
Mucopolysacchanden 1n das kubisch umgewandette Epy
thel welches zudem im Cytoplasma Tonofilamente
Glykogen und an semner Oberflache pathologisch ange
ordnete Kinoziienbundet zeigt
Ber der sogenannten roten Otosklerose kommt es im
Bereich der Submucosa zu ener Destruhuon der kol
lagenen Faserstrukturen 1m Sinne emer Fibrolyse und
spateren  Hyalinose sowile zu etnem exozytoschen
Untergang der Fibrozyten Die Kapillaren sind stark
mit gestauten Erythrozylen angefullt und zeigen pen
vaskular Fibnnausfaltungen Daneben findet man zahl
reiche Kap llaren ym Zustand der Oblteration Insge
samt 1st die Submukosa stark verbrettert auf Senen
schntten von Felsenbemen hat man den Emndruck als
oh diese Verbreviervag auf Kosten emer Kaochen
resorption zustande kommt Vielerorts findet man so-
\\ohl m freien E\lmzcllularraum als auch enllang der
von Kal
lall:n oftmals zu du:h(:n Katkdrusen
Beu der sogenannten weiBen Otosklerose st die Sub
mukosa zu emmer Narbenplatte umgebaut (Hyalnose) mit

Knoch ozesses vom vorhand
GefaBbild Wahrend im otospongiosen alsom
aktiven oder Erwerchungsstadium der Oto
sklerose die GefuBe extrem wert gestellt und
thromboseahnlich mit Erythrozyten ausgefullt
sind entdeckt man 1m otosklerotischen Sta
dwm welches als End oder Vernarbungs-
stadium aufzufassen ist, kaum mehr blutfuh
rende GefaBe Aus dieser Beobachtung haben
beretts manche Untersucher den SchiuB ge
zogen dal die Vaskulansation ber der Oto
sklerose emen unmittelbaren EmfluB auf den
Umbau des Knochens habe {Nager & Meyer
1932, Wittmaack 1919 1931 1933)

An der Frankfurter und Tubinger Univers:
tatskhimk wurden ber 94 Otosklerosepatienten
wahrend der Operatton Probeexcisionen der
Muttelohrschl und diese
Iicht und elektronenmikroskopisch aufgear

hreuz und quer unreifen Ko n
Gefae fehlen wedgehend Zare Knochenbafkehen
konnen subepithelial beobachtet werden

Unsere Untersuchungen lassen den SchiuB zu daB
die Ursache des

beitet (Methode siehe Arnold & Plester
1979 Dabey fandan wir 2ksolhen egdlmalng
folgende charaktenstische Veranderungen

n
einer GefaBstauung und Obliteration von Kapillaren zu
suchen ist Die daraus folgende Saverstoffverarmung des
Gewebes erklart die beschnebenen Ab und Umbauvor
gange des mesenchymalen Gewebes Es wird vermutet
daf auch der hnochenumbau bet der Otosklerose un
muttelbar abhangig von den pathologischen Verande
rungen an den GefaBen rst

Ber der
Schruttserien otospongioser und otosklero
tischer Prozesse findet maan mut erstaunbicher

B h h +al h

137695

ber dem normalen Schletmhautauf
bau

1 Eme Hamostase in vielen GefaBbere:
chen und zahllose oblitenierte Kapillaren aut
typischen Basalmembranveranderungen
Beretch  der
(Abb 1 2

2 Um die Kapillaren herum kommt es zu
emem Ab und Umbau der typischen kolla
genen Struktur im Sinne emner Fibrolyse und

m
Schleimhaut Knochengrenze
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Veranderungen um Bereich der Mittelohrschleunhaut

AN
2TV
Abb 3 In der Umgebung etner stark gestauten Kapillare
mt dichten erweiSahaiichen Niederschlagen 1m Lumen
(L) erkennt man neben emer Destrukuon des Kollagens

spateren Hyalinose, mcht selten findet man
im penvaskularen Einzugsgebiet der gestau-
ten Gefafle epe Eibr mut. eleks

gy -

187
Z -
totischer Untergang
emes Fibrozyten mut vor K: h
x9800
tronenmikroskopisch ~ sichtbarer  typischer

Querstreifung (Abb 3} Der regelmaBig zu er-

Abb 1 450fache VergroBerung emnes Sagitalschrities
durch den vorderen S EDTA-entkalkt /

de exozytotische Untergang vieler

Matnxzellen des Kollagens (Fibrozyten)
bedingt emne A von Zellor; 1
vorzugswet von Ly Offe h

gestautes, stark erweitertes GefaB 2 obltenertes Gefal
3 normale
mtK

Abb 2 17640fache emner

lich st auch eine iiberschieBende Kollagen-
produktion moglich, jedoch m Form von un-

Kapillare aus der uber emem

reifen  prokoll Fasern Sowoh! mm

schen Herd der Stapesfubplatte Neben der vielschich
tigen schlierig verbreiterten Basalmembran kommt es in
der Umgebung des GefaBes zu emem lytischen Unter
gang der Fibrozyten und Destruktion des Kollagens
€ Kal 1n dem

freten Extrazellularraum als auch an den un
reifen Kollagenfasern lagern sich nadelfér-
mige Kalziwmapatitknistalle ab (Abb 4)

3 Insgesamt fihrt der Umbau der Mittel-

Cytoplasma emes E
Endothelzelle mat Verlust jeglicher Cytoplasmastruktur

ohr h zu emer starken Zunahme
der Breite des subepithelialen Raumes und

Aeta Orolarvngol 81
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W Arnoll

<# b 4 Versch edene Stad en des Kollagenumbaves PA
ohollagene Fasern A re fe Rollagenfasern E ne regu
lare Ausnichtung der hoflagenen Fasern ist ncht mehr
2u erkennen  Neben der Fbrolyse mt Aufschlusselung
der Rollagentexwr erkennt man bere ts e ne beg nnende

zwar auf Rosten emer periostalen submu
kosen hnochenresorption Dies erhennt man
sehr deuthich an der Zunahme der sogenann
ten periosteozytaren Osteolyse 1m Berewch
der Schleimhaut knochengrenze sowie n
eimer starhen Enthalkung und somit De
maskrerung der hollagenen Fasern des Kno
chens 1n dieser Grenzzone Im Zentrum sol
cher Enthalkungszonen liegt stets emn obh
tenertes oder gestautes Gefal (Abb 5a &)
Elehtronenmikroshopisch zeigen diese de
mashierten hollagenfasern deuthiche Veran
derungen 1m Sinne von endstandigen trom

At a Orolaryngol 81

Hyal ns erung m 1 ungeordnetem Verlauf der Fasem
€ ungeordnete Ablagerungen von halz umapa knstal
len entlang und zw schen den kollagenen Fase ma sen
x16200

7o Auftreit wie sie
ahnlich von Chevance et al (1970) im Be
reich der sogenannten knochernen Mikro-
foc: als Pasteur Pipetten Form beschrieben
wurden

4 SchhieB! ch ist das normalerweise flache
emschichtige zilienlose Epithel der Mittelohr
schletmhaut ber der Otosklerose zu einem
hutnschen Epsthel st Enlagerungen von
PAS positiven  Einschlussen  umgewandelt
und ze gt zudem eme gebundelte atypische
Anordnung der hmnozil en haufig findet man
im Cytoplasma der Epithelzellen (bevorzugt




Veranderungen im Beretch der Mittelohrschleimhaut

ber der sogenannten weien Otosklerose)
Tonofilamente, wie sie gewohnlich im Epithel

Aittel I theahach

der
werden (Abb 64, b)

ncht

Es erhebt sich die Frage, inwiewent die be
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Abb  Sa  96Vache VergroBierung der
Grenzzone zwischen Schlemthaut  und
Knochen In diesem Bereich erhennt man
etne deutliche Demaskierung der kolla
genen Fasern des Rnochens welche un
regelmaBig und mit Aufiresbungen in die
Submukosa emnstrahlen Jm groBtenteils be
reits entkatkten ehemaligen Knochen
bereich (X) erkennt man zahlreiche Osteo-
Zytenhofe tm Stadwm der penosteocy
taren Osteolyse (O) A obhterierte Kaptl
lare

Dem Mittelohrchirurgen st diesbezuglich
die auffallend starke vankose GefaBzeich-
nung ber der sogenannten roten Otosklerose
bekannt. em Befund, der auch Schwartze -
sches Zeichen genannt wird Diese vankose
GefaBzeichnung beruht auf der histologisch

schriebenen  Sc!

veranderungen m  erk b H der leimh
direkter Beziehung zum otospongiosen oder pefalle im E: emes p
otosklerotischen Herd stehen Eine Durch  Umbauprozesses
ck schen Fel Die  Schleimh uber K den,

sicht der Wity

lung in Hamburg zeigte uns, daB die Schieim-
haut uber emem akGven ofospongtosen
UmbauprozeB regelmaBig um das Zehn bis
Zwanzigfache verdicht ist das Epithel mehr
schichttg hubisch umgewandelt 1st und fast
alle GefaBe Zeichen emner Stauung oder Obh
teration aufweisen Der submukose Raum ist
gegen die bindegewebig umgebauten Resorp
uonslakunen des darunterhiegenden oto.
spongiosen Knochenherdes nicht mehr scharf
abzugrenzen Eine direkte Verbindung zw:
schen den Gefallen des Knochenumbauher.

des und denen der { h aut

deren Umbau bereits abgeschlossen 1st—wir
mochrten sie als echte Otoskieroseherde be-
zeichnen—imponiert weiterhin als stark ver
dickt 15t jedoch 1 der Regel wertgehend ge-
faBlos und zeigt emen vollig ungeordneten,
geflechtartigen Verlauf der kollagenen Fasern
Nach wie vor sind die direkten Verbindungen
zwischen fibros umgewandelten Restlakunen
des Otoskleroseherdes und der parbenahn
Lich verdickten Submukosa deuthch zu
sehen (Abb 8) Gelegenthich findet man un
muttelbar unterhalb des Eptthels Mikroossi

wird deutlich (Abb e &)

mit  lamellarem  Knochen-
sie bereits von €~ :



190 W. Arnold

- arye g
AR }

T

o
h

- )

Abb 5b 6840fache VergroBerung der gleichen Regon
wic in Abb 5a Die unscharfe lakunenformige Grenz

Warely,

chen plotzlich ab die Osteozytenhofe sind verbreitert
und haufig findet man emen exocylotischen Untergang

z0ne zwischen Sub bezirk (5) und k
Randzone wird deuthch Die kollagenen Fasern (K ) bre

zuver schon vom Wittmaach (1919) beschre-
ben wurden Daneben macht die elehtronen-
mhroshopische Auswertung zahlreiche Neu
for von Kal bl

an Kollagenbiindeln oder plumpe Ausfallungen
von amorphen Kalkdrusen ohne typrsche Bin-

ungen
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der O yten (LO)

dung an kollagene Fasern deuthch Der vor-
mals weite, flil fiillte Ex Hutar-
raum 1st verschwunden und durch hollagene
Fasermassen efsetzt (Abb 9) Der verdickten
Submukosa fehlt in diesem Stadwm des Um-
baues frere Ex llularraum  da-
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Abb 6a 1450fache VergroBerung e nes
Ausschmttes der M ttelohrschle mhaut
uber einem otosklerot schen Herd des Pro-
montorums P Paukenlumen A emge
engte hap llare K, obhterterte Kapillare
Ks stark gestaute mt e we Bahn! chem
Matenal ausgefillte hap llare Dazwischen
die unregelmaB ge unterbrochene kontur
der Kollagenbundel Das Epithel st ku
bsch und ze gt e ne ungewohnl che pe
bundelte Anordnung der K nozil en

Abb 65 9800fache VergroBerung aus dem Schle mhaut  emer e ngeengten kap liare mit stark verbre teter Basal
bere ch uber & nem otosklerotischen Herd am Rande der  membran () Tonoflamentbindel in e ner Basalzelle
ovalen Fenstern sche P Paukenlumen £ Erythrozytin
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Abb 7a 30fache VergroBerung etnes Hy hatt

ovalen F erkennt man akuve otospongiose

durch dse ovale F ™ 4 sche h

Hamburg) Uber der beretts otosklerotisch umgebauten

Herde (-~} aus dem Rinteren Herd Zieht e gestautes
GefaB 0 die Mittelohrschleimhaut em Pt Penlymph
E AS h

Fuplatte (S} findet sich eme enorm stark
Schlermhautschicht mut gestauten Kapillarkpauel PL
Paukenlumen Am vorderen und hinteren Anterl der

neben hommt es zu eimem volligen Schwund
der Blutkapill und LymphgefaBe Wir be-
trachten dieses Stad als Narb d

raum des Vestibuk
Stna vasculans der Basalw indung

zu emer Ischamie 1m penivashularen Ge
webe Es 1st wahrschemmhch, daB es durch
die hende Azidose (pH-Verschiebung)

ter dem Operationsmikroshop 1st dieser
4 tlxlexmha'-lllyp glasig verdicht, weiBlich glén-
“* nd und gefaBlos

DISKUSSION

Die aufgewtesenen Veranderungen an den
GefaBen und die charakienstischen mesen
chymalen Umbauvorgange honnten wir an
allen unseren Probeexcisionen von Otoshle
roschranken  nachweisen  Daraus muf
zwangslaufig geschlossen werden daB dre
1 he Reakt se der GefaBe
mut der Erhrankung 1m unmuitelbaren Zu
sammenhang gesehen werden muB Dte Stase
in vielen Gefifabschmitten und die Obltera-
uon der Kapillaren schen wir als pathogene-
uschen also auslosenden wnd somt pri-
maren Faktor ber der Otosklerose an Durch
diese Stase und GefaBobliteration hommt es

P
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und die daraus resultierende Fermententglel
sung zu ewner Loslosupg der Kalziumphos
phathomplexe von den hollagenen Fasern
tm Berewch der Schleimhaut Knochen grenze
hommt Im ossaren Bereich wird zudem die
glerche Ursache zu emer Ernahrungsstorung
der Osteozyten fuhren, wodurch sich e
vermehrte periosteozytare Osteolyse erhlart
Alle  beschnebenen Veranderungen 1m
hautbereich, wie Koll: bbau und
-umbau sowie exocytotischer Untergang der
Fibrozyten lassen sich als normale Folge
der Gewebsubersauerung ber emer Ischamre
erhlaren
Bezuglich der GefaBveranderungen und der
perivashularen Umbauvorgange ist auch auf
die Untersuchungen von Cheuvance et al
(1970) zu verweisen weiche elehtronen
mikroskopisch m unmattelbarer  Nahe der
GefaSe emne F der hol: n
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Abb 76 AusschoutvergroBerung aus Abb 7a  140fach

rgroBert P, (—) Direkte g
pestauter GefaBe des otospongosen Herdes mut den
gestauten hapillaren der Mittelohrschleimhaut

Fasern im otoshlerotischen knochen fanden
Tagagraphusch, bandalt a5, wch nach Chavan.
ce bet diesen Regtonen um die hchtmikro
skopischen Bezirke der sogenannten blauen
Mantel Nach Ansicht der genannten Unter
sucher kommt es im ersten Stadrum der Oto
sklerose wahrscheinlich aufgrund emner En
zymentgleisung zu emner Lyse des hnochens
Auch andere Autoren vermuten daB erst das
Z

Enzymreaktionen (Albern & Tarkannen
1963 Holdsworth et al 1973 Albernaz &
Covell 1961) zu emer grundlegenden Veran
derung der Textur des holiagenen Bindege-

193

webes und der Matrixzellen des Knochens
fuhrt

Von diesen Gesichtspunkten geleitet glau
ben wir daB die Ursache der Fermentent-
gleisungen und der davon wiederum abhin
gingen pathols hen Bindegew ebsreaktionen
bes der Otosklerose als unmittelbare Folge
der GefaBobliterationen zu verstehen ist

Die von Wullstemn et al (1960) gefundene
Zunahme der alkahschen Phosphatase tn der
Penlymphe erklart sich durch die unmuttel
bare Beziehung der otospongiosen Resorp-
ttonslakunen zu den Penlymphraumen wie
wir sie an vielen Felsenbempraparaten mut
Otosklerose aus der Wittmaack schen Samm-
lung (Hamburger Universitatsklinik) studieren
konnten Der Diffusion lysosomaler En
zyme von den Knochenumbauherden zu den
Penlymphraumen st hier keine Schranke
mehr gesetzt Ein AbfluB zur Mattelohr
schleimhaut ist ebenfalls wegen der Verddung
der dort normalerwerse vorhandenen breiten
LymphabfluBwege durch den NarbenprozeB
nicht mehr moghch (vergl Arnold & Vosteen,
1975) Das gleiche Argument tnfft fur die
Beobachtungen von Chevance {1975) zu wel
cher fand da8 in der Penlymphe von Oto
sklerosekranken die Trypsinaluwitat erheb
lich erhoht 1st Auch diese Kollagenase dif
fundiert aus dem otospongiosen Herd n die
Penlymphe Es ware verstandhich, eine Er
klirung der Innenchrsymptomatik (Tinmtus,
Schallempfindungsverlust in den hohen Fre-
quenzen Schurndel) ber der Qtosklerose
wh w drr wedanasdan Tofohs won W
schen Substanzen aus der Mittelohrschlerm
haut und aus den Umbauherden in die Pen
lymphe zu suchen DaB es daneben auch
wie Ruedi (1965) Gussen (1975) und Linth:
cum et al (I1975) zeigen konnten zu emer
direhten vaskularen Beemnflussung der Innen
ohrdurchblutung abhangig von der Lokalisa
ton des Otoskleroseherdes kommen kann
(Untergang von Kapillaren und Atrophee des
Ligamientum spirale) fugt sich zwanglos emn
i unser Konzept der Durchblutungsstorung
und Obliteration von GefaBen als pathogene

Acta Oiolaryngol 81
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Abb 8 30fache V

enes otoskl

Herdes welcher sich vom Bereich der Submukosa bis
zum penlymphatischen Raum durch die gesamte Laby

tisch ausschlaggebender Faktor ber der Oto
sklerose

Im Grunde genommen haben wir durch
unsere Untersuchungen nur Wittmaacks

I erstreckt Es besteht direkter Kontakt zum
penlymphauschen Lumen (P—) PL Paukenlumen £
Endolymphe

Theorte bestatigt daB namhch der otoshlero
tische Erkrankungsproze auf emnem Stau
ungsvorgang (Wittmaack glaubte an etnen ruch
Jaufigen Blutstrom nach Art der Varizenbil

e P
Ay et LT

-
i

i

-

bam
e m el et Al

Abb 9 960fache g g enes
schntttes uber einem otoshlerotischen Herd des Promon
tonums Neben der Epithelmetaplasie m t osmiophilem
und PAS posmyem Matenal m Cytoplasma zergt der
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Bererch (F) ein ungeordnetes dichies Neiz
werk von kollagenen Fasern und nur wemge Fibrozyten
13}
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dung) innerhalb der GefaBbahnen der befalle-
nen Bezirke beruhen musse Die Frage, wic es
zu dieser venosen Stase oder zum Aufireten
eines rucklaufigen venosen Blutstromes inner-
halb der 1 GefaBversor ke
der Labynnthkapsel kommt und was die Ur
sache der GefaBBobliteration 1st, bedarf noch
der Beantwortung Allerdings gibt es bereits
emige plausible Erklarungsversuche, welche
die Atiologie der GefaBveranderungen be-
antworten konnten

1 Labile GefaBbezirke 1m Bereich der Flssula

195

well as of the epithehum show enlargements and solu
ton of their ultrastructure The changes of the connec
tive tisste and of the epithelum are secondary to the
captllary obstructions
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SUMMARY
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logical changes in the organization of the capllanes were
found (endothelial hydrops proliferation of the muma
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cellutar bound calaum deposits are located m these lyuc
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DISCUSSION

H Spoendhin According to your opinton otosclerosis
15 imuated by 1schaemra due to congestion and oblitera
tion of blood vessels There 1s however according to
our histopathological studies 1 90 otosclerotic temporal
bones agreatincrease in the number and not only conges
tion of blood vessels in active otoscleronc foct Your
findings might be the of the of

{mst anderen Worten Mesenchymopathie)
st Eme ahnliche hrankheit 1st die  Osteogenesis m
petfecta

W Arnold (Antwort) 21t Hr Spoendiin Dre scheinbare
Vo tm du B e - ..

Zunahme der Gefassquerschmtte kommt st deshald
schwer zu beobachten da Unxenuchungen uber d ¢ nor
male V des L fehten Man
weiss. dass derartige S B normal
erweise 1n der Labynnthkapsel nicht vorhanden sind
Zu Hr Zechner Dic Bilder machen deutich daws der
m Bezichung
zum otospongiosen Herd steht Appositioneiles hno-
chenwachstum 1m Bereich der Submucosa findet man
gelegentiich im Spat oder Vernarbungsstadim der Oto-
sklerose merst gedoch bleibt die Sch!enmhaul knochen-
mettiefenb
Resorpnonslakuncn bestehen Aus der allgemein gen
aner subi Zone kaon
man mcht schliessen dass es sich daber um einen
bau oder Abb. handelt (W
Zu Hr Anstensen Wahrend man bei der chromtschen
Outis media Zellen der immunologischen Abwehr H
stocyten Plasmazellen Mastzetlen) findet fehlen diese
in der Schleimhaut Otosklerosekranker Die Stauung in
den Gefassen bet der chronischen Outis 1st durch die
akive ber ener ch hi
bedmgt  Z: hne st auch wm  Narbenstadm

the otosclerotic focus rather then the imitiating process
Ischaequc bone formation 1s known to exist In the mner
ear butit1s of 2 different type than otosclerotic bone
G Zechner Ich darf an Hand eigener Schaitte Thre
Auch 1m Lal
mmt es zu emer praparativen Zone mit Veranderung

ewner chromschen Qutis media emne hyaline Umwandlung
mdghich insgesamt handelt es sich daber um den Reak

uonsablauf emer Penostitis
Zu Hr Arslan 'Wir haben versucht Wittmaacks klas
siche aber nte nchug verstandene Vorstellung dre Oto-
ldemsc ser ene Knochenerkrankung als Folge ener
G {Stase) anhand der dnku

1, hollagenen Fasern und der Gi Welche
alle spielen Ihrer Ansicht nach d ¢ sauren Mucopoli
acchandc"
H Anstensen In our attempt to find the factor

n der
zu beweisen Es kommt als Folgc des Ischame zu typ!
schen mesenchymalcn Veranderungen wre man sie au:h

bet

ble for breakd: of bone in 4 we
found along with Chevance enzymatic factors A stmular
finding w& had i chronic ouys media In both cases
we gather hyperemia is one provecauve factor How
can ths be explamed compared with changes In mucous
membrane?
Af Arslan Diese Befunden sind schr wichug als
Bewers der Hypothese dass die Otoskierose etne Tokale
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etc ) sicht Ich glaebe aber mcht dass ein primares

Enzymdefect (Chevance) vorhegt sondern vieimehr 8358

dxe Vemndenmgen des Kollagens sekundar bedingt sind
’\ Ma rh

Dies fuhrt naturlich 2u enzymnnschm Ab und Umbav

vorgingen wie ste bet der Otosklerose bekannt s nd
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HISTOPATHOLOGICAL ALTERATIONS OF THE MUCOSAL FOLDS
IN CHRONIC OTITIS MEDIA

Sabina R Waullstern

From the ENT Department of the Umiversity of Wurzburg Wurchurg BRD

Abstract The autogenests and evolution of the mucosal
folds were studied They play an important part in the
immunological defense system of the middle ear The
anatomy and topography of these mucosal duphications
together with therr pathophysiological effects explam the
climcal development mn the vanous forms of muddle ear
tnfection and disturbances of the aeration of the middle

late fetal and early postnatal development
Their shapes, location and prevalence are the
result of either normal or disturbed bone
growth and arrspace formation dunng that
period

The 1 folds represent the direct con

ear 1n case of an open and well
tube

My topic today ts the tustopathological altera
tions 1n the mucosal folds anatomcally and
topographucally constituting a specific compo-
nent of the nuddle ear which I beheve has
received too httle attention over the years

Perhaps this 1s due to the difficulty of de
monstratmg the mucosal folds as long as they
are unaffected by disease, since we do not
operate on the healthy ear In dissection of an
ear post mortem, the folds dry out rapidly
on exposure to the ar In a pathologically
changed situation they are partly destroyed by
the focus of disease itself and partly by the
surgeon dunng his surgical manipulation

One has rarely been concerned with these
folds 1n spite of thewr having been descnbed
tn the greatest of detail 2 long ime ago We are
absolutely sure of their not being an artefact
or a comncidental finding and not even the
result of a preceding infection They are an
important structure of the muddle ear, as
shown by Hammar s studies, dating back to
the tumn of the century and those of B Proctor,
which appeared dunng the era of tympano-
plasty Their ongtn begins with the onset of

tiuation of the respiratory type mucosa of the
middle ear They extend around the ossicles
and reach the walls of the epitympanum
simular to a mesentery, usually in those places
where structures of the muddle ear obstructed
therr course of growth duning the fold s devel
opmental stage the chorda tympant the ten-
dons of the tensor tympam and stapedius
muscles, the ossicles and their ligaments
vessels and other promtnences and eminences
of the muddle ear rehef Here delicate du
phcations of the mucosal hnng of the middle
ear evolve from the four sacc1 as the ear 15
acrated In this way compartments ong
nate around the ossicles which 1 imagine as
* ar cushions’, whose function has not yet
been fully defined However these folds can
easily be construed as bemng partly responsible
for mamtaining an equahzed air pressure
the ep1 and retrotympamnc spaces

On both sides the mucosal folds are cov-
ered with an active respiratory type of ept-
thelum and dependng on the location where
the folds lte and how closely they associate
with the ventilation and drainage pathways,
they contain flat, cuboidal, non ciliated and
cihated columnar epithelium containing goblet
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cells This causes the actively effective sur-
face of the mucosal hning of the middle ear
to enlarge considerably.
Also, because of therr very loose and well
vascularized stroma the folds participate n
the immune defence system of the middle ear
We are able to observe in them all the well
known morphological alterations descnbed 1n
the mucosal lining of the mddle ear, according
to the degree of inflammation, the virulence
of the infecting agent, the conditton of the
immuno-bitological defence action of the body
and to no lesser extent to the size of the air-
filled muddle ear volume and 1o the form of
the muddle ear relief which all together influ-
ence these changes
The first and foremost important reaction
of the system of folds to pathological disturb-
ances 1n the middle ear 15 the increase in the
amount of flud 1n the loose stroma conges-
non, oedema and cellular infiltration The
thickemng of the folds themselves and the
simultaneous decrease 1n the size of the air-
containing space, soon to fill with secretion,
lead primanily to a narrowing and later on to an
obstruction of the air-passages to the epitym-
panum and the antrum As a conseguence
HAranage from this area 1s effecuively stopped
1e interruption of the air flow, so necessary
o the respiratory type mucosa in the middle
ear, and at the same time the interruption of
dratnage. resulting in an mcreased secretory
activity of the epithelium, causes an accu-
mulation of secretion mside the ‘‘compart-
ments” and an insufficient **clearance” of the
middle ear With a consequent negative pres-
sure present In the retrotympanal spaces, new
intation to the tissue occurs and further
morphotl al al and ¢ qi 1al
effects are induced

The histopathological changes I am showing
you today have been obtaned exclusively
from the mucosal folds which I systemat-
cally removed dunng osteoplastic epitym-
panotomy, from 1971 to 1975, due to chromic
middle ear infections  The age of the patients
ranged from 4 to 65 Specimens were removed
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from different topographical sites, mostly
from the lateral incudal fold or superior mal-
leolar and incudal folds and from lateral mal
leolar folds Senal sections were embedded i
paraffin and stained with haematoxyhn eost,
Alcian blue, peniodic acid Schiff, Goldner,
Phloxyin-Alcian blue-Orange, von Kossa In
some cases many hstological senal sections
were frozen and staned with haematoxylin-
eosin, PAS, scarlet red

In chronic suppurative inflammation of the
muddle ear, mucosal changes are constant and
widespread and affect both eptthelum and
underlymg stroma of the mucosal ltning of the
mesohypotymp as well the epity
with the system of the folds and the whole
air cell system of the mastord Therefore,
the mucosal hining of the tympanic cavity
should not be mvestigated separately from the
mucosal folds, because they constitute an
“all-in one™ anatomucal structure displaying
morphological alteration of varying extent
and at different levels of activity, according
to the stage of the illness

The epithelium of the folds shows an n
crease of ciltated and secretory cells hyper-
plasia,  sq pl landul
metaplasia as a result of invagination into the
underlying stroma In this way, gland like
formations occur, filled with a substance
secreted by the epithelium they are hined with,
marking all stages of secretion up to total
obstruction and formation of large cysts
Keraunzed squamous metaplasia and devel
opment of cholesteatoma have never yet been
observed, not even in Prussak’s space where
the many small lateral malleolar folds are to
be found

In a much different way the mucosal folds
play a decisive role in determining the direc-
tion of growth and the spread of the ept
tympanal cholesteatomata, still small i therr
early stage Imually the development of an
antenor or posterior, a medial or lateril cho-
lesteatoma depends upon the location of the
mucosal folds a classification being of great
importance to the otosurgeon




The stroma of the folds 15 almost always
mfiltrated by mflammatory cells, maly
lymphocytes, histiocytes and plasma cells
It 1s 1n the stroma that the most sigmficant
morphological alterations occur fnich vascu
lansation, newly formed gland-like structures,
haemorrhage, fibrolysis, hyalme degeneration
and calcm deposits as well as fatty de-
generation and formation of cholesterol granu
loma

Often these folds undergo such marked
fibrotic changes and grow so closely adherent
to the surrounding mucosa of the walls and
the ossicles that they can hardly be separated
from one another This rough polstering en
compasses the ossicles until total fixatron
occurs, resulting 1n an adhesive process or a
tympanosclerosis Nevertheless, the function
of the Eustachian tube mostly rematns totally
mtact or 15 only shghtly imparred and the
mucosa of the meso-hypotympanum appears
to be chnically normat

In due course of tme, however, the pre-
viously massively infiltrated and fibrotic folds

in the region of the tympamc diaphragm will
cicatnze and be retracted This causes an
mierruption of air flow and dramage first of
all, the retraction of Shrapnells membrane
to be followed Later on, if the well devel
oped tnterossicular folds between the neck
of the malleus, long process of the incus and
stapes are nvolved In this process we ob-
serve atrophy and retraction of the postertor
supenor quadrant of the pars tensa also her
wavon and developmant of chalesteatoma
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epitympanic mucosa and its system of folds,
and the ful of audiological
surgical results However, we are sure that
without wide exposure of the main focus of
disease 1n the epttympanum, mncluding its ana-
tomically and topographically as well as phy-
siologically mmportant  structures, without
restoration of ventilation and dramage, sur-
gery in the ear cannot ensure a lasting success
When all of the above-mentioned aspects are
taken mto consideration we will be able to
preserve the osstcular chain n a large number
of surgical interventions, to restore heartng to
an almost normal degree, and most of all we
will provide reamnsation of the retrotympanal
spaces, which can also be clearly noted n
the X-ray pictures, as demonstrated 1 this
last case

RESUME

L ongine et le developpement des replis muqueuses ont
¢té explores Comme une ventable suite de la muqueuse
respiratorre de Foredlle moyenne elles se dételent entre
les murs de la cavite et son contens sont nches aux
vaisseaus et fibres nerveux et avec ces epithels respira-
torres acufs et efficaces aux deux cotés elles agrandrs
sent aussi La surface acuve de la muqueuse Ces replis
sont un facteur tres mportant pour le complexe de Ja
défence de lorellle moyenne Hors de cette suuauon
avec les

pathophysiologiques on peut déniver une mode de Fongine
des situations chiniques comme ausss tne hypothese
sur les troubles de Maerauon de Iz cawité avec une trompe
d'Eustache bren fonctionnante

ZUSAMMENFASSUNG
while the tube remains patent In absence of
1. d 11, f d thi Dre und E kh
. a“l y of via the wurd:n :rforschr Sve sind aly wlchngcr Fakior in den
ty ac d by mcreas- y Avy
mx: rep[emshmcnls of secretion we may en ‘1" 5 d 5"“’;"“
gen
counter the appearence of so-called chronte .\ iy arr Fnr\t:hung\madu\ der Klinnschen Befunde
mastordiis This 1s the effect of the matn  ber den ver Formen der

pathological process in the epitympanum
mostly in the 1y mpanic draphragm and not the
cause of the ear inflammation

It 1s not my mtentrion for the moment to
Tist any conclusions regarding the relationship
between these morphological alteranons in the

-~

kungen und eme Hypothese uber die Peluftungystorung
der Paukerhehie hev offener  funktionsfabiger Tube
abletten
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cells This causes the actively effective sur-
face of the mucosal lining of the muddie ear
to enlarge considerably
Also, because of their very loose and well
vascularized stroma the folds participate n
the immune defence system of the middle ear
We are able to observe in them all the well
known morphological alterations descrnibed 1n
the mucosal lining of the middle ear, according
to the degree of inflammation, the virufence
of the infecting agent, the condition of the
immuno-biological defence action of the body
and to no lesser extent to the size of the arr
filled middle ear volume and to the form of
the mddle ear rehef which all together mflu-
ence these changes
The first and foremost important reaction
of the system of folds to pathological disturb-
ances in the middle ear 1s the increase 1t the
amount of flmd in the loose stroma conges-
tion, oedema and cellular infiltration  The
thickeming of the folds themselves and the
simultaneous decrease in the size of the ar-
contatming space soon to fill with secretion,
lead primarily to a narrowing and later on 10 an
obstruction of the ar-passages to the epitym-
panum and the antrum As a consequence
1ge from this area 1s effectively stopped
1he mterruption of the air flow, so necessary
¥ed the respiratory type mucosa in the middie
ear and at the same ume the nterruption of
dramage, resulting 1n an increased secretory
activity of the epithelium causes an accu
mulation of secretion instde the ‘compart
ments™ and an insufficient  clearance™ of the
middle ear With a consequent negative pres
sure present in the retrotympanal spaces new
trntation to the tissue occurs and further
morphological alterations and consequential
effects are induced
‘The histopathological changes I am showing
you today have been obtamed exclusively
from the mucosal folds which I systemau-
cally removed dumng osteoplastic epitym
panotomy, from 1971 to 1975 due to chronic
middle ear infections The age of the pauents
ranged from 4 to 65 Specimens were removed
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from different topographical sites, mosthy
from the lateral mcudal fold or superior mal
leolar and incudal folds and from lateral mal
leolar folds Senal sections were embedded in
paraffin and staned with haematoxylin eosin
Alcian blue, penodic acid Schiff, Goldner,
Phloxymn-Alcian blue-Orange, von Kossa In
some cases many histological senal sections
were frozen and stained with haematoxylin
eostn, PAS scarlet red

In chromc suppurative jnflammation of the
mrddle ear, mucosal changes are constant and
widespread and affect both epithehum and
underlying stroma of the mucosal lining of the
mesohypotympanum as well the epitympanum
with the system of the folds and the whole
arr cell system of the mastord Therefore,
the mucosal hming of the tympanic cawty
should not be investigated separately from the
mucosal folds, because they constiute an
“‘all in one™ ! structure displ
morphological alteration of varying extent
and at different levels of activity, according
to the stage of the iliness

The epithelium of the folds shows an in
crease of cihated and secretory cells, hyper
plasta, pl. landul
metaplasia as a result of invagtnation into the
underlying stroma In this way, gland like
formations occur, filled with a substance
secreted by the epithelium they are lined with
marking all stages of secretion up to total
obstruction and formation of large cysts
K d sq 1 and deve!
opment of cholesteatoma have never yet been
observed, not even in Prussak's space, where
the many small lateral malleolar folds are to
be found

In a much different way the mucosal folds
play a decisive role in determimng the direc
tion of growth and the spread of the ep!
tympanal cholesteatomata still smafl n their
early stage Imtally the development of an
antenor or postertor, a medial or lteral cho-
lesteatoma depends upon the location of the
mucosal folds a classification being of great
ymportance to the otosurgeon




The stroma of the folds 15 almost always
mfiltrated by mflammatory cells, mainly
lymphocytes, histiocytes and plasma cells
1t 1s i the stroma that the most sigmificant
morphological alterations occur nch vascu
lansation, newly formed gland like structures,
haemorrhage, fibrolysis, hyaline degeneration
and calcium deposits as well as fatty de-
generation and formation of cholesterol granu
loma

Often these folds undergo such marked
fibrotic changes and grow so closely adherent
to the surrounding mucosa of the walls and
the ossicles that they can hardly be separated
from one another This rough polstenag en-
compasses the ossicles until total fixation
occurs resulting n an adhesive process or a
tympanosclerosis Nevertheless the function
of the Eustachran tube mostly remains totally
intact or ts only shghtly mpared and the
mucosa of the meso-hypotympanum appears
to be chimically normal

In due course of time however the pre
viously massively infiltrated and fibrotic folds
1 the region of the tympamic diaphragm will
ceatrize and be retracted This causes an
interruptton of air flow and drawnage first of
all the retracuon of Shrapnell s membrane

to be followed Later on of the well devel
oped terossicular folds between the neck
of the malleus long process of the mcus and
stapes are involved wn this process we ob-
serve atrophy and retraction of the postenor
supenor quadrant of the pars tensa also her-
mation and development of cholesteatoma
while the tube remains patent In absence of
ventl and lty of via the
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epitympanic mucosa and its system of folds,
and the ful of ]
surgical results However, we are sure that
without wide exposure of the mam focus of
disease tn the epitympanum, mcluding 1ts ana-
tomically and topographrcally as well as phy-
swlogically important  structures, without
restoration of ventilation and drainage, sur-
gery in the ear cannot ensure a lasting success
When all of the above mentioned aspects are
taken into consideration we will be able to
preserve the ossicular chain in a large number
of surgical interventions, to restore heanng to
an almost normal degree and most of all we
will provide reamnsauon of the retrotympanal
spaces which can also be clearly noted in
the X ray pictures as demonstrated 1n this
last case

RESUME

L ongine et le développement des repls muqueuses ont
1€ explores Comme une ventable sutte de la mugueuse
respiratorre de | oredle moyenne elles se dételent entre
les murs de la cavite et son contenu sont nches aux
vanseauy et fibres nerveux et avec ces épithels respira
toires acnfs et efficaces aux deux cotés elles agrandis
sent ausst la surface active de la muqueuse Ces rephs
sont un facteur tres important pour fe complexe de la
défence de loredte moyenne Hors de cette situation
et avec les

pathophysiologiques on peut denver une mode de | ongine
des suuations chriques comme auss une hypothése
sur les troubles de Facranon de Ya cavite avec une trompe
d Eustache bien fonctionnante

ZUSAMMENFASSUNG
Die und Entwickk
wrden erforscht Sle o sy wachmger Faktor in den

ympant 1 by increas
g replemishments of secretion we may en
counter the appearence of so called chromc
mastoiitis This 1s the effect of the mamn
pathological process m the epitympanum
mostly n the tympanic dtaphragm and not the
cause of the ear mnflammation

It 1s not my intention for the moment to
list any conclusions regarding the relanonship
between these morphological alterations in the

Auw
der anatomisch lopographnchm ‘Sutuarion dueser Schletm.
Tk

wit ihren Folgen
I.\ul slch der Entstehungsmodus der kltmschen Befunde
ber den hieds Formen der

kungen und einc Hypothese uber die Betuftunesstorung
der Pauhenhohle ber offener  funkuonsfatiger Tube
ableiten
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UNE EXPLICATION BIOCHIMIQUE ET CYTOLOGIQUE
DE L’OTOSPONGIOSE COCHLEAIRE

L G Chevance

Durecteur de ln Stanon Centrale de Microscopie Etectromque Institut Pasteur de Pans Pans France

Abstract Une étude portant sur 250 cas d otospongtose
a démontré quun tencur élevée en Trypsine dans la
pénlymphe des matades s accompagne dans 907 des cas
a'mine vk vers pire sruie? cochtiry £ i'inverse
une teneur élevée en antirypsine s accompagne d une
absence d atternte cochléaire dans une proportion de cas
comparables

Nous avons précédemment démontre qu'il
existait une correlation statisique precise
entre I'acuvite hydrolytique de la pénlymphe
et I'evoluuion de 1 otospongiose vers une sur
dité de formule cochléare (Chevance ct al ,
1972, Causse et al, 1972} Mais cette de-
monstration demeurait tncomplete en ce sens
u'elle ne prectsait pas le type d'enzyme en
puse et mavait quune valeur qualitative
puisque | etude se basait sur Iintensite de la
digestion des films photographiques par les
prélevements de pénlymphe
A partir de ces premiers resultais et
compte-tenu des trés faibles quantités de pén
lymphe qui peuvent etre recuelllies lors de
lintervention sans risque pour | audition de
I'oreille opérée (3 a S ul) 1l est évident que
s a de
spécifiques Nous avons donc dosé en deux
sénes paralleles les valeurs de la trypsine et
de lalpha-l-anutrypsine au mveau de la péni
Ilymphe de malades operés

micr

MATERIEL ET METHODES

Nous avons utthsé pour doser 1a trypsine la
méthode de B F Erlanger N Kokowsky et
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W Cohen qui unlise les propnétés de sub-
strats chromogéniques de 'enzyme (Erlanger
eta), 196))

Dans le détail on utilise 43 5 mg de chlorure de Benzov!
bt argimine p mitroamhide dilué dans 4 m de diméthylfor
mamide La dissoluvon s effectue en chauffant la solution
aux environs de 70-80° Aprés dissolution on compléte
4 100 ml avec un tamport Tns pH 801 M Ls solution
finalement obtenue est A concentration de 10-3 M

On incube 2 h A température du laboratoire +25°07
ml de substrat plus une quantité de pénlymphe vanant
de 3 a5 ul T h h
seffectue & 410 nm Les valeurs trouvées sont com-
parées 4 une courbe étalon (d activité standardisée)
d’'une quantité connue de trypsine punfice

Atnst a condition d'incuber un pev plus
I que classiq la methode
permet de mesurer lactivité trypsique dun
é&chantillon recuertl au miveau dune seule
oreille — c'est & dire 3 a 5 uf de penilymphe
quantité dont une expénence portant actuelle
ment sur plusteurs milliers de prélevements
nous a montré qu'elle pouvail etre prelevée
sans farre courr de nsque & Iaudition d¢
| oreille opérée

Les dosages de lalpha | antitrypsine au niscau de 2
pénlymphe furent effectués en unhsant la méthode clas
sique d immunodiffuston radrale en agarose Doy lmes
de verre pour examen mrcroscopique parfaifement fet
toyées sont enduttes sur yne face dagarose » 27
80° elfes sont ensuie mises A fétrve 4 60 pembint
24 heures

Dans un tube A essai on Lt fondre A 80° 1 $ n ) dags
rose 4 1 5% Dam un autre tube 05 ml de tmpedt
véronal pH 82 est mélangé avec 10 pl de sér m anhl
alpha 1 antitry psine (Behnng) On mélange les ™+ lutions
2 58-60° Chayue lame de verre st recounerte Ju mt
lange de telle fagon que la couche résultante it un mill
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Tableau I Trypsine

20t

Nombre de Cas
Trypsme Total ~ ‘Edeseas % des cas
(g/mh) co=0 CO-+ €O ++ % nonevolunfs  evolutifs
2245 38 9 1 48 79 08
45a6 is 16 4
65285 1 1 3 51 94 6
86al3 0 0 7

CO 0 0599+0033 CO=+ 0705£0041 CO-—++ 089720077

La sigmificatton des pourcentages P<1%

metre d épaisseur ensutte des cupules d une

de § pl chacune sont creusées dans cette eparsseur on
reserve une de ces cupules sur chaque lame a tire de
temoin pour evaluer la diffusion radiale de 5 pl d une
sohrtion d'actvité connue d alpha 3 anttrypsine Lim
munodiffusion est effectuee pendant 38 heures a 377
puss chaque lame est lavée durant 48 heures dans 3 bains
success fs d eau physiologique Apres séchage on colore
avec une solution de bleu de Coomaste pendant 24 heures

Lactimite connue des dfferents echantillons temotns
dalpha 1 antitrypstne permet d etablr une courbe sur
papier semn loganthmique les zones de diffusion sont
mesurées avec une précision d un § mm

Les deux senes de malades ewmdies sont
tout & fart comparables a la fois en nombre
de cas et par 1 homogeneite de leurs carac-
teres en effet nous avons dose  activite tryp
sique chez 99 malades et 1activite alpha 1
antitrypsique chez 103 Tous etatent attemts
d otospongiose  climiquement  evidente et
audiometriquement verifiee Comme dans nos
¢tudes précedentes qui portatent sur d autres
aspects btochimique de 1 otospongiose nous
avons distingue 3 groupes de malades

Les parametres auchometriques par les
quels nous defimssons 3 classes de surdite
sont les suvants

(1) est consideree comme surdite rapide
ment evolutive CO++ une surdite dont la
perte auditive attemnt ou depasse 20 dB en
deux ans pour la conduction osseuse au nt
veau des 3 frequences conversationelles

(2} est consideree comme surdit€ evolutive
une surdite dont la perte auditive se siue
entre 10 et 15 dB dans les memes conditions
de temps et de frequence que precedemment
CO=+

767936

(3) est comme surdite non evo
tuttve une surdite ou la perte anditive ne de
passe pas SdB CO-0

1i convient de preciser que ces parametres
audiometriques sont CEUX gue nous avons
constamment utihses au cours de toutes Nos
etudes sur | otospongiose Iis sont rendus plus
Precis encore du fait quils sont etablts dans
les memes conditrons a 6 mots ou au plus un
an dntervalle dans Ja meme umte d audio-
logie qui dispose d appareils etalonnés chaque
mors En effet le délai pre operatore de la
grande majonte de ces malades vane entre
deux et trois ans Il en resulte quils sont
evidemment surveilles du point de vue audio
metrigue tous les six mos

Dans ces condiuions la precision des resul
tats audiometriques obtenus est comparable
2 celle des méthod h et 1m
logiques utilisees pour les dosages enzyma
tiques

Nos résultats et leurs trattements stati
stiques peuvent se resumer dans les tableaux
Tetnm

It convient de noter que les malades ont ete
choisis stnctement au hasard des tableaux
operatorres de chaque jour et que les dosages
biologiques furent effectues sous numero sans
que | on sache 1 evoluuon chinque de 1a mala
die

Aunst pour les 2 sertes de malades etudies
les valeurs statistiques sont hautement signifi
catives 1l €aste en effet mons d une chance
sur mille pour que nos resultats sotent dus au
hasard
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Tableau Il Alpha-1-antitrypsine

Alpha 1 Nombre de Cas

antitrypsine % des cas €% des cas
(pg/ml) Co=0 CO=+ CO=++ Total non évolutifs évolutifs
0043-0 029 36 1 0 37 973 27
0026-0 016 4 37 T 66 9 9l

0 015-0 004 2 3 19

CO-0 154204 CO=+ 1342004 CO=++ 08820066

P<] e

DISCUSSION

Tout d’abord insistons sur le fait que ces deux
séries de dosages forment les deux volets
d'une seule recherche et que les résultats de

osseuse provoquait, dans une proportion
vanant de 50 & 75% suivant les statistigues'
une surdité cochiéamre plus ou moins rapide
ment évolutive n'avait pas regu d’explication

o

at c'est & dire étayée par I'expén

chacun deux déa fort d ratifs 1sole-
ment sont singulitrement reforces lorsque
I'on considere 'ensemble

L'existence d'un équilibre trypsine anti-
trypsine au mveau de la pénlymphe est ainst
demontre on peut en effet raissonablement
penser que les cas non evolutifs offrent un
équilibre non perturbé ou au moins voisin de
la normale, celle c1 serait donc dans la pén-
lymphe 2 a 4 plfml de trypsme pour 0,040 a
0,030 zg/ml d alpha-1 antitrypsine La zone ou
seffectue 1a rupture d'equihibre et donc | evo-
Iution vers une surdite d oretlle interne se

+ entre 6 et 8 ug/ml de trypsine et 0 020
‘. § 015 ug/ml d antitrypsine 11 sagit donc fa
soAle valeurs assez précises pour lesquelles
levolution bascule brutalement puisqu'a
1 equilibre 1 évolution vers la surdite n’attemnt
que de 2 a 209 des cas et apres rupture les
valeurs s inversent, 90 a 70% des cas évo-
luent vers une surdite cochléawe plus ou
motns rapidement évolutive

Les valeurs de la trypstne (et a contrario)
de 1 antitrypsine semblent bien constituer un
index de 11 gravite de levoluton puisque &
partir de 7 pg de trypsine tous les cas sont
evolutifs et le sont d autant plus que la quan
ute d enzyme augmente tl en est de meme
lorsque la  quantité d alph1 l-anttrypsine
diminue au-dessous de 0 010

Jusqu'ict le mécanisme par lequel 1oto-
spongiose, maladie en apparence purement
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mentatton Nous pouvons affirmer mainte
nant que ce mecamisme est de nature enzym1
tique et qu'il s'agit plus précisement de la
rupture de equiibre trypsinefantitrypsine
au sein des fluides de 1 orelle wterne

Nous remercions le Dr Causse et Mile J Bergés auy
quels a travasl appartrent ausst

SUMMARY

In 2 study of 250 otosclerotic penlymphatic fluds 1t
was found statisttcally that in the presence of developing
mner ear deafness 907 of cases will demonstrate In
creased trypsin actiity Conversely elevated anttryp-
sin levels are found in the absence of developing tner
ear deafness
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SECRETORY OTITIS MEDIA

Comparison of Nasal and Aural Cytology

T Palvaand E Holopainen

From the Department of Otolannealogy Unpersits of Helsinkt Helsinkt Fintand

Abstract  Aural and nasal cytology 1s compared n a
senes of 105 pauents with secretory otitrs mediz (SOM)
In :\ural smears the cellular plclure consisted mainly of

and phagocy but eosino-
phils and basophihic cclls were absent In the nose the
most frequent cells were leukocytes while lymphocytes
were seldom seen 1n greater numbers Increased numbers
of eosinophils were found i 2072 of the patients IgE
values 1 the serum of 69 pients and in 8 aural effu
sions were mostly within normal hmits and SOM could
not be constdered to be a result of circutating igE-depend
ent reaction Cytotouc leukocyle test with food aller
gens to test this etiologic factor 1n SOM s at present
1n progress

The etiology of secretory otiis media (SOM)
s stll somewhat controversial due to the
factors mvolved At present it 1s agreed
«s‘!'\ ¢ the middle ear flud of SOM patients
i not nearly as often stenile as was earler
thought but infection caused by vanous
agents can be demonstrated In a matenal of
102 ears with chronic effusion L etal (1975)
found bactena by stuming in 77 fluids and
bactena were i1solated from 53 samples (529%)
Eleven different spectes were found Diph
theroids being the most frequent 1in mucoid
Staph  ¢pudernudis 10 serous and Haemo-
phtlus iflucnzac o the Teukocyue effusions
KJlein (1975) 1solited mycoplasm 1n 33 out of
661 specimens (4 77) and nfection with
RS virus 1n specimens in the penod of ep)
demics  Using increased titres as evidence
virus mfection could be diagnosed i 270 or
21 5%
Allergic factors wn the etiology of SOM have
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been duly recogmzed but positive evidence
such as found in infectious enrology 1s scarce
This was discussed 1n a recent panel (Sham
baugh, 1975) where Lechs (1975) reported the
use of the radioimmunosorbent (RIST) test
1o determine the total IgE m the serum of 34
babies followed from birth to the age of
22 months Low IgE values of 0 to 2 unuts/m!
should appear in the newborn pertod grad
ually nsing to 20 umits/m! Eleven of these
children ali showing IgE values of over 20
developed allergic manifestations  but not
SOM  Adult values up to about 500 umits/ml
were generally reached at the age of 10 It was
concluded that single quantitation of IgE adds
little to support a diagnosis of allergy and the
possibiity remains that tissue response i
SOM 1s medrated by other t than
by IgE eg by cytotouic reaction or by de
fayed celfular hypersensitivity Wiison (19751
pointed out that only the Eustachtin tube
mucosa may be reacting as the shoch onan
and consequently SOM patients need not
show symptoms of allergic rhimins I thes
pinel discusston the estimations of wlergic
enology ranged from 20 1o 907

At the recent symposium on middle ear
effusions 1n Columbus Ghio Bryan & Bryan
(1975) felt that in additon to the feuhovytes
whose behaviour 1s pnncipally recorded m
the cytotouc test the Iymphocytes and
macrophages are iso imvohed through the
delayed hyperscnsitivity mechanism in the




Table I Inflammatory cell pattern in effusion
(157 ears)

Secretory otins media 205

Table 111 Epithehal cell pattern i nasal
secretion (82 patients)

Cell type Nome Afew Moderate Abundant Cell type None Afew Moderate Abundant
uf 24 33 53 47 Columnar cells 1 - 4 7

g;m‘;;pol:ylics 4 18 7N 44 Goblet cells ki 48 Z} ?

Eosimophuls 149 7 1 - Viraf forms (CCP) 43 27 1

Basophils 151 6 - - Squamous cells 56 13 3 -

Monocytes 34 97 25 1 Metaplastic " _

Phagocytes 21 53 73 10 cells 82 - -

Grant phago-

cytes 143 3 1 -

development of SOM Clemus (1975) stressed
the important part foods play in the etiology
of SOM, and re-emphasized that the clintcal
data need not be related to IgE levels The
cellular picture of muddle ear flusd 1 SOM
(Palva et al , 1975) showed Yarge numbers of
lymphocyt: leuko-
cytes while only a few specimens had some
eosmophilic and/or basophihic cells

In the present study we have correlated
the findings of cytological examiation of aural
and nasal smears 1n order to see whether there
15 any agreement between these two sifes
SOM according to climical cytologic cntena of
allergy In addition, some data on the IgE
values are reported

and pelymor

MATERIAL AND METHODS

Sausfactory smears of the muddle ear effusion
were obtaned from 157 ears in a matenal
compnsing 105 patients In 82 of these patients
the nasal exfoliative cytology was studied
simultaneously Stamming and evaluation of
both aural and nasal smears were the same

Table Il Inflammatory cell pattern in nasal
secretion {82 panents)

Celitype None Afew Moderate Abundan
Neutrophuls 4 ] 29 35
Lymphocytes. 42 35 5 -
Eosmophils 41 24 2 4
Basophils 80 2 - -

as reported earler (Palva et al, 1975) The
radiormmunosorbent (RIST) test was used to
determine the total IgE level in the serum of
69 patients, and mn 8 aural effusions Nasal
bactenal cultures were done wn 95 patients,
and aural cultures i 98 patents

RESULTS

The findings as to type and frequency of 1n
flammatory celis tn the aural smear are shown
m Table I It appears that lymphocytes and
neutrophils domunate the cellular picture,
followed by phagocytes Eosinophils occurred
1 8 and basophils 1n 6 samples, but only are
smear showed eosinophils in numbers that
could be considered increased

The mflammatory cell pattern m nasal
smears 15 shown 1n Table II Here the neutro-
phils are the domunating cells, lymphocytes
being absent even from more than half of the
samples Eosmophilic cells were seen n -
creased numbers 1n 16 samples (20%) whereas
basophils were seen only m 2 samples and
therr number was too small to be regarded
as increased

Epithehal cells in the nasal smear consisted
marnly of columnar cells and goblet cells Viral
forms were seen sn 39 samples (43¢2) (Table
1

The findings of the bactenal cultures of
nasal and aural specimens are presented
Table IV The nasal samples were clearly
more often positive than were the effusion
specimens. and partienlarly  pneumococct

and h strans were more frequently
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Table 1V Bacteral findings in nasal and aural
cultures

Nasal secretion  Aural effusion

Normal flora or

negatve 32 54
Staph aureus 18 19
Pneumococa 22 5
Haemophilus 19 7
Others 4 13

present in the nose No correlation was found
between the bactenal spectes cultured from
the nose and the ear of the same patient

Considening the age normative IgE values
normal levels were found 1n 59 and raised
values mn 10 patients In 5 of them there were
increased numbers of eosinophils 1n the nasal
smear while 1n 5 the nasal cytology was nor
mal Six aural spectmens had normal and two
ratsed levels of IgE (Table V)

DISCUSSION

It 1s evident that aural cytology does not offer
any help in the allergic etrological problems of
secretory otitis media when applied in 1ts con
ventional form numbers of eosinophtls and
ast cells indicating allergy  The main cellular
ments 1n the thick fluids are neutrophils

K m‘phocytes and phagocytes Occurrence of

hese cells may indicate infectious etiology
but on the other hand the difference between

the inflammatory cellular populations of the
aural and nasal smears 1s rather strihing The
possibility remains as was suggested by Bryan
& Bryan (1975) that lymphocytes and macro-
phages are related to the immunosystem de-
fect and thus involved in the persistence of
the process tn the middle ear

The pasal smears 11 SOM seem to show
distinct signs of allergic response tn the form of
eosinophilic cells Their frequency, 20 15
somewhat higher than the frequency of allergic

fi 1n the pop (Engstrom

et al , 1960, Alanko 1970) and it might be
nterpreted to mean that SOM is partly reiated
to the allergtc background of these children So
far, however, there are no reports on the
occurrence of secretion eosimophils 1n nasal
smears 1n a random selection of the popula
tion nor on how often secretion eosinophils
really are indicative of mamfest chinwcal
allergy Considering that the values of serum
IgE are mostly normal 1n the present study
1t can only be concluded that SOM does not
seem to be related to a circulating IgE-depend
ent form of allergic reaction

As was discussed 1n the introduction other
not IgE dependent systems could be involved
particularly 1n the induced cytotoxic reactions
This could be tested by using the refined cyto-
toxic test of the Bryans in a random materal
of SOM patients Altered reactvity to foods
manifested 1n 1mmobihized and/or hilled leu

Table V IgE level in serum of 69 patients with secretors ontis media

IgE level (U/ml)
Raised
Normal
Age of patient 0-13 0-100 3-150 3-210 5-3%0 >400
0-5 months
1/2- 2 ycars 13 2
3 6 ycars 3 17 s 2 2
T- 9years I s 3 2 2 1
10-12 years 5 2
13-15 years 1
>15 years ?
Total 4 3 10 3 6 3
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kocytes brought m contact with food aller
gens, would still agree with the established
mfection etiology This toxic reaction could
release the slow reacting substance from the
damaged leukocytes and lower the quality
of the immunosystem so much as to allow an
nfection to develop Agam, the chromeity
and persistence of the disease m these cases
could be due to continued reaction to these
nonrecognized allergens

We have now started a systematic study of
our SOM patients ustng the cytotoxic test and
1n 20 analyses made so far, moderate or often
marked reactions have been found as regards
some of the foods Cow’s mik and wheat
seem to be the most frequent foods to react

The proof of the cytotoxic test result can
only be found i the recovery of the SOM
patient When the offending food 1s removed
and an adequate rotation diet arranged the
muddle ear effusion should disappear quite
quickly, and insertion of grommets should
not be necessary Only a limited number of
observations are available at present (Wilson
1975) but with the increased use of the cyto-
toxic test many unsettled problems may be
better understood

RESUME

La composition cellularre de la sécrénon nasale et aurale
est analysée avec Limtéret special au cellules éosino-
philes et basophiles La relauon des immunoglobulines
dans le serum et dans la sécrénon de | oretlle moyenne
estdiscotee speaialement celle de t IgE

ZUSAMMENFASSUNG

Ohren und Nasenzytologie wurde m emem Matenal von
105 Pauenten mit sekretonscher Outis media (SOM)
korreherl Lymphozyten Leukozyten und Phagozyten

das Zellbud der wahrend
Eosinophsle und Basophile abwesend waren Die haufig
sten Zellen (n dem nasalen Abstnich waren Leukozyten
und Lymphozyten kamen nur selten m groBerer Menge
vor In 20 Prozent der Patenten war dic Anzahl der
Sekreteosinophile erhoht Das IgE Niveau im Serum von
69 Patienten und 1n 8 war meistens

Secretors otis media 207
touschen Leuhozvttest mit N st
Jetzt unternommen worden um diesen etiolomschen
Faktor 1n SOM festzustellen
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DISCUSSION

I Friedmann [ was interested in your negative findings
of eosinophils 1n the aural secretion But you then stp-
ulated that allerpic mecharsms play an tmportant role
1n the causation of the glue-ear syndrome I beheve that
the pathological substrate of the glue-ear syndrome
15 the secretory mucosa of the middle ear as and parcel
of chromic otiss media

T Paha (Reply) (0 Mr Friedmann Ttis realy a fact thay
the ear secretions i glue ears are devoid of those
cellular elements eostnophils and basophils which we

normal und der SchiuBisatz wurde gezogen da8 SOM
nicht zu den gehort wo zirkul

IgE Reagine entstehen Eine Un(muchung mit den zyto-

y regard as indicators of an allergic response We
are in complete agreement that the secretory mucosa of
the myddle ear has pnmary mporiance 1n this syndrome
of the glue car However im addinon to nfection allergic
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not with or mast
cells may play a sigmficant role 1 am refernng to de
layed hypersensiivity reactton which 1s mediated by
senstized lymphocytes and in which the polymorpho-
nuclears and monocytes act as indicator cells [t seems
that food antigens may be the cause of | hi

and cytotouc factor which cause the polymorpho-
nuclears to be totally destroyed when brought in contact
with food antugens This hberates many actinve sub
stances including SRA A which may be one cause of
the marked mucosal changes These reactions are not

sensiuzation in many cases and the ©issue reaclions
are due 10 the secreted lymphokines in the form of MIF

Acta Orolaryngol 81

pl or mast cell and from this fact
denves my belief of the importance of allerge factors in
secretory otitis meda so far not generally recogmized
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ULTRASTRUCTURAL STUDY OF TASTE BUDS AT

REST AND AFTER STIMULATION

AND COMPARATIVE STUDY

BETWEEN TYPE 1li CELL AND MERKEL CELLS

M Ciges L Diaz Flores M Gonzalez andJ Rama

From tf e Departments of Otork rolur ngology and Pathology
Faculty of Med cine Granada Spa n

Abstract Changes in the pore regon of the cell mem
brane have been studied tn order 10 leam if ths region
plays an actve part in the prencural phase of faste We
have observed though not cons stendy that the pore
size 1s vanable and that their contents are not constandy
amorphous or homogencous The results are not so
»gufcant however as to allow of the formutanon of
any frm conclus ons The s mlanty between type I
cells and Merkel cells (cells of the tactle system) was
surpnsing The probable rofe of the type IIf cell in taste
15 d scussed

In 1954 Bewler proposed a receptor theory of
taste cell shmulation which was based on the
physical binding of the stimulus molecules to
specific sites on receptor molecules presum
ably located 1 the membranes of the taste
cells A consideration of the kinds of mole
cules that have been found in cell membranes
suggests that proteins are the most likely can
didates for taste receptor molecules The term

receptor sites was proposed by Beidler
(1971) to ndicate the particular site on the
receptor molecule with which a given stimulus
1on or molecule can nteract

According to Harper (1972) the recent re
newal of interest in the possible relation be
tween taste quahties and molecular structure
s a reflection of the successes achieved n
applying the principles of molecular biology
o other problems However some conceptual
resenations should be expressed Although
the inttial processes of sumulation must de
pend upon some form of molecular interaction

with the cells of the penpheral sense organ
1t 1s hardly reasonable to expect a complete
explanatton of quality in terms of biochemical
action at these levels Nevertheless there are
many facts 1 evidence at present that allow
a consideratron of the significance of the bro
chemical events in the early phases of the
taste process

We may consider that the first event 1n the
taste process 15 some kind of biochemical
reaction between the stimult and the surface
of the taste receptor It s therefore the com
positton and structure of the cell membrane
and n particular of that portion of 1t on the
surface exposed to the stmuli which deter
mines the nature of the inception in the taste
response {Tamar 1972)

These facts have focused the interest of the
researchers on the cell membrane The micro-
villt probably constitute the onfy part of the
cell that can come tn contact with the stimul
In fact according 10 Murray (1973) the taste
cells 1n the bud are tightly sealed together
beneath their necks Thus only the micro
villr stay in the taste pit

The cell membrane according to the Da
nielh model appears to be basically composed
of two inner layers of radually ortented phos
pholipid molecules and two surface layers of
protein molecules tangentially orientated The
hydrophobic hydrocarbon ends of the phos
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must penetrate through the pore of the taste
bud At the conference held in Bethesda m
1969 on The Molecular Basis of Taste and its
Disorders great emphasss was put on the taste
pore as an important element in the pre
neural events of the process, regulating the
flux of sapid substances
Graziader (1969) stated that so far, lttle
attention has been paid to the study of 1ts
function The pore 1s approximately 1 micron
in diameter at the hngual surface, however,
1 vitro observation of its dynamucs through
the stereomicroscope does not allow a
thorough estimate of 1ts vanation i size Qb-
servations with the scanning electronmicro-
scope, however, suggest that varations in taste
pore size do occur Sometimes the pore s
closed, whereas 1n other instances the conical
top of the bud protrudes and the cavity of
the pore can be clearly visualized The pore
g 15 obl d by mucous,
whlle at other times 1t 1s completely devoid
of any material and appears empty Analysis
of several electron micrographs has demon
strated that the pore opeming vanes consider-
ably tn diameter and these observations sup-
port the possibility that the pore may act as

make an appreciable change n the effectine
diameter of the larger taste bud pore would
require a more drastic conformational change
such as 1s produced by protein aggregaton or
unfolding

The study of the taste pores from the

of hypog D 1! treated

rats by scanmng electron microscopy, suggests
that many more taste pores may be closed
than 1s the case in untreated ammals

There 15 one disease, Familial Dysauto-
nomua or Riley Day syndrome 1 which papil
lag and taste buds are absent 1 man (Farb-
man 1971) Famudial Dy sautonoma 1s a rare
mhented disease characterized by man)
nevrological symp eg p
hypotension, refractoniness to pam, absenc:
of tears and several other symptoms, including
the mability to taste Jn the tongue of these
patients the only neural structures found, are
unmyelinated nerve fibres that do not term
nate 1 any spectalized epithelnal structure
There are no taste buds

In these patients the subcutaneous or intra
venous ad: of hacholine pro-
duced tears, and taste appear This fxct sug
gests that the taste bud per se may be un

y for the med of the taste re-

active draphragm as was d by
1n (1969

According to Henhin (1969) 1t 1s this inttial
event in the taste process the penetration of
tastant through the taste pore and its mem
brane that he hypothesizes as the part of the
process which ts influenced by thiol and metal
1ons  Protein molecules hning the
pores of the taste bud b are regulated

sponse Parenteral methacholine would be as
sociated with a general increase m mem
brane permeability, including that of the lingual
surface  This effect would allow the faste
stmulus to reach the unmyelinated nene
fibres of the tongue, the only element compe
tent to sense taste Thus faste s more close (0
h I sense

by muluple equilibna involving thiols and
metals These i turn contro! the diameter
and permeablity of the pores and their mem
branes He d the protemn molecul,

that regulate the amount of tastant that passes
through the pore of the taste bud membrane
per umt of ume as the gateheeper protetn
To change the effectne drameter of the small
pores of the membrane we need imoke only
small conformational changes of the order of
magntude of 10 A i sesveral protens To
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A major question raised by these obsena
tons appears to be what role, if any, do taste
buds play in the taste process This question
has never been adequately answered One
suggestion, based on these observations 15
that taste buds play the role of chemical
sieves Yet we hnow that the pit region of the
taste bud 1s solated from the hypothencal
free nenve endings

We decided to study the pit region of the
taste bud 1n order 10 learn 1f any change o¢



Taste buds, type HI cells, and Merkel cells

Frg 1 Normal taste bud wathout any stumulauon Semi
thin section tolurdine blue staming X 1000

curred after sumulation We focused our at
tention on four different aspects the pore’s
diameter, the amorphous substance of the pit,
the type I cells and their synapses The first
two powts are the specific ones, the secondary
ones are considered of mterest in spite of not
being structures of the pit region The type
111 cell according to Murray (1971-73) 1s the
only cell with real synapses, and so probably
the only functional element Both cell and
synapses are studied

The dense and amorphous substance of the
it 1s of enormous nterest because 1w 1t would
be located the hypothetical proteins mvolved
n the btochemical regulation of taste This

b has been ch: 1zed by Scalzi
(1967) as neutral mucopolysacchanides al
though Baradi & Bourne (1953) could not find
mucoid here and Erbengi & Ferner (1964) did
not show positive PAS for this region

By studying type 11 cells we reahsed that
these elements are very similar n their
morphology to Merkel cells These cells are
not well known, yet are very widespread
They have been found in the tactle disc of
the hairs, 1n the Grandry corpuscle, mn the

dermus (Winkelmann & Breathnach, 1973)

As a very nteresting aspect for our study,
they have also been found n the hard palate
and gum mucosa (Hashimoto, 1972, Winkel

mann, 1960, Kutuzov & Sicher, 1952, Taylor
etal, 1964) We decided to include a compara-
tive study of both elements in an effort to ex-
plain some phystological facts This matter has
never been studied before

MATERIAL AND METHOD

Twenty four adult rabbits were used 16 for
electron microscopy and 8 for optic mucro-
scopy study Moreover we used one speci
men of pig snout to study the Merkel cells

Six rabbits were sacrificed without stimula
tion, 4 after 48 hours fasting and the others
after vanous kmds of stmulation

sweet (saccharose J0Z) 2 anemals

salty (soidum chlonde 25%) 3 animats

sour (crtne acid 1002} 2 anumals

brtter at (quirane sulph S07%) 2 antmals
normal feeding 5 ammals

All ammals were decapitated 3 mm after
the sumulation In order to sumulate the

Acta Otolaryagol &1
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F g 2 Taste bud after sumulatron with sod um chlonde
showing a sl ght open ng of the pore and less amorphous

tongues we poured 2 cc of the solution into
the mouths repeating it 2 minute Jater
The tongues were removed eastly and we
obtain the foliate paprilae
The specimens for electron microscopy
were cut in a prismatc way heeping the
auon reference 2 57 glutaraldehyde
1 1% osmum tetroxide were used for fixa
on with a common buffer sy stem (phosphate
solution according to Millomg pH 74)
Acetone was usved for dehydmuon and the
specimens were embedded by Spurr s method
Ultrathin sections and thicker (0 S or 1 um)
sections were cut on 1n [ KB Ultratome with
glass kanves at 45° They were examuned n
the JEM [00B electron microscope
W e used for optical examnitton hematoxy
lin—eosin staiming Mallory « method  ind
semithin sections  These sections were pre
pared from the total surface of the block for
electron microscopy and cut 1 05 or | um
sections 17¢ tolutdine blue 10 borx was uned
as stain
RESUL TS
Inthe non sttmulated speumens we could see
the normal morphologs of the taste buds

Ac a Or darvag N &)

— S
J/
A=Z L,

substance Semthn secton foludne blue stunng

x 1000

(Fig 1) both with optical and electron micro
scopy The pores were quite closed and amor
phous substances showed 1 umform ippear
ance (Pores are normally closed and the sub
stance 11 a homogeneous state )

In the anmals submtted to different hinds
of stimulus we reahse that some pores are
wider and there 15 less amorphous substance
which s disposed n an irregular and non
homogenecous way (Fig 2) This arrangement
was 1lso seen with electron microscopy The
rhenomenon was quite similar for all sumula
tion conditions perhaps more remarkable with
salt We could not detect iny changes in micro-
villy dense granules of cell type 1 or 111 and
synapses

These results howeser are not so remark
able or frequent as to stale categoncally that
any real change has occurred In some amimals
they were laching completely and 1in most
we could see them inconstantly and only 10
some buds

As alresdy mentioned we reihse that bvpe
111 cells are very similar in ther morphol gy
to the Merkel cells We therefore decided 1o
extend our work 1o incdude 1 study of thin



Fg 3 Pigssoout Merkel cells (ar ow) Semuth n secron
tolu d ne blue stamng x 1000

Fr 4 Merkelscell (M) w1 h ¢ nerveend ng (™) Lobu
lated rucleus and dense granules clo < to the nerve end
ng x 55000

Fg S Golgt apparztus of a Merkel s cell {arron) show
ng dense granules ¥ 1 0000

Fg 6 An unmyelnated nerve entenng a Merkel cell
{arron } X 50000

Fg 7 Synapselke structure w th flamentous matter
tarrow) and clusters of dense ves cles close 1n a Merkel
cell x 180000

Fg & A synapucd ke structure in a Merhel cell w th
dense ves cles that have lost ther contents x 180000
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Fg 1] Synapse between type 1 cell and nerve end rg

{arrow } x 75000
ncrve end ng tarron ) There are dense ves cles e

Fg 1” Synapsed ke structure between type NI cefl a
them without con ents 80000

x~Q000

Fg 9 Type Il cell of the rabbat Dense ves cle n ts
Fe 10 Type 11l cell with dense and I ght sesicles tarr w)

neural pole (arrow ) x70000
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interesting aspect that has never previously
been considered

A specimen of pig’s snout was used because
m this ammal Merkel cells are more evident
than n others

In Fig 3 we can see these cells in semithin
section Merkel cells are rounded (Fig 4) with
lobulated nucleus They are situated in the
epidermal basal layer and they have in their
cytoplasm specific granules of 700-1800 A,
they are dense and are situated far from the
Golgt apparatus (Fig 5) Here it 1s possible to
see some granules in growth stage

These cells are always next to nerve fibres
(Fig 4) and the dense cytoplasmatic granules
are situated in proximity to the nerve InFig 6
we see the entry of an unmyehnated nerve
mto the cell

We cannot see synaptic vesicles but we
observe dense vesicles close to the nerve
endings In Fig 7 there 1s a synapse hke
structure with membrane remnforcement A
synapse like structure with dense vesicles that
have lost their contents is also seen (Fig 8)

Type 111 cells of the taste bud are quite
simtlar to Merkel cells (Fig 9) They have
dense vesicles in the neural celular pole but
also light vesicles in real synaptic contact with
unmyelhnated endings (Figs 10, 11}

In a similar way to Merkel cells, synap-
toids were seen with an accumulation of dense
vesicles (Fig 12) Some of them have an empty
appearance

TISTUSSIUN

As stated earlier, we cannot draw any de-
finite conclustons from our observation about
the openuing of the pore after stimulation and
the changes in the amorphous substance Gra-
2iader (1969), Henkin & Bradley (1969) have
considered that an active function in the pore
does exist, as we also mentioned bnefly
earler In our materral some changes In the
pit region were occasionally evident, but not
frequently We wondered if the method of
stimulation was inappropriate In order to
15-762956

Taste buds, type I cells, and Merkel cells 217
confirm this fact, we intend to continue our
worh, with a more selective method of su-
mulation On the other hand, we must con
sider the possibility that a real specificity of
the taste bud exsts for the different sapid
substances In the light of previous electro-
phystological work, this 1s not hkely

‘The resemblance between the type III cell
and the Merkel cell, opens up a new field
of research 1t 1s debatable whether the pos-
stble changes 1n the medium contammng the
microvilli can act by cellular deformation,
as occurs n intradermal cells with tactule
endings

However, the fact that the sensory vesicles
of type HI cells are found in the neural pole
of the cell prompts the consider that they
more probably play some part in the nerve
impulse transnusston The type I cells, or
dark cells, also have dense vesicles butin the
apical pole, close to the pit region, and 1t has
been suggested that they are related with the
amorphous substance of the pit

According to Farbman (1971), at approxi
mately day 15 of intrauterine development,
the epithelial basal cells of the bud contarn
clusters of vesicles withm its cytoplasm, adja
cent to nerve processes which are quite simitar
both to vesicles of Merkel cells and to type
11 cells of the taste bud These vesicles very
soon disappear It has been surmused that
they possess a trophic factor to attract specific
nerves to grow 1nto these fields In type HI
cells these elements remam throughout Ife,
probably as a reinforcement of its nerve con-
tact

In the system of Merkel cells there 1s a
vanation in the size of 1ts granules (Saxod,
1970) as n type 11 cells In Grandry corpus-
cles, Andersen & Naftad (1968) have seen
synaptord structures Our observations of
synapse-like structures 1n Merkel cells are in
agreement with the works of Halata (1970)
and Soe-Yeh Chenetal (1972) nucleus dense
vesicles are present close to the synaptic zone
It 15 probable that they act as a transfer
element discharge by cellular deformation
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A double synaptic mechamusm 1s present in
type 111 cells according to the fact that they
possess vesicles having a bght aucleus and a
dense one, 1t s reasonable that they may work
m a stmiar way as they do i Merkel cells

According to Breathnach (1971) and Hashs
moto {1972) Merkel cells probably engmate
in the neural crest moving with nerve fibres
Type HI ceils may be of similar onigin Since
the last cenury. vanous authors have dis
cussed the ongn of taste buds The role of
the nerve has been the object of attention and
many studies have been made without reach
g agreement Probably the specific nerve
mduces the formation of the bud in the epr
thelium of the tongue

We must point out that the type 1 cell ss
the only element with synaptic eqwpment
the bud We may surmise that they constitute
2 real neural element as 1s the case in all
neurosensory elements The actimity of the
dense vesieles 1s mamfest, we could see some
of them devoid of contents

Probably other neural crest elements glands
medulla, suprarenal cells or endocrine ele
ments of the abmenwary canal etc both

~Merkel cell and type HI cells would be neuro-
docnne elements capable of supplyng
’/‘ »noamines or other substance
”

RESUME

Une eivde vhirstrocturelle des bowtons gustatfs do bapm
€n fepos e apits unt yemuotavon On discute Jes re
suttats €1 on es met en rapport de fugon spécrale avec
la theone molecula re de la regulation de facuite gusta
e

ZUSAMMENFASSUNG

Man hat de Veranderungen in der Zone des Gesch
macksporus mach der Antegung studiert ond man kat
auch versucht ob diese Zone aine akbive Ralle ber der

len G L ' sprctt Einen
;;mBuzn Durchmesser der Poren obwoh! unbestand g
sowre cine Vermunderung der formlosen  Substanz
welche auch ziemfick zerstreuter ausucht wurde beot-
achtet Die Espebnusse sind micht bestindig genug um
entschadende Schlubfolgerungen zu erangen Dre groBe
Ahalichkert  zwischen  den Typ-i¥t Zefien  der Ge
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schmacksknospe uad den Meskel Zellen (d b Zellen
des Tast Systems) war ubermaschend  Dre mog!ube
Rolle der Typ-112ellen beim Geschmackssnn wird
diskutiert
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A double synaptic mechamism 1s present tn
tvpe I cells according 1o the fact that thes
possess vesicles having a light nucleus and a
dense one, 1t 1s reasonable that they may work
1n a similar way as they doan Merkel cells

Accordimg to Breathnach (1971) and Hashs-
moto (1972) Merkel cells probably ongnate
m the neural crest moving with nene fitres
Type 11 cells mas be of similar ongin Since
the Jast centuny. vanous authors have dis-
cussed the onmn of taste buds The role of
the nen e has been the object of atiention and
many studics have been made wathout reach
ing agreement Probably the speafic nene
induces the formation of the bud n the epi-
thelrum of the tongue

We must pomnt out that the type Il cell 1s
the onh element with synaptic equipment in
the bud We mav surnuse that they constitute
a real neural element. as s the case i all
neurosensory elements The activity of the
dense vesicles 1s manifest. we could see some
of them des oid of contents

Probably other neural crest elements glands
medulla, suprarenal cells or endocrine ele-
ments of the almentary canal, etc . both
Merkel cell and tvpe 11 cells would be neuro-
T scnne elements capable of supplying

wammunes or other substance

RESUME

Ube ctude pltrastructurelle des bovtons gustatifs du kapen
en repos et apris une surmlation On discute fes re
sultats e on les met en cappoet de fagon specale avec
1a theene molecularre de Ja regulation de Tacute gusta
wne

ZUSAMMENFASSUNG

\zn hat die Verand-rungen in der Zone des Gesch
macksporus mach dor Amrepung studert und man hat
apch versucht ob diese Zone e aktne Ralle bey der
praneuralen Geschriacksentwicklangsstufe sprcht Einen
groSeren Durchmesser der Poren obuohl unbestand g
sowie eme \ermundetunpy der formlosen Substamz
welche anch memb.h zerstrouter aussichs wurde beob-
achter. Dre Erprbmsse wnd mcht bestandip genug om
entschadende SchlaBfolperuceen zu edargen Die groBe
Ahnhchkat zwischen den Typdll Zelen der Ge
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schracksknowpe und den Merbel Zellen (d % Zellen
des Tast Systerss) war vberraschend  Die mogfehs
Raolle der Typ-lll Zellen beim Geschruackssna wird
diskutert
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S E M study of the stapes 221

Fig | (a) Normal crus of the stapes cn the outs de
X1000 (b) Footplate Tympanal surface %1000

Fig 2 (a) Footplate vest bular surface x 1000 (5) Rum of
the footplate x 1

footplate of normal and otosclerotic stapes expenments were performed to compare the
could be examined If only fragments of the tympanal and vestibular sides of normal foot
otosclerotic footplate remamned the vestbu  plates

lar sides were exammed However asenes of The mucroscope used was a Cambndge
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Fig 3 a-b Fractured footplate The junction of the two
bony structures (a) x100 {b) X300

Scanning Electron microscope MK 11, operat
gat 3I0kV The utmost resolution that can be
obtained n this mstrument ts of the order of
200 A This corresponds 1o a theoretscal
magnification of more than x20000 All
* v. shown in this paper were recorded 1n
so-called secondary mode which means
all secondary electrons (backscattered
primanes and true secondanes) were detected
Electron beam damage proved to be neghgible
and was observed on one sample only

RESULTS

Normal human stapes

All pictures of the rormal human stapes have
been ot d from 1 y treated
fragments of one specimen The crura show
bundles of parallel fibres, plaited into a smooth
surface on the outside and a rougher surface
on the mside The structure of the tympanal
surface of the footplate 1s very simlar to that
of the nner side of the crura (Fig 1) It differs
markedly from the vestbular surface of the
footplate (Fig 2) This has a more pregular
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aspect, as if centres of formauon of very dense
bone had fused together, leaving many 1regi
lar crypts between the lumps The bony mas
ses themselves show many very fine pores
not present on the tympanal side

The latter bone structure, but without the
fine pores, extends as a penpheral layer on the
nm of the footplate On the tympanal side of
this nm the junction of the two bony
structures 1s clearly visible after fractunng the
footplate (Fig 3) Ths fracture allows one to
distingwish clearly the two layers and more
especially the many crypts in the vestbular
part of the footplate

Orosclerotic stapes
In the present study the otosclerotic nature of
human stapes was established on a chmecal
basis and on therr appearance at operation
since due to the trypsin treatment 1f ts 10!
possible 10 perform control light microscopy
before or after the S E M expenments

In the first stage only the antenor part of
the stapes and the connecting part of the crus
antenor become spongy (Fig 4) The o>



Fig 4 a~d Otosclerouc stapes (Stage ) (a) x19 (b)
x48= (c) crus postertor % 1100 (d) crus antenior x 1100

sclerotic crus antenor loses its lamellar struc
ture and becomes more amorphous anrd
spongy the crus postenor remains unaffected
1 this stage and hardly ddffers from a normal
crus

In the middle of the footplate 1n the first
stage active otosclerotic bone is present next
to normal regutarly arranged bone trabeculae
in connection with spongiform bone {(Fig 5}
In stage two the footplate 1s totally nvolved

S E M study of the stapes 223

in the otosclerotic process but the web like
bone neoformation 1s more pronounced This
weblike structure i between amorphous
structures 1s nearly complete mn the third and
fourth stages (Fig 6)

Stapes footplute in osteopsatyrosts
S E M observations were also made on a size

able piece of the footplate of a far advanced
stage (third or fourth) of osteopsatyrosis In
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Fg 5 15 Otosclerot ¢ stapes (Stage 1) ta) X950 (h)
> 1000

contrast to the case of otosclerosis we found
only 2 more 2morphous structure of the bone
without any web hke structure (Fig 7}
Although this observation remains to be
confirmed n further cases the present three
dimenston il observations seem o indic ite that
1t osteopsityrosis the spongy hone 15 even
re amorphous and that the irregularly ar
'ged web hke bone structure ts absent

Fractured stapes f otplate in rabbit

The left footplates of a series of rabbits were
compared with the night footplate fractured
with a blunt needle S months erlier The nor
mal structure of the footplate in rabbits differs
from the normal human footplate only by 1
finer regular arringement of mrmeralized co!
lagen bundles (Fig 8 We were surprsed
however to find that after S months the
broken footplate was thicker thin normal and
very firmly fixed in the ov ! window SEM
after a trypsin treatment identical to that used
for the otosclerotic footplates showed only a
poorly defined spongy destruction however
the normal minerahized collagen bundle pat
tern was replaced by 1 web ke structure of
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bundles simtlar to the one observed in the last
three stages of otosclerosis

DISCUSSION

Normal foorpl 1te

Thorough examination of the different con
stituents of the normal human stapes brings us
to the conclusion that at least the structure of
the vestibular part and of the peripheral layer
of the nm of the footplate differ from that of
the tympanal part and of the crura Although
this observation does not allow us to conclude
that both structures have a different em
bryonic ongin it does seem to favour thts
view which was onginally proposed by Bast
& Anson (1949)

As far as otosclerosis 1s concerned out
observations are 1n agreement with the results
of Chevance et al (1973) although we have
used unfixed matertal Thus we found in the
first stage of otosclerosts formation of spon
gious bone n the otosclerouc foct In the fol
lowing stages we were able to establish the
existence of an wregular structure probably
due to combined destruction and formation of

new bone
A comparable bone pattern was observed as



Fig 6a-d Otosclerot ¢ stapes (a) Stage 1 > 000 (5)
Stage 2 x1000 () Stage 3 X 10000 () Stage 4 X4400

the result of the healing process of fractured
f oplates of rabbits

in one case of advanced osteopsan rosis the
occurrence of the spongtous bone was not ac
companied by new formation of bone This
observation demands confirmation of course

One hine of our further research will be to
examine other early stages of otosclerosis to
mike clear which part of the footplate the

S E M study of the stapes

tympanal or the vestibular one s the mnial
site of the pathological process

RESUME

La mcroscop e electron que A balayage nous a perm's
detud er la structure tnd ment onelle de | etner nonnal
er dans les dfferents siades dotosclerose Un cas
dosteopsatyro ¢ st detulle La format on dun calfus
osseut aprs fracture expénmentale €st cmparee avee
1 otosclerose
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Fig 8a-b Rabbit stapes (a) Normal x13000 (b)
Fractured X 13000

ZUSAMMENFASSUNG

M t Gebravch der E S M haben wir die dre d mens onelle
Struktur des Knochens normaler Ste gbuge) studiert
ebenso die Strukturen der verschiedenen Stadia der
Otoskl Eun Fall von O ward ebenfalls

hea Dhe C: ber Frak
tur des Ste ghugels wird verglichen mut Orosklerose
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Fig 9 a-b Normal human stapes {a) Vesubular side
X 10000, (b) Tympanal side, X 10000
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to an ammal where only the cochlear nerve was cut and
therefore only very few myelated fibres are found (se¢
Fig 1A)
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Section of YT, 13montpns survival
150k Spiral gt Xz 22Typ Il cells ()
32 YypIT colfs (-
18 Nerve {15res fmw)
A
Fig 3 (A) Reconstrucnon of a senss of five 30 pm
thick secuons of the osseous spiral lamma 30 months
after sectioning of the VII nerve Showtng the surviving
type Il and HI celfs and the directly passmg nerve fibres
(B) One 30 xm thuck secuon theaugh the osseous spiral
latmna of the upper basal turn of a cat 20 months after

the normal exclusively radial distribution (Fig
4A, 4B) Many fibres become unusually large
and form buds containing large numbers of
small nytochondna as an expression of en-
hanced metabolism As time goes on, more and
more elements will show signs of degenera-
uon simultaneously with proliferative tenden-
cres 1n the form of necrobiosis Degenerative
processes will finally prevail and the inmal
reactive proliferation of the neurons gives way
to a drastic loss of nerve fibres so that at the
begimmng of the second month most fibres have
disappeared and only a few giant fibres rematn
between habenula and inner har cells
{Fig 4C) (Spoendlin, 1972)

In the second month the d pro-
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Regeneration in VIl nen e

transection of the VI nenve With interference contrast
the surviving ganghon cells of type II and 111 (I1 & 1)
canberecogmzed classified and counted Durectly passing
regen¢rating myehnated large and small nerve fibres ()
are clearly seen

afferent inuervation of the inner hair cells 1s
almost pletely lost, betng d with
the 95% degenerated neurons Instead of the
normal abundant radial afferent mnervation
of the inner hair cells a few giant fibres ex-
panding spirally are found associated with the
1nner hair cells Some other fibres seem to end
n the habenular openings or turn bach just
before the habenula (Fig 5B) (Spoendhn,
1975)

Later the regression line becomes very flat
and seems to reach an asymptote in about 2
years (Fig 2A) Although there 15 a good
general correlation between the number of
myehnated nerve fibres tn the lamina and the

cess seems to have come to an end with the
loss of 90-95% cochlear neurons (Fig 2A)
The surviving neurons are scattered through
out the cochlea and thetr ganglon cells are
partly of the small unmyelinated type 11 with
a lobulated and excentrie nucleus and partly
of type Il which s a type I having lost its
myehn sheath (Spoendhin, 1972, 1974) These
few ganglion cells obviously provide the entire
afferent nerve supply to the outer hair cells
which remains entirely normal whereas the

spiral Lion cells, the number of nerve fibres
tends to be smailer because most type II

fion cells have unmyel, d axons The
slow regression of ganglion cells between one
month and about 2 years 1s the consequence
of the long term behaviour of the surviving
type II1 cells They are subject to constant
slow regression duning about 2 years, whereas
the type 11 cells remam stable In the first
year after secuomng of the cochlear nerve,
the two cell types are found 1n about equal
numbers but mn the second year the type 111

Acta Orolaryngol 81
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Fig 5 (A) 4 months after transection of the VIII nerve
One of the surviving grant fibres (g) onginatig from a
myehnated fibre penetrates through the habenula (By &
months after tratsection of the VIII nerve Some fibres

cells dimmush progressively m numbers and
have almost completely disappeared by the
end of the second year (Fig 2B) In many
areas especsally an the upper hasal and lower
second turn, exclusively type II cells are

0 A » ; //’
| ”;,%' }/
. ::,'4"‘0 f ,| .\]A

Regeneration in VII nerve 233
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end at the level of the habenula with great vancostues

) filled with small vesicles whereas other fibres twrn
back just before the habenula tr)

found at ts late stage but even here the

afferent nervc supply to the outer hair cells
ty normal indi s

wx.b 1be type 11 ganghan cells

Fig 4 Sections through the area between habenula (H)
and ionet har cell GH) with different suraval times after
sectionng of the VIIL nerve (A) Situatton in the normal
animal with the radlely g afferent fibres (a) leading

very large and partly spirally runoing fibres (p) Fre
quently enormous swellings of nerve fibres are found 1n
the form of buds {b) filled with vesicles and small
mitochondna The affecent fibres leading to the outer
hair cells toh) are unchanged at the usual place on the

15-76295

nner surface of the inner pillars (C) Sstuation 8 months
after sectiomng of the VIT nenve Most fbres between
habenula and naer hair cells have disappeared Only
a few very large gant fibres (g) are left n associaton
with the imner hae cells The afferent (ibees to the outer
hair cells (oh) are found n nermal numbers as basilar
fibres at the bottom of the tunnel (D) Situation 20
months after transection of the VIII nerve There is an
enormous number of proliferating nerve fibres below the
inner hair cells (7} 1n spite of the fact that most nevrons
have disappeared in the spiral ganglion and osseous spiral
famuna tsee corresponding Figs 1C and 3B)
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Degeneration starts first and proceeds most
rapidly i the upper basal turn where most
ganghon celis are already degenerated after 2
weehs whereas at the basal and mamnly ap
cal cochlear end even after several months
survival the ganghon cell population 1s re
duced by only about 50% (Fig 2D) In about
2 years complete degeneration has affected
the entire cochlea n all turns leaving only
15-25 type I cells/100 gem and some type I
cells at the apex The remaining myelinated
nerve fibres correspond 1n general to the type
I cells Although the mnervation densities
vary considerably along the cochlear turas
with a pronounced maximum in the basal
turn and a mnimum at the apex the number
of surviving fibres 1s within the same rnge in
all turns with a shight increase at the apex
(Fig 2C) The relative percentage of the sur
viving neurons Is therefore mummal i the
basal turn and increases considerably towards
the basal and especially towards the apical
end of the cochlea (Fig 2D)

Comparison of the numbers of the ganghon
cells in the spiral ganghon with the myelinated
and unmyelinated nerve fibres in the lamuna
at different survival times after section of the

IEl nerve shows a good correlition between
. <linated nerve fibres and type I1I ganghon
cells for survival times of up to about 8
months Beyond this ime the number of mye
linated fibres surpnisingly tends to increase
whereas the number of type [lI ganghon cells
clearly decreases and the type II cells remain
stable The number of myelinated axons might
be more than double the number of type IMI
ganghion cells (Fig 2B)

In those ammals with long survival times
usually many large myelinated fibres are seen
to pass the spiral ganghon directly without an
associated ganglion cell—an unknown situa
ton 1n the normal ammal (Fig 3} Such passing
fibres are not present after short survival
times and only exceptionally after selective
section of the cochlear nerve They are only
found when the efferents are included in the
lesion of the VIII nerve This strongly suggests

Acta Otolarsngol 81

that they are regenerating efferent fibres which
take the shortest way radially through the
spiral ganglion instead of following the longer
normal route of the intraganghon spiral bundle
Another less probable ongin of regenerating
fibres could be vestibular neurons of scarpas
ganghon which are less subject to retrograde
degeneration and might have some regenerating
capacities

Where these fibres actually grow and endis
very difficult to say They certainly are neither
related to the giant fibres below the inner hair
cells nor to the afferent fibres assocated with
the outer hair cells both of which are also
found after selective sectroning of the cochlear
nerve 1n the absence of regenerating fibres
They mught correspond to the fibres which end
with vancosittes at the habenula without
entering the organ of Corti or which turn back
Just before the habenula as if they were unable
to find their way through the habenula (Fig 5B}
(Spoendhn 1975)

The number of unmyelinated nerve fibres
might increase considerably after sectionng
of the VIII nerve with long sursival times
They can only be accurately assessed I
electron microscopic preparations (Fig 1) In
normal ammals their number varies between
40 and 50/100 um and tn experimental antmals
it can reach more than double the normal
values (Fig 2B) Therr ongin 1s multiple
Manly the larger fibres represent the axons of
the type I spiral ganghon cells whereas the
smaller ones probably correspond lo auto
nomic marnly adrenergic fibres which have
been d d by h h al methods
(Spoendlin & Lichtensterger 1966)

Special attention must be paid to the area
of the habenula and inner hair cells where
practically all normal radnal fibres disappeat
after sectioning of the cochlear nerve and m
stead a few giant fibres appear whith expand
in a spiral direction (Fig 4C) (Spoendlin
1972 1974) They onigmate from mjehnated
fibres 1n the osseous spiral laminy wnd there
fore arc most hkely associated with the
surviving type I ganglion cells (Fiy 5A)




whereas the afferent fibres to the outer hair
cells seem to ongate from unmyehnated
fibres, most probably the axons of the type
1l ganglion cells After relatively short sur
vival imes from 3 to 8 months very few of
such giant fibres are found Therr number,
however increases considerably with longer
survival times over one year and in our longest
survivals of 20 and 24 months these fibres have
multiphed to such an enormous extent that the
entire area between habenula and inner hawr
cells s filled and the inner hair cells are pushed
aside (Fig 4D) Despite these enormous
numbers of nerve fibres around the mner harr
cells there are as usual only 5-10%2 spiral
ganglion cells left These fibres must therefore
be considered as an enormous prohferation
of the peripheral extentions of the remaining
neurons namely of the few grant fibres below
the inner hatr cells They cannot be regener
ated efferents because they are much larger
1 most instances, they have afferent synaptic
contacts to the inner hair cells and they
develop also 1n ammals with only the afferents
cut
The vast discrepancy between the very few
wcomung nerve fibres to the organ of Corti
through the habenula and the unusually great
numbers of such fibres necessitates extensive
ramifications and wide spiral extension of the
ncoming fibres, which n tangential sections
can be directly demonstrated over distances
of at least 100 zm but the himits of which have
not been determined In some areas we found
up to 3000 such spiral fibres whereas 1n the
osseous spiral lamina only about 13 mye
linated nerve fibres/100 pm are found One
even gets the impression that the tewer type
111 spiral ganghon cells and myelmated nerve
fibres are present in an area the more such
proliferating spiral fibres are found between
habenula and inner hair cells
Even more surpnsing 1s the fact in such
ammals besides the normal outer spiral fibres
between the Deiter cells one

Kegeneration in Viit nerve 13D

Jar to the fibres found below the aner har
cells This type of spiral fibre at the base of the
outer harr cells is never found in normal
ammals They must onginate from afferents of
the outer hair cells since there are no other
fibres leading to the outer hair cells 1n these
ammals

The long term behaviour of the cochlear
nerve after its sectioming 1n the iner meatus
reveals two so far unknown phenomena

(1) Regenerating fibres cross the spiral gan
ghon 1nn the dwrection of the organ of Corti
They probably belong to the efferents Re
generation capacities are not unexpected for
the efferents since they resemble other centr
fugal neurons, such as motor neurons, with
well known strong regeneration power How
ever, they seem unable to reach therr final
destination in the organ of Cort: and probably
do not have great functional significance

(2) More unexpected 1s the enormous pro-
Iferation of the peripheral branches of the
remarmung afferent neurons which seems the
more pronounced the fewer neurons are left
m the spiral ganghon It evokes the impres
sion of a somewhat overshooting reaction of
the neurons to P for the
loss of the great majonty of cochlear neurons
1n order to ensure adequate merve connec
tions with the inner harr cells

The degeneration behaviour of the bipolar
cochlear neurons does not seem to be bas
scally different whether the central or the
peripheral axon s damaged The reactions ob
served at the penpheral termmal branches
tollowing sectioning of the central axon mught
also take place 1n the central termunal branches
at the level of the cochlear nucleus after le
stons of the peripheral axons Such prolifera
tions of termunal branches connecting the few
surviving neurons to a much greater number
of second order neurons might give these neu
rons a greater functional ymportance which
might be useful to know i respect of the

finds bundles of numerous spiral fibres around
the base of the outer hair cells of a type stmi

of el of the few
rematning neurons in totally deaf cochleas
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RESUME

Apres section du VIII nerf cranien dans le conduit
auditif snterne les 95 des neurons cochleaires et toutes
les fibres efferents dégenerent Aprés des longs temps
de survie il y a des signes de regénération de certames
fibres nerveuses probablement efferentes ou vestbu

— 1975 Neuroanatomucal basis of cochlear codng
mechamisms Awdiology 14 383

— 1975 Retrograde degeneration of the cochlear perve
Acta Otolary ngol (Stockh) 79 266

Spoendlin H & Brun J P 1974 The block surface tech
ruque for evaluation of cochlear pathology Arch Oio-
laryngol 208 137

5 dhn H &L W 1966 The adrenergic

laires Les rares neurons qui restent
3 la lesion de lenr axon central avec une prohferation
énorme de Jeurs branches pénphenques dans | organe de
Corty

ZUSAMMENFASSUNG

Nach Durchtrennung des VIII Nerven im oneren Ge
horgang d¢ 95¢¢ aller Ci und
praktisch alle efferenten Fasern Nach langen Uber

finden sich A fur
gewisser oder
Fasern Die wenigen uberlebenden Cochleansneurone
reagieren auf die Laston shrer zentralen Axone mut einer
enormen Proliferation der penpheren Aste im Cortischen
Organ

tibul,

REFERENCES
Andres K H 1961 L iber hol

mnervation of the labynnth Acta Orolaryngo! 61
423

H Spoendlin M D
Dept of Otolaryngology
Aantonssputal

CH-8006 Zunch
Swit.erland

DISCUSSION

J Tonndorf Did you—or are you gomg to try—to record
from the nerve fibers of some of the 24 months survival
ammals” That would be a most impertant expenment

J G Hall You said that after the section of the nerve
the greatest part of degeneration takes place within two
months when there s a steeply falling curve flattening
out between 24 months Now what goes on withn
these two first months® Or do you know when the de-
generation stars?

i d This excellent study has remunded me

gische Veranderunen in Spialganglien wahrend der
retrograden Degeneration Z Zellforsch Mikrosk Anat
5 49

Cervos Navarro  J 1962 Elektronenmkroskopische
Untersuchungen an retrograd verdnderten Spinal
ganghen Fortschr Med 1180 751

Kellerhals B Engstrom H & Ades H W 1967 Die
Morphologie des Ganglion Spirale Cochleae Acta
?lulawngal (Stockh} Suppl 226 1

of the great powers of regeneration of the embryom¢
neural elements as shown in issue Culture Could there
be some such mechamsm involved? The second point of
nterest hies 1n the progress proliferation of the fibres™
you have shown Have you noted any long spacing
collagen that is a fairly constant ETL feature of vt
nerve tumours?

H Spoendiin (Reply) to Mr Tonndorf 1t would certun
Iy be interestng to study the functional s gmficance of

ando 1 1964 The of the
cochlear nerve fibres Acta Otolaryngol (Stockh) 59
417

Spoendin H 1971 Degeneration behaviour of the coch
lear nerve Arch Qhren Nasen Aehfkopfheilhd 200
275

— 1972 Innervaton densiues of the cochlea Acta Oro-
laryngol (Stockh) 73 235

— 1974 Neuroanatomy of the cochlea In Facts and
models in heanng (ed E Zwicker & E Terhardt)
pp 18-32 Spnnger Verlag
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the fibres below the mnner harr cells by elec
trcal recordings and we plan to do some recordings

To Mr Hall The shortest survival tme we used was
2 weeks when we found an smual proliferat on of the
penpheral dendnites and degenerative changes 1n sOm¢
type I spiral ganglion cells

To Mr Friedmann 1t 1s very well possible that the
powerful capacity of long terme prohferation of the pe
npheral dendnite of the few surviving neurons after sec
tion of the VI nerve 1s a retained embryological capacity
of these neurons
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POSTURAL BEHAVIOUR AND MOTION SICKNESS

T Fukuda

Gifu Japan

Abstract One of the acting techmques used in Kyogen a
classical Japanese stage comedy prompted two gques-
nions why 15 it that one may suffer from mouon sickness
asa car passenger but asadnver escapeits effects? And
how can one learn postural adjustment against motzon
stckness by repeatedly travelling in vehicles®

I would like to present Kyogen, the ancient
and traditional stage comedy of Japan, whose
style of acting prompts two questions (1) why
1s 1t that while one may suffer from mouon
sickness as a car passenger, 1t 1s possible to
avoid 1t when dnving? (2) How can one learn
postural adjustment against motion sickness
by repeatedly travelling 1n vehicles?

Fig 1 shows a Kyogen stage The standing
actor 1s a boatman and the seated one 1s his
passenger In the play, the boat appears to be
moving straight from the back of the stage
toward the audience The important feature n
Fig 1 which I would draw attention to are the
differing postures of the boatman, who 1s row-
ing and of s passenger, being ferried 1n the
boat Now let me show you by figures The
standing boatman stretches out hus arms to
push the oar, bending forward, his posture
mchines to your left In contrast, the seated
passenger inclines to your nght, 1e i the

PP di Thus the incl of the
two postures are mutually counterposed

As the rowing action contnues, the postural
tnchnations of the two actors interchange as
shown in Fig 2 The boatman who 1s rowing
the boat bends backward, 1¢ the posture in
clines to your nght while the posture of his

passenger inchines to your left This alternat
ng of posture continues rhythmically to sunu
late the action of rowing When, on the stage
the boatman and his passenger move rhythm

cally m opposite directrons, the audience feels
Just as if they are watching a boatman and a
passenger in a real boat, hurrying on its way
through the waves
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Fig 2 As the rowing action continues the direction of
each postural inchination changes 10 the opposite side The
head and trunk of the boatman who 1s pulling the oar bend

backward te the posture inchines toward your night
while the passenger inclines toward your left Thus the
twa postures move Into opposite drections

Simlar contrasts 1n bodily postures, such as
atflustrated for boatman and passenger, can
observed mn our daily ife For example, as
hown 1n Fig 3, the head and trunk of a bus
driver incline toward the nght when he turns
the wheel to the night 1n order to turn the bus
to the nght, while the head and trunk of a
passenger 1n the same bus incline toward the
left Thus the postures of the two individuals
tncline tn opposite directions From the view-
point of centrifugal force, 1t 1s Interesting to
note that the dniver leans across the mudhine,
agamnst the centnfugal force, takmng a
centripetal stance The passenger, however,
leans across the mudlne at an inclination
counter to the turming of the bus and displays a
centnfugal posture It 15 very interesting to
note that these contrasting postures are not
illusory stage artefacts but real phystological
phenomena caused by the movement of a bus
which swings to the nght

antagonsstic patterns of posture as seen with
driver and passenger 1n a moving bus as well
as with boatman and passenger 1n a boat on a
symbolic stage of a Kyogen 1s closely related
to the cause of motion sickness

Guttich (1940) observed that the behaviour
of the human head and eyes differs m active
vs passtve rotation In an active rotation, the
eyes and head move in the direction of rota
tion, while 1n a passive rotation, they move
counter to the direction of rotation—of a chair,
for mstance In this way, each position as
sumes an antagonstic and symmetnc posture
over the midline of the body This antagonism
1s observed not only dunng rotatory move
ment around one's own axis but also dunng
other hnear and circular movements and it
constitutes a general rule of posture, tf
ferentiating active and passive movements of
human bemgs

Fig 3 The head and trunk of the bus dnver incline toward
your nght when he tumns the steenng wheel in a counter
clockwise direction to make a nght tum  while the head
and trunk of the passenger in the same bus inclme toward
your left Thus the two postures move in mutusly
opposite d;

1 would like to emph that such
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Fig 4 With head turned and fixed toward the direction of
charr rotation the mean value of duration in seconds and
the number of beats of postrotatory nystagmus decreased
markedly compared with the case 1n which the head was
fixed in straight head positon By contrast with head
rotated and fixed opposite the direction of chair rotation

1tincreased markedly Arrow dicection of chair rotation

Postural behavior and motion sichness 239

creased markedly compared with the effect of
fixng the head in normal head posiion In
contrast, by fixing the head against the direc-
tion of chair rotation, nystagmus increased
appreciably

Now, returnmg to Fig 3—dniver and pas
senger 1n a bus—I would hike to answer the
first question The posture of a dnver may be
sad to correspond with the head position fixed
toward the direction of chair totation, t e po-
sition of the head resistant to postrotatory
nystagmus, in other words, a posture in which
one does not easily develop motion sichness
On the other hand, the posture of a passenger
may be said to correspond to the head posiion
fixed counter to the direction of chair rotation
and thus vulnerable to postrotatory nystag-
mus—that 1s, a posture 11 which one easily
develops motion sichness Thus the marked

Now, returmng to the posed
above why a person when dnving a car does
not suffer from motion sichness while he may
do so when he ts a passenger wn a car To
answer this question, the following expen-
ments were performed (Fig 4)

Postrotatory nystagmus after 10 rotations in
20 seconds was adopted as an indicater of mo
tion sickness Seventy healthy adults, male
and female, were rotated 10 times 1n 20 sec-
onds on a rotating chairin a counter-clochwise
directton Duning the rotation the eyes were
closed and the head was fixed in three differ
ent positions as follows, normal. 1 e 30° prone
posttion from the German hosizontal line ex-
treme left 1 e in the direction of chair rota-
tion extreme nght, 1 e counter to the direc-
tion of chair rotation

The results are as follows In the case of
normal head posttion the numencal mean
vatue of postrotatory nystagmus for 70 sub-
Jects was 27 beats in 21 seconds Wath the head
posttioned extreme left 1t was 21 beats in 16
seconds and with the head positioned extreme
nght 1t was 39 beats in 25 seconds To sum
manze by fiuing the head toward the direction
of chair rotition the mean value of duration
and bets of postrotatory nystagmus de-

and i p y nystag-

mus observed n the above experiments
clearly explams why the dnver of a car hardly

F

Fig 5 Posture of an expenenced busconductress while
the bus 15 making a nght tum Exen when moved pas
stvely 1n the bus her posture inchnes toward the nght
Ve 1nthe same direction as that of the dnser and oppo-
site 10 that of the passenger shownn Fig 3
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Fig 6 Traned trichv) and untrained tlefi) chickens 10
rotations after the beginnung of rotation The head of the
trained chicken turns in the same directton as chair rota
won through the kinetic labynnthie reflex while the
head of the untraned bird still deviates in the direction
opposite to rotation by the static Jabyrinthine reflex 1 e
the Aopfremanens of Ewald

ever suffers from motion sickness while a
passenger may easily do so

Now, let me answer the second ques-
tion—on the problem of trained postural ad
justment against motion sickness, or habitua
ton It 1s well knowan that satlors and crews

o have accumulated many years of experi-
, Cen traveling on vessels do not suffer from
motion sickness These people have de-
veloped special postural habits, an example of
which 1s illustrated tin Fig 5 I observed the
posture of a trained busconductress who had
been working on a bus for 5 years and made
photographs of her back without her
knowledge, while the bus was turming When
the bus swung to the right, she assumed a
posture with head and trunk inchned toward
the nght namely 1n exactly the same direction
as the inclination of the dniver and opposite to
that of the passenger in Fig 3 It 1s very m
teresting to note that the passenger and the
bus-conductress, wiile sitting n the bus
adopted mutually quite opposite postures and
inchned 1n oppostite directions to each other
The bus conductress adopted a posture simular
to that of the dniver whose posture was shown

Acta Orolan ngol 81

to be resistant to motion sickness Thus a
lralned posture or habituation 1s objectively
rated in the bus fuctress who as
sumed an actively inchned posture toward the
centre of a curve, 1 e a centnipetal posture
The centnipetal posture was reported by the
author under the utle *‘Static and kmetic
labynintitne reflex” To summanze the prnci
pal porats shown 1 Fig 6, blindfolded chick
ens were rotated 100 times n 200 seconds m
both directions every day for 2 weeks It was
observed after repeated rotations, that dunng
rotation the birds turned their heads i the
direction of rotation This phenomenon was
never found 1n birds pnor to repeated expos
ure to rotation  The labyrinthine reflex which
caused this behaviour has been named the
“Kinetic fabynnthint reflex™ In contrast to
this terminology, the deviation of the head
aganst the direction of rotation has been
called the *Stanc labyrinthine reflex” or
“Kopfremanenz” by Ewald to mamntam the
oniginal position of the head The birds showed
functional progress in equlibrating function
through repeated exposures to rotation, which
were therefore termed “*Trammng Thus a
tramed postural behaviour duning rotation was
demonstrated objectively 1n the estabhshment
of a kinetic labyninthine reflex which 1s agamn
here clearly observed m the posture of the
trained bus conductress

RESUME

Une étude sur le style intéressant du jeu théatral du
Kyogen la comédse classique du Japon a donné les ré
ponses aux questions sutvantes 1) Pourquot n a4 t on pas
le mal de la route quand on conduit le véhcule tandis que
10n peut en souffnr quand on est passager? 2) Comment
apprend on & adopter une posture convenable pour évtter
le mal de la route A rravers plusieurs voyages en véhicnle”

ZUSAMMENFASSUNG

Ein anteressanter Stil des Spiels auf der Buhne von
Kyogen emne kiassische Komodie des Japans wurde
gezergt um die folgenden zwer Fragen aufzuklaren b
Warum bekommt man aicht den Schwindel wenn &
selbst ein Auto fahrt wahrend er davon befallen werden
kxnn wenn er emn Fahrgast 1517 2) Wie lernt man di¢
vom Schwindel
befreit zu werden durch dte wiederholien Fahrten”
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DISCUSSION

L B W Jongkees 1hope that your observations will be
of help for those who suffer from seasickness though
1donot yet see 1e what manner

J Toandorf 1 think one cannot argue wath your
beautifnl observations but I like to differ with you as
fegards the interpretation [ consider the whole phenom
enon that you demonstrated as a stato-vestibular one
not a sermarcular-canal effect 1 say that mamly on
account of the large turning radius which permuts of only
mimumal semicircular sumulation 1 think what the trared
persan does 15 to adjust his head position to the honzon

Postural behavior and motion sichness 241
while the untratned person goes with the centnfugal
force W Johnson (Toronto) has shown that m his swing
expenments As long as the subject 1s able to keep his
head steady he 1s alnght When he lets lus bead go he
becomes motionsick

¥ Arslan The important factor of the moton stckness
1s certamly the Canolis Cross Couphng Effect 1 have
performed some expenments on the effects upon the
neurovegetative innervation of the cardiovasctlar system
The results showed an excitauon of the reticular efferent
pathways ether sympathetc OF parasympathetc A
mathematical model of the forces provoked n the vestib-
ular endolymph (reaized by dr Blezzo physician) 1s
presented

W Qosteneld You suggest that car sickness 1s due to
the very small angular accelerations applied to passengers
when a car makes a turn However people become car
sick even if a car does not make turns at all It s known
that vibration plays an important role in the ongin of
car sickness Perhaps the attention pard by the passengers
1o the movements of a car increases the threshold to be
come carsick

T Fukuda (Reply} to Mr Qusteneld after haviag
thanked Mr Jonghees Mr Tonndorf and Mr Arslan for
therr kind remarks Of course mobonsickness 15 nrot
caused only by rotatory movements I showed the results
of postrotatory nystagmus because 1t gives a numencal
data of an arficial labynnthine ataxta te a moton
sickness which shows the grade with the number of beats
and sts duration
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BACTEREMIA AFTER TONSILLECTOMY AND ADENECTOMY

M Van Eyck

From the Department of Otolaryngology Unnersity of Brussels
Brussels Belgum

% of negatve hemocultures become positive
after ! andfor

Thus bacteremua 1s asymptomatic and remains no longer
than one hour

Abstract 40

Some authors, after Seifert (1925), have re-
ported bacteremia following gynecologic or
urologic surgery and after dental extractions
(Lehman, 1926, Scott, 1929, Bammngton &
Wnght, 1930) Other authors tried to demon-
strate this type of bacterema after tonstilec
tomy, with contradictory results (Schwartz &
rrisch, 1929, Bartlett & Pratt, 1931, Fischer

Gottdenker, 1936)
_ We made a similar investigation 1n a senes
of 100 tonsillectomtes/adenectomies, or both
operations performed together, on children
and adults, under general or local anesthesia
The hemocultures of these patents were regu-
larly negative before the operation No use of
antbiotics As soon as possible, within §
minutes after the operation, the first 10-20 cc
of blood was drawn from an arm ven and
mjected 1nto 400 cc of peptone broth which s
known to allow, thanks to the layer of red
cells, the growth of both aerobic and anaerobic
microbes We checked the cultures every 3
days

Smears of the removed tonsils and adenords
and the organs themselves were also cuitured

From the 100 hemocultures checked we
obtamed 40 positive results, detaled as fol

lows
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85 1k and ad
performed together 35+
10 tonstllectomies 3+
5 adenectomtes 2+

The 40 posiive hemocultures showed 1 type
of microbe 1 29 cases, 2 types wn 9 cases, 3
types m 1 case and 4 types 1 I case The
most frequently detected microbes were Gaff
kya tetragena (16 cases) and Streptococcus
pneumoniae (11 cases)

None of the 40 patients having a positive
h lture developed chmcal symp
even when the microbe was Streptococcus
hemolyticus (4 cases) or Streptococcus vint
dans (3 cases) This lack of chimcal symptoms
marks the difference between bacteremia and
septicemia

Table Species of micrabes and frequency of
detection in the 40 positis e hemocultures

Gaffkya tetragena an 16 cases
Streptococeus pheumomae tn 11 cases
Haemophtlus influenzae i 4cases
or pseud. {1 n 4cases
Spreptococcus haemolyticus i 4cases
Streptococcus vindans tn Jcases
Neissenta catarrhahs tn 3 cases
Staphylococcus aureus tn Xcases
Streptococcus anhaemolyticus i | case
Neissena flavescens in lease
Escherichia col i [case
Mycotorula albicans in | case
Pseudomonas aeruginosa m |case
Bacillus mesentencus m i case
m 1case

Streptococcus anaerobius




Brief bacterenua after tonsillectonn fadenectom

In all the cases of positive hemoculture, we
found at least one of the microbes present
n the smear cultures and m the cultures of
the organs themselves We never found re
peated hemocultures remarning positive longer
than 1} hours, the average being 1 hour

243

Mittermarer R 1937 Uber die Baktenencienschwem
mung m die B[ulbahn nach Tonsillektomre und uber
die P 71 316

Rubim M 1 Epstem I M & Wemer M 19°9 Blood
culturs after tonsillectomy Am J Dis Child 38 726

Scott W W 1979 Blood stream mfections in urology
JUrol21 527

Schwartz H & Kohn J L 1929 Bactenemua and skin

The h of the defe reaction
could be explamed by the following expert
ment When gumea pigs are imjected with a
microbial suspension, the latter becomes
rapidly agglutiated to the plaquettes and then
blockaded 1n the deep capillanies where they
are phagocytosed Furthermore, this mechan
1sm 1s made easier by encapsulated microbes
which are the most frequently detected in the
posiive hemocultures

RESUME

409 des hémocultures négatves avant une amygdalec
tomie etfou une adénoidectomie deviennent posives
dans les minutes qu swivent 1 opératon Cette bacté
némie est asymptomatique et ne persiste pas plus d'une
heure en moyenne

ZUSAMMENFASSUNG

40% von negativen Hemokulturen werden positf nn
muttelbar nach und/oder Adenorde

1n hpoid nephrasis Dis Child 38 767

Sefert E 1925 Bactenemia afier operattons Arch Klin
Wochenschr 138 565

Weimberg M 1937 Progres reahses dans letude des
mucrobes anacrobres depuss la guerre Presse Med 44
1913

A VanEsch M D

Dept of Otolarngologs
Unversity of Brassels

1l arenue de I'Observatoire
B 1180 Brussels

Belgwm

DISCUSSION

L B W Jonghees 1s it possible that the fact that the
nurmber of patents wha show positive bactenal findings
after tonsillectomy has gone down i the last forty years
{compare Hulk about 1930 707 of bactenenta) 1s due to
the increasing influence of wiruses 1n chrome tonsidh

A Montandon Van Eyck a til pu detecter apres coup
de cette mantere un porteur de germes latent de
streptocoque B hemolynque? Et y a t1l une correlation
entre la etle des

tomien Diese Bakfememie ist asymtomatisch und hall
nur eine Stunde an
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T Leegaard Dunng the last five years before my
reufement we treated all patients wath pentonsallar absess
with instant tonstllectomy and for the first two years
we made routimely a blood culture In only one case out
of a considerable number we had growth of bactena
not without any chmcal symptoms
M Van Eyck (Reply) to MrJonghees 1know that work
by Hulk done 1 1937 The results were more often pos:
tive than ours The explananon about viral infection coutd
B 25 o e
To Mr Montandon Les examens de sang preopera
les
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pas de comrelauon enire les resultats des frottis d organes
et ces antstreptolysines mu avec les resultats des hemo-
cyltures It ny avart pas mecessarement une bactene
mg postoperatoire dans les cas d elevauon des ann
streptolysines dans le sang m le contratre

To Mr Leegaard As 1 heard blood cultures followed
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in acute phase of wfection and o the
chances 1o get a posibve hemoculture could be greater
than 10 our cases operated “a froid™ It seems not fo be
the fact Perhaps 15 1t a question of bactenologcal
techmic which 5s somewhat delicate
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TECHNICAL VARIATIONS IN CLINICAL OSTIAL
PATENCY TESTS

A E Kortehangas and T Rantanen

From the ENT Chme Unnersity Hospital Turku Finland

Abstract The usefutness of nasepharyngeal-anteal gres
sure difference recording as a part of cl nical ostial pa
tency testing 1s demonstrated by statistical calculations
from 507 patency tests This method offers a quick con
firmation of the companson of pressure varmaton meas
ured by antenor rhinomanometry and by antral pressure
recordings which are the main elements of a consecutive
patency test In add ton the nasopharyngeal-antral re
cording has many of the advantages of a simultaneous
patency test When this d fference recording 1s apphed
the nasal reference pressure recording can also be omitted
without any loss of weformation sought by the patency
test

Maxillary sinus ost1a were found to be perma

opemngs In cadavers in expenments

/" 1 by Braune & Clasen (1877) Re

1 of clinical observations on ostial patency

appeared a good deal later on (Doderlemn

1932 Proetz 1932 Schmucker 1932 Kerekes
1934 Muller 1938)

DISCUSSION OF METHODS

In the more recent studies two principally duf
ferent methods of performing the patency test
have been used Drettner (1965) used two
manometers one connected to the stnus lu
men and the other recording from the nasal
cavity as near the nasal opening of the maxil
lary ostinl canal as possible This 1s the physt
cally accurate sumudtane ous patency test (Fig
)]

Recording from the maxllary sinus presup-
poses In any case a sinus puncture which 15
often connected with some inconvenmience to
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the patient A proper tecardng from the nasal
cavity at the nasal opeming of the maxillary
sinus ostium 15 also inconventent 1o the pa
tient Many patients find 1t even more un
pleasant than the maxilary sius puncture
This inconvenience 1s the apparent reason for
propusals to use anterior rhinomanometry 10
stead of intranasal recording, as the nasal ref
erence recording (Cottle 1968 Rantanen &
hortehangas 1971) Such a procedure how
ever, does not allow a simultaneous recording
The nasal reference recording and recordmng
from the maxillary stnus must be made one
after another (Fig 2) Accordingly this type of
patency test ts called a consecutine patency
test

In addition to the differences due to possible
vanation in the amphitude of the nasal pressure
fluctuation duning the recording trme  the pres
sure change that ongmates in the postenor
part of the nasal cavity causes a difference
between the reference and the antral recording
m the consecutive test It has been shown
however that the contnibution of the posternor
nasal cavity 15 only very small compared with
the pressure change created in the anteror
part of the nasal cavity (Fischer 1969 This
finding 15 the marn argument in favour of the
phystcally less accurate but chimically much
more convenient conseculive patency test

To bine the climical applicability of the
consecutive test and some of the exactness of
the simultaneous patency test a nasopharyn
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narcueters

Fig 1 Simultaneous patency test

geal-antral difference recordmg was proposed
(Kortekangas, 1970) Dunng this recording,
both sides of a manometer (pressure trans-
ducer) are utthsed. One side 15 connected to
the sinus and the other side to the h
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Step t
REFERENCE RECCPLING

Step 2
AT RECCRTING

Pressure differerce
ATHCOPHEPE

D1 ferential

RASCPARN rancRelers SIKLS

Fig 2 Consecutive patency test

practical chnical work When the nasopharyn-
geal-antral pressure difference 1s appled, the
reference recording can also be omitted and
the patency determuned drrectly from antral

ynx as i anterior rthinomanometry (Fig 3)
If the respiratory pressure fluctuation 1s equal
mside the sinus and nasopharynx, there 1s no
1l during the haryngeal-antral
pressure difference recording During this
recording the pressure change created in the
postertor nasal cavity 1s likewise ignored as the
antral pressure must equal the pressure at the
nasal onfice of the maxillary sinus in the nasal
cavity, not that in the nasopharynx
Recordings charactenstic of each type of
ostial patency are given m Fig 4 The most
frequently measured parameter is the inspira-
tory peak value The corresponding expiratory
value would give almost dentical results For
a patent ostium a 25% difference 15 allowed
between the reference recording and the antral
recording (Rantanen, 1974) In some cases,
espectally when the peak pressures are low, 1t
may be difficult to decide the type of patency
by comparing reference and antral recordings
When the pharyngeal-antral  diff e
recording ts included in the test, a quick con-
firmation is gained This s very valuable when
the test ts used to evaluate the ostal patency in

and haryngeal-antral recording by glanc-
mg at the graphs or by watching the move-
ments of the manometer needle

To fusther study the value of nasopharyn-
geal-antral difference recording, compansons
were made between reference (nasopharyn-
geal-ambrent) recording, antral (antral-am-
bient) recording and nasopharyngeal-antral

Pressre @ fherence

NERILLARY SIES

PN

tranehaer

Fig 3 Nasopharyngeab-untral pressire difference record
tng.
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REFERENCE RECORDING
fressure difference
tetveen rasopharyn
and atmosshere

R.J V’ﬂ -
PATERT  CSTIUM
PARTIRLLY »
PATENT 0STIIN -
s
»
CESTRICIED &STIN e ———

difference recording The inspiratory mean
peah pressure fall of five consecutive breaths
was used as the parameter

If the nose, the maxillary sinus and 1ts ostia
were permanently ngid structures the sum of

ANTRAL  PECOROIKG
Pressure difference
between eaxillary
sirus and ateosphere

RASOPHARYREESS. ANTRAL
PRESSUFE  DIFFERENCE
FECOFDING
P
Fig 4 Maxtlary smos
pea— - ostim patency fest Pres-

sure recordings in differ
ent types of patency

sinus puncture, natyvely, after cleansing of the
trocar by suction, and after imgation of the
sinus As Several procedures were performed
dunng each phase, the recording may well be
different 111 some details from the previous

antral pressure and yngeal-antral dif-
ference should equal the reference pressure in
the nasal cavity This tao 1s the only meas-

oMment 1 our testing arrangement that 1s
. = for simple companson The reference
pressure was recorded only at the beginming of
each test The antral pressure and naso-
pharyngeal-antral pressure difference were
recorded three times tn conyunction with the

Table I Compa of mean insp

one, especially in relation to the mobile exter
nal pyramd of the nose In addition, changes
affecting the pressures inside the nose must
also be expected

RESULTS

Table I gves a companison 1 relation to the
cliical patency of the ostta This was de
termned by companng the antral and refer

y nasal reference pressure peak fall with the sut of

mean inspiratory antral pressure peak fall and nasopharyngeal-antral peak difference (diff hin
the three npes of chnical patency of maxillary sinus ostium

Reference Reference

Statstically greater than smafler than Total

equal antral+diff anteal+ddt no of

(%) a (%) r () estimates
Patent ostgm 102 (62 5} 425 57(350) 63
Payially patent osuum 60 (50 0) 41692 19(158) 120
Obstructed ostium 14564 7) 2089 59(26 4) 224
Totals 307 (60 6) 65(128) 13526 6) 507
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Table Il Comparison of the mean inspiratory
peak pressure fall during reference (naso-
pharyngeal ambient) recording to the sum of

Ostial patency testing 247

recording but 1s a sign of mevitable vanations
1n investigations like this
We consider our findings to confirm that

antral (antral ambient) and haryngeal—
antral difference (diff ) recording

Percentage distnbution 1t different statistically de
termuned types of ostial patency

Post After
sucuon  wmga
Natively ally tion
Reference=antral {stausucally patent ostia)
No of observations 4 46
Reference=antral + diff 83% % 85t
Reference >antral +diff [ 0 0
Reference <antral+diff 17¢% 22 15€
Reference <antral {classified as patent osta)
No_of observations 10 13 9
Reference=antral + duf 0 [ ¢
Reference>antral +&iff o 1 0
Reference<antral + diff 100 1005 100%

Reference>antral (stansucally partially patent ostia)

No_of observations 19

Reference=antral + diff 4% 45% 49
Reference>antral +diff 497 33 32
Reference<antral +diff 10 227 19%
Reference>antral (=0) (staustnically obstructed ostia)
No of observations. 79 7
Reference =antral+ diff 3% 0% 0%
Reference>antral + diff 9% 9% 9T
Reference<antrai+difT 189% 31 k103

ence recording, allowing a 25% difference in
the mean peak value The distributions were
similar i the different phases of the examina
tion and therefore only summation frequences
are given it Table I Table II mives a similar
of Iculated ostial pa
tency This calculation 1s made between refer
ence pressure and antral pressure simalarly by
determining the means of five consecutive -
spiratory peak values
The agreement in these results must be con
sidered very good as so many interfenng
factors are present dunng the tests A good
example of such factors 1s the number of
observations in which antral pressure was
greater than the reference pressure This does
not affect the present problem, the rehability
of tral d

yng

pharyngeal-antral diffe recording as
a quick and physically fairly accurate method
1S a valuable contnbution to the chrucal testing
of ostial patency

RESUME

L abstruction de I onfice est souvent considéree comme
{e point le plus cntique du « cercle vicieux » qui résultera
dans une siusit manifeste La méthode la plus senstuve
pour étudier 12 fonction de Tonfice est de venfier ka
Pperméabihité de onfice du sinus maxillare Ce rapport est
une éwnde comparative des méthodes successives et
simyltanées

ZUSAMMENFASSUNG

Die Verwendbarhert der nasopharyngeal antralen Druck
d als eme zur khmschen
Durchgangigkeitsbesummung st bex 507 solchen Bestm
mungen gepruft worden Durch dieses Verfahren kann das
Resultat der von

antralen und nasopharyngealen Druckvanationen schnell
uberpruft werden Die nasopharyngeal-antrale Druck
differenzmessung bietet manche Vorteile emner Sumultan
messung und wenn emne solche Messung m dre klinsche
D 15t kann die
nasopharyngeale Referenzmessung sogar vernachtassigt
werden
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DISCUSSION

4 Tonndorf 1 believe you said that, theoretically. the
pressures on both sides. 1 the nose and m the sinus
should be equal 1don ¢ think this 1s necessanty correct
1) The pressure in the sinus 1s measured at the end of
a resistor, the osuwm Therefore, there 1s an IR drop,
te, the pressure within the sinus shoufd always be the
smaller of the two 2) On account of (wo reactive
factors (a) the mass of the air moved and (b) the elastic
1ty of the nasal walls, there should be a phase dif-
ference which will also keep the two pressures from being
equal at the same nstant
B Drettner The patency test 1s a valuable method for
qualitative studres of the patency of the maxillary ostrum
When using the stmultaneous patency test we also have the
possibility to measure the resistance of the ostum sn
these cases where the ostum works as valve Have
, you also this possibility when using a consecutive proce
“dure” Real quantitanve methods have a definite value as

Acta Orolaryngol 81

a complement 1o the patency test For that purpose we
have i Uppsala elaborated two different quanutative
tests for the maxillary osuum () For measurements of
the of d osta, 2) for

of the funcuonal size of patent ostia The latter method
gives for example the epportunity to reveal if a patent
ostium s parrow or not Since you have reported opera
tons with the purpose to enlarge the maxillary ostium and
since you also have reported cases with chroni¢ sinusius
who haverhad patent osua I would hke to ask you ol
these cases had narrow but sull patent ostra?

A E Aortekangas (Reply) to Mr Torndorf | com
pletely agree that there 1s a phystcal inaccuracy in our
testing procedure, which 1s ment purely for chnical
purposes The time difference 1s very small if the ostum
has a reasonable size, our chnical and mode] observations
agree with the earhier physical measurements This ume
difference does not miterfere with the result i ths

test as the was pest
values In the nasopharyngeal-antral pressure difference
recording this time difference 1s hardly seen which
proves its significant effect I think that the physical
inaccuracy 15 well covered by the normal vanaton
inevitably bound to climcal observations

Ta Mr Drettner 1 would ke to recommend that
the term resistance 1s reserved only for those fests
which saline or gas 1s made to low through the ostum
and the overpressure necessary fo imtate this flow 55
used as 2 measure of the resistance So the patency
test does not measure this parameter, nor can it b
estimated from the graphs when forced respiratory efforts
are used (0 change the patency in our testing procedure
To the question on valve phenomenon I would ke to
inform of our clinical observations based on model ex
penments by my colleague Rantanen According to those
the valve phenomenon ¢an be cavsed by secrenon and
also probably 1s tn most cases due to that A thin-bubble
moving in the ostial canal can have such an effect

Our testing procedure 15 not suitable for measunng the
s1ze of the ostium It 1s only a qualitative test
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SKULLS WITH FACIAL CLEFTS

Experimental Surgery on the Factal Skeleton

C D A Verwoerd, H L Verwoerd Verhoefand N A M Urbanus

From the Dep of O

lary ngology and the

of Anatomy

and Embryology Unuersuy of Amsterdam
Amsterdam The Netherlands

Abstract Skulls of adult unoperated patients with facial
clefts show additional anomalies specific for the type of
cleft Inan expenmental study we demonstrated that sim:
lar anomalies devefop 1n rabbits with clefts that are artifi
cially made 1n the fourth week after birth Some surgical
methods (Veau pnmary osteoplasty) for correction of
facial clefts are compared with regard to their effect upon
fater growth of the skutt of young rabits The importance
of expenmental sucgery preceding the wteeduction of new
surgical techniques on the growing skult and s facial
skeleton in parficular ss stressed

As nearly all children with facial clefts receive
surpcal and erthodontic treatment there s
very little information on the spontaneous de
velopment of untreated cleft affected shulls
In the anatomical museums of Amsterdam and
Utrecht 20 skulls with facial clefts were found
dating from before the introductton of treat
ment of clefts in the Low Countnes (van
Limborgh 1964}

The adult skulls showed patterns of
anomalies charactenistic for the type of cleft
(Table 1) For instantce i adult skulls with
undateral cleft hp alveolus and palate the
premaxilia and maxilla on the non cleft side
are displaced from the midhne The maxilla on
the cleft mde shows a medial collapse and a
retroposition  also the adjoiming pterygord
process s displaced postenorly (Fig §)

1n neonatal skulls these specific patterns of
anomahes could not be demonstrated so we
got the unpression that they develop n the
penod between birth and adult age
17 762956

The question anses as to whether this late
abnormal development 1s pnmary—an n
trmsic part of a * cleft syndrome , or sec
ondary—a reachion of the growing skull 10 the
presence of the cleft The answer to this ques
tron, bemng of importance for the evaluation of
skull growth after surgical correction of clefts
was the object of a first senes of expenments

Grow th of shull in rabbus with

surgically produced facial clefts

In 4 weeks-old healthy rabbits, three types of
facial cleft were produced by surgery {Fig 2)

Twenty weeks later the adult ammals were
sacnificed Therr skulls were prepared and
studied morphologically and geometrnically in

Table 1 Anomahes in skulls of hwmnan adults
with untreated facial clefts umlateral cleft
abeolus (1 CA) unilateral cleft aheolus and
palate (I CAP) and soluary cleft palate (CP)

modified from van Limborgh (1964)

1CA~ 1.CAP CP
Premavilla
rotation + + -
deviation 10 non-cleft side + + -
Maulla aon-cleft side
deviation from midline -
Maslla cleft sde
feteaposson -
Decrease in palatal width - - +
Prerygod process cleft side
retroposiion - + -
Acta Orolarvngol 81
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Fig 1 Part of the skull of a human adult with an untreated
umilateral cleft alveolus and palate (Museum Vrohkh Dept
of Anatomy and Embryology Umv of Amsterdam) De
ation from the mdhing of the premaxiila and maxilla on
on cleflt side Medial collapse and retroposition of the
ta and pterygoid process on the cleft side

companson with a control group of 24 weeks-
old' non operated rabbits

The geometrical study mcluded two types of
measurements 1) In order to describe the
postion of the maxillary complex and the
premaxilla in quantative terms the pownts P
@ S T and U were marked on lateral stand-
ardized photographs and defined by construc
tion of a rectangular coordinate system based
on the occiput (Fig 3) 2) In order to deter-
mine the palatal width the distances between
the molars 1n the two alveolar processes were
measured directly on the skull through a
miCroscope

As the sizes of the skulls differ considera
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bly, a normalizing procedure was used whick
allowed us to compare all the experiments
skulls with the control group The finding
have been eval d for ! |
by applying a mult1 vanate analysis accordin;
to Hotelling (Verwoerd-Verhoef, 1974, Urba
nus, 1974)

The most important observations tn th
adult animals with a cleft hp and alveolus (Fig
4b) were the following A rotation of the pre
maxilla to the cleft affected side, a deviationol
the anterior part of the skull (premaxilla an¢

1CLA

1CLAP

cp

Fig 2 Schematc drawing of the caudal side of the uppef
Jaw showing 3 different facral clefis which were surg!
cally produced 1 CLA=unilateral cleft ip and alveolus
1-CLAP—umlateral cleft lip alveolus and palate cP=
cleft palate The premaxtllo maxilary suture andfor
median palatal suture are excised
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Fig 3 Lateral side of the skull of arabbit ThepomtsP U chondrosts (A) and the most crarual pont i the lambdod
were defined by ofa suture (B) The absctssa 15 a perpendicular line m A (not
system The ordinate ts formed by the reference line  shown in the scheme)

through the most caudal point of the spheno-occipital syn

Fig 4 Caudal sides of the skulls of 24-weeks-old rabbuts
ta} Non-operated conurol (6) Umilateral cleft Lip and
alveolus rotauon and deviation from the mudline of the
premavilta retroposition of the maxillary complex on the
¢left side (¢) Unlateral cleft ip alveolus and palate

rotation and deviation from the midhine of the premavulla
deviation of the maxifla on the cleft side retropositon and
medial collapse of the maxilla zygoma and pterygoid pro-
cess on the cleft side Compare with Fig 1

Acta Otolaryngol 81
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Fig 1 Partof the shull of a human adult with an untreated
umilateral cleft alveolus and palate (Museum Vrolik Dept
of Anatomy and Embryology Umv of Amsterdam) De
™ tation from the mudhine of the premavifla and mailla on
« non<cleft side Medial collapse and retroposition of the
'lg\:hllla and ptenygoid process on the cleft side
-~

companson with a control group of 24 weeks
old non-operated rabbits

The geometncal study included two types of
measurements 1) In order to describe the
position of the maxillary complex and the
premaxilla 1n quantative terms the pomts P
Q@ § 7T and U were marked on lateral stand
ardized photographs and defined by construc
tion of a rectangular coordinate system based
on the occiput (Fig 3} 2) In order to deter
mine the palatal width the distances between
the molars 1n the two alveolar processes were
measured dwectly on the skull through a

MICroscope
As the sizes of the shulls differ considera
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bly, a normahzing procedure was used which
allowed us to compare all the expenmental
skulls with the control group The findings
have been d for 1 fi
by applying a mufti vanate analysis according
to Hotelling (Verwoerd Verhoef, 1974, Urba
nus, 1974)

The most tmportant observattons 1n the
adult ammals with a cleft lip and alveolus (Fig
4b) were the following A rotation of the pre
maxilia to the cleft affected side, a deviation of
the antenior part of the skull (premaxilla and

1CLA

1CLAP

cP

Fig 2 Schematic drawing of the caudal side of the UPPE?
saw showng 3 different facial clefts which were sUE
cally produced I-CLA=umitateral cleft lip and alvedlus
1-CLAP=unilateral cleft Iip alveolus and palate

cleft palate The premaxilo maxillary sutare andjor
median palatal suture are excised
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Fig 3 Lateral side of the skall of arabbit Thepoints P U/ chondrosts (4) and the most cranial powst ant the lambdord
were defined by ofa suwre (B) The abscrssa is a perpendicular bne in 4 (noy
system The ordinate 15 formed by the reference hne  shownin the scheme)

through the most caudal pomt of the spheno-ocaipital syn

Fig 4 Caudal sides of the skulls of 24-weeks-old rabtats rotat on and deviation from the midline o

(@) Non-operated control (6} Unilateral cleft bp and  des ation of the mawilla on the cleft sigg o Pe
alveolus rotation and deviation from the mudline of the  medial coltapse of the mavilla zygamg g ' P*
premasilla retroposition of the mavllary complex on the  cess on the cleft side Compare ath s e Mg
cleft side (c) Upilateral cleft hp alveolus and palate .1

otaring
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nasal bone) to the non cleft side, and a slight
posterior displ; (1e retrop of
the maxillary complex on the cleft side The
combrnation of cleft Iip and alveolus with a
cleft palate (Fig 4c) also resulted in a rotation
of the premaxilla The nose, including the ven
tral part of the maxila, 1s deflected to the
non operated side The retroposition of the
maxillary complex and zygomatic bone on the
cleft side 1s more pronounced than 1n skulls
with clefts of ltp and jaw only In additton the
palatal width was dimunished (1 e medral col
lapse) Skulls with a soltary median cleft of
the palate (Fig 4d) showed no signs of asym
metry but were charactenized by a significant
degree of medial collapse (Fig 5a)

From this serses of experiments we con
cluded that the presence of facial clefts causes
an abnormal development of the skull in the
rabbit which 1s highly constant and specific for
the type of cleft Moreover, the observed
anomalies are very stmilar to those seen m
human skulls with corresponding untreated
clefts Consequently we may consider the

hes 1n skulls of untreated adult patients

PMy,  PM;  PMa My My My
Fig 5 Graphic of the mean hized
palatal width (ordinale) between the premotars.

(PM{-PM3) and molars (M1-M3) {abscissa) 1n 24 wieks

Closure of the solitary cleft palate according to Veau
(CP V) prevents a decrease 10 palatal width in companson
wath the control After the pnmary osteoplasty (CP O)the
palatal width 1s reduced to the same extent as in antmals
vath a non-carrected cleft palate (CP} (c) Closure of a
unilateral cleft ip alveolus and palate according to Veau
(1 CLAP V) prevents a decrease (n palatal wrdth
contrast to clostre by pnmary osteoplasty (/-CLAP-0)

Acra Otolaryngol 81

to be secondary to the presence of the cleft
The experimental results are contradictory to
the assumption that the deformrties are an o
trinsic part of the cleft syndrome

The next question was whether surgical
closure of the cleft could prevent this sec
ondary abnormal growth of the cleft affected
skulls and further, whether mn this respect
there 1s a difference between the chmcally
used methods of Veau and Schuchardt (pr
mary osteoplasty) This was wnvestigated by
applying both methods, slightly modified, to
young rabbits with facial clefts

Growth of rabbut skull with

surgically closed facial cleft

In 4 weeks-old rabbits three types of facial
clefts unilateral cleft ip and alveolus um
lateral cleft lip, alveolus and palate and
soltary cleft palate were surgically produced
and closed in the same session following the
principles of the methods of Veau and Schu
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Fig 6 Graphic of the mean
coordinates of the pownts P U i skulls of 24 weeks-old
rablns with a umtaters cleft ip and alveotus (1-CLA) and
wath the same facial cleft closed by pnmary

Experimental surgery on facial skeleton 253

b mont

indicated by e in the control by % (a) Left (operated)
side retroposition of the molar complex and zygoma
$-CLA 1a contrast {0 an anteroposihon 10 I.CLA-O (b}

(I-CLA 0) (—) compared with a control group () The
most rostral point of the zygoma in /-CLA and I-CLA O'1s.

chardt According to Veau the cleft was closed
1 2 layers a nasal and an oral mucopenost
layer At the pnmary osteoplasty, autogenous
bone was implanted between the two layers as
well

At the adult stage (24 weeks) the skulls were
studied morphologically and geometnically m
companson with skulls of rabbius with un
treated clefts, and with a control group

In the cleft palate, solitary or in combination
with a umilateral cleft ip and alveolus, only
Veau's procedure could prevent the develop-
ment of a medial collapse (Fig 5b, 5¢) Inthe
untlateral cleft lip and alveolus and the um
Tateral, dlefi in, alvandis, and. qalate  the, e
growth of the upper jaw was much better after
the Veau procedure than after an osteoplasty
If a unilateral cleft lip and alveolus 1s closed
according to Veau, there is a shght deviation
of the premaxilla to the cleft side, and an
anteroposition of the maxillary complex on
the cleft side The primary osteoplasty results
in a promnent deviation of the nose to the
operated side an anteroposttion of the maxit
lary complex of the cleft side, and a shortemng
of the upper jaw (F1g 6)

When both methods are applied to the um

Rught (r pe! de nearly ident:cal posiions of the
molar complexin ! CLA I-CLA-O and control

Fig 7 Caudal side of skulls of 24 weeks-old rabbuts (a)
Unilateral cleftlp alveotus and palate ulosed according to
vew slight deviaton of the premaxilia to the operatec

de anteroposiuon of the maxilla on the cleft side (b
Unilateral cleft lip alveolus and palate closed by  pn
mary osteoplasty sharp devianon to the operated side an
shorteung of the uppe Ja+ considerable anteropositor
of maxilla pterygoid p ocess and zygoma on the operatec
side

Acal
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lateral cleft lip, alveolus and palate, essen-
tially the same differences are observed but to
a much greater extent (Fig 7) The shortening
of the upper jaw results in a considerable fron-
tal malocclusion (Fig 8) The deviation of the
nose to the operated side 1s not restricted tots
frontal part (rostral to the hard palate) but
includes the entire maxiila
In case of a solitary cleft palate, only Veau's
method gave satisfactory results, being fol-
wed by a ‘normalized * development of the
11 Both methods tested for closure of um-
.¢ ral clefts mtroduced other charactenistic
divergences 1w skull development than ob-
served 1n animals with untreated clefts The
results of the Veau's procedure are superior to
those of the primary osteoplasty as regards the
subsequent development of the skull The se
vere disturbances of skull development after
the latter were unexpected This surgical
techmque was ntroduced 1964 as a one
stage operation to restore the upper jaw to
normal but the conceptual base of the primary
osteoplasty has proved false
In the jaw with a cleft a suture s lacking A
suture ensures contnuity and  permits
lengthening at the same time By osteoplasty
the continuity s restored with autogenous
bone, but since there 1s no suture lengthening
1s made impossible This causes a sharp devia-
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Fig 8 Lateral view of the skull of
an adult rabbit with a cleft hp
alveolus and palate, closed by pn
mary osteoplasty The shortenng of
the upper jaw results 1n a frontat
maloccluston

tion and even a shortening of the outgrowing
upper jaw

The observations made in expenmental
ammals could have predicted the only recently
reported disappomnting growth of the shull in
children who are treated with a primary osteo
plasty (Robertson & Jolleys, 1971 Frede &
Johanson, 1973, Schmud et al . 1973) Ths
stresses the importance of experlmemal sur
gery prior to the introduction of new surgical
techmques on the growing skull and the factal
skeleton, espectally 1 children

In this paper the results of many expen
ments are brought together in order to focus
attention on the growth of jaw and palate For
extensive background information see refer
ences

RESUME

Le crane de | adulte avec une fente de Ja face non opéree
presente des autres anomahes specifiques pour le fype d¢
ia fente La creation aruficselle d une fente paretlle chez ¢
lapin au cotrs de la quatneme semaine aprés Ja naissance
donne des blables Quelques technrd:
chieyrgicales (Veau 1 ostéoplastie primaire) pour cormge!
une fente de la face sont comparees au point de vue de feuf
effet sur le developpement ulteneur du crane d lapm
L importance de la chirurgte expenmentale avant dm
trodure des nouveltes techmgues chirurpeaies dass e
domaine du crdne et de la face encore en deseloppement
est accentuee




ZUSAMMENFASSUNG

Schadel von er de!! ha
ben weitere fur die Art der Spalte charaktenstische

In einem Versuch haben
war festgestellt dap ;o Kaminchen mut i der vierten
Lebenswoche clururgisch gesetzten Spalten gleicharige
Schidelanomalien entstehen Zwertens wurden Unter

Expertmental surgery on facial sheleton 255
5 R Wullstein Die expenmentellen Verformungen ber
diesen Trerversuchen haben wfolge der Gestalt der Ober
Kiefer der ‘Tiere auch mich sehr beeindruckt Die Kiefer
chnmrgen zwerfeln heute selbst ob die Implantaton eines
m den 1z - beurteilt am

— eime h Methode

1st Etn ORL Kollege beruns Schwechendieck hat 1945-
48 en anderes Programme ausgearbeitet 1) Operauner

suchungen ausgefithrt zur Beurteilung des Ei ver

schiedener operativen \aBnahmen (Veau pnmare
Osteaplastik} zur Komektur der chrrurgisch gesetaten
Spalten und mit Hinblick auf das spatere Wachstum des
Schadels yunger Karunchen Die Bedeutung expenmentel

ler Untersuchungen vor der Anwendung never chirur

pischen Methoden im Bereich des Gesichtsschadels ward
hervorgehoben
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DISCUSSION

O F farmson Does the lateral incisor present a problem
m the comstruction of the expenmenta) cleft? Is there
any difficulty i keeping the clefts open and ha ¢
any of them become infected resulung in bony loss

luss der L Ite 1m Alter von 3—3 Wochen
2) Verschluss der Spalte im werchen Gaumenin2 3 —
Lebensjahr 3) Verschluss der kndchemen Spalte mut 10-
12 Jahren Der Verschluss der Werchteile der Lippe und
dann des weichen Gaumens mdumn un Knochenwach
shumeine und
eme statke Verangung der Spalle im harten Gaumen
die lescht verschlossen wenden kann

B H Colman The chinical importance of your findings
especially 1n respect of the other more widespread al
terations in the vanous boty structurés cannot be over
stressed  They have been very beautifully demonstrated
and acgurately measured 1n the expenment From the
treatment viewpoint it 15 also necessary to remember
however that the bony changes which have been demon
strated were by no means fixed i young patients and
mdeed were eastly reversible Would you agree that con
unual upward pressure of the tongue into the palatal
cleft (forward against the premaxila in the case with
bilateral cleft hip) was a sigmficant factor to be con
stdered in chazcal Pre
care desigred lo prevent such pre:sum seemed to indicate
that this was important and undoubtedly such erthodontic
care could produce a dramatc reduction in the seventy
of the deformity and thus make eventual surgical correc
van of the restdual cleft much easier

A Portmann $i yar bien compns il y a un manque
de developpement tres important des mavillares

aprés ‘e manque
de developpement est 1dentique A celu que 1 on obuent
apres extraction du cartlage septal (sur des bebes lapines
par exemple) Ma question est la sutvante Ne pensez
vous pas que lostéoplastie bloque en fait le cartilage
septal qu 2 son tour ne « pousse » pas en avant le
developpement de Ia face”

Vernoerd (Reply) 1o Mr Harnson In ammals with
unilateral cleft hp and alveolus and umilateral cleft Iip
alveolus and palate the inmisor on the cleft side 15 often
Tost because of destructon of 1ts root In conwol ex
penments we found that extraction of one of the incisors
did not influence to some extent the outgrowth of the
upper Jaw In some ammals the surmcally produced
facial ¢lefts were closed m part spontancoushy, dunng
the second half of the expenmental penod Companng
anmals with open #nd pontaneously closed facial clefts
we could not Tnd morpholopical and geometncal d f
ferences

To Mr Wullstein The resul s of our expenments so
far arg i favour of the ¢« mser ative pnaaples of Veau s
method Nevertheles o this method does not result
10 formal ek | deve pment Therefore we are studying
the effects of nea  suture replacag”™ techaques on the
i ter develnpment of the skull of rabbits with facial clefts

T NP € iman and Mr Portmann In ths papés.ihe

I'd
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Fig

In the present densitometric investigations
we were able to prove our histological find-
mgs, 1 e that bone apposition takes place on
both sides of the separating wall This appo-
sition can be seen even better on densitomet-
nc curves which make evident not only the
bony substance but also the osteord The os
teord can namely be demonstrated according
to Bochatirchuk by microradiography and
hence also in densitometric curve The den-
sitometnc curves of the separating wall, coch-
lear cavity of the basal coil and the cochlear
wall differ in the vanous age groups

ne part of the basal coil protrudes into the
> pamc cavity as the promontory and the
<+ figuration of sts wall will thus depend
throughout life not only upon the changes in
the cochlear canal but also upon those n the
tympame cavity Measuning of the width of
the cochlear wall in this region will therefore
not give us real and precise values It means
that the tympanic or outer part of the den
sitometric curve will vary according to the
ar i the tymp cavity The
1nner or cochlear part of the curve wiil corre-
spond to the changes mn the cochlear canal
This mer part of the curve may be perpen
dicular or it may slope down so that the posi-
tion of its lower end 1n relation to its upper
end, expressed i centimetres can vary from
0 cm to 3 cm In young persons it 1s perpen-
dicular and becomes more oblique with age
This part of the curve always remams smooth,
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however, probably due to movements of the
labynintie flud  The tympanic part of the
curve shows nd corre
sponding to the situation n the tympanc cav
ity The top of the curve also has indentations
which might correspond to the interglobular
spaces (Krmpotic & Nikohé, 1970) The
obhique aspect of the inner part of the curve
ndicating the thickness of the cochlear wall
1S, 1N oUr opinton, a sign that bone apposition
has taken place also in this region of the laby
rinth and that the cavity of the cochlear canal
can be narrowed from this side too

The hetght of the cochlear curve indicates
the muneral contents in centimetres It should
be stressed here that 3 5 em on the densito
metric curve corresponds to | mm of the
shadow on the submicroscopic radiography
The width of the cochiear wall in the denstto
metric curve vartes in young indiveduals from
85 cm to 18 cm (11 58 cm, on average) and
1n the elderly from 6 6 cm to 14 5 cm (1062
cm, on average) The height of this wall
varies n young ndividuals from 92 c¢m o
19 cm (12 64 cm, on average} and 1 elderly
sndividuals from 6 3 cm to 17 8 cm (11 99 ¢m,
on average)

The part of the curve corresponding to the
cavity of the cochlear canal 1s a straight Iine
The diameter of the cochlear cavity vanes in
young individuals from 9 cm to 133 ¢m
(10 86 cm, on average) and in elderly mdivid
uals from 75 cm to 13 1 cm (10 49 cm, on
average)

The curve of the separating wall 1s lower
than that of the cochlear wall and 1ts shape
also changes in different hfe periods In young
persons the curve 1s high and steep on both
sides with a narrow base and one constant
notch corresponding to the cavity contamnng
the spiral ganglon In young individuals
this wall has a high mmeral content in spite of
its relative narrowness The actual indenta
tion on the curve appears Jater on both sides
of the curve, the one facing the cochlear cav
ity and also on the one facing the mternal
auditory meatus The indentation corresponds




Densiometric study of the labsninthic capsule

to the apposition which takes place on both
stdes of the separating wall The indentation
on the top of the curve corresponds to the
nerve channels

The base of this curve becomes larger with
age, while sts height 1s reduced, which means
that the reduction in muneral content parallels
the agemg process The length of the base of
the curve of the separating wall vanes n young
dividuals from 18 to 85 cm (4 49 cm, on
average) and in elderly mdividuals from 2 1 cm
108 5 cm (4 66 cm, on average)

‘The height of the curve vanes in young in
dividuals from 3 6 cm to 10 7 cm (7 16 cm, on
average) and n elderly individuals from 05
cmto9 4 cm (532 cm, on average)

CONCLUSION

On the basis of our presem mvestigations we
can draw the foll The width

259
RESUME

La quantite de mméraux dans la capsule labynnthique
et dans fa cloison vers Je conduit audinf mterme a ete
etudice en differentes penodes de la vie par la densito-
meine La quantite de mneraux est reduite dans la cap-
sule et dans la cloison en depit de ) accroissement de la
cloison par apposiion osseuse

ZUSAMMENFASSUNG

Die Quantitat der Minerale 1t der Labynnthkapsel der
Basalwindung und der Scheidewand zwischen derselben
und dem inneren Gehorgang in verschiedenen Lebéns
penioden wurde mutels der Densitomeine besummi
Die Menge der Minerale nimmt sowohl in der Labynnth
kapsel als auch 0 der Scheidewand ab obwohl sich

die durch K in der Regel
verdickt
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of the cochlear cavity shows a shght reduction
with ageing It 1s the mncreasing thickness of
the separating wall and the bone apposit

1959
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data on fine

on the side of the cochlear wall facing the
cavity which are responsible for this reduc
tion

The separating wall grows 1n thickness with
age, while the mineral contents are reduced

fi ly Present m our

department are directed (Stem-Padovan)
towards the changes n position of the cochlea
and adjormung structures dunng Nfe, as has
already been mentioned by Alexander

At the same trme we are trying to demon
strate the diffenng density of the bone by using
Agfa contour film and Agfa contour developer
to prepare the aequidensites For ¢olour pho
tographs we shall use colour paper and filters
of Fotokemiha Zagreb
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Fig |

In the present densttometric investigations
we were able 1o prove our histological find
ings 1e that bone apposttion takes place on
both sides of the separating wall This appo
sition can be seen even better on densitomet
nc curves which make evident not only the
bony substance but also the osteord The os
teoid can namely be demonstrated according
to Bochatwchuk by mucroradrography and
hence also in densitometnic curve The den
sitometric curves of the separating wall coch
lear cavity of the basal coil and the cochlear
wall differ 1 the vanious age groups

gne part of the basal coil protrudes nto the
- pamic cavity as the promontory and the

nfiguration of its wall will thus depend
throughout life not only upon the changes tn
the cochlear canal but also upon those in the
tympamic cavity Measunng of the width of
the cochlear wall in this region will therefore
not give us real and precise values It means
that the tympanic or outer part of the den
sitometric curve will vary according to the
circumstances m the tympanic cavity The
nner or cochlear part of the curve will corre
spond to the changes n the cochlear canal
This inner part of the curve may be perpen
dicular or it may slope down so that the post
tion of its lower end in relation to its upper
end expressed 1n centimetres can vary from
0 cm to 3 cm In young persons it 1s perpen

dicular and becomes more oblique with age
This part of the curve always remams smooth
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however probably due to movements of the
labyrinthic fluid  The tympanic part of the
curve sc shows tndi corre
sponding to the situation in the tympanic cav
1ty The top of the curve also has indentations
which might correspond to the interglobular
spaces (hrmpoti¢ & Nikohé 1970) The
oblique aspect of the inner part of the curve
indicating the thickness of the cochlear wall
1s 1n our opinion a sign that bone apposttion
has taken place aiso in thys region of the laby
rinth and that the cavaty of the cochlear canal
can be narrowed from this side 100

The height of the cochlear curve mndicates
the muneral contents in centimetres It should
be stressed here that 3 5 cm on the densuo
metric curve corresponds to I mm of the
shadow on the submucroscopic radiography
The width of the cochlear wall tn the densito
melric curve vanes in young indrviduals from
85 cm to 18 cm (11 58 cm on average) and
in the elderly from 6 6 cm to 14 5 cm (1062
cm on average) The height of this wall
vanes in young individuals from 92 em to
19 cm (12 64 cm on average) and in elderly
individuals from 6 3 cm to 17 8 cm (11 99 cm
on average)

The part of the curve corresponding to the
cawvity of the cochlear canal 1s a straight line
The diameter of the cochlear cavity vanes 11
young individuals from 9 c¢m to 133 cm
(1086 cm on average) and i elderly individ
uals from 75 ¢m to 131 ¢m (1049 cm o7
average)

The curve of the separating wall 1s lower
than that of the cochlear wall and rts shape
also changes 1n different Iife penods In youns
persons the curve 15 high and steep on both
sides with a narrow base and one constant
notch corresponding to the cavity contaiing
the spiral ganglion In young (ndviduals
this wall has a high mmeral content 1n spité of
its relative narrowness The actual mdenta
tion on the curve appears later on both sides
of the curve the one facing the cochlear cav
ity and also on the one facing the ntemal
auditory meatus The tndentation corresponds




Social handicap among workers with noise-induced hearing loss

Per cent
100

50

40,

2 NI A4S

B¥-55
Fig 1 Persons with normal heanng in different age
groups

261 Age

Confidentially

Qs Y to hearing in the
Country of Vasterbotten

Personal identificatron

Name

Company

Hearing ad BOYes ONo

Have you wisited a doctor because of ear
trouble or heanng loss?
0 Yes cause

a No

Have you any symptoms of disease?
D Never
O Sometimes
0 Often
Which
How many days have you been out of work
because of disease 19737
days because of

Year

N

w@

Fig 2 Two parts of the questionnaire Used 1n judgng the
soqal handicap of workers with heanng loss

261

From the values recorded in this examma-
tion, two interesting aspects will be reported
One concerns the relation between social ad
Justment among the workers and the hearing-
loss, and the other 1s the relation between dis-
cnimnation measured without and with lp
reading, where TV 1s used for discnmination

As regards workers followed up in different
ways, but especially from a socio medical
point of view where they had to answer a
questionnare which had a specsal reference to
heanng handicap (Fig 2) It could be shown
that even 11 the groups where the heanng loss
was great, a surpnsingly good social adaptive-
ness was achieved, especially on companson
with a matenal from a big city  This 1s in fact
not particularly extraordmary and can of
course, be easily explamned by the fact that the
materal consists of a very homogeneous group
of workers who have been working together
for many years They not only work together
but they also meet outside work They have
the same nterests, which must make 1t easier
to understand datly ¢onversation

9 Can you understand what Is said speaking to
1 person in 2 noisy place?

0 without difficulty

O with certamn difficulty

O waith difficulty

O with great difficulty

Qrnotatall

o

Can you understand what s said speaking to
several persons mn a relatively quiet place?

11 Can you understand what is sard speaking to
several persons in a noisy place?

Can you understand what 1s sard in
telephone?

Can you understand what 1s said looking
ar television?

Acta

o~
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No se Gengrator

Diagnost Power
c ampi f
Maskng Aud ometer A

Anecho ¢ room

\

Loudspeskers
KEF CORALL

\

Madsen
0870

am

£
Colour TV

Vdea's gnal

V deocasettgreco der

Fig 3 Test equipment for exammation using TV as an
audiovisuat ard for discnmunation

In the big shipbuilding yards 1n Gothenburg,
for wnstance, the majority of the workers are
from foreign countries, such as Italy and
Yugoslavia, often with a very sparse knowl-
edge of Swedish After work they meet other
people with other tnterests One must take into
consideration the difference between different
industries, especially when 1t comes to re-
habilitation There 1s quite another attitude to
rehabilitation among these workers Many of
these hard-of hearing people are even less m

%
100

90

.3
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terested n hearing ards than in a good amplt
fier for the TV or for the telephone

The other part of our investigation was 2
companson between an audiovisual and an
ordimnary audiological exammation of norma
people and people with heanng loss TV is
used and the results are compared with those
reached using the ordmary speech audiometry
(Fig 3) We compared the results from differ
ent heanng groups We also compared them
with normal persons where disturbing notse is
used The signal (S) was given at 65 dB and
the difference between the signal and the noise

A av
L2000

Fig 5 SameasFig 4 The S/N however Js 10dB



Soctal handicap among workers with noise induced hearing loss

{N)was vanied usig 15, 10 and 5dB Details of
this investigation will be published later in
notsy surroundings even normal persons had
a much better discnmenation when they were
tested audiovisually The results measured in
different heanng levels showed a great im
provement in the under of words and
sentences when audiovisual testing was used
(Figs 4,5)

It was also possible to show that nearly
every normal person even in a Very noisy
room could easily understand the spoken word
1f he was allowed to Iip read at the same time
Thus shows that everybody ts more or less able
10 lip read, a fact that explains why nearly all
persons are disturbed when sound and picture
are not synchromsed on the TV

The conclusion drawn from this special part
of our research 1s that a person with a pro
nounced heanng loss can sull easly be
reached audiovisually This may be of great
importance when judging the steps taken
safety matters Orders should not only be
given by word of mouth but be combined
with visual signs
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RESUME

Une enquéte approfondie des scienes et des industnies de
masse 4 papier montre que meme les travaulleurs ayant
une surdité prononcee n ont pas de handicap secal pre
sume

ZUSAMMENFASSUNG

Eine sorgfaltige Untersuchung von Arbeitern der Sage
werks und Papiermasseindustne zeigte daf auch Arber
ter mut schweren Gehorschaden kein ausgesprochenes
soziales Hand kap hatten

H Diamant M D

Dept of Otolanngologs
Unisersity of Umea

S 901 87 Umel6
Sweden
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DISCUSSION

G Liden It was interesung to hear that your pauents
seemed to be very hule handicapped 1n spite of ther
heanng imparments A severe noise wnduced heanng
loss usually gives rather good discnimunation score in
quiet but bad results m every-day background noise I
thenk that your patients were unusually tolerant

F Escher Could you observe a higher amount of
sudden loss of heanng?

J Tonndorf | have two Quesbons one technical the
other general 1) What type of interfenng noise did you
employ® 2) Do you see a possibility to employ your

wechmige for oana hands
cap of workers with roise induced heanng loss® What 1
have i mund would be 5 combimed mdex expressing
the heanng abiity in quiet tn nosse and aided by visual
clues and perhaps a combinauon with Liden s binaural
test 1 do not believe in workers rating themselves sub
Jecuvely This would be important becatise in compensa
ton cases the judge wants to have numbers Complarnt
that cannot be quantfied are Rever recoguzed at leastin
the US

H Diamani (Reply) to Mr Liden I agree that it seems
rather surpnsing that so relatively few complain of their
heanng loss Aslsaid however itis a very stable body
of workers who know each other well and who meet
even after work They are easily satisfied They are also
very much depending on thetr work as their factory s the
only big industry 1n the commumty I agree too that the
testing of heanng should not be done 1 a camera sifenta
c [ .o

- -
few and 1t s therefore not possible to draw any conclu
sion concermng a higher morbidity of sudden deafress
n workers of noise-andustnes

To Mr Tonndorf The disturbing notse 1s wide band
white noise We have tned more natural poise like sounds
from a cocktail party or from the traffic This notse 1s
however not rehiable as it fluctuates too much [tis very
true that you must give accurate and reproducable figures
of the heanng handicap This 13 not easy and 1n Sweden
so far not an absolute must I think however that with
alot of thinking and much work one can base an estimation
o e fiperes we have avalathe

Acta Otolaryngal 81
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POSTAURICULAR (12 MSEC LATENCY)
RESPONSES TO ACOUSTIC STIMULI IN PATIENTS WITH
PERIPHERAL, FACIAL NERVE PALSY?

W Bochenek and Z Bochenek

From the Department of Qtolaryngology Medical Acadern Warsaw Poland

Abstract The postauncular (12 msec latency) response to
a loud chck stmulation was investigated in 23 patients
wth facial nerve palsy Of these patients 21 had an intra

crantal cause for the factal palsy and 2 had an extra-
cramal cause Only m those with the extracramal facal
nerve damage could the response be obtained from both
s10es When the nesve was damaged mtracramally there
was no response on the paralysed side This seems to
mdicate that the postenor auncufar muscle 1s the effector
of the presumed sonomotor reflex arc mvolving the coch

lea cochlear nerve and nucler undetermined brainstem
pathway facial motor nucleus factal nerve and the mus

cles supplied by it

The question regarding the site of the
enerators of the postauricular (12 msec laten-
responses to acoustic stimult, descnbed by

nation for this fact and the postauncular re
sponse has not attracted sustamed interest n
most centres (e g Cody & Bickford, 1969,
Cody, 1974, Yoshte & Okudarra, 1969, Yos-
hie, 1974} Only m Douek’s (Doueh et al,
1973) laboratory 1s this method—referred to
by them as the *‘crossed acoustic response”
—employed routinely as a method of objectve
audrometry in children

In the Otolaryngological Department of the
Warsaw Medical Academy. i of
the postauncular responses 1s continued on 2
research rather than on a chinical dragnostc
basis

ang et al (1963). has not been letely
" Solved The most probable hypothesisis lhal
this r 1s one of the reflexes
and nvolves the cochlea, cochlear nerve and
nuclet, undetermimned bramstem pathway, fa
cral motor nucleus, facial nerve and the mus-
cles supphed by 1t It mught be expected that
sttmulation of one cochlea would evoke a re
sponse from the postauricular area on both
sides, providing the reflex arc s mtact

Even though 1t 1s a simple and quick techm-
que and probably provides mformation about
auditory brainstem pathway the climical use

Inp with or | hear-
ing loss. aconstical sumulaton of the deaf ear
does not evoke the postauncular response
The aim of this investigation was to examine
the postauncular response m patients with e
stons at the end of the presumed reflex arc

TECHNIQUE AND METHOD

256 wideband clicks of 110 dB peak SPL. pre
sented at a rate of 10/sec and transduced by
TDH-39 earphones were used to evohe the
postauricular response It was recorded as the
p | difference betw een needle EEG elec

fulness of this method 15 ha ful
because of the great intersubject vanability of
results There ts as yet, no satisfactory expla

' This investgaon was supporied by a grant 373/VI}
from the Polish Academy of Sciences
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trodes ~nserted hypodermically in the post
auncular sulcus 1n hine with the top of the
external acoustic meatus on both sides and on
the vertex The electrodes were connected as




Postauricular response in facial nen e palsy patients

Left facial paralysis
{mal gnant tumor of the parot d gland)

ear
st mulated

left - T4l
= T

jieomomens ayppasny
rght L =
e

80 ms

753 29 year old female

Fig I The responses are recorded on both sides ichan
nels and 11}

follows left postauricular vertex channel 1
nght postauricular vertex chinnel 11 The
negativity on the mastord was marked up
wards The disc ground electrode was placed
on the forehead The subject was seated in an
armcharr holding his head down The room
was electrically shrelded but not sound proof
(the noise level was 37-40 dB A) The record
ing bandwidth was t 6-500 Hz The responses

R ght fac al paratys s {skull trauma}

ear
' st mulated
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were amphfied and averaged as descnbed
lsewhere (Bochenek & Bochenek 1975)
In the majonity of cases promontory—ear
lobe electrocochleography ad modum Port
mann-Aran was also performed

SUBIJECTS

Twenty three unsedated patents (11 females
and 12 males aged 16-60) with umlatera!
perpheral facial nerve palsy were examned
In 21 the nerve was damaged intracranally
{group A) 1n2 extracranmnlly (group B)

In group A the disease was diagnosed as
Bell s palsy (9 cases) skull trauma (4 cases)
otits media (4 cases) acoustic neuroma (2
cases) cholesteatoma of the temporal bone {1
case) VIII nerve neurectomy (1 case)

In group B the facal nerve paralysis was
caused by a malignant tumor of the parotid
gland 1n both cases

In 13 patients the left facial nerve was
paralysed in 10 the nght

RESULTS

Only 1n patients with extracranmal facral nerve
damage could the postauncular response be
recorded from both sides In no patients with

left -
» P —
! -
nght [ —————
" deat et ——— e}
wAine e

both

r The response 1s recorded only on
he n ool (left) sde (channel 1} The

mul ton of the deaf (nght} ear does not
ev ke the postauncular responses (chan
nels1and I

1+10 v

759 29 year-old male

15 76794 . Acta Orolargngol 8
e — Pad
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Left facial paralysis (skull trauma}

ear
stimulated

20ms

both

120 0V

30ms

719 33 year old male

an intracransal lesion of the VII nerve was
there any response from the paralysed side

The responses from the normal side do not
differ from those recorded mn healthy people
A great intersubject vanability of amphtudes,
but rather small differences n the latency of
the responses, were found

In a patient with delayed and temporary
mild facial nerve palsy followtng VIl nerve
neurectomy repeated testing of the post
auricular responses was performed, as shown
in Fig 5 before surgery (A) just after VII

_eft factal nerve palsy (Bell)
ear
stirudated

W left

20 ms
nght

80 ms

757 13 year old female

Acta Orolarsngol 81

B {left promontary ear lobe)

Fig 3 The responses are recorded on the
normal (nght) side only {channel 1)

nerve palsy appeared (B) and after full clinical
recovery (C) The reappearance of the post
aunicular response on the previously paralysed
stde may be seen

DISCUSSION

The results of recordings using the above
mentioned placing of the electrodes on the
postauricular area seem fo indicate that the
effector of the presumed reflex arc can be
sdentified as the postertor aurscular muscle

B (left promontory ear lobe)

Fig 4 The responses are recorded on the
normal (nght) side only (channet 11)



Postauricular response in facial nen e palsy patients 267
Mentere s disease {left ear}

A D-before neurectomy B C E-after neurectomy

A B {1 week) C (5 weeks) ear
stim
i
- et
Nr e T
1 T —
nght
! e T N P -
) g Lme
N both

1750V 1F5UV Fig 5 Before VIIl nerve neurectomy the
postauncular responses were recorded on
both sides (A) After the postoperative VII
nerve palsy appeared (B) there was no re
sponse on the left side (channel T) After
recovery ths response reappears (C) The
sumulation of the left ear—deaf after
neurectomy—does not evoke the postaunic

ular responses (B € channels I and I)

left promantary ear labe

-

o] —2ms 1F5pV

728 41 year-ald male

Otescleras s {left ear)

A A C before stapedectomy B B C after stapedectomy
A B ear
st mulated
t
" c
' ==
nght e
¢ — =
! -

1350 pV —8ms

left promontory-ear lobe

F ¢ 6 The sectomng of the tendon of the
" 5 staped us muscle d d not abolish the post

auncular response on the ipsilateral side (B
1+25uV —-2ms 735 40 year-vid female  channel I)
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The arguments m favour of st are (1) bilater
al, postauncular responses were obtamed only
m patients with extracramal facial nerve dam
age, peripheral to the stylomastoid foramen
which smplies that such damage has occurred
after the posterior auncular nerve has left the
facial nerve, (u) 1n pattents with intracranal
facial nerve paralysis {central to the stylo
mastord foramen), implying that the damage 1s
before the postenor auricular nerve has left
the facial nerve, there was no response from
the paralysed side, () because of the vicimty
of the electrode, the posstble influence of the
muddle ear muscle’s activity—especially of the
stapedius muscle—on the postauricular re
sponse must be borne m mind The record-
mgs made wn an otosclerotic patient after
stapedectomy suggest that sectioming of the
tendon of the stapedius muscle does not
abolish the postaunicular response on the tpst
lateral side

It was not the ntention of this study to com
pare the postaunicular response with results of
dragnostic tests usually employed in patients
with facial nerve palsy Perhaps a more de-
tailed analysis of the muscular response to
acoustic 1 a kind of *
graphy’ —could be of certain diagnostic and
“ognostic value tn these cases
©

o RESUME

La reponse postaunculaire (12 msec de latence) evoquée
par la simulation sonore est—parait 1l—un des reflexes
sonomoteuTs Malgré sa gprande vanabiié elie presente
aux audrologistes un nleret tout particulier parce qu elle
peut contenir les mformations sur le trayet auditf dans
le tronc cerébral Pour identifier {effecteur de Jarc
seflexe prestmé on 2 examune les malades atteints de la
paralysie intra oy extracraneelle

1001
onomy

ZUSAMMENFASSUNG

Dhe postaunkulare Antwort (von 12 msek Latenzzert) auf
emen lauten Reiz { chek' ) wurde ber 23 Kranken mut
penpherer Fazialisparese untersucht Von diesen Kran

ken lag ber 21 dre Ursache von der Parese intrakranial und
be 2 extrakranral vor Nur ber Pauenten mit extra

kramaler Fazalslasion konnte man die Antwort aul
berden Seiten bekommen In Fallen i welchen der Nerv
intrakranial beschadigt war wurde keine Antwort auf der

Acta Otolaryngol 81

Seite beob: fi schent es uns
dap der M aunculans postenor den Effektor vom vermy
Uichen sonomotonschen Reflexbogen darstellt welcher
vonder Cochlea des N cochleans der Cochleanskerne
ener Hi des
Fazialiskernes des N faciahs und der von ihm versorgten
Musketn zusammengesetzt st
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DISCUSSION

Me Suruts From the audiological point of vicw the most
senous disadvantage of this response is the inconsistency
or y on s Inmy
40°t of the adult subjects with normal heanng show
clear responses with sumulus 10 ta 30 dB above sub
Jective thresholds But another 30% needed 40 to 60 68
stmulation and in the remaining 30% the response was
detectable with stmulus above 70 dB or could not be
detected at all even with the mavimum intensiny %0 €8
Such an individual vanability 15 a very serous prodlem
for applying the response as an index of the objective
avdiometry However we should overcome ths problem
because the response 1s a very smportant and easly
recordable one as you have stated

Mr Beagly Do you think that the late response ob-
served somctimes i some cases duping transtympantc
electrocochleography using a 20 ms analysts ume 15 a0
example of the postauncular response? The side I put p
showed such a response which was abolished with
Sucernylcholine but recovered after a few minutes This
\ndicated that it was muscular tn omgin [ think that ¢
1s probably from the postauncular muscle and 1s picked
up from the electrode which 1s situated on the earlobe

Z Bochenek (Reply) to Mr Suzuki In our vrevw";
paper we reported our findings conceming threshol
meastrements of the postauncular response m normat
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anng subjects and in pabents with different kind of
anng loss This threshold was from 10 to 50 dB Be
wse of great mtersubject vanability of the postauncular
sponse we think that it can be used as a chmcal
ol for objecuve evaluation of heanng only together
1th other tests of electnc response audiometry such as
ectrocochleography and vertex responses In this report

269

pattents with facial nerve palsy served as a model to
examine the arc of the presumed sonomotor reflex

To Mr Beagly In our promotory-ezr lobe recordings
using 20 msec analysis ime I some pauents a component
of about 12 msec Iatency could be seen It seems it1s a
myogenic response generated by postenor auncular
muscle

pr——
Acta 0
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EFFECTS OF ACOUSTIC TRAUMA ON CORTI S GANGLION

G Ross;,' M G. Robecchi?and M Penna?

From the 'Depariment of Audiology and the *Department of Anatomy
Tunn Unpversiny Tunn Irah

Abstract The ultrastructural features of Cort s ganghon
cells were studied 1n guinea pigs subjected to a wide band
platn 100 dB SPL white notse (12 hr/day for 30 days)

RETLHWON Was pnmanly vhserved w eells belongng o
the 2nd turn and took the form of detachment of the
membrane from the myeln sheath and cytoplasmme re
tractton to the pont of destruction of the entire cell In

tensely osmiophilic myehn bodies were frequent in
Schwann cells and 1n ganghar cells and their sheath

Multivesicular bodies were also common A description of
the regression noted 1n the myehn fibres 1s given Atten

tton 1s drawn to the fact that regression was not observed
1n sheathless fibres and cells the latter formed about 57¢
of the ganghon population

The submicroscopic features of the cells of
Cortr’s ganghon have been descnbed in a
umber of ammals the rat (Rosenbluth, 1962,
oss & Burkel 1973), the cat (Spoendhin
971 1972), the gurnea pig (Suzuki et al , 1963,
Nishimura et al, 1965, Thomsen 1966,
Awataguchi et al , 1967, Kellerhals et al ,
1967, Remecke, 1967), and the rabbrt (Suzuks
etal, 1963) In line with the light-microscope
data, these findings have shown that these
cells are opposito polar bipolar The pyreno-
phore 1s thus crossed by the nervous impulse
To meet thts requirement and at the same time

the bol h with the
mterstitium, 1t 1s covered by a myehn sheath
whose sut pic features di h it

from that of the nerve fibres

The lameflae of the nerve fibre form a
closely pached sheath (compact myeln)
This research was supported by a grant from C N R
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whereas n the case of the pyrenophore the
are either distinct, and may contan cytc
plasmuie argaonles (dissociated myeln), ¢
loosely pached (semicompact myelin)

The existence of a contingent of cells n
covered by a myelin sheath has also bee
demonstrated More precisely, these are cell
surrounded by a single layer of cytoplasm ¢
the sateilite cell These cells are partcularl
nch m cytoplasmuc microtubules and micrc
filaments (Suzuht et al , 1963, Kellerhals et al
1967, Remecke, 1967, Nishimura et al , 1965
Thomsen, 1966, Awataguchi et al, 1967
Spoendln, 1971, 1972, Ross & Burkel 1973)
Recently Spoendlin (1973) has descnbec
another type of ganglion cell which closel)
resembles the cell with myelin sheath but 1
not ttself myelinated

It 1s not certamn what function these cell>
have Spoendlm (1971) suggests that they are
responstble for the afferent innervation of the
cthated external cells of Corti s organ while
Ross & Burkel (1973) consider they are mults

Fig | Concentric lamellar myelin structure ( ) contaiing
intensely osmeophilic clumptngs This structure hes 1
space (c) contarming shapeless residues and created by
detachment of the cell membrane from the m elin cover
An tncluston (5) can be seen between the lameliae of the
sheath

Fig 2 Osmiophilic dense body wrapped in a formacon
whose penodic structure 1s sull partly mamtained (a) Tbe
ganghar cell sheath has lost its umformity and 15 ds
soclated Two gant mitochondna belonming to th
Schwann cell can be seen (b)

Fig 3 Lamellar and ntensely osmophilic amorphous
structures 1n the Schwann cell
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polar cells belonging to the parasympathetic
autonomous system

Changes 1n cells of Cortr’s ganghon mduced
by a prolonged acoustic sumulus have been
examined microscopically and ultrastruc-
turally Hamberger & Hyden (1945), Hammer
(1956}, Beck & Beichert (1958), Bech & Mich
ler (1960), Thomsen & Pakkenberg (1962),
Vinnikov & Titova (1963), Kon (1964), Wil
stenfeld & Halbfas (1965), and Wustenfeld &
Schilling (1966) have shown both quantitative
and ve cytoch land h h
cal changes, while Wicke & Firbas (1970) noted
asigmficant reduction in the number of ganglar
cells per surface unit

Electron microscope studies by Awataguch
et al (1965) and Kellerhals et al (1967) have
been reported Guinea pigs were subjected to
the finng of 160-200 blanks from a pistol at a
distance of 10-20 cm in 2-3 hours Awatagucht
et al (1965) noted swellng of the muto
chondna, with deformatton and disappearance
of the cnistae, dilatation of the cisternae of
Golgr's complex, and vesicles in the myeln
sheath Kellerhals et al (1967) observed
“Riesen” mutochondna m the satellite cells,
vacuolised pigmented bodies, myelin bodies,
and cytoplasmuc inclusions wrapped i myelin
groups expressed the view that the re
10n observed mvolved cells with either
thed or unprotected pyrenophores

MATERIALS AND METHODS

Fifteen male guinea pigs weighing between 300
and 400 g (plus 3 controls) with a distinct,
active Preyer reflex were exposed for 12
hr/day and for 30 consecutive days to a wide

band, plain 100 dB SPL white noise generated
by an ELIT 815 audiometer Intensity was
measured with a Bruel & Kjaer 1612 phono-
meter at the gnlle of an Isonetta Kompaktbox
loudspeaker connected to a bar resting on the
top edge of the 50%50x30 cm box containing

the ammals
Three ammals died during the expenment
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The remamnder were sacnficed 1 groups of
three at a time, 7, 15, 22 & 30 days after the
expernment

Under ether, each animal was perfused by
insertion into the aorta of the cannula con
nected to a gravity operated mechanism The
crculating mass was then washed for ! min
with an 0 9% NaCl solutton n pH 7 4 phos
phate buffer After fixation with a mixture of
29% paraformaldehyde and 3% glutaraldehyde
m the buffer, perfusion was contmued for 60
min

After removal of the bulla, lamina spiralis
and Cortr’s organ, the modtolous was hep! for
a further 60 mn in the same muxture and then
washed for 4 hours with an 8 % dextrose solu
tion in pH 7 4 phosphate buffer, followed by
post fixation 1n 2% osmum tetraoxide for |
hour After embedding 1n Araldite (Ciba), sec
tions were cut with LKB and Reichert micro-
tomes and stained for ight microscopy accord
1ng to Richardson’s method, prior to examina
tion with Siemens Elmiskop IA and 102 elec
tron microscopes

RESULTS

Two types of ganghar cells were observed 1t
the controls, mostly covered with a partly dis
sociated, partly semicompact myehn sheath
In some cells, the senucompact layers were
behind the cell body, in others, the dissocrated
layers were on the mside After the mtial
segment of the nerve fibre these features gave
way to the classtc compact myelin sheath
Sheathless cells were also noted here and
there These were wrapped 1n a thin cyto-
plasmic layer supplied by a satellite cell Therr
frequency was no higher than 5% Thetr ntt
cleus was often eccentnc, their cytoplasm was

Fig 4 Myehn sheathof a gangliar cell whose lamellaeare
clearly dissoctated and are enveloptng a myelin body
Fig 5 Ganglrar cell with distinctly dissoctated myeh
sheath (2) The membrane 1s detached from tiy sheath 12
b

;‘.: 6 Retraction of cell body with extensive detachment
of the sheath The cytoplasm contains dense bodies
probably lysosomes
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crossed by many neurotubules and nerve
tubules and filaments and they were poorly
supplied with smooth and rough surfaced ER
Sheathed and sheathless cells had varying
amounts of free nbosomes numerous mito
chondna and occasional probably lyso-
somal thick bodies Unsheathed fibres were
observed among the two cell types descnbed
and those with compact myelin
Regression was particularly evident 1n
pganghar cells situated between the end of the
Ist and the beginning of the 3rd wrn Its
chronological progress in relation to the date
of sacrifice could not be established since the
signs to be described coexisted i ammals
from each group they were however much
more numerous and more evident on the 30th
day
Mitochondna were reduced In number and
showed signs of regression on the 30th day
only This fact deserves attention nlong with
the very shight difference noted between the
morphology clumptng and ultrastructural
features of the ER and ribosomes m the
treated ammals and the controls
Most cells in the nd turn showed a remark
able increase m lysosomes Some of these
particles contained vartously opaque tnclu
ns and were often intermingled with multi
icular bodies  which were probnbly due to

cells particularly between the wnner layers and
1 dissociated myehn areas (Figs 3 4)

Changes 1n the shape of the nucleus and
signs of retraction heralding destruction and
disappearance of the cell itself were more
common In ammals subjected to longer
penods of sumulation and may be thus seen
as a more advanced stage The chromitin was
often powdery In some cells the nucleolus
was broken up into fumps up against the mem
brane i others 1t was unrecogmisable even
n senl while entr and
festoons in the nuclear border pointed to s
sub-dviston and fragmentation

The membrane of some cells was only
stripped from the myelin sheath at vanous
potnts on the circumference (Fig 5) 1n other
cells retraction had led to the formation of
large gaps that often contained shapeless rest
dues (Fig 6) crossed by thun shoots that were
probably denved from the mnermost layer of
the sheath and connected the cell to 1ts ongt
nal cover

In some instances the entire cell body had
dissolved nto a senes of wide vacuoles that
occasionally contamed shapeless residues
(Fig 7)

The ch noted tn the impl: cone
and 1n the nerve fibres were the same as those
in the cell body Where the myelin sheath was

p these ch d mamly of

‘confluence nd ¢l of ly:

and with microvacuoles and cytoplasouc
dense bodies

Myelin bodtes of vanous shapes and sizes
were noted between the cytoplasmic mem
brane 1nd the snner layers of the myelin sheath
of these cells These bodies were intensely
osnuophilic and had 1+ disunctly concentric
lamellar structure though there were some
whose pre existing structure wis no longer
marhed by the presence of elements endowed
with any particular degree of perodicity (Fig
1) Similir myehn bodies were noted tn the
Schwann cell cytoplasm  This often contamned
glant Riesen type mitochondria (Fig ?) Such
bodies were also observed on a number of
occasions tn the myeltn sheath of the ganghr
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stripping of the outer coat of the axon from the
wnnermost layer of the sheath This was pre
sumably the prelude 1o complete retraction
and disappearance of the axon Myelin bodses
could sometimes be seen in the axon and i the
Schwann cell cytoplasm though less fre
quently than i the ganghar cells and therr
satellites

No signs of regression were noted m the
<heathless ginglar cells and n thewr nerve
fibres (Fig 8)

CONCLUSIONS

It 1 clear from these findgs that prctricted
acoustic stimulation can cause severe dimast



rers

i

Fiz 7 Destruction of ganghut ccll body and shapele + & Ganghar cell without myeln sheath
residues in the place it former]y-oucupicd ression are sisible
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crossed by many neurotubules and nerve
tubules and filaments, and they were poorly
supplied with smooth- and rough surfaced ER
Sheathed and sheathless cells had varying
amounts of free nbosomes, numerous mito-
chondria, and occasional, probably lyso-
somual, thick bodies Unsheathed fibres were
observed among the two cell types descnbed
and those with compact myelin
Regression was particularly evident 1n
ganglar cells situated between the end of the
st and the beginming of the 3rd turn Its
chronological progress in relation to the date
of sacrifice could not be established, since the
signs to be descnbed coexisted m ammals
from each group, they were, however, much
more numerous and more evident on the 30th
day
Mitochondna were reduced i number and
showed signs of regresston on the 30th day
only This fact deserves attentton along with
the very shight difference noted between the
morphology, clumping, and ultrastructural
features of the ER and ribosomes in the
treated ammals and the controls
Most cells in the 2nd turn showed a remark-
able ncrease n lysosomes Some of these
particles contained vanously opaque inclu
s and were often mternungled with multi-
icular bodies which were probably due to
_« confluence and clumping of lysosomes
and with microvacuoles and cytoplasmic
dense bodies
Myehin bodies of vanous shapes and sizes
were noled between the cytoplasmic mem
brane and the inner layers of the myelin sheath
of these cells These bodies were Intensely
osmtophilic and had a distinctly concentric
lamellar structure though there were some
whose pre existing structure was no longer
marhed by the presence of elements endowed
with any particular degree of periodicity (Fig
1) Simtlar myelin bodies were noted m the
Schwann cell cytoplism  This often contained
gt Riesen type mitochondna {Fig 2) Such
bodies were also observed on a number of
occasions 1 the myelin sheath of the ganghar
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cells, particularly between the 1nner layers and
mn dissociated myehn areas (Figs 3, 4)

Changes wn the shape of the nucleus and
signs of retraction heralding destruction and
disappearance of the cell nself were more
common 1t ammals subjected to fonger
periods of stimulation, and may be thus seen
as a more advanced stage The chromatin was
often powdery In some cells, the nucleolus
was broken up 1nto lumps up against the mem
brane, n others, 1t was unrecogmsable, even
n senal sections, while entrenchments and
festoons in the nuclear border pointed to it
sub diviston and fragmentaton

The membrane of some cells was only
stripped from the myelin sheath at various
pomts on the circumference (Fig 5), in other
cells, retraction had led to the formation of
large gaps that often contained shapeless res!
dues (Fig 6) crossed by thin shoots that were
probably denived from the mnermost layer of
the sheath, and connected the cell to 1ts orgt
nal cover

In some instances, the entire cell body had
dissolved into a senes of wide vacuoles that
occasionally contaned shapeless residues
(Fig 7)

The changes noted in the implantation cone
and i the nerve fibres were the same as those
mn the cell body Where the myelin sheath was

pact, these ct d maly of
stripping of the outer coat of the axon from the
innermost layer of the sheath This was pre
sumably the prelude to complete retraction
and disappearance of the axon Myeln bodies
could sometimes be seen in the axon and i the
Schwann cell cytoplasm though less fre
quently than in the ganghar cells and their
satellites

No signs of regression were noted m the
sheathless ganghar cells and n thetr nervé
fibres (F1g 8)

CONCLUSIONS

It 1s clear from these findings that pratracied
acoustic stimultion can cause severe dam g
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m;r\hts dans ce farsceau apres trauma acoustique )

& Rosst {(Reponse) & Mr Spoendi n En reponse a fa
prefuire Question que vous mavez pose Je voudrais
vous dire que | étude na porte que sur le ganghon de
Cortt sans prendre en considération Ia correlation avec
1 organe de Cort: Cette étude sera lobjet d’une recherche
ulteneure  Dans notre recherche nous avons essaye
detablr s1 la sumulaton acoustique dommageait les
cellules etde la de
ces lésions

Pour avoir des donnés quantitatifs il €5t necessaire de
tuer les ammaux quelque mors apres la fin de la re
cherche Je pense que pour quelque lesion parmy celles
que Je vous a1 presentees soit encore possible une « re
suto 1n Integrum » mass Je pense aussi quil y a une
progression des lésions qut emporte la destruction de la
celtule et cette destruction peut se completer en quelque
moss Nous avons sacnfie nos amimaut au 3eme jour
apres le debut de Fexpenence les donnees quantitatives
dans ces condiuons ont peu de sigmification

La recherche A eté executée en employant des am
maux de 300-350 g quiavait a peu pres 4 mors

A Mr Portmann Je ne peu pas vous donner des ren
seignements & propos de fibres efferentes parge que
nous Nous N avons pas pose Celte quesnon Je voudrais
seulement vous dire que dans une autre expénerce
exécutéet y-a presque dix ans parle microscope opuque
J'avars detrurt par le brutt Forgane et le ganghon de Corti
du cobaye mars Ies fibres efferentes restarent normales

Acta 0
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MEASUREMENT OF OXYGEN TENSION IN HUMAN PERILYMPH

U Fisch, K Murataand G Hossl

From the Department of Otolunngoloes Rdamtonsspital Zurich Swit erland

Abstract The oxygen tension of the human penlymph has
been determmed wathout complications by ustng a tech
mque based upon the polarographic pnnciple Carbon
diroxide produced the most marked increase 1 oxygen
tension in the human penlymph No change in the pen
lymphatic PO, was observed after admimustrauon of
cupavenne and low molecular weight dextran 5 CO;~
95¢% 0, has been found to be the gas mixture producing the
largestincrease in oxygen tenstonin the human penlymph
without stde effects In order to achieve maximal oxy
genation of the penlymph the

of 5% C0,-95% O, should confinve for at least 30
mnutes At this prelimnary stage it ts not posstble to
assess the accuracy of the presented techmque 1n deter
muning the presence of a vascular disorder of the mner
car in patients

Changes in cochlear blood flow 1n response to
vasodilating drugs and related agents were
s “ed n the guinea pig by Monmtsu (1960)
Suga & Snow (1969) by means of electrical
1s e plethysmography According to
~ authors nhalation of carbon dioxide
and amylnitrite mcreased cochlear blood flow
while inhalation of pure oxygen decreased
1t Intravenous injections of papaverine, di-
pyridamole, bradykinin, kallidin, histamine,
betahistine hydralazine 2 hypertomc glucose
solution and a sodium and a bicarbonate solu
tion increased cochlear blood flow but reduced
systermc blood pressure An extensive in
vestigation of the effect of CO; on blood flow
of otic tissue using radioactive microsphere
techmques 1n mongrel dogs has been published
recently by Pollock et al (1974} According to
these authors carbon dioxide 1s the most po-
tent otic vasoddator To our knowledge
measurements of the oxygen tension m the
human mner ear fluds have never been at-
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tempted before The aims of the present study
were

() to develop a technique for the assessment
of the oxygen tenston 1n human perilymph

() to determme the factors increasing the
oxygen tension n the human penlymphatic
space, and

(c) to ascertain whether the measurement of
the oxygen tenston in the penlymphalx
space may be of diagnostic value 1 ar
culatory disorders of the mner ear

MATERIAL AND METHOD

The method used for determination of the
oxygen tension in the penlymph s based upon
the polarographic pnnciple A platnum and
silver—stlverchlonde microelectrode witha tip
of less than 100 um in diameter has been com
structed 1n with the Biomedical
Engineering Institute of the Swiss Federal
Institute of Technology and Unnersity of
Ziirich and tested 1n the laboratory of the ENT
Department of the University of Zurich The
electrode was introduced with a specally con

structed micromampulator through the fenes
trated footplate of S patients suffering from
otosclerosis and of 6 patients presenting with
a severe heanng loss of the sudden type and
who showed no signs of recovery after a week
of conservative treatment The artenal PO:
and Pcos, as well as the blood pressure and
ECG were momtored contmuously durng the
experiments conducted under general anaes

thesia

1k




Measurement of oxy gen tension i human peridsmph
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Fig 1 Ovygen tension of the human penlymph dunng
inhalatton of 100¢% oxygen Note the extent of the rapid
ncrease in perilymphatic oty gen tension 10 apnea follow
sng nhalation of pure oxygen

RESULTS

Dunng inhalation of pure oxygen for 15 to 20
minutes a very limited increase n CO, (less
than 130% of the inihial value) was measured
(Fig 1) When the admimstration of pure oxy
gen was followed by 3 to 4 minutes of aprea,
a rapid increase n the oxygen lension oc-
curred mn the penlymphatic space The ob
served mcrease in PO, correlated very closely
with the Pco, but not with the PO, values
recorded in the radial artery (Fig 2) These
observations confirm therefore, the previous-
ly d experimental con
cerming the otic vasodilating properties of
carbon dioide

The mhatinon ot >~ CO and 95¢2 0 (Fig
3) 1n otosclerotic pitients was followed by a
very extensive incic e of perilymphatic PO
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starting 3-6 rminutes and reaching i1ts maxmum
16-33 munutes after the beginmng of inhala-
tion When admimistration of CQO; was discon-
tinued the penlymphatic PO, returned in 10-12
minutes to the imtial values The curves
shown for patients 4 and 6 are very compar-
able to those obtained by similar expeniments
n cats (Murata & Fisch, 1975) and can there-
fore be dered as the most rep: ve
In the expenimental anmmal, however, the
response to carbon dioxide 1s more rapid and
the maximal perilymphatic PO, level 1s already
reached within 5 mmutes This difference
must be related to the better vascular supply
of the inner ear of the experimental ammal,
as compared with that n man In view of the
longer time needed to reach the maximal per~
Iymph ox: after mhal of 5%
CO; and 95% O, n the humans, the thera
peutic administration of carbon dioxide (e g
1n acute hearmng loss) should be continued for
at least 30 minutes

20, O perstymph
Peo,

? B Y rad alarter:
L e ¥
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Fig 2 Companacn of penlymph and blood gas responses
duning inhalation of 100% O, and apnea Note 1>

correlation betwcen penlymphatc PO, and s
- 27
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In contrast to the 2009 tncrease m pen
lymphatic oxygen tension following tnhalation
of 5% CO and 95% O no change n the pen
lymphatic PO, was observed after admimstra
uon of eupaverine and low molecular weight
dextran (Fig 4) Similar results were obtarned
m cats Of course, the negative influence of
papavenne and low molecular weight dextran
measured 1 normal nner ears could be differ-
ent than that observed i pathological condi
tions However to date all recordings of the

ymphatic oxygen tension in patients with

1 deafness faled to reveal any response

“.y eupavenine and low molecular weight dex.
fn

——

Fu. 3 PO of penlymph during inhatstion
of 362 CO ~ 95 O in pauents with ofo-
sclerosts The curves obtamed for panents
4and 6 are very stmlar fo those obramed by
stmilar experiments in cats

< &0
urutes of inkalat on

The measurements of penlymphatic PO
4 patients presenting with sudden deafness are
demonstrated 1n Fig 5 In 2 patents (P 3
and 10) no change in the PO could be re
corded after ihalation of carbon dioxide Tn2
other patients (P 8 and 11) the increase
the oxygen tenston measured tn the penlymph
was stmilar fo that recorded 1 patients with
otosclerosts It 15 very tempting to conclude
from these figures that 2 of our pauents did
indeed present with a vascular dsorder of the
inner ear at the time of measurement At this
prel 'y stage 1t 1s ble 10 determne
whether the normal response to carbon diox
ide mhalation i 2 other patients was 5o be

26
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Fii § PO of penlymph dunng mhalation
of $¢2 CO 957 O 1n patenty with sud
den deafress Note that)a patients S and 10
no change in penfymphatic PO could be
recorded after ihatation of carbon droxde

1 nutes of nha aton

cause they suffered from a transient vascular
disturbance or whether therr sudden deafness
was truly unrelated to any vascular problem
In view of the above mentioned observa
tions repeated inhafations of 572 CO - 95%
0, for 30 minutes at one hour intervals have
been used without side effects in our depart
ment for the treatment of sudden heaning los
ses of probable vascular ongin Although inha
lation of 109 CO.-90% O has been found by
Pollock etal (1974)to gtve the largestincrease
mn temporal blood flow In the expenmental
ammal a dangerous mcrease 1 artertal blood
was duning of this
gas muxture i our patients This effect never
occurred with 5¢2 €0 -95% O Thus cau
tion should be exerted 1 ad higher

for at least 30 minutes 11 order to reach maxi
mal oxygenation in the nner ear

4 Atths prehminary stage itis not possible
to assess the accuracy of the presented techni-
que 1n determintng the presence of a vascular
disorder of the inner ear
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RESUME

L.1 tension en oxygene de la penlymphe humane a ére

par des dans Ie
vesubule 2 travers la plaune de letner Les résultats
obtenus apres apnée pendant [ inhalation de différentes

concentrations of CO, in patients

CONCLUSIONS

| The oxygen tension of the human pert
tymph can be determined without complici
tions using the presented techmque which
based upon the polaroeraphic prnciple
2 Carbon diouide produces the mont
marked increase in oxygen tenston tn the hu
man pertlymph

The thernpeutic adminsstrition of S ¢
CO.~95% 0. 1n patients should be continued
19767936

oxygene et apres mnfusion de vaso-
dilatateurs chez des malades souffrant d otosclérose ¢t de
suniné prusque sont presentes

ZUSAMMENFASSUNG

Die Sauer ¢ ff p anuny der menschlichen Penlvmphe
wurde r H t  ne durch die fenestnieste | s platte
uh M kroelehtrode unter Benutzung der polare-
graph schen Methode gemessen Dre grosste Zunahme des
penlymph tischen PO wurde durch
CO beobachtet Die Sauerst if p
hat sich wahrend der ntr ¢
venn umd Dewtran mch r fu therapeutische
Zueche hat vih 8 tef ven $STazen CO, -
951gem O am be e sewabrt Um die maimale Oty
genation der Penl mphe zu enveichen muss das Gas
gemusch wab end wemgsiens 30 Minuten emngeatmet

+ inhalation von
der Penlymphe
[ fu «n von Eupa

Arta o 1.



L4

B2 U.bischerat

werden Wepen der genngen Zahl der bisher unfersuchten
Patienten st ey noch micht moghch mit Sicherhent zu
sagen ob dic veruendete Techak fur die Diagnosuk vas
kulaser | Brankungen des Innenohres eimgesetzt werden
kann
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DISCUSSION

B M Johastonte 1) What 13 the stability of your elec
trodes® 2) The volume of pentymph in anmals 1y much
smaller than m man As ddTusion ime ncreases ds the
square of the dintance could the slower response ime i
be due to the difference in diffusion tme?
Wullstern My guestion concerns if the audio-
effects as these expenments were made partly in
A Me tned it gn a few patents only chncally and
€ seen neatly no answer
&1 Jutobs Yoo reported sboui two caves without
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bettenng the heanng loss after oxygen use Ve are now
adays treatng sner-car diseases hy means uf hyperhari
oxygen and intra arteral infusions of ATE with ¢ xd
resutts $t will be published 10 the next months

17 Spuendiin Can you explan the grest imdondud
variation of more than 10077 1n normal subgects?

A Murata (Reply) 1o Me Johmitone 13 The tips of
the pt electrode was shyhily recessed und some electned
shock chambers were prepared in The amplifier in order
10 have a good alabihzation The dnfl of the clectrode
current dud not exceed more than $-27fhr 23 We agree
that the bigger space of the human sextibule may play &
tole concermng the longer fatency of diffusion sate of O,
from the vessels in camparnson to the latency finnd m
ammal expenmentation

To My Wallstern A comparative swudy on the reat
ment of sudden deafners with papasenne mfusion and
reomacrodex and with 377 carbon drovide is on the way
m the FNT Department of the Unversity of Zurch
The resuits have not yet been statistically anolysed so
that we are, for the moment wnstle fo amwer sour
queston

To Mr Jucobt According (0 ot animil eapenments
hypedbanc oxygenation with pure onygen must be care
fully apphied for the clinical treatment since the e
activity 1n the nner-ear s possbly endungered by d too
high concentration of O, At any rate we would bhe to
recommend to have 5% CO, in the inh stating misture (f
you want {0 increase the penlymphatic 0y ay ntuch 2
possible

To Mr Spoendiin The calibration of v dectivde was
pecformed immediately after the aclieal measurements in
the penlymphatic space hecause of the prot tem of sien
irzation The absolute values messured dter mhatation
of 57 CO; and 95% O were cg of 1RO cerpecinely
742 mmg 1 two cases of sudden deafpess and of 294
mmg (arr) for one case of otosclerosts The fact that 0
one of the four otosclerone patients the respcnse 10 €O
inhalaion way not as good oy 10 the remaning theee 1
probably due 1o the imitral difficutuies we expenenced it
plactng the nmucroelectrode mto the sesnbule In aff ous
later caves the cunves obtarmed i otosderc oy patieniy
are of the same shape 4y thove recorded for pitient 94
and §
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CLINICAL APPLICATION OF AUDITORY NERVE RESPONSES
RECORDED FROM THE EAR CANAL

P B Montandon

From the Depariment of Otolarvngalogy Hopital Cantona! Geneva S it erfand

Abstract The practicality of recording auditory nerve re
sponses in the routime practice of an otofogist 15 demon
strated Such recordings are parttcularly useful When the
caurse of treatment requires a distinction between central
of peripheral disorders They are also helpful when it1s
difficult to obtain a valid audiogram The electrical record
1gs from the auditory nerve can in combination with
standard audiological otological and neurologicat examt
Tahons present a more accurate picture of the patient's
condutio

Recently, there has been considerable interest
n the use of electncal recordings from the
cochlea and auditory nerve (electrocochleo-
graphy) as a diagnostic tool While the clearer
recordings can be made by placing an elec
trode directly onto the cochlea (Portmann et
l, 1961, Yostue, 1971, Eggermont & Oden-
thal, 1974), 1t 15 feasible to record auditory
nerve potentials by means of less 1avasive
techmiques (Yoshie et al, 1967, Sohmer &
Femmesser, 1967, Salomon & Elberling, 1971,
Moore, 1971, Kedel, 1971, Bochenek et al
1972, Cullen et al, 1972, Montandon et a1,
1975q)

The present paper presents a personal
evaluaton by the author, a practicing oto-
laryngologist, of the usefulness of recording
auditory nerve responses with ear canal elec-
trodes (Montandon et al , 19756) The follow-
ng questions will be ashed

1 Inwhat types of cases are recordings ind
cated?

This work was supported by a grant 3 1be A suem
Society of Geneva and by funds provided by he Loy
sersity of Geneva Medical School

2 How common s the occurrence of such

cases”
3 What are the economic factors in making
these recordings®

METHODS

Generality
The author s practicing 1t a general fiospital
serving a population of approximately 400000
The cases to be desenbed were clinic and pn
vate patients refetred because dragnostic prob-
fems had ansen that could not be resolved with
otological examunation and routine audio-
metnic fests The recordings were usually
berformed by the author alone, although occa-
sionally with assistance, especially if the sub-
Ject was a chid They were made either mm-

dately foll g the first or
{ater upon appowntment The testing rooms
were erther standard ENT-examumng offices
Gr rooms set up for minor surgical procedures

Preparanon

As descnbed previousfy (Montandon et al

1975a), 3 electrodes are placed on the subject
an active efectrode 1n the ear canal a refer-
ence electrode on the ear lobe, and a ground
electrode on the forehead All 3 electrodes are
connected to a contact box held above the ear
by an elastic headband With the subject Iying
on an exapumng table a binocular office
mucroscope 15 used with a standard nasal

Acta Orolaryngol 81
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speculum to obtain a direct view of the pos-
tenor wall of the ear canal which 1s then care-
fully cleaned wath cotton soahed 1n an ether—
alcohol solutron The active electrode, a gold
foil disk 05 ¢cm 1n diameter attached to a
thin flexible gold wire, 1s covered with contact
paste and placed with alligator forceps on the
postertor wall near the tympanic membrane
The end of the wire from the ear canal 1s
gripped by chips attached to a connecting box

The portable stmulus generating and re
sponse recording device (Montandon et al .
1975a) 1s on a small wheeled table close to the
patient’s head The leads connecting the pa
tient (o the recording device are plugged m
The resistance between the ear canal electrode
and the reference electrode 1s measured and if
1t exceeds 30 Kohms, the electrodes are ad
Justed If necessary, the ear canal electrode
can be removed and the skin cleaned agan
until a lower resistance 1s obtained

Test

The tester sits near the head of the subject
The clicks are delivered through a plastic tube
placed 4 cm from the subject s ear The re-
corded electrical responses are averaged and
continuously displayed on the screen of the
~illoscope as a true average Thus the back
. electncal activity 15 gradunlly reduced
,jthe responses become clearer as the
S are repeated Whenever the average
reaches a stable configuration the recording
can be termmated and the resulting display
photographed for a permanent record Click
levels between approximately 70 and 110 dB
SPL are available in 10 dB steps By putting
the tube | cm from the eir canal 1t 1s also
possible to reach a [evel of approximately [20
dB SPL After the test 1s completed the pa
tent 1s disconnected from the machine and the
canal electrode removed by pulling out the

gold wire

Evaluation of responyes
The response from a normaf subject is typs
cally a negative electrical deflection (N,) of
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approximately 1 msec duratron with an am
plitude and latency that depends on the click
level (Montandon et al, 1975b) The lowest
citck level that can produce 2 visually detecta
ble average response 1s taken to be the
“‘threshold* Under the present conditions

most normal subjects show a detectable re-
sponse at 70 dB SPL. Thus a threshold greater
than 70 dB SPL can be considered high Itisa
clear sign of abnormality when no responses
are detectable at levels as high as 110 or 120
dB The latency of the response peak Is meas
ured directly from the honzontal time scale of
the oscilloscope and can be compared with
normative data available for each click level
(Montandon et al , 19755) Since latency de

pends upon stimulus level one effect of a con

ductive defect 1s to proditce a response that 1s
apparently delayed n latency for a specific
click level It should be remembered that re

sponses of auditory nerve fibres tuned to low
frequencies are not well represented 1n the N,
component (hiang et al, 1965} Thus the
absence of a recordable A, mn ear canl re

sponses can stll be consistent with restdual
hearing of low frequenctes (below 1-2 kHz)

Total ttme involved n the procedure including
preparation of the subject setting up of the
equipment, actual testing and evaluation of the
results takes an average of § hour for exch ear
and usually does not exceed one hour for each
subject

RESULTS

Situattons where the chimcal recording of au
ditory nerve potentials was found to be useful
mn determning the further course of action are
best nlustrated by presenting specific €ases
Each figure will contain the followng dJat 1 for
an (ndividual case

(I3 a brief summary of all imformatton avar
able prior to the testing

(2) displays of the recorded averued 1o

sponses for selected clch levels,
(3) the author s interpretation of the record



Applicanion of anditors nen e responses from ear canal

Fig T No 122 (1) Chacal history This child aged |
year 2 months does not react to sounds He 1s physically
and mentally retarded The refernng pediatne neurologist
wanted 10 know whether the ear 1s also involved m order
10 choose the most type of The
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fractures, extensive damage to the ears was
suspected It seemed important to know if the
ears were functional in order to determine how

ofoscopic examination 1y normal There was no reaction
to the noise of a Barany Box  and the Moro-Test was
inconclusive

() Averaged Responses

NomZRgh  LEVEL

8 $PL)

"

"

IR A

5 mec

N Interpretation The recordmg made from the nght ear
shows normal auditory nerve responses The threshold”
Is 00 greater than 70 B SPL The response fatency 1s
within the normal range (dark hne below the response
peaks) The penpheral auditory system up to and includ
g the auditory nerve 1s not drasucally tmpaired The
heaning disorder 15 therefore probably of central ongin
with minimal 1nvolvement of the ear No aural rehabilita
tion was recommended

tngs and recommendations made for further
management of the case, and
(4) subsequent results, when available

Fig 1 shows data for a child that d«d not
react to sounds The association of severe
mental and physical retardation rendered 1t
plaustble that the disorder nvolved the central
nervous system It was important however to
know if rehabihitation attempts should be sup-
ported by acoustic amplification The record
g of a normal response from the auditory
nerve indicated that the ear was lihels to be
reasonably intact Thus a heanng aid micht
not necessanly help 1n rehabilitatton tramimy,

Fig 2 shows data for an adult comatose
patient who did not respond to speech and
sounds as he was emerging from coma Be
cause he had had biliteral temporal bone

rehabilitation should be d The re-
corded ear canal responses indicated that the
major damage was probably central, although
some ve loss was also ind: d

Fig 3 shows data for a young adult with
bifateral heanng loss that was suspected to be
of psychogenic ongin Normal auditory nerve
responses supported the clhinical 1mpression,
and the patient was sent for psychiatnc evalu-
ation, the results of which confirmed the
diagnosts of psychiatric problems In contrast,
Fig 4 shows data for a young girl who was also

Fig 2 No 120 (1) Chinrcal hrstors This 35 year-old man
suffered bilateral temporal bone fractures and bran lacer
a%hon in a traffic accident As he emerged from coma he
did not react to sounds The refeming neurosurgeon
wanted to know whether the disorder was of central or
Penpheral ongin in arder to choose an appropnate type of
ehabihitation

Q) Areraged responses

No 120 Rght  LEVEL

B sPY
£

10

Py

Smsec

(3) Interpretanon Averaged responses recorded from the
nght ear canal show auditory nerve responses at approxi-
Thately 90 dB SPL and above The “threshold™ of re

Sponse 15 abnormally high but the defiait 1s only partial
and therefore the lack of reaction to sounds 15 probably
Que to a disorder localized more centrally than the aud:

tory nerve A marked detay 1n response latency suggests
that the penpheral deficit 15 of conductive ongin No oto-

lomecal reatment or sural rehatulitation 1s recommended at

this ime Suggested frecrammation after more recavery of
ventral functions

4 Follow up  One year later the panient was able to

nderstand conversattonal speech and to follow onders
% hout amphification of hip-reading
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Fig 3 No 207 (1) Chmcal luston This 19 year-old
office clerk complamed of a disabling heaning loss of
gradual onset over the past 8 months He was referred by
an otolaryngologist who had treated tum unsuccessfully
with vasodilators for 2 months He asked if a heanng axd
could be of help The otoscopic examination was normal

‘but acuty for speech discnmination appeared to fluctuate

ngs proved to be a strong psychological sup-
port for the patient and the follow-up showed
good results with avral rehabiitation While a
correct diagnosts might eventually have been
made by other means such as more complete

The audiogram show.ed a bilateral defictt of app: y
70dB at 1 h and of only 45 dB for SRT The discrepancy
betwcen thresholds for tones and speech suggested that
there mught be psychogenic factors However 1t was felr
that an atiempt to confirm this chmcal smpression should
be made by recording nerve responses before sending the
pauent to a psy ctuatnst

Audiogram

Left Na 207 Right

225 250500 1X_20 4K BX. 25 250500 1X 2K 1% 9K

o oF
»n 2
Ed ! £ £
[ 1 J-x{ €o] 1 g
aopx XX [
100} 5RY 4508 wp,
23 Aseraged responses

No 207
Lent LEVEL Right
8 SPL

"\/\59

4934

Smsee O Smsec

3) Interpresanon  The recordings made from both ears
show normal anditory nerve responses with a threshold
no tugher than 70 dB SPL The penpheral auditory
mechantsm 15 probably intact and the disorder must mn-
solve levels higher than the auditory nerve MNerther
i d nor a are indicated

(4) Follaw-up The pattent was referred to the psychiatry
ward with a tentatrre diagnosts of psychogenic deafness
The ps) chiatnst found indications of a psychotic personal
ity with paranoid tendencies complicated by dyslexia

suspected to have psychogemic heanng loss
and had been treated as a malingerer by the
hospita! staff The absence of 2 recordable
neural response indicated a severe defiait of
the nner ear or nerve The ear canal record
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and t testing, none of
these methods were as direct as recording the
activity of the nerve
Fig 5 shows data for a child who was un-
cooperative 1 routine audiometric tests A
history of several languages spoken in the
home and a complex famuly situation gener
ated suspicion that the disorder might be of
other than organic omgin The absence of
nearal responses wr the ear canzd recordwngy
showed that there were defimte signs of
malfunction of the peripheral auditory system
Once this information was available, the child
was referred to an aural rehabilitation centre in
her native country where the stram of using
several languages would not tmpose an addi
tional burden on an already defective system

Fig 4 No 151 (1) Chmcal histors Ths 14-year-old gl
srecovenng from an attack of mentngococcal menngs
was referred by the pediatnic chme wih a lentabve
dragnosis of menngococeal labynnthiis The patent in
sisted that she could not hear behaved wildly and was
very uncooperative at audtometne and otoscopic eXam!
nation The ward nurses the pediatncian and the exami?
g otolaryngolopst all suspected that the pauent w2s
either mahingenng or had psychogenic deafness and a com
firmaton was sought in nerve recordings
2) M eraged responses
o 159 Lett LEVEL
8 5P
1 - W
"y
1

T

(3)dnterpretanion There 1s no detectable response evenat
12048 SPL Thus there proves to be a clear tnhication of
abnormal ears or nerves and the suspicion of ps chogenic
deafness ts contradicted

(4) Followup A vestibulas test was performed whih
resulted 1n 110 calonc responses on either side The P&
nent s behaviowr became markedly improved once her

deafness™ was taken seriously and she made rapid prog
ress 1 rehabihtanon (Ip reading) Once relable 20
diograms covld be obtained they showed residual heanng
only for very low frequencies on both sides
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Fig 5 No 132 (1) Chnecal hustors This d-year old girl
from a foreizn | ngu see family was referred by a pediatn

cian for hearing evaluttion In spite of normat physical
development she hid not developed linguistic shifls and
seemed to be mentilly disturbed The child was very
uncooperative dunne examination, and the tympanic
membrane could not be visuahzed properly No rehuble
adiograms could be obtained It was decided to perform
the oloscopc exumination wstnp general anesthesia
(Retamim) and t1ke rdvantage of the stuttion to record
from the ear ¢ in 1l while the child was anesthenzed

) Avernced responses

No 127
Let LEveL Rgnt
(B SFLy
e M e
i
H
& Smsec & Somsec

) Interpretation. There 15 no response at 110 JB SPL
The penpheral wuditory mechimism 15 severely impaired
on both sdes

(4) Folfow up The concluston nas supported by recording
scalp potentials (E R A ) which showed some responses
only at 90 dB HL n the lower frequency range (250-500
Hz) on hoth sides It was recommended that this child be
sent 10 1 school far the deaf 1n ker own country

Fig 6 shows data for one of two brothers for
whom screening audiometnical findimgs mds
cated a 40 dB deficit This result seemed to be
1n conflict with the conduct of the children,
who were normally behaved There was some
suspicion that the audiometrie findings might
be due to factors other than orgame but m
view of the otherwise normal behaviour of the
children, more data was desired before one
could defend aural rehabihitation based on the
use of hearing aids  The elevated thresholds of
ear canal responses noted 1n the tests were
consistent with the audiometric findings and a
concerted effort was made to teach the boys to
use heanng aids before they had to enter a
more varied environment in which hip reading
mght not be so reli ible

Fig 7 shows data for 4 mentally retarded girl
who had been given o heanng ad on the bass
of somewhat mhiguous audiometric data
The recordings of normal audilory nerve re
sponses supported the tmpresston that in her
case the heanng aid may have been unneces-

sary and indeed may have added a complicat-
g factor m her rehabihitation

Fig 8 shows data for a young child in whom
the ear canal recordings indicated the presence
of a conductive loss and led fo the discovery of
thich middle ear exudates that apparently were
not obvious by otoscopie examnation

Fie 6 No 154 (1) Climcal hustars This 8 yer old bos
repeatedly faled the school heanng tests He had been
fitted with a heanng ard but refused 1o wear it and seemed
actually to be doing well schotastically witheut it How

ever he was due to change from a school environment

with a single teacher to one with man) leachen anditwas
Falt that crma 2t YT

responses was therefore performed on the better srde
Audrogram
Na 15 Lett
129 250590 13X 4 o
o

i: 14%,1

]
83
woppsc mwes

(2) Averaged responses

Mo 15 Len LEVEL

@3 sPy

Smaec

(3) Interpretanon The reconding mide from the left ear
shows auditory nerve potentils only at high levels suz
sestng a disonder of penpheral ongin conistent with the
wdiologi. findings The Lutencies are normal Thus a de
t tof conductive ongin 1s improbable The defect proba
b involves the cochlea or the nerve A heanng and was
rue mmended

Acta Orolarengol 81
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Fig 7 No 128 (NClhmeal histore This 8 year old men
tally retarded gurl had been fitted elsewhere witha power
ful heartng ard and now refused touse it She was referreq
for reevaluation of her heanng problem The oroscopie
exammation was normal  The audiogram showed a bilat
eral hearteg loss of approvumately 50 dB at 1 hHz on bothy
stdes However her responses were unrehable and a bone
conduction audiogram w 4s not obtainable
Audio ram
No 128 Left
nE R R
a([ 3
z A
ol A
" tk-p_«’
. 1
» l 9
€2 v e response
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) Interpretation. The recordings made from the left ear
show normaf auditory nen e responses wrth a threshold no
hugher than ~0 dB SPL There does not appear to be a
drasuc impairmens of the ear It was recommended that
the chuld <hould not be forced to use the heanng ard

~

A ‘breakdo“n of 91 cases that were tested
or diagnostic purposes reveals that 4 were
mfants below the age of 1 year 17 were
children aged 1-5 years 18 were cimldren aged
6-15years 52 were adults The cases involved
the following condittons coma 5 mental re
tardation 8 suspected psychogenic heanng
loss 19 suspected central nervous systemin
tolvement 5 fluctuating heanng loss of un
certatnonemn 7 In#7 cases the diagnosts had
already been made and confirmauon was

sought
DISCUSSION

In dealing with 2 heaning disorder the otologist
1s wnterested first i whether he should treat
the patient himself or if he should refer him to

other speciahsts It 1s important for him 1o
evaluate the extent to which the varous parts
of the ear or the bran are involved In most
cases, the patient s history  the otological ex
amination, the audrogram and rdiologicl
data will already have provided suffictent
formation to recommend a specific course of
action The cases presented here, however
are examples where proper management was
still in question In some instances recordmas
from the ear canal were helpful because
audiometnic data were difficult to obtain (such
as the very young or mentally ill, or comatose
patients) In others the audiometric and oto-
fogie data were msuffictent to decide whetfier

Fig & No 175 (1) Chnical history  This 17 month-old
child was observed by his parents and pedratnctan to react
with abnormal slowness to speech He did not have any
other ear symptoms and repeated ENT exammnanons
have been negauve The case was now referred (or further
evaluation Otoscope findings were again tnsignificant
‘The chuild was uncooperative and audiometsnc festng was
difficult Reactions to tones and speech appeared o b
present at 30 dB but the test was unrehable In view of the
perststent concern of the parents 1t was d=cided to obtam
niers e recordings useng Retamia as a general anesthetic

() Averaged response

No 175 R g LEVEL

198 $PLI

°

Smsec
3 The ear canal dings reveal andi
tory nerve responses for clicks higher than approumalcly
€0dB SPL However noresponses are scen ot "0dB SP!
which are usually seen for normal subsects Moreover
when the responses were recordable they sppeared 10
have abnormally long latencies suggesting that there mav
be conductine loss imvolved  Paracentesis was it
mediately pesformed on both sides A thick muddte €3
ewdate was found m both ears and 3 diagnoss of Ghe
Ears was made

(4) Follw up Following dramage  the behaviour of the
child changed drastically for the better
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the defects mnvolved the system up to and -
cluding the auditory nerve or more central to
the nerve Many cases are seen imuaily by
pediatricians and neurclogists who will refer
them for testing once they are aware that a
useful procedure exists to differentiate ear and
brain pathologies In an ordmary otologic
practice, cases that require auditory nerve re-
cordings are probably not

R T Engel of the Audiology Umit performed most

and other psych tic tests Techmeal

help was rendered by T Grajew F John G S Roberts
D happeyneand R Beuchat

RESUME

La preuve est faite que T'otologpiste peut enregistrer les
potentiels du nerf auditif en pratique courante L utihie de
tels enregmr:mems simpose lorsque pour le chorx dun

The economic factors in making ear canal
recorchngs cannot be ly d at

it est de savoir si le trouble est
dongne centrale ou pénphénique Js peuvent aussi se
montrer fort utiles dans certains cas ou ik est difficile

this ime and are constantly changmg In the
present instance, the apparatus purchased n
1974 cost less than $6000 The canal elec-
trodes are fragile and need to be replaced after
use 1n about 6 ears and cost approximately $3
apiece Each recording sesston takes approx-
mately 3 hour per ear, and the cost would
naturally depend upon who does the record
mgs In the author's opimon, this relatvely
modest financial investment s certamly
Justified in larger medical centres such as a
universsty hospital and may not be out of reach
even for individual otologists with a strong
nterest tn the subject

A practical question anses as to who should
perform the test otologists neurofogists or
audiologists” The preparation of the ear canal
and the placement of the recording electrode
on the canal wall presents no difficulty for an
otologist trained 1n using binocular operating
microscopes and those without this traimng
should gain expenence mn examiming the ear
canal and tympanuc membrane before doing
the tests However the traiming of the au
diologsst in making careful measurements of
behavioral responses to sound 1s clearly 1m1
Jor asset  The interest of the neurologist in
further study once the tests indicate central
involvement musi 1lvo be recognized For the
moment 1t woult be wise if Il speataluies
were 1o pirtictp te md cooper ite 0 the de-
velopment of the « new diaund ~stie methods
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voire ble, d obtenir un audiozramme valable En
regle genérale | enregistrement des potentiels du nerf au
bl combine avee les examens habutuels d audiotogre
d'otologie et de neurclogte permet d'obtemir une 1mage
plus precise de | état du malide examine

ZUSAMMENFASSUNG

Die Methode zur des Gehor

nervenpaotentials hat sich in der ohrenarztlichen Praxs als
Routineuntersuchungsverfohren bewahrt  Ausschlagge

bend 1t das Verfahren 1m Hinblick auf die einzuhaltende
Therapie ber der Unterschewdung von penpheren und
zentralen Ein werteres A

ergibt sich as alt den Fallen wo em zuserlassiges Audyo

nérvenpotentials ene genauere audiolopische und oo~
neurologische Diugnose ermogheht
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DISCUSSION

Mr Burign 1 should hike to ask about your personal
expenence with the ear canal recording 1n cases of pro
found heaning Toss We were using a similar technique
some years ago but in cases of severe heanng loss it was
ery difficult or mostly smpossible to detect responses
h could be detected clearly with promontory elec
Thts was the main reason why we changed our

de la pose de lelectrode est identique car fa pegu du
conduil est tds sensible 3) A faur une anesthese
génerale pour la pluspart des petits enfants peut-etre
meme plus profonde car ! entegrstrement est mowns bon
4) quelle est la fiabilite an sewil subjectif du suget? ENe
est moms bonne et natteint pas le vasinige de 100%
comme avec la technique de Aran 5) enfin I ECOG et
plus qu une recherche de sew! ¢ est ausst Jetude de Iy
forme de la reponse en relation avee tel ou tel type de
desordre I La techmque du
est menlleure pour cette recherche

£ B Montandon (Reply} to Mr Bunan We ysvally
do not have responses in cases with profound heanng
losses espectally if there 15 no residual function in the
higher frequency range

We are indeed not so much interested in exact measure
ments of residual funcuon but rather in knowing whether
the loss of heanng 1s of penpheral ongin of if tt s cavsed
by a problem central to the auditory nerve

To Mr Bordley 1t 1s possible 1o use pure tones The
recording conditions may however require more sophish
cated laboratory conditions to be rehable [a our himited
expenence we found thar jnformation that were most
helpful i deciding upon further course of acton could
be obtained with click responses Pure tone threshohd
measurements are generally requested for treatment that
will require a behavioral audiogram In the present
instance we did not intend to produce objective avdio-
metry

To Mr Portmann We have compared the responses of
the audrtory nerve recorded with transtympanic and canal
electrodes 1n antmals (P B Montandon et al 197
and m humans  The amphitude ts smaller in the ear cand
but 1t 15 consistenty present and recordable provided
the sk reststance 1s properly taken care of Regordings
from the promontory or the rotnd window have a more
favorable signal to noise ratio Under these circumsances
a wider vanety of controlled acoustic sumuh may be used
and the behavior of amphitudes latentes and waveforms
of vanous response components can be bettet anafysed

h 10 using p Y

m y 3
Our dure docs not require anesthesta i babes

ding
s+ ~E Bordley Can your technique be employed to
obtam information on pure tores? A ¢hick gives too little
WTETIRLGT WiRET #E Sre SRR & sl alald st aar
not be of much help tn planmng the future traming
M Portmann Je stus d accord avec vous quil est
préferable de mettre Ielectrode dans le conduit platot
Qque dans | oreille moyenne mars a la condinon que les
resultats sotent ideatiques ou ils ne sont pas auss: bons
et aussi complets
1) le pnx de | equipment est le meme 2) fa simplicite

Avta Otolarvagot 81

that :nrer wrapped up 1 a towel and held tightly Light
sedanar mey be savsfctony o flear she ear oAl
children aged | to § years The placement of 3 cond
electrode does ustally not elrcit pan with a tramed
hand The clectrode can remam 10 the canal for many
hotrs without discomfort Threshold responses may b¢

under Jaboratory ditions ofty
The type of information we are usually fooking for requ™®
merely approximate threshold measurements
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SOUND LOCALIZATION WITH PHASE AUDIOMETRY

R Nilssonand G Liden

From the Depanments of Audiology and Orolaryngology Sahigren s Hospual
Universits of Goteborg Goteborg Sweden

Abstract A 500 Hz pure tone 15 presented binauraly with
earphones The tone 15 adjusted to give a mudhne ympres
sion at comfortable loudsess level An electronic vanable
ume delay line unit and a generator for randomizing the
shift of the phase lag of the signal to the nght or 1o the left
ear respecuvely are used By shortemng the time delay
the threshold of the recogmition of the phase difference 1s
reached At every test sequence the tone s first prasented
in the center of the head without delay and then wath
delay The patient runs the test by indicating 1a which ear
the tone is heard The phase difference 1s thus gradually
reduced from 500 usec down to a threshold value of about
48 psec equal on nght and left ears \n normal heanng
subjects
The results of phase audiometry on subjects with nor
mal heanng and with different types of heanng losses are
1n g0od agreement with the results of sound

rectional heanng for chchs white noise or
other complex sounds (Chnstan & Roser,
1957) 1t has also been shown that directional
heaning 1s better for low frequency pure tones
and low pass filtered broad band noise than
for high frequency pure tones (Nordlund,
1963)

1t 18 generally agreed upon that the medial
accessory nucleus of the ofivary complex m
the brain stem 1s the site at which afferent
wmpulses from the two ears first come to
gether Since sound localization 1s based on
time and differences by the

tests in free field Phase audiometry seems 10 be of espe
@al value in diagnosing retrocochlear lesions

Directional heanng m the honzontal plane de
pends largely upon the acoustc differences
between the sumulation of the night and the
left ear These interaural differences can be
divided into ume, phase and wtensity differ
ences This important auditory function has
been studied in a great number of expeniments
(Wightman & Frestone 1930 Bekesy, 1930,
Jongkees & Groen, 1946, Matzker, 1958,
Nordlund 1963, Nordlund & Laidén 1963)
The directional hearing 1n the low frequency
range 1s based on the ability of the individual
to detect nteraural phase and tme differ-
ences (Zwislocki & Feldman 1956) The
mteraural intensity difference s of greatest
importance for tones above 1400 Hz How
ever ime difference becomes important in di

This study was supported by the Swedish Medical Re
search Council BI6-17X 133 10

ears disturbances of the conduction time of
the neural impulses 1n one of the auditory
nerves should register 1n this measurement

Thus lesians of the VIII nerve or the brain
stem will render the centre unable 1o carry out
1ts function properly The fuston of the signal
coming from the peniphery will not take place
1 the normal way and will give nse to dis

turbances 1n sound localization.

Different types of heanng deficits can influ
ence directional hearing Middle ear lesions
often impair the directional heaning Lesions
of the auditory nerve or the pontile region of
the brain give noticeably abnormal directional
heanng whereas patients with temporal lobe
lestons may have an entirely normal direc
tional heanng Although cochlear lesions can
produce shght umpairment m directional hear
wmg normal vestibular funcuion 1s not neces
sary for the test (Nordlund 1963)

Several methods have been developed for
the investigation of directional heanng (Jong
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Fig 1 Block dragram of the free field focalization test
(Nordlund 1963)

kees & Groen 1946 Matzher & Welker,
1959 Nordlund 1963 1964) although two
basic tests are presently being used free field

tests (dir d y) and headph
tests with dichotic presentation (phase audio
etry)

e free field method for directional au
% 'metry has been employed routinely n our
aboratory for the last 15 years and has proved
1n the di of refr hiear fe
sions The disadvantage of this test 1s that 1t
requires an anechoic room The fest ts
performed i the following way A hidden
mohile loudspeaker 1s placed 1n different post
tions tn front of the test subject This ts
sttuated behind a recordable scale so that the
histerner can respond with the scale number at
which he thinhs the loudspeaker 1s located
(Fig 1) Chimeally the test 1s now performed
with both 500 Hz pure tone and low pass
filtered broad band nose as stmuh  The
sound wtensuty 15 set ata comfortable level for
the panient but it must be sufficiently intease 10
be discerned by the more defective ear The

Rinbi
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patients make 20 judgements for the direction
of the tone and [0 determmations for the
noise  The results of the tests are then
analysed with regard to the mean of the differ
ences and the standard deviation of the errors
of the judgements

In order to attempt to move directronal au
diometry 1to regulr sound treated rooms we
mvesbgated and reported the ments of ulihz
g sound stimulus with vanable difference of
time or phase between the ears (Nilsson et al
1973) A dichotic presentatron of sound over
headphones was used in which the equipment
was manually operated

The sensation of sound fahes the form of an
imagmary sound source moving in the head of
the hstener depending on the interaural time
differences (Af) produced by a delay lme
Normal histeners start to lateralize this dicho-
tic sound presentation as soon as a trme differ
ence of about 20-30 usec 1s reached A simtlar
method was used earlier by Matzker (1938
1967) and Matzher & Welker (1959} Matzher
found that the position of the phantom sound
was disturbed in patients with bram tumours
and concluded that his method of examination
made 1t possible to diagnose central heanng
disorders and to draw certain conclusions re
garding the site of the disease Groen (1969
using sumlar equipment stated that &
discrimunation mability was only encountered
n acoustic nerve disturbances Umiateral dis
orders 1n the temporal fobe were not found &
abolish Af perception although the mumum
Af values might be increased shghty This &
1n agreement with the findings of Nordiund
(1963) but 15 1n contrast to the opmion of
Matzher & Welker (1959)

The Iy op d phase
was used on 100 normal hearing subjects be
tween 15 and 35 years of age Each ear %as
tested separately and all tests were performed
without comphlications The results of the
mean of the smallest delay time values wert
46 3 psec for the nght ear and 45 4 psec for the
left ear The standard deviations were 12 8and
12 2 usec respectively Of some interest how

1 ter
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ever was the finding that older pauents did
have difficulty completing the test It was
thus evident that the headphone methad had to
be modified to facilitate use by the test sub
Ject

As a result of these expertences a new au
tomatic phase andiometer was constructed
The purpose of this paper 1s to describe the
new method and to report the results of testing
flormal and some hard-of hearing subjects In
addition the mensts of phase audiometry m
companson with free field sound localzation
methods were evaluated

EQUIPMENT

Sound locali_ation 1 ith phase audrometn

048 AFT

203

148 ATT

TOH 39
MxaTAR

generator for randomizing the presentations
shifts the phase lag of the signal either to the
nght or to the left ear At each test sequence

the tone used 1s first presented :n the centre of
the head without delay and then with delay

The patient admisters the test umself and s
able to record which ear has heard the tone
(Fig 3

PROCEDURE

The 500 Hz tone 1s presented binaurally with
headphones The tone 15 adjusted to gne a
mudhne mmpression at a comfortable loudness
level without delay The test starts by placing

Fig 2isablock dragram of the phase
ler The osallator generates a 500 Hz pure
tone which can be presented binaurally erther
<continuously or with pulsed tones {frequency
2 Hz duration 200 msec mse and decay
lme 40 msec) over headphones (TDH 39
MX41AR) The maximum out put 110dBSPL
canbeadjusted by attenuators in 10-dB and 1-dB
steps
The maximum yme delay 500 p ¢ pro-
Quced by the efectromc delay un1 « ves an
€Xperience of complete lateralizaton of the
00 Hz tone The time delay automatically
m 10 psec d to 200 psec
and thereafter in S psec decrements The

4

the aud on position One of
the test channels will produce a maximum de
lay of 500 usec The patient hears the tone n
fis opposite ear and records this accordmgly
The phase lag then disappears mmed:ately
The patient again hears the reference tone in
the midhne position after there occurs a 10
psec less phase shift presented to one of the
ears This phase lag 1s shifted randomly be
tween ears to mimimize preselectton by the
patient If the subject gives correct responses
the phase shift diminishes automatically as
previously described A counter samples in
cofrect responses and terminates the test af
ter three errors on each side A flow diagram
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(Nordlund 1963)

kees & Groen 1946 Matzker & Welker
1959 Nordlund 1963 [964) although two
basic tests are presently being used free field
tests (dir ] audi y) and headph:

patients make 20 judgements for the direct on
of the tone and 10 determinations for the
noise  The results of the tests are then
analysed with regard to the mean of the differ
ences and the standard deviation of the errors
of the judgements

In order to attempt to move directional au
diometry into reguinr sound treated rooms we
vestigated and reported the ments of utthz
mg sound sttmulus with vanable difference of
time or phase between the ears (Nilsson etal
1973} A dichotic presentation of sound over
headphones was used 1n which the equipment
was manually operated

The sensation of sound takes the form of 20
imaginary sound source moving in the head of
the Iistener depending on the interaural time
differences (Ar} produced by a delay Ine
Normal listeners start to laterahze this dicho-
tic sound presentation as soon as a time differ
ence of about 20-30 usec 1s reached A simiar
method was used earher by Matzher (198
1967) and Matzker & Welker {1959) Matzher
found that the position of the phantom sound
was disturbed n patients with bram tumours
and concluded that tus method of examination
made It f ble to d central heanng

tests with dichotic presentation {phase audio

etry)

The free field method for directional au
F arhetry has been employed routinely i1n our
aboratory for the last 15 years and has proved

haalde = tha 4 of w4 hiear e
swons The disadvantage of this test 1s that it
requires an anechorc room The test 1§
performed 1n the following way A hidden
mobule loudspeaker 1s placed 1n different posi
tions mn front of the test subject This 1s
situated betund a recordable scale so that the
listerner can respond with the scale number 1t
which he thinks the loudspeaker 1s located
(Fig 1) Chmcally the test 1s now performed
with bath 500 Hz pure tone and low pass
filtered broad band noise as stimuh  The
sound ntensity 1s set at a comfortable level for
the patient but 1t must be suffictently intense to
be thscerned by the more defective ear The
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disorders and to draw certain conclustons e
garding the site of the disease Groen (1969
using simular equipment stated that N
discrimmation mability was only encountered
tn acoustic nerve disturbances Umilateral dis
orders v U emporal Yhe were 7k fouad 1o
abolish At perception although the mimmum
At values might be mcreased shightly This 18
1 agreement with the findings of Nordlund
(1964) but 1s in contrast to the opinon of
Matzker & Welker (1959)

The lly op d phase a
was used on 100 normal hearing subjects be
tween 15 and 35 years of age Each ear w2
tested separately and all tests were per{urmcd
without complications The results of the
mean of the smallest delay time values were
46 3 usec for the nght ear and 45 4 pusec for the
left ear The standard deviations were 128 and
12 2 psec respectively Of some interest ho

I tef
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tomatic locking of the phase shift after three
mistakes also makes the threshold deternuna-
tion easter In this way, we also avorded the
effect of excessive guessing on the final
threshold values

The threshold values on the normal heanng
subjects with the automatic phase audiometer
comrelated well with those values obtaned
with our manually-operated audiometer The
means of the mummum interaural tme delay
{ITD) expressed both in microseconds {usec)
and phase degrees on the 60 normal hearmg
subjects were 47 9 usec (8 6°) for nght ear
and 47 § usec (8 67 for lefc ear (Figr 5} The
corr d; dard d were 184
psec (3 39 and 20 0 psec (3 6%

As borderline for possible pathology. the
mean of the ITD with three standard devia-
tons was taken 1e, 105 usec or 19 phase
degrees All of the 60 normal-hearmg subjects
studied had their I'TD below 95 gsec (17°)

The traming effect on the threshold values
was analysed on 10 normal heanng subjects
Each subject recerved six tests with one day s
intermussion m the middle As can be seen
from Fig 6 the traiming effect was found -
I*:‘: ¥ Flow diagram of the function of the phase audrome significant

Raloncs of mart €ompaetabla favel
e vame lovdor o4 bath a0 &
G o tone st o0 % thouwt datay

< >
==
< ma>

Loch shy delup oo that s 49

‘NUMBER OF SusjECTS
u

MEAN 4P o6 (g o) 2 MEAN 47§ 1S (§00%

Fig 5 Distnbution of
Mummum interaural ime df
ferences in phase audiometry
n 60 normal heanng sub.
eE DELAY CEPT S06 Jects

" MEDEAT ¥ Gt sipe
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Fig 6 Traiming effect on 10 normal heanng subjects 6

tests duning 2 days

The results of automatic phase audiometry
were also compared with the results of free-
field directional audiometry (Table 1) The
mean angle of msjudgment of a 500 Hz signal
na free-field situation was obtamed 1 100 nor-

i

I s L e L. Ly

e o,

.

s . ; . . o

|

correlation between the two methods studied
although there are relatively few patients in
whom the two methods have been compared
simultaneously For comparison purposes 2
500 Hz pure tope was employed as smgle

lus in both methods However, it should

mal-hearing subjects (20 Jud each),
nd found to be 0 6 degrees from true position
of the loudspeaker with a 99 9% confidence
interval between +8 degrees Expressed as
interaural time difference, these 8 angle de-
grees correspond 10 a lag of about 68 usec
The stanrdard deviation for all 2000 judgments
was +2 3 degrees (Nilsson et al , 1973)

A rejatively small pumber of patients with
different types of heanng loss have been tested
with both phase and directional audiometry
simultaneously Qtosclerosis gave abnormal
thresholds for ITD in 7 of 11 pauents (645)
Twelve of 21 (57%) were classified at direc
tional audiomeltry as abnormal Most pauents
with cochlear lesions as well as those with
(tracramal lesions passed the test very well
Patients with retrocochlear lesions on the
other hand appreciably had abnormal results
with both methods

As can be seen from Table I there 1s good

are Orolarynpot 81

be pointed out that the climcal evaluaton of
the results of directional audiometry normally
15 based on measurements with both 500 Hz
pure tone and low pass filtered broad band
noise with movable and fixed head respective
Iy IF this fatter criterion had been 1pplied 1
the 11 cases with retrocochlear lesions (Table
1) there would have been only 2 with normal
results at directional audiometry instead of 4
with just 500 Hz as stimulys In addiion for
those patients with hearmng loss stedied. the
values of testing were compared with those
obtamed from our normal heanng group

DISCUSSION

Eatlier vestigattons have ndicated thay the
minimum rnteraural time difference in dichone
presentations which produces an impression
of deviation from the mudlme 1s approximately
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Table 1 Results of phase audiometrs and free field directtonat audiometry i normal and

hard of hearing subjects Stimudus 500 Hz tone

Phase sudiometry (min nteraural nme difference (1TD)
n microseconds)

Direcuonal audiometry (angle of
misudeement in degrees)

Right ear Left ey
Type 7 mean SD  mean SD Remarks n  mean SD  Remarks
4 478 200 t borderhine 100 06 23 Normdlmts
Normal 60 479 18 8 20 N,oersma e D 12
from Nilsson
etal 1973
183 143 70f 11 had abnormal p} 30 115 i2of2labnormal
Otescleross 1 189 144 il o
2 81 24 1of 16 had abnormal 22 -1t 61 yof22abnormal
Cochlesr, 6 83 s 1D from Nordlund
1964
Retrocochlear 13 371 113 394 118 12of 13 had abnormal 1 15 127 7of {1 abrormat
1™
Trtracramral 4 8 33 58 33 0of 4 had abnormal 4 55 S8 1o0f4abnormal
ITD

20 gsec for young normal heanng subjects
(Bekesy 1930) In a free field situation an
mteraural ume difference of 20 psec will cor-
respondtoa audible angle

146F,

This implies as Nordlund (1963) has already
pointed out, that the same degree of accuracy
™ay not be obtawnesd as in the more physio

of about 2 3 degrees The thresholds of mter-
aural ume delay determined with the phase
audiometer on normal hearing young subjects
approach this value However since the test
automatically terminates after three misjudge-
ments for each ear our threshold values are
somewhat higher

1n the free field sound Jocalization test the
minimum detectable angle difference 1s based
on time andfor wntensuty differences between
the ears depending on the frequency of the
sumulus By turming the head toward the
sound source the interavral differences are
equahzed Inibis way we sharpen our ability
to localize sounds This advantage 1s of
course fost in phase audiometry From the
physical paint of view phase audiometry
could be compared to free-field localization
with fixed head

The great disadvantage with phase au-
drometry 1s that the subject localizes the sound
source n his head or 1n 1ts close provimuty

20-762956

logical 1 e , when sound s presented
m free field study Moreover 1t can also be
questioned whether the same response 1s being
mvestugated since 1n one situation the sound
source 1s located in the head whereas 1n the
other nstance the sound 1s located i1n the
room Obviously, further study 1s indicated

From our chinical expenences we can con
clude the fallowing (1) phase audiometry can
be performed in a regular sound treated room,
(W) the wteraural ume difference of the barely
noticeable phase displacement 1s longer than
for directional audiometry, (u) phase avdio
melry 1s a useful clinical test and provides a
means of replacement for directional audio
metry 1n testing patients for possible retro-
cochlear lesions

RESUME
Un son pur emus sur unc frequence de S00 Hz est trans
ms ay smet binauralement au moyen dune paire
découtears Chagque €couteur dupose dun regage de
volume independant permettant de modifier Tintensite

Atta Orolarsagol 81
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sonore pour chaque oreille separement jusqu a ce que le
sujet art Limpression de percevoir le son au milieu de la
tete

Un déphaseur ~ dispositif efectromque destne a pro-
voquer un retardement un decalage dans le temps - etun
generateur de panmixte soit de croisement au hasard se

Groen J ) 1969 Diagnosuc value of lateralization for
dichotrc ume differences Acta Ot linncol (Stockh)
67 326
Jonghees L B W & Groen J 1 (846 On direcnional
heaning J Lanneol Otel 61 433
Liden G & korsan Bengtsen M 1973 Audiometnc
n

chargent de faire passer le son et partant la
auditive d une oreille 3 Lautre dans un ordre purement
dicte parle hasard

Chaque senie de tests de deroule de la meme maniere
emission d un son pergu au miheu de la tete d abord sany
retardement purs avec dephasages repartis au hasard

Etant donne que Je swet signale lui meme a chaque
occasion de quel cote !l pergort le son emis | examen est
entigrement dinge par fu Le retardement qui au depart
est de Pordre de 500 microsecondes est ramene succes
sivement jusqua environ 48 mucrosec  soit jusqu ay
seurl d excitabilite des individus ayant une oue normale

Les tests effectues au moyen d audiométres 3 dephas
age automatrque 4ussi bren sur des suets ayant une oure
normale que sur differents groupes de sugets atternts de
surdité  concordent largement quant aux resultats
obtenus avec les tests portant sur h faculte de localisa
tion des sons en champ hbre

La methode analysee 1 dessus peut rendre de precieux
services en particulter lors du dizgrostic des lesions
rétrocochleennes

ZUSAMMENFASSUNG

Emn Ton son 00 Hz wird dem Probanden bmwral uber
Kopthorer prasentiert Dre Tonstarke werd mittels zweter
L 2u emer hi Lautstarke regu
hert so dafl der Ton nutien tm hopf gehort wird Eine
fektrorusche und e1n Generator fur
g von den Pl zwischen
wt n,Ohren werden benutzt ovm ber sinkender Zeit
“3 Yerenz Rechts oder Linksempfindungen in emen Mit
eneindruck ubergehen zu lassen Jeder Testabschmtt
bepinat mit emer Prasentation des Tones mitten im Kopf
ohne Verzogerung worauf eine Prasentation mit Ver
zogerung folgt Der Patient lenkt die Untersuchung
ganzlich setbst indem er angibt auf welcher Seite er den
Ton hort Ber Normathorenden mmmt hierdurch die Ver
zogerung gleichmaBig an beiden Ohren von 500 Mikro
sehunden stufenwerse zu einem Schwellenwert von
ungefar 48 Mikrosehunden ab
Bey Untensuchungen von Normidh enden und ver
schrediner Gruppen Schwerhongar hat die Phasen iudi )
metne gute Ubereinstimmuny, mst der Richtuagsgehor
prufung im freten Feld gezeigt Besonders werthvoll schunt
die Methode bum Diagnostizicren der retrocochloaren
Schaden zu sein

REFERLNCES
won Behesy G 1970 Zur Theane des Horens Pl 17
>
Chrwtan W & Roser D 1957 Fin Beitrag zum Ruih
(ungshoten £ Larsased Riun 4 01l 36 $32

Acta O fannvol 8

r deafaess Scand Ay
diwl2 29

Matzher J 1958 Versuch einer Erklarung des Rich
tungshorens auf Grund fermster Zestunterschiedsrep
stnerungen Acta Otolaryngol (Stockh) 49 48}

— 1967 Der binaurale Ciick Test zur Dragnose
zerebralen Horstorungen Z Larvns, o Rhind E Ot i 46
101

Matzker J & Welker H (959 Die Prufung des Rich
tungshorens  zum  Nachwers und a1 topischen
Diagnosuk von Hirnerkrankungen 2 Lann o Rhn 1
Orol 38 277

Nisson R Liden G Rosén M & Zoller M 1973
Direcyonal heanng  three dilferent test methods
Scand Andiol 2125

Nordlund B 1963 Studies of Stereophonre Heanny
Thests Goteborg

— 1964 Directions!
(Stockh}57 1

Nordlund B & Liden G 1963 An artificial head Acrs
Otc larvngc 1 {Stockh} 56 491

Wightman £ R & Firestone £ A 1930 Binaurol focah
2ation of pure tones J Acaust Scc Am > 27t

Zwislochi J & Feldman A S 1956 Just notcesble
differences i dichotic phase J Acent § ¢ Am 2R
K60

audiometry  Actr (tohinng 1

G Likn M D

Dept of Audied ny
Sahlcrenska spukhuser
S41345 G oteb e

S eden

DISCUSSION

R Hinchahiffe Just a short commenttry At st me when
many are saving that Bekesy techniques arc finihed
it s refreshing for you to demonstrate the v ue of ihis
techmique applied to something else than the meawre
menl of the threshold of heanng My colleague Rbert
Danper has recently been usng Behesy tech wyties &
Investgating some parameters of binaurul hean ¢ Hehss
presented some of his resulf at the Second B inh Aca
demy Conference i Audrology

J Tenndorf | was struch by the discrepin a1 results
between free field and carphone festing in p tents with
central disorders | see two explanations f ¢ this phe
nomenon 13 that your sound proof toom we a t rcall
sound proofed 2) that your patients could hand ¢ hange>
M A e un one prrameter ot 4 grven fune when bulg

tested under earphones In 1 free fictd sia n 1here
are always simultancous chieges both in X1 nd o
Apparently then your patients were wnahle | handle

such a comples situstion both changes vceurt ng in we
parameters stmultaneownsly  Thes find np of nf rmed
could be of diagnastie value



Mr Schrud: In directional heanng tme (phaseldif
ferences play the major role for frequencies up to some
1200 Hz 1 wonder if you used {requencies close to this
1200 Hz for mnstance 1000 Hz beside the sumulus
frequency of 300 Hz that you menuoned Parucularly
1n retrocochlear lesions 1000 Hz might be more sensitive
than the 500 Hz sumulus

P M Stell You have analysed your results with
standard normal methods but the
of the results appéared to show that they were not
normally distnbuted D d you carry out any statstical
tests to ascertan 1f it was jusnfiable to use standard
normal (parametnc) methods®

Sound locall
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G Liden (Reply) to Mr Hinchchffe Thank you for your
Interesung comment We have notused the Bekesy audio~
meter for this purpose

To Mr Toandorf Our soiund proof room 15 anechosc
from 175 Hz vp 1 agree that the free field method
seems to be the most sensttive test probably because the
pauent has to handle simultaneous changes both
Ar and Af' Because of the trading function between A7 and
AT there are practical difficulues In phase audiometry
1o take advantage of both factors
To Mr Schoudt We have only used 500 Hz 2000 Hz
4000 Hz and low frequency broad band noise

To MrStell No we did not

Aeta O
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UPTAKE AND RELEASE OF ALCOHOL BY HOMOGRAFT TISSUES
IN TYMPANOPLASTY

A F OConnor,B H Colmanand M Ryan

From the Departments of Otolaryngology and Biochemustry The Radcliffe Infirmary
Oxford England

Abstract Alcohol 15 known to produce severe cochlear
damage and 1t 15 posstble that deafness as a complication
of tympanoplasty can be caused by alcohol which remasns
1 homograft matenals after madequate washing An s
vestgayon was made 1n which the quantity of alcoko!
takenup by ossicles carulage temporahs fascia duraand
ear-drum was esumated The rate of release of alcohol
from such matenals mto safine dunng washing was also
measured The amount absarbed was found to depead
upon the nature of the matenal its weight and its surface
area The rate of release of alcohol from these matenals
differed stgmificantly for each matenal

High frequency heanng loss or even sub tota)
senson neural deafness after tympanoplasty s
as rare as generally supposed and accord
o data collected from colleagues it 1s
)complwanon which most otologists have
anown It can occur even after a straght-
forward mynmgoplasty Discounting such
obvious errors of technique, such as acciden
tal stmulation of the intact ossicular chain by
the rotating dnll or accidental subluxation of
the stapes footplate a number of patients re
matn 1n whom the cause 1s uaknown Follow-
g a case m which severe heanng loss oc-
curred 1n a patient 1n whom an alcohol pre-
served homograft ossicle was placed onto the
stapes footplate as part of a tympanoplasty, 1t
was decided to examine the amount of alcohol
taken up by various homograft matenals and
to assess uts rate of release dunng washing In

bl b rrenl

! factor the h ft

In the ab: of any
error or other !
ossicle became suspect

Some of the results of our experiments have
already been published by Thomas & Colman
(1975) This paper presents the results of
further studies Data are now available relanng
to vanous alcohol-preserved homograft mate-
nals, namely ossicles (malleus and ncus),
cartilage, tympamc membrane, dura and
temporalts fascia  Homograft tissues pre
served i this way continue to be used fre
quently by otologists as a suitable and
satisfactory source of tissue for reconstructive
purposes The ototoxic effect of alcohol and
other preservatives, however, 1s nevertheless
a factor which should perhaps be borne m
mind

Ossicles, dura and tympanic membrane
were obtamed 1n the usual way from fresh
post-mortem matenal fascia and septal cart
lage were obtamed during various ear and nasal
operatons Five samples of each matenal
were exammed Ossicles and cartilage were
stored 1n 905 alcohol for a munmum of three
weeks, the other matenals were stored i 707¢
aleohol for the same peniod as 1s vsua) I
ordinary clinical purposes For the purposes of
the mvestigation after storage mn alcohol each
specimen was taken out of s prcscnamt
blotted dry and weighed Each

the case d the d of washing
was not known It was obviously thought to be
sufficient by the surgeon concerned(B H C)

Acta Orolarsngol 81

specimen was then passed sertally through five
batches of 1sotomic saling, bewng allowed forer



UPTAKE OF ALCOHOL

0SSIELE 9% OF ITS OWN WEFGHT
CARTILAGE S5I% OF ITS OWN WEIGHT
DRUM 255 OF ITS OWN WEIGHT
DURA 21% OF ITS OWN WEIGHT
FASCIA 13% OF ITS OWN WEICHT

Fig 1 Uptake of alcohol by vanous tissues expressed as a
percentage of the onginal werght of the tissue

main in each 1 ml batch for half an hour before
passing to the next uncontaminated batch Af
ter five such washings each homograft was left
1n another 1 ml of saline for a further 36 hours
mn order to extract any alcohol which mght
sull remain Washing consisted merely of
soaking the specimen in saline without any
agitatton and between each solution the
specimen was rapidly washed m fresh, un-
contamimated saline to remove any surface
alcohol The alcohol content of each mullihtre
of normal saline was measured by the gas
chromotographic method descnbed by Curry
and his colleagues (1966)

as5ICLES

4 70TAL ALCOHOL RELEASED

e 2
ues

by

e

Fig 2 Rate of release of alcohol from ossicles At the
start of washing the average alcohiol content was 9% of
the weight of the spectmens examined

Uptake and release of alcohol 301

Tt was found that different tissues had dif-
ferent capabulities of absorbing alcohol as -
dicated in Fig 1 Ossicles took up an average
of 99 of their own weight of alcohol compared
to 51% taken up by cartilage Drum took up
25% of its own weght, dura 21%, and
temporalis fascra 13 % of 1ts own weight

The rates for release of alcoho! from osst
cles and from cartilage are 1llustrated 1 Figs 2
and 3 Ossicular bone after washing for one
and a half hours still contamed about a quarter
of 1ts onginal alcohol content By contrast
cartilage at one and a half hours had gtven up
all s aleohol Indeed, only a small amount of
alcohol remained 1n cartilage even after wash
mg for half an hour 1 spite of the large
Quantity present initially 1n this materral Bone
presumably because of 1ts more sold structure
15 much slower to release 1ts contained
alcohol

The results with the vanous soft tssues
used for homograft purposes are illustrated n
Figs 4, 5 and 6 They show that the rate of
release of alcohol from preserved tympamc

CARTILAGE

% TOTAL ALCOHOL RELEASED

mo

Wy 2
HRS

an

Fig 3 Rate of release of alcohol from carulage The
average imtial alcohol content was 51 of the weight of
the specimens

rolarer™



302 A F OConnoretal

TYMPANIC MEMBRANE

% TOTAL ALCOHQL RELEASED.

|
2,

1
1y 1

Fig 4 Rate of release of alcohol from tympanic mem
brane The average imtial alcohol content was 25 €z of the
weight of the specimens

membrane was relauvely slow, the release
from dura was more rapid, release from
temporalis fascia was very fast Reference
back to Fig 1 shows that these three soft tis
sues are i fact arranged m the same order m

‘
chy
£l
[Tl r—

ty 1 [R H ERN

Fig 5 Rate of refease of alcohol from dura The average
smutial alcohol contemt was 217 of the waght of the
specimens

Aeta Orolarvngol 81

respect of their amount of contamed alcohol
(in contrast to the sttwation with ossicles and
cartilage)

DISCUSSION

As mught be expected, the rate of release of
alcohol from these vartous tissues follows an
exponential curve, but the actual rate of re

lease vanes with the different tissues In addi

tion, certamn tssues have a greater ability to
absorb alcohol than do other tissues

Of the ussues used for osstcular reconstrue

tion cartilage was found to be capable of
absorbing a large quantity of alcohol, though
1t washes out very rapidly Of the tissues used
for drum replacement 1t was found that tym

panic membrane gave up its alcohol slower
than the other tissues exarmined and, further

more, significantly, was the tissue whichdunng
preservation had taken up the greatest amount
of alcohol weght for werght It 1s submitted
that there may be potentral dangers to the
cochlea when preserved tissues are placed on
the stapes footplate Ossicles must be washed

sufficiently because of the slowness of the

TEMPORALIS FASCHA

% TOTAL ALEOWOL RELEASED

(L H ?
ey

Fig 6 Rate of release of alcohol from temp rd s l‘nn;
The average imiual alcohol content was 137 f1be we gt
of the spectmens



release of therr alcohol Cartilage must be
washed sufficiently because of the large
amount of alcohol 1t contams

Drum replacement tissues probably repre-
sent a lesser danger to the cochlea because
they are not placed near to the oval window or
round window However, tympanic mem
brane not only washes stowly, but wn addition
takes up the greatest amount of alcohol By
contrast preserved temporahs fascia has poor
absorptive pawers for alcohol and gives 1t up
very reidily

RESUME

L alcool peut endommager seneusement 1 organe coch

leare et 1l st possible que Ja surdite resultante d une
complication de tympanoplastie puisse €tre causee par
| alcool atsse dany les matizres homogeeffes apres un net.

toyage madequat On a fait des recherches pour esttmer fa
quantite d alcool absorbee par les assicules fe cartilage Ie
fascia temportal fa dure mére (dura) et le tympan On a
ausste mestre le degre de reset d alcool de ces matdres
dans de 1a saline au cours du nettoyage On a trouve que
1 quantite d afcaol absorbee depend de Ja nature de fa
mandre de son poids et de sa superficie La quantife
4 alcool rejetee par ces mandres varait dg maniere signifi

catne selon la matére

ZUSAMMENFASSUNG

Es it bekanm daB Alkohol schwere Cochlearschaden
erzeugen kann und es 15t moghch daf Taubheit als eine
K | I

Uptahe and release of alcohol 303

rommene Menge von der Natur des Matenales semes
Gewichtes und der Oberflache abhing Die Schnelligkert

der d von diesen unter

schied sich bedeutend fir jedes Matenal
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DISCUSSION

T Paha 1) Would it not he better 10 use the term
nssuetovicity instead of ototoxicity to describe the action
of alcohol® 23 [ should like to suggest washing your
goafts i the future w distilted water which 1 have been
using for many years We all know from the hystological
nssue techniques that if you want to get nd of alcoho!
you wash with distilled water not with saling I venture
10 suggest thatif you repeat your expenments with distilled
water you neeid much shorter ime to remove the alcohol
R Sedlacek Are there any changes in the biological
activity of the grafts caused by alcohol”® We observed
that the cellular elements of the skin preserved with
alcohol dud not grow 1n issue cultare at all of very slowly
D Connur (Reply} to Mr Paha [ agree that alcohol
has a general issue toxieity 1t 1 o10tovic as well and the

werden
kann wenn Alkohol nach ungenugendern Waschen sm
Homograftmatertal verbleibt Es wurde cine Forschung
unternommen in welcher dic Menge des Alkohots ge
schatzt wurde die von Knocheln Knorpeln Temporalis
fastia Dura umd 1ympanalen Membranen aufgenommen
wurde Fs wurde auch die Menge der Alkoholausscher
dung von solchen Matenahen wahrend des Waschens i
Sitzlosung gemewen Es wurde getunden da dic aufge

was camed out purely in this specific context
13 may well be safer to wash homografls 1 wafer rather
than saline we have not studied the rate of release jto
water we should peshaps Use water i vies of your
comment

To My Sedtacek Yes smplant of autograft tissue alway s
carnes some nsh of adverse reaction 1n the cochiea
and elsewhers This expenment however was purely
confined to a studs of alcohol 1n and out of grafts

Act2 Orolarymon K1
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ULTRASTRUCTURAL INVESTIGATIONS ON
THE DEGENERATIVE AND REGENERATIVE PROCESSES IN
CHORDA TYMPANI IN BELL'S PARALYSIS

S Karatay, S Katrcioghy and T. Erbengl

From the Department of Otolaryngology and the Departntent of Histologs and Embn ologs
Istanbul Medical Faculn, Unnerstrs of Istanbul Istanbul Turkey

Abstrots OQur findings m }2
cases of Bells palsy have demonstrated that the de
generative changes did not proceed at the same speed
from the onset of the paralysis—in other words the
changed int with the
of the nerve Although the endoneural sheath pre
served its integnty swellings m the Schwann cells
have attracted rmuch attention Furthermore the pen
neural ussue presented changes which were closely
with the de and pro-
cesses due to paralysis In additon to these findings
although the interval between the onset of paralysis and
the operation was the same n all our cases the ob
servation of a more severe degenerative prcture of the
nerves in the female patients may seem to be an in
terestng finding but to the lack of an adequate number
cases which would enable a staustical evaluation
te strongly of the optmion that this subject deserves
+,  ersidy
P
b
There 1s almost total agreement among sur-
geons concerned with the treatment of facial
nerve paralysis, as the onigin of this condition
1s quite clear In Bell s palsy, however, there
1s still a certan amount of controversy re-
garding both the attributing to this lack of

han {18%7), Jongkees (1954) and Muehike
(1959)

On the basis of the above observations, we
have used the electron microscope 1n an
attempt to evaluate the structural changes in
the chorda tympani 1n cases of Bell's palsy
and thereby to be of some help in this subject

MATERIAL AND METHOD

The entire course of the tympanic chord,
removed surgically in cases of Bell's palsy with
taste bud defects, was mvestigated by means
of the electron microscope Decompression
was achieved clinically by the retroauncular
methed, the cavum tympam was then reached
through a second wncision and the chorda
tympant removed at the very begmnng of the
operation  Maximum care was taken not to

Table 1 Sulyeci matertal

agreement 1s the paucity of h hol
nvestigations on the facial nerve

As will be recalled, Minkowsk (1891} was
the first to study the morphology of Bell's
palsy 1n a case where he noted that the nerve
was normal In its course from the nucleus
to the gemicular ganghon, but that the part
which lay within the Fallopian canal was very
edematous These findings were followed by
the similar observations of Dejenne & Theo-
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Time of the decompres
sion procedure
{months after onsct

Pauent Age Sev  of paralysis)
S

F B 28 2 Otosclerosis (Contr b

zO0 kel e 3 months

AR 49 ¢ 3Imonths

Y S B ¢ 2jmonths

N U 19 4 3 months

cCT 40 d 4 months

HD Y s 3 months
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Fig 1 The otosclesouc case {(F B ) taken as a control
The ultrastructuce of the tympanic chord 1s shown
(@) Al low magn fcat on a regular mye! n structure and

cause the shghtest trauma Furthermore n
order to compare the chorda tympam obtaned
from patients with Bell s palsy with a normal
specimen we femoved the chorda tympan

basement membrane can be vistalized x35000 (b) A
Tugh resolution picture of the myelin lamellac % 99000

from an otosclerosis patient on whom we
performed a stapedectomy This chorda was
also sub d to electron micr preal 10
vestigation Six patients (3 of them women)

Acta Otoloryngol 81
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Fg 7 Acase of Bells palsy (Z O) where extens ve
degenerative fnd ngs are observed A pronounced 1Ir
regulanty can be noted in the structure of the nerve

were studied 243 months after the onset of
Bell s palsy Their ages ranged between 19 and
50 (Table])

Following our electron microscopy tech
nque we d the biopsy sp at
1 mm 1n a droplet of 1sotonic solution The
sections were fixed for one hour at +4°C

Ac 20 olaryngol 81

espec ally n the myel n lamellac  The ba ement mem
brane and the e¢ndoneural sheath howe cr manam
the Fintegnty X 14000

m a solution of Veronal acetite and osm um
tetroxide buffered to pH 72 The pecimens
were then dehydrated 1 1n acelone senes
and embedded tn Vestopal W before ecton
ing at 300-500 A on an LAB ultr t me Il
Finally these thin sections were sta ned with
uranyl acetate and fead citrate for tudy 1



Fig 3 A section of the tympamic chord from a 20-
year-old female panent (Y §) Mild degenerative changes

the Zeiss Em 9 28 and JEOL 100 C electron
microscopes

Alternauvely 1 g thick sections were cut
from the plastic block prepared for electron
microscopy and staned with the Giemsa

techique for observation under the hght
microscope

Bell s parahysis 307

were observed tn the ultrastructure of the nerves
% 14000

FINDINGS
Case I1(Z O)
Taste bud disturbances were noted at the pre
operative examenation of this 24 year old fe
male pattent who underwent decompression
3 months after onset of the paralysts
Electron microscopic findings Besides an

Acta Otolaryngal 81
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Fire 4 A section taker from another part of the tym
panc chord of the same pauent (Fig 3) The degenerative

advanced disorder of the myehn lamellae
additional findings were made at the ultra
structural level described s hydropic changes
tn the myehn by Michlke when studied under
the light microscope (Fig 2)

Case2(AR)
In this 49yeir old male who underwent
decompression 3 months after the onset of

Aecta Orolarvneol 81

(=N

.= = - g

RN S i

S INE ) M A
-

changes were more pronounced the myeln famefla
in particular present extreme disorder x 23800

paralysis taste bud disturbapce ws also
noted 1t the preoperitive eximinat n

Electron microscopic findings A hydropic
picture was domunant 10 the myel o sheath
which was degenerted 10 t leswer exient and
changes were observed 1n certamn foc

Case3(} §
A 20 yerrold femle
compression 23 months dter the

who undernent d¢
aset of
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Fig 5§ High resolution

pictures of the myelin

lamellae (2} From

control case (F B )

b x261000 (h)Froma
4 o of Bell's palsy

paralysis, presented taste bud defects when
examined preoperatively

Electron microscopic findings It was pos-
sible to follow the vanous stages of the de-
generative processes m the myelin 1o the
phase of advanced hydropic swellings (Figs
L}

Case d(N U}

A 19-year-old male pattent who underwent
decompression 3 months after the onset of

(N U) %225000

paralysis Taste bud defects were found at
the preoperative examination

Electron microscopic findings  Scattered
parts of normal arrangement were observed in
the myelin, m a high resolution electron
microscope, mild degenerative features could
be encountered (Fig 5b)

Case5(C T)

A 40-year-old male, subjected to decompres-
sion 4 months after the onset of paralysis

Acta O
- /
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Fig 6 The electronmcrogram of a case of Bell's palsy
(C T ), where slight degenenative changes were observed
1 the tympanic chord The myehn famellac are of uniform

Taste bud defects were present 1n the examz-
nation performed dunng the preoperative
period

Electron mucroscopic findings Focr of
regeneration were present along with de-
generated areas. It can be postulated that
the 4 month mterval played a part in the

Actg Orolaryngo! 81

appearance «n most nerves The basement membrane and
the endoneural sheath are of regular structure % 13700

(Fig 6)

of the d re

Case61H D)

A S0-year-old female patient, subjected 1o
decompression 3 months after the onset of



Fig 7 A secuon of the tympamc chord from a 50
year-old female patent (H D) Extensive degeneratine
disorders due to Bell s palsy can be noted x23800

paralysis Taste bud defects were detected
at the preoperative examimation
Electron microscopic findings
vanced hydropic d was d:
in the myehn sheath which represented the
appearance of a severe condition (Fig 7)

An ad

DISCUSSION
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nerve paralysis share the same opintons. the
fact that the aetiology of Bell's palsy sull
remains obscure and the presence of diffening
views concernng s treatment raises a prob-
tem for those who are faced with such
cases

In this study, undertaken in order to shed
further light on ths subject, the reason for our

As d 1 the introd Ithough

surgeons who deal with the treatment of facial

these cases 24 to 4 months after
the onset of the condition 1s that some cases

Acta Qrolaryngat 81
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heal spontaneously without the need of
treatment Therefore, patients who are aware
of this fact do not always agree to under-
g0 an operation dunng the early stages Hence
we couid only follow the changes which
developed 23} months after the onset of the
paralysis For this reason we have been some-
what confused in the interpretation of whether
the vanous nerve structures were due to a
development where a regeneration had afso
taken place, or whether this aspect arose
from the fact that the degree of degeneration
was shghtin the observed areas (Figs 3,4, 6)

In the vestigation of the materal taken
from our cases, the presence of an almost
normal aspect besides a progressing regenera-
tron, forces us to think n both ways (Figs,
3,49

The very fact that even light microscope
observations are very few in the histopatho-
logical mvestigation of the facial nerve in non-
lethal cases of Bell s palsy has rendered the
establishment of comparnisons for the assess-
ment of our ultrastructural findings extremely
aifficult Moreover, the first observations of
Minkowshi (1891) and Dejerine & Theohan
(1897) who reported the presence of swellings
1 the Schwann sheath but who could not

serve inflammatory changes, were comple
_/emed by the findings of Jonghees n 1954
.nd Miehlke 1n 1959 In the reports of the
latter authors hydropic changes in the myehn
sheath around the axons have been men
tioned It 1s a well known and accepted fact
that further detail on this subject cannot be
obtained via the use of the light microscope
Qur ultrastructural findings  especially the
observations where various degrees of degen
erative change are seen In the lamellar for-
mations within the myehin sheaths are rather
mportant

Varous degrees of change wn the myehn
lamellae are very clear in the electron micro
grams of our cases (Figs 2-7) It 1s obvious
that only the advanced smpasrment of the
myehn famellae and the vacuole Ithe struc-
tures as seen by the mentioned authors who

Acta Orolaryngol 81

had no choice but to use the hght micro-
scope Additionally 1t 1s impossible 1o demon
strate the shght degenerative changes of
the myelin lmellae by means of the hght
microscope It 15 a fact that these hutle i
pairments could only be demonstrated using
a high resolution electron microscope, as 15
seenn Fig Sa-b

[t mught be appropriate here to mention an
interesting observation i which low magnifi
cation electron micrograms prepared from two
different cases of Bell s palsy were compared

Despite the fact that only shght impairment
of the myelin structures could be obsered
tn one case, we have faced a picture where
extremely degenerative myehn structures
were domunant n the second case (Figs 2. 6)
and the companson of these two cases s
interesting 1in several respects The case 1
which a myehin picture close to normal (Fig
6) was observed was that of a male patient
who had been operated 4 months after the
onset of the disease, the other case where
extensive myelin degeneration (Fig 2) was
detected, was a female operated upon 3
months after the onset of paraly s1s

The discussion here can be held in two
paths OF course the first thing which will
come to mnd 1s that the period of ume be
tween the onset of paralysis and the operation
will be a positive and favourable factor in the
establishment of regeneration Furthermort
a question can be rased as to whether the
fact that these two cases were of different
sex could play a part 1n this dissiml ity

In fact, when two other Bell s palsy patients
who had been operated 3 months after the
onset of paralysis were investigated 11 WS
found that the ultrastructural structures of
the nerves were less degenerative 1n relation
to those of the mentioned female (F12 7)

We also want to draw attenon to the fact
that there can be a difference 10 the prog
nosts of the other two of our Liss one
woman and the other a man One of x)vt}t
cases a male patient 49 years old (A K}
was operated 3 months after the onset of

|
|



paralysts and the myelin elements were found
to be close to normal, the other, a 50-year-old
female patient (H D) was also operated 3
months after the onset of paralysis but clearly
presented evidence of grave degeneration of
the myelin sheath 1n the uitrastructural m
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ZUSAMMENFASSUNG
Die llen Befunde der Bell Para

lyse Falle haben uns gezeigt dass die Geschwindigkait

dar degeneratnen Prazesse anfangs nicht ubecall gleich

sst anders avsgedruckt dass die Regeneration von der

Topographie des Nerves abhangig 1st_Im Gegensatz zur

volligen Erhaltung der endoneuralen Scheide zichen die
s

vestigation of the nerves, gh there was
no difference 1n age between the two patients

When we direct our discussion towards the
evaluation of the Schwann cells taken from
the nerve matenal we can add that we have
similarly noted the same swellings descnbed
by Minkowsks (1891) 1n our electron mucro
scopic tnvestigations

When the pdnineural tissue was investigated,
this tissue followed rather clearly as a struc-
ture surrounding the endoneural sheath
around the nerves as seen i Fig 6 which
represents our case which showed so httle
degeneration as to imply the presence of
extensive regeneration, and it also presents a
parailelism with the structure of the nerve
section of the tympamic chord (Fig 1a b)
taken from the otosclerotic case which we
accepted as normal

In contrast the determmnation of obvious
impairments and swellmgs (edema) i the
permeural tissues of cases where an advanced
state of degeneration was observed can
prompt one to postulate that Bell s palsy alse
effects the perineural tissue

RESUME

Nov recherches ultrastructurelles sue des cas de paralysie
de Bell nous ont demomre que les changements
degeneresients vont moins rapides gu debut de la maladie
En Jautres termes la regencration vane selon 11 topo
graphie du nerf Alon que la couche endoneurale con
SENE son integmie Ye gonllement des celules de Schwann
sture Tattention D autre part le tssu pénneural pre
senle des modificitans €n comelation avec les effels
degenerescents de la parilysic 1 nous o paru soteressant
de constater que fes effets de deygnerescence sont beau
Loup pluy marquees Lhez les syets Jde sexe femmn
Manv le nombre de was ne permettant pas de realiser
une atitque alable nows avons Lintention & en faire
1 objet d une cwde ulteneure

1 TNt

30 Zellen die Auf
merksamkert auf sich, ausserdem zeigen sie Verande
rungen, dic den Vorgang: h
und sich auf die penncurale Paralyse benehen Teotz der
glerchen Zeitdaver vom Anfang her bis zum chururgischen
Lungnff vedaufen die degenerativen Prozesse tn den
Nerven ber den Frauen schwerer als ber den Mananern
Dueser Befund 15t neben den anderen auch interessant
Aber unser Memung nach sollen solche Untersuchungen
noch weiter durchgefuhrt werden wed unsere Befunde
wvom Anzahl her siaustisch mcht bewartet werden
kdanen
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DISCUSSION

U Fisch Have you seen celular Gnflammatary) feac
tions 10 the chorda tympan:® Have you correlated the
seventy of the lesion of the chorda tympami with the
amount of degeneration of the motor fiber (as deter
mined by electro-diagnosis)™

L B W Jonckees Have you found any sign of in
flammation 15 the discaved chorda tympanm® 1 ask this
since authors (especially in the USH suggest infection as
the source of Bell s palsy although a sign of inflamma
ton has never been desenbed 10 this Kind of cases 1n
the microscopic era Did you find viruses in your prep-
arations™

M S Auratar (Replyl 10 M Fisch As we hase ob
served ymall areas 11 wasn t easy to demenstrate whole
chorda tymp 11 wn our eleciron micrographs and ee
the wflammatory reaction But 1 think 1t may be possible
to demonsirate the <igns of inflammation 1f we use the
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hght microscope in the following part of our snvestigs
tion

As for the seventy of the lesion, I would Like to draw
your attentton to our morphological findings tn the ultra-
structural Tevel which 1 h:wc shown in the shdes As

s to observe that

although there were very well preserved areas. some
regions of the chorda tympan: showed an advanced state
of degeneratron m the same case It 1s rather difficult
to say 1f they were due to a mild case or if there was
some regeneratton taking place

In relaton to the correlation of the seventy of the

Acta Orolarsnzol 81

feston of the chorda tymparu with the amount of de
generauon of the motor fiber 1 could only say that the
preoperafive examinaton of the panenu showed o (ou!
denervation in with tf i
findings In additien. taste bud duslurbrmc:s and sum
reflexe defects were noted in the same patients

To MrJonghees 1think my first answer ta Me Fischs.
queston also 1s the reply to the first question of Mr Jorg
kees Answerconcermng the viruses is negative We could
not find any virus mn our electron microscape prepaca
tons
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ENZYMDIAGNOSTIK IM MENSCHLICHEN PAROTISSPEICHEL
UND IHRE PROBLEME

A Skurk, K FendelundR Albrecht

Aus der Hals Nasen Ohrenklintk der Friedrich Schiller Universitat Jena DDR

Abstraki Fur dic drusenspezifischen Enzyme Amylase,
Lysozyme und Kaltkren werden die Aktvitaten von
gesunden Kollektiven und ihre Abhangigkeit von der
Flul!geschv.mdlgkcn untersucht Daber 15t die Angabe von

ginsug Im Gegemaxz zur Amylaseakuvitat fEllt die Ak
uvitat von Lysozym und Kallikremn mrt steigender FluB-
geschwindigkent stark ab Die 1n der Zetewhert sezer
neerte Aktivitat mmmt zu Ein Verglech der Enzymak
uvitdt ber Erkrankung der Parotts tut den Normwerten
zergt ber chronischen Prozessen eine signifikante Ernie
dogung voun Lysozym und Amylaseakuvitat Akute Ent
veranderndie A g:nng erhohen
die 1 dagegea
tumoren fuhren zu kemnen sicheren Andemngbn der
Enzymakuvitat Die Auftrennung von Amylase mn lso-
enzyme durch Polyacrylamdgel und thre

hcher Menge Proteme aus dem Blut auf Das
Protemmuster der Parotis werst daber bet
emem Normalkollektiv eme betrachthiche
Vanation auf, deren Ursache genetisch fixierte
Muster sein kSnnen Individuell dagegen st
das Proteinmuster nach Zahl und Art der ge
trennten Protemne relativ konstant und zeigt
nur quantitative Unterschiede ber verschie-
denen Sekretionszustanden (Stemer & Keller,
1968, Smuth et al , 1974, Munzel & Eichner,
1974)

Ziel der Protentrennung mm Sekiet der

mogliche Bedeutung fir das Erkennen pathologischer
Prozesse wird diskutiert Uber erste Ergebnsse bei der
Auftrennung des Parotistysozyms wird benchtet

Fur die Differentialdiagnostik von Erkran

kungen der Spercheldrusen gewimnnen Enzym
unter

drusen ist es, h oder funktio-
nell bedingte Ursachen der Vanabilitat der
Specheldrusenproteme  zu erkennen und
sicher unterscheiden zu konnen Vorausset
zung hierfur sind standardisierte Sekretgewin-
nung und reproduzierbare Trennungen (Smith
et al , 1974) Bisher 1st es moghch, die Pro

heande Red. Der

hohe Grundumsatz und der Enzymreichtum
des Parotisgewebes ermdglichen die Unter-
suchung von Enzymakhvitatsinderungen m
den Dr ber path Pro-

ungen ber Systemer
(Syogren, Aldosteronismus, zystische Fibro-
se) dragnosusch auszuwerten

Die Untersuchung der Enzyme mnerhalb

zessen 1m Gewebe

Daber sind diese Enzyme in enger Bezie
hung zu moglichen Anderungen des Protetn-
musters der Druse zu sehen Die Auftrennung
mit dem derzeit leistungsfahigsten elektropho-
retischen Tr:nnVerfahren lefert mehr als 20
unter: diche Pr deren Zu-

des P s wird durch die Moglich-
ket spezifischer Reaktionen erleichtert, so
daB ihre Zuordnung wemiger schwieng ist
Daber verdienen driisenspeznfische Enzyme
Amylase, Kallk das H

Untersuchungen befassen sich aber auch mit
Enzymen, die nur teilwerse in der Parots

ordnung zu bekannten Protenen bisher nur
1 wemgen Fallen moglich 1st Neben drusen
spezifischen Protetnen freten in unterschied-

synth; t werden (Lysozym) oder aus dem
Blut stammen (Laktatdehydrogenase — LDH)
Die A h von Enzymak kt

messungen wird durch die groBe biologtsche
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Protein mg/mn]
Amytase [AU/min]
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— Mittelwert
~——~ Hittelwert ¢ Standardabwe chung
n2s

54 15‘1 g a2 = n=23
g @ Abb I Mittelwene Stan
G +— ﬁ ' ﬁ dardabweichungen ung
w bR l beobachteter Bereich von
Hel BH 28 ] 2 B Protein und Amylaseaknys
29 e £ tit eines Normafkoffekuys
Narmatpersonen akute chranische Parotis M sch und ber Erkraakung der
Parotins Purotites Yumaren Parous

Schwankungsbreite und emne starke Abhangg-
keit vom Sekretionszustand der Driise einge-
schrankt

In der vorliegenden Arbeit wird iiber die

Akuvitatsmessung von Amylase, Kallihrem

ugd Lysozym benchtet, differenzierte Norm-

eiche unter Beriichsichtigung des Sehre-

des werden angegeben und die

Oghchen Aussagen emer weutergehenden

Auftrennung 1n Isoenzyme werden fir Amy-~
lase und Lysozym diskutiert

n

METHODE

Die Parotissehrergewsnnung erfolgt mit ener
modifizierten Curby-Kapsel unter relativen
Rubebedingungen und nach oraler Stimula-
tion mu Vitamin C. wober die Proben nach
Entleeren der Drase gewonnen werden Dig
FluBgeschwindighest wird nut emem Tropfen-
zahler gemessen oder mach Auswagen der
Probe mut der muttleren Dichte berechnet
Die Protemn- und Amylasebestimmungen er-
folgen nach Skurk etal (1975) Die Lysozym-
(Gonn et al , 1971) und Kallikrem-Akuvitats-

(Teautschold, 1970) b: auf

Acta Otolaryrgol 8

behannten Methoden und erfolgen mit dem
Eppendorf-Gerdtesystem (Eppendorf-Gerite
bau, Hamburg) Die elehtrophoretischen
Trennungen erfoigen 1n Polyacrylamidgel mit
emer Umversal-Trennhammer (VEB Carl
Zetss, Jepa)

ERGEBNISSE UND DISKUSSION

Amylase

Bildungsorte fur a-Amylase (EC3 2 1 1)inder
Parotisdriise sind die Zellen der Acim und
t ] je Kamalzellen (Kraus &
Mesteky, 1971) Die elektrophoretische Auf
trennung 1n lscamylasen und deren wnter
schiedhiche Struktur sind untersucht wonden
(Keller et 2t , 1971)

Abb 1 2eigt die Mittelwerte, berechnei¢
Standardabweichungen und den beobachteten
Bereich der Amylase- und Protemsehretion
(AU/min , mg/mun ) bei gesunden Personest
und Patienten mut Erhrankungen der Parotis
driise. die eine top-normale Vertelung zeigen
Ber 23 Patienten mit einer akuten Pacots
schwellung, verursacht durch Baktenen oder
Viren, werden dabes hene signifihanten Un-

b th
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Abb 2 k

en der Amylase

(@ ® £ ber 4 Per
sonen {c) Probe nach Aufbewahrung (204 4°) (d) Ge
netische Vanaton mit emnes zusatzlichen kathodischen

terschiede 1im Verglerch mit dem Normalkol-
lektiv beobachtet Signifikant erntedngt smd
Amylase und Proteinsekretion ber emner Pa-
tientengruppe mit chromischen und rezidivie-
renden Prozessen, di¢ auch emne mednge

1 hwind haben  Parotis-M
Tumoren fuhren zu ketnen sigmifikanten An-
derungen

Be: chromschen Entzundungen der Parotis
mmmt mt stesgender FluBgeschwindighert der
Protetngehalt ab (r=-0,3), was auf eine ge
storte Proteinsynthese schlieBen laBt

Die Auft der

Lert

me

Bande (e} nach der Parous mrt
13501 {f) Gleiche Probe wie (¢) nach 24 stundigen Stehen
bet 4° (Aus A Skurk D Fntsche und K Fendel 1975
Archs Oral Biol 20 429)

liefert unter den gewshlten Bedmngungen
(Skurk et al , 1975) 4 Fraktionen, deren halb-
quantitativen Auswertung durch emne nicht-
hineare Eichkurve erschwert wird Sowohl
Zahl als auch Aktivitatsverhaltnis der nach-
weisbaren Isoenzyme sind konzentrationsab-
hangig, so da88 nur be1 strenger Emhaltung der
Verdinnung reproduzierbare Werte erhalten
werden

Uber 90% aller gesunden Personen besitzen
unter diesen Bedingungen emn Isoamylase-
muster, 1n dem die berden Hauptisoenzyme
weniger als 10% (Vanationskoeffizient)
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Abb 3 P tnd L; m
Parotisspeichel in Abhangigkert von Zeit und Stimula
nonszustand
schwanken (Abb 2¢) Das Aufireten zusatz-  Lysonm

licher Banden oder von der Normalvertetlung
L abweichende Aktivitaten hann gene-
= _che Ursachen haben (Abb 2d) Das Ver-
altrus der Isoenzyme verandert sich bey Auf-
bewahrung, was moghcherwerse auf einen
Abbav 10 ntedermolehulare Bruchstucke zu-
ruchzufuhren st (Abb 2¢ ) Eme ¢leich-
artige Anderung wird auch beobachtet, wenn
durch Storung der Sekretion FluBgeschwindig-
heit und Amylasesekretion ermiedngt sind.
was ber chromschen Prozessen oder nach
Bestrahlung der Driise beobachtet wird Durch
Bestrahlung hann es auch tn vitro zu Ande-
rungen des Musters hommen (Abb 2¢ u )
Ber Ausschaltung methodischer Fehler ge-
stattet die Auftrennung der Amylasersoenzy me
das Erhennen von funhtionellen Storungen.
ohne aber entscherden zu hannen, ob es sich
ber verandertem Muster um Synthesesto-
rungen oder lediglich um einen Alterungspro-
zess 1n vivo handelt
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Lysozym (EC 321 17) wird n der Parotrs
von Spezialzellen abgesondert. die sich von
der Basal bran zum Rohrenductus erstrek-
hen und deren Kerne penipher zu den Kernen
der Striatazellen hegen Eine 2w eite Quelle der
Lysozymakuvitat sind orale Neutrophile und
Manozyten. di¢ tn das Speicheldrusengewebe
eindnngen und zerfallen

Lysozym besttzt baktenzide Ahuwvitat und
1st daruber finaus 1in der Lage, durch Bindung
an das Sekret - Ig A der Parotis diese Ak
uvitat auf Ig A zu ubertragen

Die individuelle Abhangighert dee 1 y~0zym-
aknvitat von der FluBgeschwindighent zett
Abb 3 Mt Steigerung der FluBgoschwindig:
heit fallt die ARtvatat, ste bleibt im Gegens
satz zur Protemhonzentration such nach St
mulatton mit Ascorvit medrig e relane
Konstanz unter Ruhebedingungen und nah
Strmulation ermoghcht die Angabe von Mnfe
vollen Normbereichen ber zser Schretion:
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Abb 4 Mittelwerte Standardabweichung und beobach
teter Bereich der Lysozymaktvitat 1m Parotisspeichel 1
von der

zustanden mut nur zwer Messungen Die bio-
logische Scl b der Ak
vor und nach Stmulation zexgt Abb 4

Die Abhanggkeit der Lysozymaktivitit von
der FluBgeschwindigket macht es erforderlich
differenzierte Normbereiche fur verschiedene
FluBgeschwindi b Dadurch
werden engere Normbereiche erhalten, die
pathologische Abweichungen besser erkennen
lassen Die Abbildung enthalt die Mittelw erte,
die berech dardab h und
den. henhachteten. Berewch. der log narmalen
Akpvitatsverteslungen  Durch emne Unterter-
lung des Normkollektivs werden ber extremen
FluBgeschwindigkerten die Werte wegen ge-
ninger Probenzahl unsicher Ein Vergleich der
gewahlten Bereiche zeigt die stetige Abrah

b fmie)

stimulierte Sekretion

ten mut akuter Parotisschwellung, deren Se-
rumamylasewerte erhoht waren, ist emr An-
stieg der Lysozymaktivitit zu beobachteten
Eine Gruppe mit histologisch gestcherter chro-
mischer Entziindung besitzt sigmfikant mednge
Lysozymaktivitaten FluBgeschwindigkert,
Proteinkonzentratton und Amylaseaktvitat
sind ber diesem Krankhestsbild gleichfalls
niedng Rezidivierende, eitnge Parotiserhran
hungen fuhren im Mittel zu emnem Anstieg
der Lysozymsekretion In dieser Gruppe blie-
ben 2 Patienten. unhenichichiig)., deren. Ak,
tivitaten den beobachteten Normbereich um
das 10-fache iibersteigen Parotis Misch-Tu-
moren fiihren zu keimen signifikanten Lyso-
zymanderungen, wenn das umgebende Drii-

der Lysozymmuttelwerte mit hoherer FluBge-
schwindigheit, wihrend die in der Zeiteinhent
sezernierte Aktivitat ansteigt

Die Abb S zewgt Mittelwerte und beobach-
teten Beretch der Lysozymsekretion vor und
nach Stimulation ber Parotiserhrankungen wm
Vergleich zum Normalkollehtiv Bet 12 Panen-

be kemne E hen zeigt
Abb 5 enthalt auch den beobachteten Ah-
tvitdtsbereich ber 14 Pauenten, die wegen

chromischer Schleimhaut- und Knocheneite
ung, d!
chr h

Chol

und
Kieferhohls del
wusden, deren Parotisdriisen aber khmisch un-

auffallig sind Die signifikante Erhohung der

ozessen beh
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Lysozymaktvitat ber normaler FluBgeschwin
digkeit und Protemnhonzentration deutet auf
eine allgemeine Steigerung der Lysozymsekre
tion der Paronis ber entzundlichen Prozessen
Schleimhaut hin
mgeklart 1st bisher, ob die Erhdhung der
sozymaktivitat ber bestimmten pathologr
schen Prozessen auf emne vermehrte Synthese
mt den Dr len oder auf des Ein
dningen von Leukozyten in das Drusengewebe
zereck zafikean ist Daber staht dor Naolh eos
uber das Vorliegen von Isoenzymen und shre
Trennung noch aus
Abb 6 zeigt die elektrophoretische Tren
nung tm Berewch der basischen Speschelpro-
temne und die Fraktionen mit Lysozymaktivitat
Ob es sich ber den 3 Fraktionen um Isoen
zyme handelt hann noch mcht entschieden

werden

KRALLIKREIN
Kallikrein (EC 3 44 21) gehort zu den Pep
tidylpeptid Hydrolasen  zeichnet stch aber
durch etne hohe Substratspezifitat aus  Es
spaltet aus dem der Globulinfraktion vor

Aeta O 0 anngol 8}

M HNO Be » eh

Abb 5 M uclwerte und
beobachteter Bere ch der
Lysozymsekrset on ¢ nes
Normalkollcktyvs und be
Erkrankung der Parotis vor
und rach St mulatron

L

£
4
&
s
o) o
—— Pro e nta bung mt Coomass ¢ B 8 P
prate <3

tysozymar v at tyssvenMco e

Abb 6 Polyacrylanudgel Eleltrophorese von Parvas
protemn m t Lokal sat on der Lysozy makt  at
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Flungeschw nd ghe t [mifmn]

Kaugumm

Abb 7 Proteinkonzentration
und Rallikremaktivetat im
i Ab-

1

e—ne Proteinkonzentrot an s~ Kall kreinakt v tat === Flufigeschw nd gke |

& fon K. pharmahol h ak-
tive Kimine ab  Dabet unterscheiden sich Se-
rum- und Spercheldriisen-Kallthrein Speichel- )

T hangigheit von Zet und

Sumulanonszustand

vitat Die Aktivititsmessungen ber 100 Perso-
nen zeigen 1m Mittel emen Abfall nach St-

drisenkallikren bildet Kallidin, Serumkalli-
Aremn Bradykinin Die Kinine senhen den Blut-
druck, erhéhen die Kapillarpermeabilitat und
wirken schmerzerzeugend

Die Untersuchung dieses Enzyms st zur
Erkennung von Entziindungszustanden von
Interesse Bey emnem driisenspezifischen En-
2ym sollten daruber hinaus bet chr

auf 10-209% der Ruhesekretion bet
gleichzeiuger Erhohung der Sekretionsleistung
auf das 2-3 fache Der Zusatz von Sojaboh-
nen-Inhibitor, der alle korpereigenen Proteasen
auBer Kalltkrein hemmt. verandert ber Nor-
malpersonen die Aktvitat mcht Kemne Ak-
tivitat 1st meBbar, wenn nach Zugabe von
..Kunitz-Inlibitor** aus Rinderlunge auch Kal-
likremn geh: wird Die esterspaltende Ak-

Prozessen Altvitatsveranderungen zu erwar-
ten sein Die Bestimmungsmethode der Kalli-
kremaktivitat (Spaltung eines Arginunesters)
1aBt bes Verwendung spezifischer Inhibitoren
daruber hinaus Aussagen uber das Auftreten
Wetterer Proteasen zu Das Vorkommen nor-
malerw eise mcht vorhandener Proteasen oder
die inde H orperelg Pro-

X
teasen st moghcherwerse Indiz fur progno-
susch verlaufe E 4

uvitat des Sperchels beruht bei gesunden Per-
sonen auf seirem Gehalt an Kalltkremn Diese
Untersuchungen werden auf Pauenten mut
Erkrankungen der Parotisdruse ausgedehnt

RESUME

Lactite des enzymes amylase lysozyme kallkreine
qui sont specifiques pout les glandes salivaures. st étudié
touchant sa dependance de la vitesse duy flux La deter-
mination des vamations normales concernant des etats

. Die ‘Abbﬂdung 7 zeigt den Abfall der Kall

de la sécréuon est favorable Contrarement
2 lactvité de Tamylase, lactwité du lysozyme et du

mit der Fluf, hwmndig-
:&eu ber emer Person Die Kurve zesgt Ahn-
ichheit mt der Anderung der Lysorymakt-

se dinunuit fortement quand 1a vitesse du flux
saugmente L'acuwité secreté, par umté du temps,
cron

La comparasion de Tacuité des enzymes de Ja salive

Acta Orolaryagol 81
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Abb S Muttelwerte und
beobachteter Bererch der
Lysozymsekretion etnes
N und ber
erkrankungen Erkrankung der Parous vor
M HNO Bere ch und rach Stimulatron

Noimal akute chramische  rezig vierende Parolis Misch Schle migut
n

personen Parott s Parotibis Parotitis Tumore

Lysozymahtivitat bet normaler FluBgeschwin-
digkett und Proteinkonzentration deutet aufl
eine allgemerne Stesgertung der Lysozymsehre-
tron der Parous bes entziindhichen Prozessen
r Schleimhaut hin
Ungeklart 1st bisher, ob die Erhohung der
r 1 ysozymakuvitat ber besttmmten pathalogi
schen Prozessen auf emne vermehrte Synthese
1n den Drit Nen oder auf des Emn-
dringen von Leukozyten in das Driisengewebe
zuriichzufubren st Daber steht der Nachwets
iiber das Vorliegen von Isoenzymen und thre
Trennung noch aus

Abb. 6 zeigt die elehtrophoretische Tren- 5,
nung 1m Bereich der basischen Speichelpro- %
tewne und die Fraktionen st Lysozymaktivitat J
Db es sich ber den 3 Fraktionen um Isoen- 4
zyme handelt, hann noch nicht entschieden H
werden 4
L3
KALLIKREIN o [o)
Kalikrein (EC 3.4 4 21) gehort zu den Pep- e Proteentartung mt Coamass ¢ B flant B ve® 250

~~w LysSTYMaKT wilat ILys 3 vON M crocoscus Iys Ceeten

ndylpeptid-Hydrolasen, zewchnet sich aber
durch emne hohe Subsiratspezifital aus ES  app s FPolyacrylamdgel Elektrophorese von
spalfet aus dem in der Globulinfrahtion vor-  protein mut Lokalisation der Lysozymalusitd!

Pasctt
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ACT OF SWALLOWING IN THE FIXED LARYNX

Z Krymaand S Veterina

From the ENT Chme Medical Faculv, University of Zagreb Zagreb Yugostavia

Abstract Ina 16-year old female complete stenosts of the
Jarynx and hypopharynx developed as a consequence of
the ingestion of lye cristals Supraglotc laryngectomy
plastic surgery of the hypopharynx and antethoracic
£US We: and the upper digest
tract reconstructed The dilated farynx remawned fived by
the surrounding fibrous bissue but the sphinctersc action
of the mobile vocal cords was partly salvaged In that
cond on the act of could be

second and third phases are reflex phases and
begin at the moment when the bolus prepared
by the masticatory musculature 1n the oral cav
ity produces excitation of the pharyngeal re
ceptors and thus starts an entire train of reflex
muscular contractions of the pharynx, larynx

‘The pathophysiology of this new mechamsm of swallow
mg s discussed

The act of swallowing 1s a complicated neuro
muscular mechamsm New methods of examt
maton, such as electromyography cinemato

diography  and | Y
contnbute daily towards a better knowledge of
this mechamism  Understanding of the act of
swallowing may be d by a better

ge of the v h

of swallowing which develop after mutilating
surgical mterventions or as a result of vanous
functional disorders

Precisely for this reason we decided to ana
1¥se the act. of swallawinsg, . 2. female. panent.
with severe functional and morphological
¢hanges 1n the aero digestive tract by making
use of modern methods

knowled.

NORMAL ACT OF SWALLOWING

On the basis of previous experience and the
1atest mvestigations the division of the swal
lowing act into the oral the pharyngeal and
the oesophageal phase has today been gener
ally accepted Only the first phase 15 vol
untary ve controlled by the patient s will the

and phagus During the reflex phase sev-
eral actions intended for the protection of the
larynx take place At the moment when the
bolus reaches the base of the tongue the
larynx begins to rise Displacement of the base
of the tongue dorsally moves the bolus to the
pharyngeal constrictors which by their con

traction tend to pusk it towards the oeso

phagus The forward and upward movement
of the larynx 15 accompanied by a lowering of
the epiglottis contraction of the vocal and the
ventnicular sphracter and the sphincter of the
aryepiglottic folds After the laryngeal vestibu

lum has completely narrowed, the entire
larynx tends to slant backward up to 90°

Immedately afterwards, 1e when the
pharyngeal constrigtaors bave reached ther
maximum contractton the crico pharyngeal
sphincter suddenly relaxes and a propulsion of
the bolus nto the oesophagus ensues It 1s
moreover constdered that the forward move

ment of the larynx contributes towards the
accessibility and the width of the crico pha

ryngeal sphincter at the time of relaxation

CASE REPORT

A gul aged 16 swallowed a considerable
quantity of sodwm hydroxide (causuc soda,

Acta Otolaryngol 21
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Fg I Laryngom croscopc pcture of reconstructed

larynx  showing the condton follow ng supracloft ¢
laryngectomy and removal of the fibrous membrane

lye cnistals) with swcidal intentions Due to
extensive corrosive changes which had af
fected the aero digestive tract tracheostomy
nd gastrostomy were performed 1n another
ical mstitution and shortly afterwards
shic reconstruction of the larynx was at
mpted by means of a free shin graft In spite
of the applicatton of 2 diator the larynx re
peatedly showed stenosts
On arnival 1n our clinic attempts were first
made to identfy the lumen of the oesophagus
but neither oesophagoscopy nor radiology
were successful apart from the fact that retro
gradely via the gastrostoma 1t was established
that oesophageal flumen was preserved only in
the caudal thurd With the arm of restitution of
the respiratory tract s the first operative in
tervention  supraglottic laryngectomy was
performed 1t our department The entire
supraglottic prt of the laryax was marhedly
stenosed and the scarred Ussue had entirely
obliterated  the  supraglotuc  anatomical
structures  The anatomucal integnity of vocal
cords and arytenords was preserved The at

Acta Orolanngol 81

tempt to find the lumen of the oesophagus 1n
the course of this operation was abortive too
In view of the fact that all examnanons
showed complete oblteration of the greater
part of the hagen! lumen the ind,
was given for antethoracal phstic surgery ad
modum Judin A pharyngostoma was subse
quently formed and phstic surgery of the
cervical part of the oesopharus undertaken
makang use of the rotating flaps

However in spite of the previously
supraglottic laryngectomy the lumen of the
larynx closed again  Laryngomicroscopy
showed the presence of a fibrous membrane
which completely closed the laryngea! onfice
After excision of ths fibrous membrane and
application of an «cry late dilator over a penod
of 10 weeks we succeeded in completely re
storing the respiratory tract and decannufatron
was undertthen Repeated plastic surgery aim
ing it reconstruction of the cervical part of the
oesophagus resulted in the forming of a con
tinuous digestive tract starting with the oral
cavity

»
Fg 7 Lafyogucrocop ¢ appearan ¢ ¢ he ree¥
structed lanynx at the tme of phon n e
arytenowds lead to part al f » ng of the nma g € d



Fig 3 Microscopical picture of the onfice of the newly
formed oesophagus The onfice of the oesophagus 1s
shown Uefs foreground) The onfice of the larynx 15 dis
ungs shable (right background) These two lumina are
separated by a high mucosal fold

Lary py and ypopharyn
goscopy undertaken after all these surgical
procedures showed a broad laryngeal lumen
(Fig 1) entirely fixed to the posterior pha
ryngeal wall and to the adjacent structures A
certain mobility of the arytenoids was pre
served however, so that on attempting phona
tion and duning the act of swallowing the ary
tenoids moved and incompletely closed the
tma glottidis (Fig 2) The onifice of the newly
formeq oesophagus was placed somewhat in
front and to the left of the reconstructed

phagus It had a of apps
1y 1 em and the sharp border between these
™o lumina was a high mucosal fold (Fig 3)

better understanding of the act of swallowing
m such extraordinary anatomucal condiions
we undertook photofluorography (4 pictures
per second) of the act of swallowmg and
electromyography of the oral and the pha
ryngeal phase of swallowing
Photofluorography of the act of swallowing
showed that neither in the erect nor in the
Trendelenburg positton was there any aspira
tion of the contrast meal and that 1t passed
directly from the oral cavity to the left side of
the hypopharynx thatit was propelled into the
newly formed oesophagus and that the con
trast passed without hindrance though con

Fig 4 Profile photograph of the act of swallowing along

Although after of the diges'
and respiratory tract the patient expenenced
certan difficulties on swallowing because
aspiration of food nevertheless occurred
wih  the passmg of tme compensatory
mechanisms developed and made possible a
smooth act of swallowing In order to gam a

with a pi of the nasal cavity orophary ngeal
structures and attachment to the geyunal fold The photo
graph shows a marhedly high positon of the tongue which
s adhenng 10 the hard palate The contrist meal normatly
passed the oropharyngeal struciures with tortuous over
Mowng of contrast 1n the regron «f the phary ngo-epunal
junction The mucosal fold i1s visible at the evel of this
Juncuon guiding the contrast meal into the attached ge
yunal fold

Acta Orolirvagol 81
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Fy, § Electromyographic registration of the action poten
Bals oblamned in the phase of swallowing f«) sparse ac
tion potential in the pharyngeal musculature th) interfer
ing innervauon sample mn the soft palate (c) action poten
tial of the interarytenoid muscle

siderably retarded mn relation to the physio-
logical contrast emptying time An X ray study
of the act of swallowing also confirmed a nor-
mal, synchronous and successive passage of
the contrast meal along with norma! passage
over the mucosal fold between the larynx and
the orifice tnto the newly formed oesophagus,
without X-ray signs of regurgitation and with
an obhque and dorsal position of the trachea

1 4)

hotofluorography and direct inspectron of

~/movements of the soft palate and the

aryngeal walls duning swaliowing indrcated
anteposition and dropping of the soft palate
contraction of the posterior pharyngeal wall
lowering of the palatal arches altered by scar
nng of the tissue and marked rasing of the
base of the tongue

In this way the contrast meal was even
the oral phase directed ventrally towards the
antertorly placed onfice i the newly formed
oesophagus  which was separated from the
laryn¢ by an anatomical structure in the form
of a starcase visible on all profile photo
fluorographic pictures

By testng the sensibilty of the pharyngeal
mucosa. hypo-esthesia was demonstrated 1€
practical anaesthesia of the pharyngeal wall
disappearance of the pharyngeal and the

Acta Otolarynzol 81

palatal reflex and failure 1o distinguish sensory
qualities in the posterior third of the fongue

Electromyography  of  the postenor
phary ngeat wall helped us to obtwn indiniduat
high frequency potentinls while spontancous
activity was missing Duning phonation an
termedial sample appeared n the soft plate
while at the moment of swallowing an interfer
tng innervation symple with action potentialy
mostly of n rmal prameters was acuesed
Contraction of the postenor pharyngeal wall
and the soft plate was simultaneous and in the
second, so called pharyngeal, phase of swal
lowing we registered moreoser action poten
tials of mostly normnl parameters from the
mterarytenod muscle Electromyography of
the oropharyngeal swallowing phase reg-
istered a relauvely small number of motor
units tn the phiryngeal wall while the elec-
tromyographic finding of the soft palate indi
cated mrxumal activation of the muscle ele
ments i the act of swallowing (Frg 5)

Simultaneously  carmed  out  phote
fluorography of the act of swailowtng and
laryngography by means of a contrast spray
mdicated mn this case a mutual relationship of
the respiratory and the digestive tract In 1s
upper pharyngeal part the digestive tract was
placed hterally 1n front of the larynx whichat
the moment of swallowing did not change its
position but remained dorsal in reltion to the
reconstructed digestise tract A divergence of
the digesuve and the fespimatory tract oc-
curred 1n this way (Fig 6)

DISCUSSION

For a normal act of swallowing full functional
and anatomscal integrity of all structures con
nected with the act s necessiry However o
account of the existence of a number of com
pensatory mechamsms the act of swallowing
may nevertheless be restored yn o certuft
number of pitients with mutilated matomic 8
structures of the digestive tract b anious 1€
ports have been published in the Inerature
about the extent 1o which 1t 1s possible to



Testore the act of swallowing and how to set
about the restoration in such pathol 1|

Suallowing i the fived lan nx

Fia 6 Astudy of the act of swaltowing
along with presentat on of parts of the
Taryneeal structure and the cramal part of
the trachea by means of a contrast spray
Th s study shows a normal syachronous
and successive passage of the contrast meal
through the mucc saf fold lyimg between the
laryny and the onfce of the newly formed
oe<ophagus without X ray s gns of régurgt
taton The obt que and dorsally lying
trachea  vis ble and the divergence of the
trachea and the pharyngo-jetunal juaction
too

curs after supraglotuc laryngectomy because
of loss of sph action of the larynx hmit

conditions  Simultaneous with the develop-
ment of radiographic and electromyographic
methods for the study of the act of swallowing
some new observations have been made about
these compensatory mechamsms Staple &
Ogura (1966) examined 36 of their patients by
Xray and cmematography following supra
glottic larynpectomy and found that

ed laryngeal excursions and damage to the
laryngeal sensthility due to injury of one or
both laryngeal nerves

in the case of our patient this particularly
important protective role of the larynx n the
normal act of swallowing was considerably
dimaged The epiglots and the vestibular

H

was present 1n S0 of all cases According
to these authors the following conditions must
be fulfilled for the prevention of aspiration
complete occlusion of the vocal folds motlity
of the larynx and good accessibility to the
oesophagus  Litton & Lenard (1969) found
food aspiration n 16 of their 24 cases of sub
total laryngectomy They too emphasize the
importance of laryngeal mobility for the pre
vention of aspiration and the need for total
Lary ngel o lusion and mobility of the tongue
Calcaterra (1971) mentions that aspiration oc

J were d by lottic la
ryngectomy the reduced mobility of the
arytenoids could not safeguird a total closing
of the nma glotidis and the reduced sensibil
1ty of the pharyngolaryngeal mucosa could
alvo have contributed to the possibility of aspt
ration  Besides such a totally unprotected
larynx was fixed to the adjacent tissue and
the posterior pharyngeal wall so that the
mobility of the larynx as one of the most im
portant fictors in is protection was not of
much use

1 appe red that the central problem in the

Acta Otolar ol 81
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interpretation of the mechamisms which de
veloped in these extraordinary anatomical and
functionl conditions was to discover a new
protective laryngeal mechanism

Photofluorography and electromyography
of the act of swallowing and inspection of the
movement of the oropharyngeal structures
during the act of swallowing helped us to
establish the presence of sphinctenc forma
tions in the region of the 1sthmus fauctum The
most important role in the formyng of this
sphinicter 1s played by anteposition and drop
ping of the soft palate, considerable anteposs
tion of the pharyngeal wall and raising of the
base of the tongue In this manner the bolus
becomes ventrally directed 1n relatton to the
dorsally lymng respiratory tract No doubt in
the smooth act of swalfowing in our patient an
important role was played by the connective
mucosal fold formed on the border of the
Iarynx and the onfice of the newly formed
oesophagus as well as the partly preserved
sphincter action of the vocal folds

Bosma (1967) described the so called ventral
path of the bolus 1n the oropharyngeal phnse of
swallowing and conswders that this is an en
tirely normal physwologic mechanism

ewborn babes

Hypo-esthesia of the mucosa and the

. Uced number of motor neurons In the

pharyngeal wall and despite this strong con
traction of the palatopharyngeal structures mn
e piene of swalivwirg mdituie ot Teguad
Jess of corroston and numerous operations the
important npeuromuscular reflector pathways
nevertheless remained undamaged

CONCLUSION

After complicnted phstic surgery mternen
ons we succeeded in completely reconstruct
wng the aerodigestive tract following consider
able corrosive njury to the larvex hypopha
cynx and the oesophigus  Functional restitu
ton of most of the damiged anatomcal
structures followed anitomical reconstruc
ton Although the protective role of the lrynx

Acta Otolanngot 81

n the classical sense was missing altogether it
this case the act of sw allowing was function
g smoothly without asprration We conside
thit anteposition of the soft palate and the
so called ventral path of the bolus are con
tnbutory factors, as alsa are the partly pre
served activity of the vocal fold and the
arylenods  the evistence of conncectne
mucosl folds at the edge of the Irynx and the
mouth of the oesophagus and the dorsal loca
tion of the upper respiratory tractn relaon to
the forward displaced hypopharyny a2nd
oesophagus It seems therefore that the dorsal
location of the larynx and its complete fixa
tion to the postertor pharyngeal wall com
pletely preventing its forward movement were
favourable in this case 100 This example also
indicates the numerous possibilites of the
compensatory mechamisms tn man even fol
lowing serrous anatomical and functonal
myuries  Although all classic compensatory
mechanisms were entirely missing in this case
a new mechinism developed Accordingly the
statement that swallowing 1s impossible if the
larynx 1s fixed cannot be constdered to be the
rule without exception

RESUME

Apres avoir pns de cnstaux de fa soude  awstque uné
stenose compléte du larynx et de Lhypoph vvc et dd
veloppée chez une fille de 16 ans Une | rympecto™e
supraglotque des plast ques de I hypophar nverlocs>
phage antathoracal ont. etuent. fates et | fract act™
Gigesul étatreconstru t Le laryny difatée re tutleeepar
tissue environnant mas [wut de méme § acu n aph nter
que des cordes vocales restait protégés De ctte manére
Tacte de la deghetstion était re¢tablit La path phys ¥ ¥¢
de ce pouveaus mécantme de déglutiton ¢ 1d scutée

ZUSAMMENFASSUNG

Ber einem 165ahngen Midchen kam es zur hompletied
Stenose des Laryny und Hypopharyay d es chals e
der Franahme der Laugenknstalle entwnbelte fune
supraglottische Laryngektomie Plast fizierung dev Hyp>
pharyat und Formation des antethorakalen Oy ‘r\'r::
waren durchgefubrt und aof diese Werse wurde def obe N
aero-d gestine Weg rebomstrr et Der larenc \m):\:
bhieb durch umkrenende Fhrine Geebe fiuert dah ‘.(‘
sphinktensche Funktion dey mobten St mmbandet mn::1
erhalten Auf d ese Wene honnte der S bl bakt w o



bergestellt werden Dic Pathophysiologie dieses neuen
Mechamismus des Schluckaktes wurde diskutrert
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DISCUSSION

D F N Harnson a) After ali the considerable zmount
of feconstructive surgery 1 the residual larynx still func
tioung for phonation? b) Was 1t essential 1o carry out a
supraglottic laryngectomy for long term investigation
©) Subcutaneous colon 15 less satisfactory than retroster

B~76295
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nal simce the latter 1s the shortest rante The cosmetic
effect of the subcutaneous colon may lead to further
swetde attempts later m Iife d) Finally, and relatng to all
the previous questions—how long ago was the last opera
tion?

M S Karatay As we know well a case loosing his
epiglotus i time observed this type of cases sy wrthout
any trouble 1 swallowing But when we do operate for
horizontal pentral operation for cancer we always observe
some difficulty 1n swallowing which may last for 2 long
time We believe that this has to do with supenor
laryngeal nerve if preserved or the pattent s age

1 want to ask from thus pomt of view did you save
the supertor laryngeal nerve or did you cut 1t durtng the
operation”

Z Krapna (Reply) to Mr Harnson We had to perform
supraglottic laryngectomy because 1t was the only way to
reconstruct the laryngeal Jumen All the supraglotuc
structures were highly deformed by the adgacent scar
tissue

lnvestgating the phonatory phenomenon m this pa
tient we made a spectral analysis of the voice The
noise component predomunated in sonagram, but a certain
intensity of the voice was achieved because of the par
teally preserved function of the vocal cords

We worked 1 collaboration with surgeons and they
suggested antethoracal surgery after Juin However, we
had some difficulties 1n reconstructive plastic surgery of
the cervical part of the oesophagus

To Mr Karazay Dunng supraglottic laryngectomy we
could not identify supertor laryngeal nerve because of the
abundance of scar ussue We agree that 1t 15 very uausual
that no aspiranon occurred m such an unprotected larynx
and that 1s why we tned to find out nrew pathophysto-
logical mechamism of the swallowing i this case
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MIDDLE EAR TRANSMISSION LOSSES CAUSED BY TYMPANIC
MEMBRANE PERFORATIONS IN CATS

J Tonndorf, Florence McArdle and B Kruger

From the Fowler Memonal Laboratory College of Phsicians and Surgeans
Columbia Unisersity New York N'Y USA

Abstract Losses (d d by

) were y 1denteal
whether produced by admrttance of sound into the middle
ear via perforations in the tympanic membrane (TM) orin
the bulia With SPLs monitored directly at the TM losses
increased at 12 dBfoct with inverse frequency for f<I
kHz a pattern determtned by the changes n the {calcu
lated) net sound pressure acting from front and back on
the TM Climcally heanng losses due to TM petforations
are fr The between the
two situatons has mamly to do with the use of precah
brated SPLs 1n Chmcal Audiomeltry

An earher expenimental study 1o cats (Payne &
Githler, 1951) had suggested that perforations
. the tympamic membrane (TM) produce
N ez’,uenc) independent response losses, n
creasing in magnitude 1n some proportion to
the size of the perfaration {Fig 1) Thus result
1S COntrary (6 wiat orte sfrould fave eapected

A perforation must leak some sound energy
through to the bachside of the TM to partially
cancel the effect of the energy acting on its

B of

dBfoct toward lower frequencies Wuh 2
perforated TM, there should be a silar fre
quency dependence of sound energy received
by the ear Infact, Behesy (1936) measured the
hitude of mallar displ. 1n 2 human
cadaver ear and, after TM perforation, found
1t to decrease with inverse frequency at a rate
of approximately 9 dBfoct The cut off fre
quency happened to be 400 Hz This latter
frequency should vary with the size of the
perforation, since the resistance of an opening
increases with the flow velocity through it
1 e, with frequency 1n the case of inacevent
One potental flaw 1n the Poyne & Githte
study was seen tn their experimental method
They employed the changes m cochlex
microphonic (CM) responses induced by the
perforation as thew measurement crgenon 1
order to put the active electrode on the round

front, a notion exp i for fe by
Wever & Lawrence (195%) ncreased back
pressure™ Kobrach (1959) had likened the
sitnation to that of a loudspeaker without a
baffle where there 1s cancellation around the
nm between the sounds radtated from front
and back ‘lost baffle effect® Such cancella
twons depend on wavelength In particvlar, be
tow a speaker s resonance point the total
radated sound pressure falls off with 12

This rescarch was supported by several NH grants
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Fig 2 Cochtear microphonc response losses caused by a
small tympanic membranc perforation with the bulla open
10) and closed (@) open system averaged results from
three cats (Figure from McArdle & Toandorf 1968 Arch

Klin Exp Okren Nasen Kehihopfhedid 192 1453

window, they opened the cat’s auditory bulla
and then hept st open throughout the expert
ment With an open sound system (loud
speaker) some sound must have atready
reached the backside of the TM before 1t was
even perforated, providing a wrong baseline
for the expeniment

The first of our two studies (McArdle &
Tonndorf, 1968) was undertaken 1n an effort to
look at these objections Cats were again used
Sound pressures necessary to produce a crite
nont CM response of 10 pv (round window

Partarar on

A

DIFEAENCE M SPL REQURED FOR Ouv M CAOPNON €

7 Vit
st tm o way
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electrode) were measured directly 1n front of
the TM with the aid of a calibrated probe
microphone (B & K, type 4134, I mm probe),
before and after perforation A second probe
microphone was nserted into the middle ear,
directly behind the TM Perforations of unt-
form size (2 0 mm? 1n area) were set, usually
tn the postertor-supenor quadrant, with the awd
ofamicro plugcutter,fashionedfroma 16 gauge
hypodermic needle

Fig 2 shows the response loss 1n terms of
changes 1n sound pressure levels (SPL) tn
front of the TM, caused by a TM perforation
{a) 1n the presence of a bullar opening, 3 18
mm (0 1257 1in diameter, and (5) with the bulla
sealed off by a cotton wax plug An open
system (loudspeaker) was used The differ-
ence between the two curves 1s obvious With
the bulla open, the loss was nearly independ-
ent of frequency, as Payne & Githler had
observed, while with the bulla closed the loss
ncreased toward lower frequencies with 10 2
dBloct, below a cut-off pownt of 1 kHz

Meanwhile, other expenments had shown
that the cotton wax plug interferes with the de
pressure equilibration in the middle ear and
does not produce a rehable seal of the bullar
wall either We therefore changed our tech-
nique and began fesealing bullar openings with
dental cement, save for a short, sturdy walled,
capillary tube that permitted dc pressure

Fig 3 Cochlear microphonic response los
ses due 1o operyngs 1 the bullar wall (O) or
m the tympamc membrane (®) open
system results from one ammal (Figure
from McArdle & Tonndorf 1968 Arch Kiin

3 T Exp Ofren Nasen Kehlkopfhedid 192 143 )
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Fig 4 Effective sound pressure (SPry) across the mitact
and perforated tympanic membrane for a constant mput

combined results for open and closed systems averages of
six cats 1 S D as mdicated (Figure from kruger &
Tonndorf 1975 J Acoust Soc Am Inpress |

equilibration, but did not measurably transmit
audiofrequencies (Tonndorf & Khanna, 1968)
Our second study on TM perforations
(Kruger & Tonndorf, 1975) employed this lat-
ter techmique, and the slope of the loss curve
m the low frequencies became now exactly 12
dBJoct (cf Fig 7 below) The earher value of
10 2 dB/oct (Fig 2) had apparently been due to
some leakage via the cotton wax plug
That the frequency-dependent loss ob-
served when the bulla was closed was n-
deed due to the sound energy reaching the
middle ear directly no matter by which path
way, was demonstrared in a second expern
ment of the first study (McArdle & Tonndorf,
1968) Comparable small opemings were made
vely either mto the bullar wall or into
TM Fig 3 gives the ddference curves,
= more relauve to the sttuation bulla
Ssed and TM mtact (open system) There s
good gqualitative agreement between the two
curves The separation between them became
smaller as the length of the canal perforating
the bullar wall was made shorter Resistance
as may be recalled vanes with the length of a
given channel and a TM perforation repre
sents an extremely short channel Part of the
difference belween the two curves might also
have been attributable to the loss of recetving
area of the TM after its perforation a pointwe
will return to presently
1t 1s clear from Figs 2 and 3 that when the
open bulla situation 1s t1hen as the baseline a
TM perforation merely increases the already
existing leakage to the back of the TM and
produces  an addinonal  now  frequency
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independent, response shift However, when
the bulla 1s kept closed there s a loss sloping
down toward lower frequencies at a rate of 12
dBfoct without an apparent imt

As already mentioned, a second probe
microphone had been inserted into the auddle
ear We first ascertained the fact that thrs
microphone, located 1n one fived position
gave a represertative sample of the SPL be
fund the entire TM, within the frequency range
of mterest both before and after perforation
(Kruger & Tonndorf, 1975) We then calcy
lated the effecin e sound pressure (SPy) acting
upon the TM by formung the vectonal dufler
ence between the readings of the two micro-
phones on etther side

Fig 4 gives SPey Tor a constans tnput at the
TM both before and after perforation With
the TM ntact, the curve was essentially fre
quency independ Its ex I ndt
cates that even at zero Hz there would still
be a differenul pressure across the TA! capa
ble of displacing 1t After perforation the
curve sloped down toward lower frequencies
below a cut off point of 800 Hz at 12 dBlo?
without an apparent hmit Its extrapolationn
dicates that, at zero Hz, there could no longer
be a differential pressure across the TM Both
of these extrapolations are supported by fuct
The findings of Fig 4 suggest that the config
uration of the response loss of Fig 2 (or of Fig
7) 1s due to the changes tn SPyy

Fig S shows the 5P ratio before and after

OPEN b CLOSED 37SILW
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Fis 5 Ration of cffective sound pressa « efwe 400
perforation) in reference 1o a comunt « n!um-;mo
phomt output sombyned tesulis {ox open and ; o
systems average of sixeats 1S D avind ated € r"
from hruger & Tonndorf 1975 1 Aciu $x Am
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Fig 6 Conducuve heanng loss caused by tympamc
membrane perforatons — averaged data from 103
patients ——— maxtmal mdviduai toss (Figure from
Anthony & Harnson 1972 Arch Otolaryngol 95 506 )

TM perforation, but this tme for a constant
CM response This type of presentation, by
defintion, elminates the 12/dB oct, low-
frequency loss, but reveals a loss of approxi
mately 10 dB that, 1n first approximation, 15
frequency-independent
The results of Figs 4 and 5 show (1) that the
lostbaffle concept 1s basically correct, and
(2) that there 1s an insertion loss of approxi-
mately 10 dB, most hikely caused by the loss in
feceiving area of the TM However, this [atter
loss 15 somewhat smaller than what should
have been expected to result from a perfora-
tton of 2 0 mm? 1n area of a feline TM of 41 8
mm* (Wever & Lawrence, 1954) when the re-
moval of the total TM produces a response
loss of abous 40 dp {Tovndorf & Kkavoa,
1968) The correct vafue should have been
131648
The problem was not yet solved for we had
learned that audiometnically heanng losses
Cased by TM perforations tend to be
Frequency independens at least at f<kHz
{Fig 6) Nevertheless, the apparent simlanty
vath the findings of Payne & Guthler had to be
merely aceidental, since n human patents
there 15 no additional access route by which
i:‘r’“d energy could directly reach the middle
comparable to that through the bullar

Middle ear transnussion losses 333

opemngs i the ears of experunental ammals
The situation was further complicated by the
fact that m the tumng fork era TM perfora-
tions had generally been found to produce loss
curves that sloped downwards towards lower
frequencies (e g, Ostmann, 1909) Tumng
fork tests were done 1 open systems, while
electromc audiometers and their earphones
employ closed systems

Realization of the discrepancy between our
expenmental animal data and those obtamned
audiometrically 1n human patients was what
prompted us onginally 10 set up the second
study (Kruger & Tonndorf, 1975) The ex
perimental techmaque of the new study was
qutte similar to that of the earlier one with a
few exceptions

(1) The improvement of the bullar seal and
its consequences have already been men-
tioned

(2) The sound was delivered either by a
large overhead horn speaker (open system) or
by 2 submunature earphone (Knowles BP-

1710 closed system) that allowed us to re-

duce the air space 1n front of the T™ to
approximately 0 7 cc We went dehiberately to
that extreme, since the earlier study had not
shown any differences between open and
closed systems, but the closed system then
used had employed a relatively large air space
of approximately 300 cc
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Fig 7 Cochlear microphomc response losses in terms of
microphone readings in [rost of the tympanic membrane
(mie 1) combined for open and closed systems (—)
voltage changes across the transducer open system {O)
and closed system (@) average of ten cats (Figure from
Kruger & Tonndoif 1975 J Acoust Soc Am In press )
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Fig 4 Effective sound pressure (5P} across the intact
and perforated tympanic membrane for a constant input
combined results for open and closed systems averages of
six cats | 5D as ndicated (Figure from Kruger &
Tonndorf 1975 J Acoust Soc Am In press )

equilibration, but did not measurably transmut
audiofrequencies (Tonndorf & Khanna, 1968)
Our second study on TM perforations
(Kruger & Tenndorf, 1975) employed this lat-
ter techmique, and the slope of the loss curve
m the low frequencies became now exactly 12
dBjoct (cf Fig 7 below) The earlier value of
10 2dB/oct (Fig 2) had apparently been due to
some leahage via the cotton wax plug
That the frequency-dependent loss cb-
served when the bulla was closed was in-
deed due to the sound energy reaching the
middle ear directly, no matter by which path-
way, was demonstrated 1n a second experi-
ment of the first study (McArdle & Toonndorf,
1968) Comparable small opentngs were made
gccessxvcly erther 1nto the bullar wall or into
TM Fig 3 gives the difference curves,
1ce more relative to the situation bulla
losed and TM ntact (open system) There is
good quahtative agreement between the two
curves The separation between them became
smaller as the length of the canal perforating
the bullar wall was made shorter Resistance
as may be recalled vanes with the length of a
given channel, and a TM perforation repre
sents an extremely short channel Part of the
difference between the two curves mught also
have been attributable to the loss of receiving
area of the TM after 1ts perforation a point we
will return to presently
It 1s clear from Figs 2 and 3 that when the
open bulla situation 1s taken as the baseline a
TM perforation merely ncreases the already
existing leakage to the back of the TM and
produces an addibonal now frequency
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ndependent, response shift However, when
the bulia 15 kept closed there 15 a loss sloping
dow n toward lower frequencies at a rate of 12
dB/oct without an apparent imit

As already mentioned, a second probe
microphone had been inserted into the middie
ear We first ascertaimed the fact that this
microphone, located n one fixed position
gave a representative sample of the SPL be
hind the entire TM, within the frequency range
of interest, both before and after perforation
{Kruger & Tonndorf, 1975) We then calcu
lated the effectn e sound pressure (SP.y) acling
upon the TM by forming the vectonal differ
ence between the readmgs of the two mucro-
phones on either side

Fig 4 gives SPq for a constant input at the
T, both before and after perforatton With
the TM sntact, the curve was essentially fre
quency sndepend Its ex indt
cates that, even at zero Hz, there would sl
be a differential pressure across the TM capa
ble of displacing it After perforation, the
curve sloped down toward lower frequencies
below a cut off pont of 800 Hz, at 12 dBfoct
without an apparent init [ts extrapolation in
dicates that, at zero Hz, there could no longer
be a differential pressure across the TM Both
of these extrapolations are supported by fact
The findings of Fig 4 suggest that the config
uration of the response loss of Fig 2 (or of Fig
7) 15 due to the changes 1n SPey

Fig 5 shows the SP, ratio before and after
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Fig 5 Ranos of effective sound pressure (before/after
perforauon) in reference to a constant cochlear n;x;z
phomic output combined results for open and ; oy
systems average of st cats 1S D as indtcated (Figt P
from Kruger & Tonndorf 1975 J Acoust Soc Am

press )
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4000

F g 9 Cochlear microphon ¢ response los
ses assessed at the entrance (mec 1) and at
the bottom (mu¢ ?) of an extended acoust
cally leaking ear canal (polyethelene sub-
g 8 cm lfong) and assocated voltage
changes across the transducer: see¢ key at
insert for the labeling of the vanous curves
average of fve cats (Fgure from Kruger
& Tonndorf 1975 J Acoust Soc Am In
press)

E)

MEAN VOLTAGE CHANGE N 0B

— VOLTAGE CHAN.E

Canal extensions of several lengths were
fashioned from copper tubing (non leaking)
and polyethelene tubing (leaking) The latter
were included because ear canal and pinna
show considerable leakage for aud ofre
quencies (Tonndorfetal  1966)

Consider first the results obtaned with a
non leaking canal extensson (Fig 8) When as
sessed directly in front of the TM (muc 2) the
response losses were virtually the same as
those found with the shortened canal 1e
the curves had a slope of 12 dBfoct towards
lower frequencies (cf Fig 7) When assessed
at the canal entrance (mic 1) however the
SPL losses became relatively larger in the
nudfrequency region gving the mic I loss
curves a somewhat flatter shape At neither
mucrophone posttion was there a signdficant
difference between open and closed system
data The open system voltage changes fol
lowed closely the SPL fosses assessed at the
canal entrance (mc 1) 1nstead of those meas
ured at the TM (mue 2) the situation found
with the shortened ear canal (¢f Fig 7) The
closed system voltage changes deviated 1n the
manner observed before (cf Fig 7)

With the leaking canal extension (Fig 9} the
SPL losses d at the canal
(mic 1) showed agam relatively large shifts
mthe md freq region when p to
those assessed at the TM (mic 2) similar to
what had been found with the non leaking
canal (cf Fig 8) Once more there was no
significant dfference between open and closed

system data for erther microphone posi
tion However all loss curves now tended
to flatten at therr low frequency ends so that
for the canal entrance position (mic 1) there
was an lly frequency d
regon from 300 to 1250 Hz The SPL loss
curves of Fig 9 are about as flat as the heanng
loss curves of Fig 6 The voltage changes for
both open and closed systems were simular to
the corresponding data for the non leaking ear
canal (cf Fig 8)

As was mennoned above tuning forh tests
as a rule revealed heanng losses that m
creased n magnitude with inverse frequency
Such tests employ an open system and gne
a measure of signal magnitude In terms of
the present expenment changes wn signal
magmnitude are represented by the open system
voltage changes There 1s a suggestion m Fig
9 that the curve of the open system voltage
changes did not become quite as fla1 at the fow
frequencies as some of the other curves (It
must be added 1n this respect that the results of
tuning fork tests do not lend themselves to a
numenical assessment of the slopes of the
hearing loss curves only the direction of such
slopes positive or negative 1s evident )

In an effort to explam the results presented
n Figs 8 and 9 we looked at the potentsal
effects of canal resonances base hine shifts
etc but failed to come to a definste concluston
concerning their causes What 15 obviously
needed 1s a ngorous network analy sis

Although we are sulf lacking such an
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analysis, the data of Figs 8 and 9 indicate that
the frequency-independent low-frequency loss
associated with TM perforations as observed
n chinical patients has to do with (1) the pres-
ence of an ear canal that 1s leaky for audio
frequenctes, (2) the location at which the SPL.
measurements are tahen, and (3) the use of
precalibrated SPLs Essentially 1t 1s a matter
of definition

RESUME

Les pertes auditives (mesurees par les reponses micro-
phonigues) étarent fes m&mes quor que sort la localisa

tion de § entree du son dans | oreille moyenne (perforation
tympamique ou ouverture de Ja bulla) Lorsque le mveau
de la pression etait d au
riveau du tympan 13 perte de transmission était augmen

tee par 12 dB/oct et on obsenaitune {requence inverse par
S<lkHz la d de la pression df
ferentielle, agssant sur chaque coté du tympan montrait
les memes traces En chimque les pertes auditives dues
aux perforations du tympan somt indépendantes de la
frequence duson La différence entre ces 2 siuations est
due essentiellement a fempfor de miveaux de pression

en Auds chnique

P

ZUSAMMENFASSUNG

Ubertragungsverluste bestmmt durch Messung des Reiz
folgestroms waren 1denusch gleichgulg ob sie durch
Schalteintnit ins Mittelokr durch Perforationen 1m Trom
melfell oder in der Bulla verursacht waren YWenn der
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DISCUSSION

G Zechner 1) What imfluence has the diameter of the
perforation” 2) Is there an influence by the location of
the perf ' 3) Has an angled outer ear canal nstead

direktam Tr Ifell g wurde

n dic Veruste mit 12 dBjoct und mit umgekehrter

enz fir f<I kHz an Den gleschen Kervenverlauf
* a/die Anderung des Diffe t

ckes der von beiden Seiten auf das Trommelfell emn

wirkt Rhimsche Horveruste nach Trommelfell Perfora
uonen sind Der L d zw1
selierr dar e Sidnatorar ise faopaaniat dorolr aie
A 1 1 in der ki

mschen Apdometne bedingt
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of a strarght one 2ny 1mpartance on the heaning level i
¥our expenments?

R Hinchelyffe Have you looked tnto the possibibty
of other features that might account for the difference
between the predicted and the actual form of the aud o-
grams 11 man with eardrum perforation”

J Tonndorf (Reply) to Mr Zechner 1) We did not
repeat the expenments of Payne and Githler with respect
to the relative size of the perforation vs response loss
We were satsfied with their results i that respect 2}
There s a location effect the loss 1s Jargest for a postenor
perforation and this 55 1n hine with our concept of ™
vibrations 3) Recall that we were mostly interested i
frequencies <1 kHz and then the wavelength 1s 50 large
that an angulation would have no effect

To Mr Hinchchffe Sure traumatic perforanons ¢
more comphicated than perforations carefully set 1 the
laboratory Yet agan at frequencies <1 kHz such adh
tronal effects will be muintmal and would ot affect our
results
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HEARING LOSS AND COCHLEAR PATHOLOGY IN MONKEYS
AFTER NOISE EXPOSURE

I E Hawkins,Jr, L -G Johnsson, W C Stebbins D B Moody and § L Coombs

From the Aresge Heanng Research Insttute and the Department of Otorhinolaryngology
Unaversity of Michtean Medical School Ann Arbor Mich USA

Abstract O Wortd monkeys wete exposed 10 octave
band noise from 0 5 to 8 kHz at 120 dB SPL. 8 hours daily
for 20 days Restncted permanent threshald shifts and
Tocahized loss of outer hair cells were produced which
were reasonably well correlated with the exposure fre
quencres There was also a loss of both inner and outer
harr cells at the extreme basal end of Corti s organ regard
Tess of the exposure frequency Implications for human
snner ear pathology are discussed

Personal experience and growing awareness of
the long term 1ll effects of high level noise on
human heanng have made psycho acousuc
experimenters more cautious than they once
were under the pressures of World War II
(Davis et al, 1950} about exposing them

selves or others to excessive levels of sound
i the name of research In recent years cats
(Miller et al 1963} and chinchillas (Car

der & Miller 1972) have figured largely in such
experiments where there was either risk or
Intention of producing permanent elevation of
auditory thresholds (PTS) Both species can
hectraunets o ‘emtvrordi avtiomery "oy avor
dance conditioning and thus have the ad
vantage over the notortously refractory gutnea
Pig The cat however has the disadvantage
a least from the expenimenters point of
View of being able to close his ear canals
s a protection aganst unwelcome sounds
Hawhins et al  1943) The chinchilla on the
other hand s extraordinanly susceptible to
The o -

o -

B/ TS

nowse, and can be deafened by exposures
having little or no permanent effect on the
ears of other laboratory species (Drescher &
Eldredge 1974) Extrapolation of data from
the chinchilla to man requires a substantial and
still undetermmined correction factor lest dam
age risk critena be set unrealstically low
Although squirrel monkeys have proved
their value as subjects for investigating the
temporary and permanent effects of noise on
heartng and the histopathology of noise
induced threshold shifts (Hunter Duvar & El
hiott 1972) the Old World monkeys (Macaca
and other genera) are rore rugged and
phylogenetically even closer to man When
tramed for behavioral audiometry by
positive remforcement (reward) conditioning
(Stebbins etal 1973 they are willing to work
for about an hour at a stretch producing relr
able audiograms which differ from those of
narmal human subigcts mainly in.thesr dightly,
higher thresholds at 1 to 4 kHz and therr ex
tended upper himit of hearing (ca 45hHz 1¢
over an octave beyond the human range)
Thetr organ of Corts shows a cytoarchitectural
pattern somewhat less srregular but otherwise
strihangly simular to that of the human ear
tJohnsson & Hawhins 1967) We have found
that they make highly satsfactory ammal
models for experiments on nose induced hear
ing loss S me correlations betw een noise ex
posure permanent threshold shufts and hawr
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Fies 1-3 Below Final audiograms showing PTS m nght
tars of monkeys exposed 10 nosz bands as 1nd cated
Abore Harr cell losses from mner (JHC) and outer (OHC)
hair ceti rows for the same ears The placement of the
Joganthmec frequency scale with respect 10 the Iinear scale

cell loss obtamed m monkeys exposed to
bands of noise at 117 to 120 dB SPL, 8 hours
day for 20 days, are 10 be reported here

° METHODS

Yebjects

Jur subjects mcluded members of the species
nemestrina mulatta and fasciculans of the
genus Macaca and the baboon Papio papio
Their pre exposure audtograms were simular
and no consistent didferences mn susceptibiity
to notse were found They vaned in age from 2
to 9years and n weight from 3 to 9 kg They
were hept m individual cages and were given
a restnicted ration of food at the end of each
day s session of audiometnc measurements

Test equipment
Thresholds were determned after appropnate
tramming (Stebbins etal  1973) wath the ammal
seated 13 a primate festraming char mside
2 double walled sound chamber (Industrial
Acoustics Company) Caltbrated ear phones
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for the baslar membrane 15 arbitrary but corresponds
well with fr

1 ansmals with abrupt high frequency losses produwed by

ototouc aminoglycosides (Stebbins eral 1969 1973} Cf

impulse-norse study by Pinheiro eral 1973

{Permoflux PDR-600 with MX41AR cushions)
were carefully fitted over the openmgs of the
ear canals Each ear could thus be tested sepa
rately, and many of the problems of free field
testing 1ncluding the necessity of surgical de
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struction of one labyrinth (Muller et ai , 1963)
could be avoided The head was restrained,
and postive tewnforcers in the form of 190-
mg banana-flavored pellets (Noyes) were dehiv-
ered within easy reach of the tongue by a
surtably placed chute

A hollow metal cyhnder contaming a red
bight was placed in front of the monkey at eye
level Contact between his paw and the cyhn
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der, which he was taught to maintain 1n the
by of sound was by

a circunt activated by a minute flow of current
from the chair through the body and the paw to
the cylinder Breaking this contact was the
appropriate learned response whenever he
heard a sound delivered to either ear

A small computer (PDP 8/L) was used to
control the experimental contingencies and to
record the data on punched paper tape for later
off-line analysis Pure-tone stimuh were pro-
duced by a bank of nine oscillators (HP 204
). d by a progr: bl
and gated by a tone switch with a nse fall ume
of 50 msec

The ear phones were calibrated both by 2
6-cc coupler and by a probe-tube microphone
mserted through the cushion on the animal's
ear so that the opening of the tube was directly
m front of the ear canal

Exposure equupment

Noise exposures were made 1n an especially
treated TAC room lined with 3 mm thick
masomte and held in place by 25-mm?* wooden
struts placed randomly across the surface
Noise was delivered by two Altec-Lansing
‘Voice of the theater” speaker systems (511 B
horn, 808 8A daver 416 8A low frequency
speaker, N501-8A crossover), driven by a
MclIntosh MC 2105 power amphfier The noise
was onginated by a General Radio GR 1382
notse generator, and filtered by an Allison 2
BR vanable band pass filter before amplfica-
tion The octave bands produced were flat
within £5 dB, the wide band spectrum within
%10 dB from 100 Hz to 10 kHz

Tratung and threshold testing

Each amimal was trained 1o touch the metal
cylinder and mamtain contact with 1t
whenever the red hght started flashing The
light would then change from flashing to
steady, and 1 to 9 seconds later a 2 § sec tnal
was presented, which might be either a tone
tnal or a catch-tnal One-third of the tnals
were of the fatter kand, without a 1one being
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sounded If the monkey released his contact
with the cylinder when the tone was pre
sented, he received a food pellet If he re
sponded to a catch tnal, or when the tone was
off, no reward was forthcomng, and the next
trial was postponed for 5 sec to keep him
honest

A release dunng tone presentation was
counted as a correct detectron, and caused the
next tone to be attenuated by 10dB Failure to
release when the tone was on was counted as a
mmss, and caused the next tone to be increased
by 10 dB This tracking procedure s a form of
Bekesy aud y It was d untl
threshold had been crossed (* yes™ to*no* and
vice versa) ten hmes for each frequency A
new frequency was then presented, and the
procedure was repeated The SPL’s of the last
eight threshold crossings were averaged to de
termune the threshold Nine frequencies were
tested daily for each ear

Notse exposure
Only after the thresholds had become
stabthzed to a critenion of less than 5 dB dif-
ference at any frequency for two of the last
ree days was the noise exposure begun Two
keys were exposed to each of four octave
s of noise centered at 0 5, 2, 4, and 8 kHz
spectively, and two others to a wide band of
noise (J00 Hz to 10 kHz) Exposure levels
were 120 dB SPL, except for the 8 kHz band,
for which only 117 dB SPL was available The
anmimals were exposed for 8 hours per day, 5
days per week, for 4 weeks 1e  for 160 hours
e all, with rest periods of 16 hours per day and
two days off on weekends They were tested
after each daily exposure

Recoren

At the end of the four weeks of exposure,
testing was continued for 30 days to allow
whatever recovery might occur to take place
and the permanent shift to become stal:nhzed

Cochlear lustological exammnation

‘When the final audiogram had been taken 30
days after the end of the exposure period the
ammals were hetized with pentobatb
sodwm for sacnfice The membranous
labyninth was fixed and stamed i siu by
perlymphatic perfusion of 1 per cent OsO,
solution (Zetterqvist) Cochlear tissues were
prepared by mucrodissection (Hawkins &
Johnsson, 1976a), and whole mounts (surface
preparations) of the organ of Cortt and bastlar
membrage were examumned by phase conteast
microscopy A complete count of the hair cells
was made throughout the 25 to 27 mm length
of the basilar membrane, and the percentage of
hair cells rematning ta each row per mm of
length was plotted as a cytocochleogram In
counting, the decision made was whether each
cell was present or absent, 1 e replaced by a
phalangeal scar No attempt was made to as
sess lesser degrees of change which mght be
thought to signify a decreased capacity to re
spond to sound stimuli

RESULTS

Threshold shifts

The threshold shifts measured after the first 8
hours of exposure reached maxima of 60 10 85
dB and were as great as or generally preater
than any subsequent shifts recorded We may
refer to these mtial losses as compound
threshold shifts (CTS) since they mctude both
temporary (TTS) and permanent PTS)
changes in threshold The final PTS measure

ments, obtained 30 days after the Jast expo

sure were always less than the CTS but their
maxima still averaged 40 to 55 dB depending
upon the frequencies of the exposure band

The 500 Hz band was least effective in produc

ing threshold shifts as already indicated 11
data obtaned from human subjects (Davis €
al 1950) and from chinchillas (Carder & Mt}

ler 1971) Losses produced by the 500 Hz
band and the wide band tended to be broadet
and less abrupt than those produced by the
higher frequency bands All of the losses WETE

essentially sy 1cal for the two ears

Daily audiometnc tesng was
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Relations between CTS and PTS for the var-
1ous exposures are desciibed 1n greater detail
elsewhere (Moody et al , 1975) Here we are
presenting PTS measurements 1n one ear of
each of four of the ammals exposed to 4 kHz
and 8-kHz octave bands, and 1n one exposed
10 the wide band of noise Brams from all but
one of these amimals were sent to Dr Jens Hall
at the Umiversity of Oslo for study of possible
neuronal degeneration in the cochlear nucles,
secondary to the hair cell losses 1n the cochlea
It was thought that they offered an opportunity
10 correlate circumscnibed cochlear lesions
repr well defined hold shifts with

Noise induced hearing loss in monkevs 341

basal end of the organ of Cort1, generally ac-
companted by a heaning loss for frequencies of
32 kHz or higher The one exception 1s the
baboon M 51, which exhibited another tdio
syncracy, in that the loss of first row outer
hair cells was greater than that for the second
and third rows

DISCUSSION

The cofrespondence between heanng loss and
hair cell loss m these ammals ts reasonably
good, although by no means so sharply defined
as that m our ammmals with abrupt high-

presumably restnicted areas of neuronal
change i the central nucler, and thus to obtain
additional evidence for frequency locahzation
at that level

Correlation betw een PTS and hair
cell loss
In M 5! and M 68, both exposed to the 4 kHz
band, the PTS extends from 2 kHz to 16 kHz
reaching a maximum at or just above 4 kHz,
the center of the exposure band The hair cell
losses involve the outer hair cells mamly in the
region from 9 or 10 to 16 mm from the basal
end of the basilar membrane In monkeys
M-41 and M-66, which were exposed to the 8
kHz band, the heanng losses (PTS) are strik-
mgly similar, imvolving at least the three
octaves above 2 kHz The maximum loss is at
4 kHz for M-66 In M-41R the loss ts broader,
with maxtma at 4 kHz and 10 kHz, but the hair
cell losses for the tno are quite different In
M-66 the loss 1s greatest for the third row
outer hair cells between 2 and 7 mm, whereas
In M-41 the 7 to 11 mm area is chrefly affected

In M-63 exposed to the wide band there 1s
2 correspondingly wide range of frequencies
affected, with a maximum loss around 8 kHz
Outer hair cells are absent chiefly from the
third row and to a lesser extent from the other
rows, from 4 to 17 mm with a second area of
loss centered at 20-21 mm

A remarkable feature of all but one of these
cochleas is the loss of harr cells at the extreme

freq y losses from ototoxic ammoglyco-
sides (Stebbins et al, 1969) It should be
recalled that the positioning of the audio-
gram with respect to the cytocochleogram
in the figures s arbitrary, since the audio-
gram 15 plotted on conventional four<ycle
semi-loganithmic coordinates The correspond-
ences are at best approximate and no attempt
has been made to indicate a more precise
focahzahon of frequencies along the basilar
membrane n accordance with the results of
our earlier study If this were done the fre-
quencres from 2 kHz to 45 kHz should be
shown more widely spaced, occupying the
lower 15 mm of the basilar membrane, with
frequencies below 2 kHz crowded into the up-
per 10-12 mm of 1ts length

In M-41 and M-66, the ammals exposed to
the 8 kHz band, the heanng losses clearly in-
volve more frequencies than can be accounted
for by the relatively small areas of hair cell
loss It appears that hamr cells which were re-
corded as present must have been affected by
the norse—hardly a surpnsing conclusion,
since there must presumably be gradations of
mmyury to individual hair cells short of complete
dissolution

The permanent threshold shifts produced in
these anmmals are not unhke the temporary
shifts recorded 1n human subjects by Davis et
al (1950) after pure-tone exposures of shorter
duration and equal or greater intensity They
do not, however, bear out the generally-
accepted doctnine that the maximum loss 15
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necessarily one-half octave above the expo-
sure frequency, nor was that always the case
n the subjects of Dawvis et al Instead, our
results suggest what might be termed a “cen-
tral tendency”, remumscent of the famihar

4B Schallpegel beschallt Der auf begrenzte

.,
Man sah auch Verlust sowohl der nneren als auch der
auferen Haarzellen am unteren Ende der Basalwindung

4-\Hz dip 1n the audiograms of | with
notse-induced heaning loss, regardless of the
spectrum of the noise In other words, losses
caused by exposure to lower and nuddle fre-
quencies tend to be displaced upwards toward
the region of maximal sensitivity, but losses
for igher frequencies, such as 8 L Hz, tend to
be centered at the exposure frequency or to be
displaced downwards

A new finding here 1s the loss of hair cells,
tnner as well as outer, at the basal end of the
organ of Corti This loss would affect fre-
quencies above the usual chinical audiometnc
range We have seen such a lesion in the inner
ears of panents with noise imduced heanng
losses (Hawhins & Johnsson, 1976 5) and have
referred to 1t as the yuvtafenestral lesion dis-
tingwmishing 1t from the ronotopical lesion at
9-13 mm associated with the 4-\Hz dip The
Juxtafenestral lesion tends to reaffirm the
peculiar vulnerability of the sensory elements
of the *hook’ regton near the cecum vestibu

re Exposure to everyday noise may help to

ount for this type of lesion even mn young

.t (Johnsson & Hawhkins 1972) with no

ther evidence of cochlear pathology

RESUME

Des singes du vieux monde ont ete exposes a des bandes
de bruit blanc d octave entre 0 5 et 8 kHz a 120 dB SPL
pendant 20 jours 2 raison de § heures par jour lls ont
mamifeste des elevations himitees du sew? auditf et des
pertes locahsees des cellules cihiees externes cor
respondant assez bien avec les frequences d expasiion
Nous avons ausst observe une perte des ceflules alees
Internes et externes au fond dp premuer tour quelfes que
soient les Nous nous p

d exposer les imphcatons de ces observatons pour iz
pathologie de | arettle interne chez 1 homme

ZUSAMMENFASSUNG

Stunden
Affen der Alten Welt wurden 30 Tage lang 8
taghch mit Oktavbandrauschen von 0 S bis 8 kHz bei 120
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von der B Die Folgerun.
gen fur die menschliche Jnnenohrpathologie werden
besprochen
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DISCUSSION

H Spoendhn The most stnking finding 1 your expen
menta] atumals 1s the considerable heanng loss in spite of
full presence of the maer hair cells You knew that there
are ceveral other reports w here toss of outer hair cell alone
d d not affect the behavioral threshold The presence of
nner haie cefls does however not mean that they function
normally and the point must be stressed that it 1s not
suff cient to evaluate only the presence or absence of
the cells without examination of their structural integrty
After acoustic trauma wath long term survival we found
frequenty the outer hair cells mussing and the wmer
hayr cells present however with considerable permanent
ultrastructural changes of the receptor pole
In some of your ammals there was no tonotopical corre-
lation between heanng loss and harr cell loss How do
You explain ths”?
1n 1o se expenments with narrow band nosse we found
most damage i the muddle frequency and more damage
1 the b gh frequency range was only found when sound
Intensity was given in dB/Hz How was it done i your
expenment
R Thalmana In this context I would lke to draw
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your attention to the recent findings of Dr Barbara Bohne
which rather convincingly suggest that certan types of
localized acoustic lesions of the organ of Cort: may be
due to the touic acuon of endolymph In this case the
acoustic trauma per se produces small holes in the
retcular lamma while the major damage results from the
endolymph leaking tnto the flud spaces of the organ of
Ce

ol

D Hiding 1 would Iike to say a word on behalf of
monkeys When planming research using pnimates [ think
we should ask curselves certam questions 1) Is 1t essen
tial 1n order to gain important information to use pnmates
nstead of other mammals” 2) Where will they come from”
From colomes where they are bred for medical research—
or are they kidnapped from the forests of South Amenca
or Inda 3) Will as much informauon as possible be
obtaned from £ach subject? For instance tn thus expen
ment Spoendlin s whole modern technique could probably
have been used to leave open the possibility of electron
microscopic examination of the organ of Cort

M Ross* (Reply) to Mr Spoendlin The outer hair cells
were the ones chiefly nussing m the present matenal
We agree that subtle changes partcularly 1n the mner
hair cells covld be mmportant 1n contnbutng to the
permanent threshold shifts noted According to the
present method only mussing hair cells were counted
because the presence or absence of a harr cell 1s an
objective observaton

To Mr Thalmann No response to his intereshng com
ments 15 required

To Mr Hilding (The paragraph relating 1o the reasons
for the use of pnmates n this study was read from the
manuscnpt ) We agree with your gencral remarks concern
ing the need to conserve and protect pnmates and to
make most extensive use possible of thetr tissues when
ever pnmates are considered essential m an expen
ment

* Inthe authors absence the paper was read by Dr Munel
Ross of the Department of Anatomy Unaversity of Michs
gan
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THE COCHLEAR NUCLEI IN MONKEYS AFTER DIHYDRO
STREPTOMYCIN OR NOISE EXPOSURE

J G Hah

From the Anatomucal Institute and the ENT Department Rikshospualet
Unnersity of Oslo Oslo Non av

Abstract The cochlea and the cochlear nucler in monkeys
subyected 10 d hydrostreptomycin treatment or foud norse
are gated Their cell popul are pared with
the findings ta the normal mankey

fn recent years the anatomy of the cochlear
nucler m different species has been the subject
of increasing nterest Theiwr anatomical con-
figuration and the number of their nerve cells
are descnibed 1n man, cat, whales, bats and
seals (Hall, 1964, 1967, 1969, 1974) The
development of the nuclet 1s described

i hittens  The effects of noise on nerve cells
are descnibed 1n a paper by Liden et al (1973)
and Hall (1974), 1 cats, and recently in the
guinea pig by Theopold (1975)

Thus previous findmgs Indicate that the
various cells of the primary auditory nuclet
have theirr own particular, spectfic way of
reacting and then show the same reaction to
vartous noxa such as injury, asphyxta, or anti
brotics, and perhaps also to noise

The present mnvestigation 1s an attempt to
show whether noise which causes cellular

d 1n the cochlear nucler of the cat

mice (Mlonyeni, 1966), their cyto arch e
nd their afferent and efferent connections are
ribed 1n the cat and the porpoise (Osen &
2 ¥5en 1965 Osen 1970) Thus our knowledge
the normal anatomical appearance of these
nuclei 1s yncreasing
A¢ present researcl actoicy 1s also direcced
towards the influence of pathologtc conditions
on the cochlear nucler As our knowledge
of the influence of streptomycin dihydro
streptomycin, asphyxia and noise on the
hair cells of the cochlea increases 1t ts only
natural that investigations concerning patho
logie conditions are extended to mclude the
cochlear nucler Windle (1961) Windle et al
(1962) and Hall (1964) descnbed the reaction
of cochlear neurons to asphyxia Hansen
(1973) showed that nerve cell changes occur in
semility, and Mair (1973) showed that i
heredttary deaf white cats the areas and vol
umes of the cochlear nuclet are no greater than
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but no loss of cells, will cause more obvious
damage when inflicted upon another species
the macacus monkey, which may be more
sensttive In some monkeys the effect of dr
hydrostreptomycin upon the central auditory
pathways was also mvestigated

MATERIAL AND METHODS

The monkeys were the same as those de
scnibed by Hawkins (1968) Fourteen of his
monkeys were included it this matertal Three
Enthrocebus patas monkeys were given di
hydrostreptomycin Five Macaca nemestring
1 Enthrocebus patas and 1 Macaca mulatia
were exposed (o noise of vanous octave bands
for pertods varying from 2 to 160 hours and
the remainder of the monhkeys 3 Macaca
nemestrina and 1 Macaca mulatta served as
controls (Figs 1 2 3}



Cochlear nuclet tn monhey after dihydrostreptomycin or notse exposure
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Fig I Expenmental conditions and measured heanng in
the noise-exposed amumals

The hearing was tested n all monkeys be-
fore and after expenimentation The 3 Eny thro-
cebus patas treated with dihyd ptomycin
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Fig 3 The controls

were then dehydrated, embedded 1n paraffin
and cut n transverse sections at IS um Every
10th section was mounied and stamed with
thiomne Controls were treated 1n the same
way as expentmental ammals The method de-
scnibed by Hall (1964) was then applied for the
study of the cells m the cochlear nuclel, and

were sacnficed 08 4 5 and 3 months post
exposure  Among the noise-exposed mon-
keys, one was exposed for only 10 mnutes,
and then sacrificed after 2 hours, another
exposed for 40 hours and sacrificed after 2-3
hours, 2 others were sacrificed one month
after exposure, and the rest 11, 13 and 15
wonths post exposure

An appropriate dose of Nembutal was
adminstered, the bran and the medulla re-
\I'noved and immediately placed in 10 % Forma
in

As the cochlear niucler are situated 1n the
lateral corner of the IV ventricle on the surface
of the medulla the Formahn penetrates quick
ly and anufacts are not likely to occur The
blocks contaming the cochlear nucler were la
ter immersed 1n 96 % alcohol for 14 days They

Loy
safn |
LoEs L P L) z
obea [ miree L s o
~ e 9 .s '
- W 7 3 b
Fig 2

Erpenmental conditions and measttred heanng n

e DS treated ammals
f:‘\

of the number of neurons

RESULTS

The nerve cells of the cochlear nucler showed
the same degeneration patterns as described in
cats {(Lidenetal , 1973, Hall, 1374) Twotypes
of degeneration, the pycnotic and the chroma-
tolytic, occurred both n the noise exposed
ammals and in those treated with dihydro-
streptomycin, but not in the controls (Figs
4,5)

The degenerated cells were intermungled
with more normal looking ones, and also with
remnants of cell bodies vaguely seen, so-calted
‘ ghostcells (Fig 6) Anattempt was made to
ascertain whether any of the different cell
types descnbed by Osen (1969) were espe
cially susceptible Generally speaking tt was
found that the pyramudal cells of the dorsal
cochlear nucleus (Fig 7) were pycnotic, both
1n the norse-exposed and the DHSM treated
ammals In the ventral nucleus the mulupolar
cells and the octopus cells in the ventral part of
the ventral nucleus showed a vacuolysing
cytoplasm with transitons to ghost cells,
whereas the large and small sphencal cells
tended to be pycnotic Thus, the general trend
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Fig 4 Ventral cochlear nucleus (A) Ina normgl control
(B) DHSM-tested animal (M-44) Great loss of cells (x40)

was that the greater cells showed the chroma-
tolytic type of degeneration, and the smaller
ones tended to become pycnotic, but because
of the multifarious picture, no definite state-
ments can be made Neither the vestibular
nucler nor the superior olvary nuclet (Fig 8)
showed degenerative signs

The results of the cell counts are seen 1n

Acta Otolaryngol 81
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Figs. 9 and 10. Fig 9 shows the controls. Ont
average the ventral nucleus contamed 79300
cells, and the dorsal nucleus 27 600 cefls, i ail,
107400 cells. As the ventral cochlear nucleus
15 usually divided tnto an anteroventral and
posteroventral part, this was also nvestgated
1n s1% nucler from the controls.

These subdivisions were, however, not so
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X
-.
iz 5 Ventral ¢n Multipolar cells and octopus cells
Control normal appearance (x%00) and the same region

reatily distnguishable in monkeys as they are
ncatorman as their borders and the different
8roups of cells were more termungled
Therefore the dvision was not maintained 1n
the experimental amimals where degeneration
of the cells further complicated the task Inthe
counted controls the anteroventral nucleus
tontaned on average 47400 cells and the
Psteraventral nucleus 32 500 cells

The s1ze of the nucler was on average, 7
mm® The results of the cell countings 1 the
dlh)droslrepmmycm treated ammals and the
Noise exposed ones are shown Fig 10 No
Merage figures are given as the expenmental
coaditions differed both for each group and
“ithin the groups However 1t 1s seen that
Peither of the expenmental ammals reached
*he approumate average number of cells in the
controls and this holds true both oncerning
*he venteat or dorsal nucieus seen indin fually
and the total number of cells

The sizes of the nucler were also reduced In

.
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from monkey M7 showing vacuolyses tytoplasm
ghost cells and cell rempants { X 510)

some of the expenmental anymals the size
reached the average size of the controls 7
mm® but the majonity were smaller the aver
age beng 5 S mm® This shanking of the vol
ume 1s proportional to the reduction 1n cell
numbers as seen m Fig 11 The straight Iine
10 thes figure shows the average of the different
values computed according to the chi
square formulay

DISCUSSION

(a) Dindrostreptonncin

Dihydrostreptomyecin was used in the treat
ment of tuberculosis especially the tuber
culous memngiis during the years [947-57
when several reports concerning its toxse ac.
tion on the hair cells of the cochlea practically
proscribed us use (Hall, 1956) The dosage
used was abour 40 mg/hg Thus the present
monkeys were tested Wk very high dosages
100 mg/fkg corresponding to 5 g/day. if com

Acta Oralarvagol 8 s,
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pared with a human However, the damage 1t
inflicts 1s more related to the total dose than
the single daily dose Even tn that respect our
monheys received high doses, confirmed by
the fact that two were deaf and one had a
hearing loss of 70 dB  The effect of dihydro
streptomycin on the nerve cells of the cochlear
nucler 1s never described, but it seems reason
able to believe that it may cause nerve cell
destruction as well as hair cell destruction
This assumption s supported by Hawkins
(1968) who stated that the [esions caused by a
related drug, kanamycin, were not confined to

Acta Omolanngol 81

Fig 6 Veatral c n Normal and pycnotic
large and small sphencal cells intermingled
wath chromatolytic ones (M 62) (x200)

the organ of Corti, but mught extend to the
auditory nerve and perhaps beyond

This statement s substantiated 1n the pres-
ent report, as the most severely affected
DHSM monkey, M-61, had lost 51 35 of its
cells on the night side and 47 % on the ieft side
The least affected one, M-62, had lost 28
and 29 5% of its cells Allowing for every pos-
sible error of the method to occur, this
amounts to 109

If 20 to 4095 more of the nerve cells suc-
cumb, this proves that DHSM 1 large doses 3¢
fatal, not only to the hair cells of the cochlea.
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‘e B &
Fig 7 Dorsal cn P

yenotic and a few chromatlyic  Frg 8 Supenof olivary nucteus cormal cells (M-62
pyramudal cells (M-68) {x400) (%300} ™ i ! !

3ut also to the nerve cells of the primary au
itory nucler However, it remans to be seen
whether smaller doses, more closely cor

responding to chncal treatment will give the
same results

1) Noise

{;‘Is evident, from Figs 2and 3 thatin none of
e nose-exposed ammals was the total
number of nerve cells preserved Those suffer-
l]'clg from the greatest hearing loss (M 67 M-63
0:‘1}: alsa had a substantial loss of nerve cells
o o; lf'nher hand those which had a milder
A caring (M-46, M-66 M-6886) also re
_r‘l_;d a larger number of nerve cells
fromel :::rsge was 83400 or 22 4% varying
ate ot % (M-$1) to 135 (M-46) Both figures
- ove the 109 allowed for the maxumal
oum of errors included 1 this method

The dos
rsal cochl,
most On aversae ﬂ;“‘j nucleus had suffered  £ip 9 The control ammals the number of neurons and
ge 28 of the cells were lost  the size of the cochlear nuclet

. -~
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HONKEY SIDE VENTRAL
SUCLEUS
DHSH M6l R 38 200
L 45 4D
" H-44 R 43 800
L 49 100
- h-62 R 61 100
L 60 600
NOISE H-41 R 48 300
L 49 800
. 163 R 53 200
L 64 500
- Hs R 80 400
L 82 700
. " g6 R 62 100
L 70 800
" n-67 R 51 700
L 53 000

" M 68 R
L 65 800
N~ M-6886 R 65 100
L 69 100

1g 10 The expenmental ammals the number of neurons

and the stze of the cochlear nucler compared with therr
loss of heaning

the ventral nucleus average bemng 21% In one
of the ammals (M-46) the dorsal nucleus had
Tost 6095 of its cells This was an Eryrthrocebus
patas, the so called military monkey from the
Sudan, the same species as the DHSM treated
ones The differing ability of the nerve cells to
survive must be related to vanations i the
blood supply to the two nucler It would also
be interesting to see whether the loss of cells
was related 1o the time elapsed after noise
exposure In 5 of the monkeys this ime was
-1 5 months, whereas 2 of the monkeys were
failed the same day In one of these (M-6886)
exposed for 8 hours, only 16% of the cells
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DORSAL SIZE HEARING
NUCLEUS TOTL () LOSS ’
14 100 52 300 3.89 >70 0B
1 500 56 500 414
27 900 71700 371 DEAF
27 700 76 800 43
1y 800 o 400 44 DEAF
15 200 75 800 415
23 100 71 400 634 50 oB
28 500 78 700 76
22 500 75 700 656 €0 o8
16 300 80 800 72
11 700 92 100 573 26 0B
11 100 93 800 563
26 200 88 200 602 40 B
21 800 92 600 593
21 500 73 200 566 80 B
20 000 73 000 554

CUT DURING FREPARATION
24 000 89 800 676 S0 0B
21 700 86 &0 50 NOT MEAS
20 300 89 400 50

N OF CELLS

120 000

110 000

100 g00

0 000

0 000

70 000

60 000

50 000

5 6 7 8 £ owh

3y
Fig 11 Volume of the cochlear nuclet compared 10 the

number of neurons A DHSM tested ammals  nowe

exposed ammals @ controls
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were lost which 1s not much above the vana

tions which are implicit in the method In the
other (M 67), exposed for 40 hours 32% This
monkey had a hearing loss of 80 dB the high

est measured The degenerattons in this case
developed withm 42 hours This 1s a debatable
port as no one knows how soon secondary
nerve cell degeneration may develop Totry to
shed some light upon this question an
electron microscopical tnvestigation 15 also
planned to see how soon after the mfluence of
Toud nosse degeneration oceurs in the cochlear
nucley

Of course sndividual vanations n re

sistance  blood flow and susceplbihity of the
Ave el ovvar and' ol s wiy dhere ane
varations 1n the cell picture both between the
varjous monkeys and between the dorsal and
ventral nucleus in the same individual How

ever as all the noise exposed monkeys
showed a reduction in their cell numbers m the
cochlear nucler compared with the controls 1t
may be stated that both dihydrostreptomycin
and noise affects not only the cochlea butalso
the nerve cells of the pnmary auditory centres

The present report does not claim to estabhish
the reasons for the degeneration

CONCLUSIONS

Fourteen normal hearing Macacus monkeys
Were used for these expertments Four of them
served as controls Three were given dihydro
streplomycin and 7 were exposed to notse of
highntensity for a varying number of hours It
18 shown that both dihydrostreptomycin and
Porse affects the cochlear nucler Two types of
degenerations occurred esther pycnotic of
hromatolytic n both of the expenimental
senes It 1s shown that the volume of the
Rucler was redured after expenmentaton and
that a loss of nerve cells occurred more pro-
nounced after drhydrostreptomycin than aftes
Roise The number of nerve cells was counted
both in the controls and the expenmental
senes and all of the latter showed a loss of
nerve cells up to 507

351

RESUME

Apres didydrostreplomycn ou de bruit fort une degenera
110N se trouve dans les cellules nerveuses du nucleon
cochleaire chez les smges Macacus Ce complexe coch
teayre s est retratte et le nombre de cellules nerveuses est
forement diminue

ZUSAMMENFASSUNG

Nach Dihy 1, oder sch

Larm wurde Degeneration der Nervenzellen ym Nucleus
Cochleans  der  Macacus Affen  gefunden  Der
Cachleans Komplex war peschrumpft und die Anzahl der
Nervenzellen stark abgesetzt
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DISCUSSION

J Tonndorf My question is whether or not the poor
corvelation between the cochlear Josses and the cochlear
nucleus losses could be accounted for by the fact that

R Hinchcliffe Very bnefly was that curve on your
last graph fitted in the method of ¢chi squares®

J G Hall (Reply) to Mr Tonndosf You are qute
nght this s one of the difficulties As you will remember
each fibre from the cochlea divides mto branches 1o the
anteroventral posteroventral and dorsal pucler and make
connections with hundreds of rerve cells tn a three
dimenstonal plane which give you a great problem when
trying to decide any fonotopical orgamisation of the de
generated nerve cells

To Mr Spoendiin Yes there was a farrly good correlz
tion between the number of nerve cells and the heanng
defictency Of course there are indtvidual vanations in the
number of cells as well as deviations due to techmical
difficulties but largely seen 1t was hike the asphywated
children I descnbed in 1964 The larger the asphyxia the
more nerve cells lost In the present cases you find less
nerve cells wn those with longer noise exposition than in
the shordy exposed ones

As to the problem of whether this 15 a secondary
clse 1 do ot know I thnk

the cochlea rep a2 | struc
ture while the nucleus 1s a much more complex 3
dimenstonal structure

H Spoendhin It would be essential to know whether
ganghon cell degencration i the cochlear nucleus are
secondary to changes in the organ of Cortr and retro
grade degeneratron of the pnmary neurons or if they
occur mdependendy Do you have more precise informa
tion of the comrelation between the degree of gangl on
cell loss 1n the cochlear nuclear and the alteration in the
cochlea mainly loss of inner hair cells

Acto Orolaryngol 81

there was a guod comment tn the latest number of
Archives of Otofaryngology where Theopold one of
Engstrom s pupils found degererations in the cochlear
nucler of gutnea pigs after heavy noise and stated that
overstimulatton causing a large enzrgy consumption and a
final breakdown of the eyt meght
be responsible I do not know at presem these are all
theones

To Mr Hinchcliffe Yes the curve 1s computed accord
ing to the cha square formula




Acta Otolaryngol 81 353-363, 1976

MORPHOLOGICAL OBSERVATIONS OF IMMUNOBIOLOGY OF
LARYNGEAL CANCER

Evaluation of the Defensn e Actits of Immunocompetent Cells
present in Tumour Stroma

O Sakhand A Ferlto

From the Department of Otolaryngologs Unnersity of Padua Padta laly

Absiract A senes of 104 patients with squamous cell
carainoma of the Jarynx was studied with regard to

h og was
based upon histologic grading and morphological evidence
of host immune response Judged by the presence and
degree of lymphocyte and plasma cell infiltration
wmour stroma Histologi¢ grade and lympheplasma
celtufar infiltration do correlate with the S year survival
The Immune response however seems fo be a favour
able prognostic-sign only for well differcnbiated tumours
m our senes all poorly differentiated neoplasms showed
mmimal or no cellular response  The survival rate in
creases with the increasing 1ntenaty of cellular response
within each cfass of wmour cell differentianon Small
lymphocytes are the bastic elements of cell mediated
mmune response  After fumour antigenic stimulaton
they change into immunoblasts which in turn would pro-
duce commutted” lymphocytes which would recogmize
and destroy tumaonry cells

Critenia for the defimtron of the degres of
malignancy and the course and the prognosis
of a neoplasm have been either multiple or
unique or more often assocrated Briefly

they may be divided nto three groups The
first group of cntena pertamns to the patient—
age (it 1s a well known fact that 2 mahgnant
wmour 1s more mvasive and has a poorer
prognosis in the young) the condition of the
patient {1 neoplism IS more aggressive and
more rapidly fatal i patients in bad health)

the coexistence of chromic infectious diseases
(berculosss and syphilts seem 1o favour the
development of a tumour) The second group
of critera pertains to the cancerous process
Proper ats extension (ls MILTOSCOPIC aspect

PR TS TS

oo

(exophytic, mfiltrating), the anatomical site
(1t has been established that the prognosis 1s
poorer when a neoplasm develops in certain
sites, € g thyroid gland, hypopharyny, etc ,
even though an early diagnosis 15 made and
the tumour ts mited 1 size) and, finally, the
presence of metastases to regonal andfor
distant lymph nodes

Actually the above cnternia simply register
established facts and do not aim at antictpat-
1ng or prevenung them This 1s why the atten-
tion of researchers and the hopes of chinicians
have been drawn to a third cnitenop—the
histological study of the tumour For this
purpose the followmg charactenistics shou'd
be mentioned the histological type of the
tumour (Broders 1927), the histologic gradmng
of malignancy (Jakobsson et al . 1973, Bloom,
1974) and the relat onship between neaplastic
tissue and the underlying stroma

Expentence has shown that the chinical be
haviour of cancer does not depend on the
above cntena only. not even if considered
1n their broadest association [nfact 10 human
malignant diseases 1t may be noted that the
same tumours ansing i the same organs and
having the same common factors (locatron,
size histolozic type ete ) have a completely
different tiological and chmcal behaviour,
which at nmes may be also unpredictably
favourable or unfavourable This means that
any treatment even the most adequate_may

o
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DISCUSSION

J Tonndorf My question ts whether or not the poor
correlation between the cochlear Josses and the cochlear
nucleus losses could be accounted for by the fact that
the cochlea az struc

R Hincheliffe Very bnefly was that curve on your
last graph fitted in the method of chi squares®

J G Hall (Reply) to Mr Tonndorf You are qute
nght this is one of the difficultres As you will remember
each fibre from the cochlea divides into branches to the
anteroventral posteroventral and dorsal nucler and make
connections with hundreds of nerve cells in a three
dimensional plane which give you a great problem when
trying 10 decide any tonotopical orgamsation of the de
generated nerve cells

To Mr Spoendiin Yes there was a farrly good correla
tion between the number of nerve cells and the heanng
deficiency Of course there are sndividual vanatens i the
aumber of cells as well as deviations due to techmcat
difficulties but largely seen 1t was like the asphyxated
chrldren I descnbed 1n 1964 The larger the asphyxia the
more nerve cells lost In the present cases you find fess
nerve cells in those with longer noise exposition than in
the shortly exposed ones

As to the problem of whether this 15 a secondary

or hing else 1 do not know 1 thnk

ture witle the nucleus i1s a much more complex 3
dimensional structure

H Speendiin 1t would be essential to know whether
ganghon cell degencration i the cochlear nucleus are
secondary to changes in the organ of Cort: and retro-
grade degencration of the pnmary neurons or if they
occur independently Do you have more precise mforma
tion of the correlation between the degree of ganghon
cell loss in the cochiear nuclear and the slteration 1n the
cochlea manly loss of inner hair cells

)
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there was a good comment in the latest number of
Archives of Otolaryngology where Theopold one of
Engstrom's pupils found degenerations i the cochlear
nucler of guinea pigs after heavy noise and stated that
overstimulauon causing a large energy consumption and a
final breakd of the cytopl mught
be responsible I do not know at present these are aff
theones

To Mr Huncheliffe Yes the curve is computed accord
ing to the chi-square formula
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MORPHOLOGICAL, OBSERVATIONS OF IMMUNOBIOLOGY OF
LARYNGEAL CANCER

Evaluation of the Defensne Acinis of Immunocompetent Cells
present in Tumour Stroma

O Salaand A Ferlito

From the Depariment ¢« f Otolarsngology Unp ersiny of Padua Pad a liah

Abstract A senes of I04 patients With squamous cell
caranoma of the lirynx was studied with regard to
tumour-host interaction  Prognostic  evaluation was
based upon histologac grading and morphological evidence
of host immune response judged by the presence and
degree of lymphocyte and plasma cell infiltration m
wmour siroma  Histologre grade and lymphoplasma
célhilar infiltration do correlate wath the 5 year survival
The ymmune response however seems to be a favour
able prog: agn only for well tumours
1.0t <enes alf poorly differenuated neoplasms showed
minimal or no cellular vesponse The survival rate 1
€reases with the increasing intensity of cellular response
within each class of tumour cell differentianon Small
Iymphocytes are the bisie elements of cell mediated
mmmune reshonse  After tumour antigemic stimulstion
they change into immunabtasts which m turn would pro-
duce “committed Iymphncytes which would 1ecogmze
and destrov tumoutr cells

Critena for the defimtion of the degree of
mahgnancy, and the course and the pPrognosis
of a neoplasm have been either multiple, or
unique, or more often associated Briefly
they may be dvided 1nto three groups The
first group of cnterra pertans to the pitient—
age (it 15 a well known fact that a malignant
fmour 15 more imvasive and has a poorer
PTOgRosIs n the young) the cond of the

(exophytic, infiltratimg) the anatormical site
(1t has been established that the prognosis 1s
paorer when a neoplasm develops n ceftain
sites, e g thyroid gland, hypopharynx, etc ,
even though an early diagnosts s made and
the tymour 1s {imited 1n size) and. finally, the
presence of metastases to regional and/or
distant lymph nedes

Actually the above critena simply regtster
established facts and do not aim at anticipat.
ing or preventing them This 1s why the atten
tion of researchers and the hopes of chmcians
have been drawn to a third cntenon—the
histological study of the tumour For this
purpose, the following charactenstics shou'd
be mentioned the histological type of the
tumour (Broders, 1927), the histologic grading
of malignancy (Jakobsson et al 1973, Bloom,
1974) and the relat onship betw een neoplastic
tissue and the underlying stroma

Expenience has shown that the climical be
haviour of cancer does not depend on the
above cntena only, not even if considered
n theit broadest assocrtion 1n fact i human

pattent (1 neoplism 15 more aggressive and
more ripdly fatal 1 patients 1a bad healthy
the coetistence of chromc infectious dise ses
(fuberculosis and syphilis seem to favour the
development of a tumour) The second greup
of ertern pertams to the cancerous process
PIOREr 1t extension 1ts m iroscopie ispect
¥ 78%

£ it may be noted that the
safe tumours ansmng in the same organs and
having the syme comman factors (locanon
size histolomic type etc ) have a completely
different biotogical and climical behaviour,
which at ttmes may be alsg unpredictably
favourable or unfavourble This means that
any treatment even the most adequate my ]
’
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DISCUSSION

J Tonndorf My question 1s whether or not the poor
correlation between the cochlear losses and the cochlear
nucleus losses could be accounted for by the fact that
the cochlea struc-

R. Hinchcliffe Very bniefly, was that cucve on your
fast graph {itted in, the method of chi squares?

J G Hall (Reply) to Mr Tonndorf You are quie
nght, this 15 one of the difficultes As you wall remember
each fibre from the cochlea divides mto branches 1o the
anteroventral, posteroventral and dorsal nucler, and make
connections with hundreds of nervecells in a three
dimenstonal plane, which give you a great problem when
trying to decide any tonotopical orgarsation of the de
generated nerve cells

To Mr Spoendiin Yes, there was a fairly good correla
tion between the number of nerve cells and the heanng
defictency Of course there are individual vanations in the
number of ¢ells, as well as deviations due to technical
difficultees, but largely seen it was ke the asphyxiated
children 1 described in 1964 The larger the asphyxia the
more nerve cells lost In the present cases you find less
nerve cells 10 those with longer noise exposition than
the shortly exposed ones

As (0 the problem of whether this 1s a secondary

or else 1 do not know I think

ture, while the nucleus )5 a much more complex 3-
dimenstonal structure

H Spoendiin It would be essentral to know whether
ganghon cell degeneration in the cochlear nucleus are
secondary to changes i the organ of Corti and retro-
grade degencration of the pnmary neurens, or if they
occur independenty Do you have more precise informa
ton of the correlation between the degree of ganghon
cell Joss in the cochlear puclear and the alteratron 1n the
cochlea mainly loss of inner harr celis
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there was a good comment in the latest number of
Archives of Otolaryngology, where Theopold, one of
Engstrom 5 pupils, found degenerations in the cochlear
nucler of guinea pigs after heavy noise, and stated that
oversumulation causing a large energy consumphon and
final breakd of the cytopl: mught
be responsible 1 do not know, at present these are all
theones.

To Mr Hincheliffe Yes the curve is computed accord
ing to the chi square formula
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Evaluation of the Defensnv e Actian of Immunocompetent Cells
present in Tumour Stroma

0O Salhand A Ferlito

Frem the Department ¢ f Qtolansngology Umversity of Padua Pad wa Itah

Abstract A senes of i4 patients with squamous cell
carcinoma of the farynx was studied with regard to
tumour host teraction  Prognosuc  evaluation was
based upon histologic grading and morphotogical evidence
of bost immune response judged by the presence and
degree of lymphocyte and plasma cell nfiltration m
fumour stroma Histologic grade and lymphoplasma
cellular ifiltration do correlate with the 5 year survival
The immune response however seems 1o be a favour
able prognostic-yign only for well differcntiated tumours
nour senes all poorly differentated neoplasms showed
mummal or no celfular response The survival tate 10
creases with the sncreasing intensity of cellular response
vithin each class of tumour cell d fferentiation  Small
lymphocytes are the basic elements of cell mediated
lmmune response  After tumour anngemc sumulaton
they changs ynto immunoblasts which 1 turn would pro-
duce committed lymphacytes which would recogmize
and destroy temour cells

Cnitena for the defintion of the degree of
malignancy, and the course and the prognosis
of a neoplism have been erther multiple or
Unique or more often assoctated Briefly
they may be divided into three groups The
first group of criteria pertams to the patient—
3ee (it 15 a well known fact that a malignant
‘umour 15 more invasive and has a poorer
Prognosis in the young) the condition of the
Patient (a neoplism 1s more aegressive and
more rapidly fatal in patients 1n bad henlth)
the coexsstence of chronic infectious disenses
(;:?:Irculom and syphilis seem to fivour the

opment of 1 tumour) The second group
of enterny pertams to the cancerous process
Proper its extension (ts mICroscopic 1spect
U e

(exophytic, mfiltrating) the anatomical site
{1t has been estabhshed that the prognosis 15
poorer when a neoplasm develops in certain
sites, € g thyrod gland hypopharynx etc,
even though an early diagnosts 1s made and
the tumour 1s imited n size) and finally, the
presence of metastases to regromil andfor
distant lymph nodes

Actually the above critena simply register
established facts and do not aim at anticipat
ing or preventing them This 1s why the atten
tion of researchers and the hopes of chimcians
have been drawn to a third critenon—the
histological study of the tumour For this
purpose the following charactenstics shou'd
be mentioned the histological type of the
tumour (Broders 1927) the histologic grading
of malignancy (Jakobsson et al 1973 Biloom
1974) and the relat onship between neoplastic
tissue and the underlying stroma

Evperience has shown that the chinical be
haviour of cancer does not depend on the
above cntenia only not even if considered
1n their broadest association In fact. 1n human
malignant diseases 1t may be noted that the
same fumours ansmg 10 the same organs and
having the same common factors (location
size histoloui type et ) have a completely
different bioloeical and chmeal behaviour
which at nmes may be also unpredictably
favourable or unfavourable This mens that
any treatment even the most adequate may
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lead to different results This may well be
due to the varying degree of the host s defen
s1ve reaction against tumour The interaction
between tumour and host—morphologically

lymphocytes, plsma cells and macrophages
The latter are also actively cytotoxic to
tumour cefls

Recently, with regard to prognosis, most
v gators have by increasingly con

present with lymphoid infl. y wfiltra
tion around the tumour—is extremely 1m
portant for an understanding of the varying
brological and climcal behaviour of the can
Cerous process
The malignant tumour 1s no fonger to be
considered as an imvasive, diffusive auto
nomous process, purposeless in its growth
and independent from 1ts host Burnet (1970)
suggested that the development of a malignan
cy may be related to a breakdown of the
body’s defensive mechanism to a defect in
cellular immunity, to a fatlure 1n immunologic
surv to a d hed d
body s potential to control the neoplastic
growth From this new approach 1t appears
that when a cell becomes neoplastic, 1t ac
quires new antigenic charactenstics unknown
to the hosts immune system which must
therefore learn to produce an adequate im
mune response
A neoplasm develops when the body 1s
unable to provoke this immune reaction to
twmour The neoplastic cells escape the 1m
ologic surveillance that 1s the body s
, snsive potentral and the tumour can then
row without being dehimited and counter
acted
The ymmune response aganst tumour s
induced through the mechamisms of humoral
and cellular y Humoral y 15
of Jesser importance and 1s activated through
the formation of tumour specific antibodies
belonging to six classes of immuno globulins—
1gG IgA 1gM IgD IgE and IgND The Iatter
class has been recently described by Johans
son & Bennich (1967) These antibodies are
effective by means of a toxic action on the
tumour cell membrane
Cellular or histogenic mmmumty s by far

m PR

cerned 1 pentumoural stromal infiltrates
composed of lymphocytes and plasma cells
considered as an active, early cellular immune
response

Recent investigations conducted on vanous
organs, such as the breast (Hamhn 1968
Cutler et al , 1969), stomach (Inokuch: et al ,
1967, Hawley et al, 1970), testis (Marshall
& Dayan 1964) mediastinum (Marshall &
Dayan, 1964), ovary (Marshall & Dayan
1964}, kidney (Kiely et al , 1972), oesophagus
(Takahash:, [961), bladder (Sarma 1970
Tanaka et al , 1970) have demonstrated that
the more marked 1s the Iymphocyte and
plasma cell infiltration n the tumoural and
pentumoural stroma, the more favourable 1s
the prognosis

This phenomenon must be regarded as a
valuable cellular 1miune response as an ex
pression of the bolys reactive potential
against tumour cells Many authors consider
the stromal as an pl
phenomenon

Bennet et al (1971) carned out a study on 84
pattents with squamous cell carcinoma of the
larynx or hypopharynx and noted that the
survival was longer for the well differentiated
tumours and for those displaying dense
lymphocyte and plasma cell infiltratron and 2
marked germinal centre hyperplasia in regronal
lymph nodes In particular they found that of
81 patients with Grade I and II cercinoma
the 5 year survival rate was 69% and 67%
respectively while the survival of Grade 11l
was 37% and Grade IV was 26¢" In ther
research the lesion had been classified nt
four grades of tumour cell differentiahon—
Grades 1 through 1V

Considening the abundant tumour doctl
at the Department of Otolaryngo

the most important (Mack & Bland
1967, Burnet 1971, Starzl etal 1971 Laroye
1974, Marx 1974) and 1s meduated by
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logy of Padua University we thought 1t migh
be helpful to conduct an investigation orde



oA

5

LTSI

B3
2

3

PERCENT SURVIVAL

s

2 3
YEARS

Fig 1 Observed survival of 104 patents with primary
carcinoma of the larynx

to establish whether a causal rel h
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to discuss the efficacy of the therapy and
operative problems of the larynx cancer, we
do not report the treatment of each patient,
though 1t has been carefully analysed and re-
corded

Biopsy specimens were fixed 1n 10% for
molsaline, embedded in paraffin and then
stamed with haematoxylin and eosmn Al
histological sections were reviewed by the
same pathologist (A Ferlito), who graded the
lymphocytic and plasma cell nfiltration as
mimmal, moderate or marked, according to its

As to histol ] grading,

cell carcinoma was classified as follows grade

exists between lymphocyte and plasma cell
mfiltration around the tumour and a more
favourable prognosts, taking tnto account the
degree of tumour cell differentiation

MATERIAL AND METHODS

The present study was conducted by means of
examination of 127 pnmary carcinomas of the
larynx, but of 104 patients only we had suffi
cient climeal mformation, the remamnmg 23
having been lost to follow up 96 patients were
males, 8 were females The age range of pa
tients was between 36 and 83 years The study
concerns only the patients hospitalized at our
Department 1n 1968, so as to evaluate after a
significant time lapse their survival

Those patients operated on or treated by
X rays n 1968 who had previously undergone
surgery for squamous cell carcioma of the
larynx were excluded from our senes

Apart from 2 patients who refused treatment
and 10 other cases treated by radiotherapy

ouly the patients had undergone the following
oOperations d y, 18 lottid

1 (well dif d) grade II (moderately
well differentiated) and grade III (poorly dif
ferentiated), according to the degree of tumour

cell The cntena
taken into d were kera
eptthelial pearls mutotic actvity, cellular

bridges, nuclear-cytoplasmic ratio, anaplastic
cells

RESULTS

Before reporting the results, we would Irke to
stress that lymphoid inflammatory infiltrates
surrounding tumour necrosis were not taken
nto consideration, i order to avoid assigming
mappropriate sigmificance to the presence of
lymphocyte and plasma cellinfiltration, which
1n our study was always evaluated and demon
strated mdependently from regressive phe
nomena Polymorphonuclear leukocytes infil
trating the tumour stroma were not cons:
dered

Fig 1 shows the survival curves of patients
Of 104 patients 58 were alive at § years, which
means a percentage survival of 55 77¢¢ In

2 supraglottic laryngectomy 23 hcrmlaryn
Bectomy 1 frontolateral laryngectomy, 1 to

. tal laryngectomy 47 Some patients had Jater

A recurrent cancer and underwent a more
radical andfor d rad

establish the survival, deaths for causes
other than the malignant disease were In
cluded Therefore the curve reflects the abso-
lute survival rate urespective of the cause of
dcath at 5 years after operation or after

therapy  Of these some had unilateral or

. bilateral neck dissection

As1t1s not the purpose of the present study

when no treatment was given

Figs 2A and 2B respectively show the
number of patients and relevant survival
curves as related to histologic grade of
Acta
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cell carcinoma the cellular differentiation of
which 1s marked, 15 very good, as generally
reported wn the hterature (Kraus & Perez-
Mesa, 1966, Biller etal , 1971, van Nostrand &
Oloffson, 1972, Ferlito et al , 1975), irespec

tive of the site of ongn of the tumour, whereas
i the undsfferentiated oat ceil carctnoma of
the larynx the degree of malignancy 1s fugh and
there ts a tendency to early metastases (Olofs

son & van Nostrand, 1972, Ferlito, 1974, Gelot
etal , 1975)

That the highly differentiated tumours have,
other condittons being equal, a better prog-
nosis than the less differentiated neoplasms, 1s
an established fact The classificatons nto
grades of cellular differentiation for the
squamous cell carcitoma of the lung ts also
advised by the Expert Committee on Lung
Cancer formed at the imtanve of the World
Health Organization (Kreyberg et al , 1967)

Unhke other organs, such as, say, the
breast, carcinoma exhibits n the larynx the
same patt hological pattern through
the whole tumour A correlation may then be
established between the histological type of
the tumour and its biological and clinical be

As a matter of fact lymphocyte and plasma
cells are conspicously present 1n some
tumours, sometimes with germenal centre for
mation, trrespective of the presence of ne
crotic phenomena, as may be noted n all ver
rucous squamous cell carcinomas of the lar
ynx (Ferlto et al , 1975) 1 which, besides,
necrotic foci are never seen

On the other hand, n spontaneously re
gressing mal tumours, 1 fac-
tors dentifiable in the presence of immuno
competent cells, such as lymphocytes and
plasma cells, may play a role that causes the
total regression of the tumour already histo
logrcally diagnosed (Boyd, 1966)

Therefore, a causal relationship may be

blished between abund of lympho
cytes and plasma cells around the tumour and
a beneficial prognosis, or defect i ceilular
tmmune response and a rapidly fatal course of
the malignant disease

In support of the aforesaid, i our senes the
survyval at 5 years rose above 80% for patients
with both marked or moderate cellular re
sponse within Grade 11 tumours but dropped
to 40% for those with mummal or absent
lymphopl. llular infiltration For Grade I

haviour This 1s ble when a pl.

ts polymorphic and shows solid, glandular and
1s areas simultaneously
s!udy of peritumoural lymphocyte and
Yl cell infiltration as an index of the host's
nune response 1s another vahd cntenon n
establishing the prognosis
From an accurate examinatien of our re
sults, 1t appears that there 1s a correlation be-
tween lymphocy tic and plasma ceil infiltration
1 pentumoural and tumoural stroma and the
tength of survival of cancer patients The cel
lular stromal reaction reflects the host s 1im
mune response agatnst tumour and therefore

tumours. the 5 year survival rate 1s propor
tional to the degree of histologic host response
(mimmal 80%%, moderate 83 33 marhed
87 50%) In our senies, patients with grade Il
carcinoma of the larynx showed mirumal or no
cellular response of 20 patients, only 4 sur
vaved at S years (survival rate 209%,1 Figs
4Aand4B)

These conclustons are 1n agreement with re
cent studies on tumour regional lymph nodes
and on perpheral blood lymphocyte count,
that 1s to say, on homologous cell groups dis
||nguxshable only upon their focation As to

) of regronal

may be considered as a favourable pr
sign This confirms the investigations by Ben
net et al (1971), but not what affirmed by
Underwood (1974), who partly ascnbes
lymphoid infiltration to the presence of ne
crotic foct 1n the tumour rather than to cellu-
lar )mmune reaction by the body
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lymph nodcs 1t appears clearly that an in
crease n lymphocyte level in regional lymph
nodes 15 a reliable indcator of the host s celtu-
lar immune competence

Any tumour has a more favourable prog
nosis when regional lymph nodes exhibit 4 pat



tern of * lymphocyte predominance * These
studies were made on 1egional lymph nodes
of patents with cancer of the breast
(Tsakrakhdes et al , 1974) or of the uterme
cervix (Tsakraklides et al, 1973) Malcka
{1971) 1s of the optmon that in laryngeal
cancers the presence of sinus histiocylosts in
the regional lymph nodes seems to be a
favourable prognostic sign  Zechaer (1975)
states that patients with intense stromal reac-
tron and sinus reaction 1 lymph nodes hve §
years and longer after operative treaiment

Investigations have been extended to pe-
ripheral [ymphocyte count Recently, Papa-
testas & Kark (1974} carried out a retrospec-
tive study of 305 patients with breast carer
noma treated at the Mount Stnar Hospital of
New York On the basis of peripheral lym
phocyte count made prior to treatment, using
the “‘student’s test™, it appeared that the
survival rate at § years was higher for patients
with the highest count Therefore, peripheral
lymphocyte counts may well reflect the host's
immune response to tumour growth and could
serve as a prognostic mdicator (Riesco, 1970,
Papatestas & Kark, 1974)

Stiernsward et al (1972) observed lym
phocylopenla in pertpheral blood foll
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cyte 1s the basic element of the immune
mechamsm, when st comes snto contact with
tumour antigens it changes 1nto a pyromno
philic blast cell which m tumn 1s capable of
producing immune lymphocytes According to
Mackier (I971), these immune lymphocytes
when comung into contact with tumour cells
release lymphocytotoxin which has a spectfic
cytotoxic effect on the tumour cell, the outer
membrane of which 1s destroyed Around the
tumour an accumulation of immune lympho-
cytes 1s formed, they would produce the
Transfer Factor (TF), that 1s, a factor capable
of ch Iy ytes 1n ac-
tive, specific smmune cells capablc of destroy-
ng the tumour cells

Immunologic surveilfance 1s of basic im-
portance 1A the study of tumours Whenever
there 1s a deficit m cellular immunity, the
body’s defensive reactton against cancer is
impatred Immunologic survesllance s a de-
fenstve and protective action The thymus
produces small lymphocytes—T-lymphocytes,
so as to distingiish them from B lymphocytes
produced by lymph nodes— which are an
indicator of the host’s cellular immune com-
petence When the immunity surveillance 15

herapy, with a fi shift lhe
proportion of T and B lymphocytes, with an
absolute and relauve decrease of T cells
All these mvestigations seem to prove that
lymphocytes, whether in the tumour and
penitumoural stroma or in {ymph nodes drain-
ing tumour area, or tn crrculaung blood play
an active role In the immunologic survetllance
Is the lymphocyte a  killer' of cancer cells?
Ammal studres have confirmed that in immune
amtmals T-lymphocytes recogmize and de-
stroy the tumour cells thus causing spontane-
ous regression of the leston These lympho-
¢ytes behave as  killers  and represent the
\mmunologic response against the tumour
Marx (1975) states that the thymus dependent

lymphocyte is a hiller a helper and 2 suppres-
sor

Consequently 1t appears that the lympho-

h: it happ tn pa-
tents with gene!xc immune deficiency, or in
elderly people or again m patients treated
with immunosuppressive agents (Cobau etal ,
1973, Penn & Starzl, 1973, Marshall, 1974,
Penn, 1974) or chemotherapy or radiation—
the development ts more likely of one or more
malignant neoplasms, the prognosts of which
will be almost always poar Far ths purpose,
the frequency must be mentioned of tumour
occurrence i hidney transplant recipients
treated with inmunosuppressive drugs (Penn,
1970)

Gatti & Good (1971) state that patients with
a defective cellular immunmty are 10000 times
more likely to develop a neoplasm than the
general population with aormal immune re-
sponse potential

The present trends in cancer mvestigation
must consider the mmmunologic potential of

Acra agola
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the cancer patient The most difficult question
to be answered ss whether the immune defi
ctency 1s the cause or the effect of cancer
However, 1t 1s a well-known fact that accord-
ng to expermental data, a deficit in cellular
immune response 1s always a factor favounng
tumour growth Mice subjected 1o thy-
mectomy at birth are most likely to develop
tumours duced by different carcinogens In
rats sub d to tumour transpl the
myection of lymphocytes of rat produced a re-
gression of the neoplasm propaortional to the
number of lymphocytes imjected (Delorme &
Alexander, 1964) Ridiey (1971) observed that
transplantatron 1 the bram of rats of neo-
plasms of hamsters induced by polyoma virus
caused a rapid growth of the tumour i the
ammals previously treated with antilympho
cytic serum In humans, lymphocytopenia
has been found in association with tumour
(Zacharsks & Linman, 1971)

Tnals have been made to cure cancer with
thymosin, a hormone extracted from thymus
and capable of activating the body s cellular
immune response (Marx 1974)

As to the present nvestigation 1t can be
sard that the presence of cell mediated 1m
mune reaction 1n the stroma (s an important

ment in establishing the prognosis which1s

jmore favourable the more marked is the

* mphocyte and plasma cell infiltrabon Figs

§ 6 7 and 8 show a marhed infiitration found

n a tase of squatnoos tell carcmoma of our
series

Tumour cell differentiation and lymphocyte
and plasma cell mfiltrahon must therefore
be considered as valuable parameters n
establishing the prognosis of the larynx
cancer Lymphocytic and plasma cell infiltra
t1on must be regarded as the host s response to
tumour growth and appear to be the less evt
dent the more undifferentiated the neoplasm

Therefore a ret hip between histol
grade and lymphocytic and plasma cellinfiltra

the fength of survival 1s manly a function of
histologic grade Cellular response s another
important factor, though secondary to cellular
differentiation of the tumour Within the single
classes of histologic grade, the survival rate
increases with the (ncreasing intensity of
Iymphocyte and plasma cell infiltration

RESUME

Une séne de 104 cas de carcinome squameux du faryny
2 eté etudice quant a linteraction entre tumeur el or
pamsme Le pronostic a ¢te evalue seton la differenzanon
histologique de ia temeur et 1a repanse immunitaire jugee
par la presence d une |nl'lmnon Iymphocy(:nre dans le
ussue tumoral La dift

et 1a reaction immumtaire semblem etre en relation avec
la survivance & 5 ans La reponse tmmunitare sembic
tostefors avoir une valeur pronostique favorable seule
ment dans les tumeurs differencices puwisque dans
notre sene tous les cancers indifferenctes montraient
une infiltration stromale minime ou absente Le taux de
survivance augmente avec la croissante tensite de lx
repanse cellulare dans une méme classe huistologique
Les petits lymphocytes sont les elements fondamentauc
de la reponse immunitarre celtulaire  Aprés contact avec
un anugene tumoral ils deviennent des immunoblastes ¢t
produsraient de Iymphocytes ave¢ memaire immuno
logique qur reconnaitravent et detsutraent les ceflules
tumorates
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Abstraci Voluntary control of the human buls it

of t I of the

reflex with and without visual targets was nvestigated
Subjects were rotated simusoidalty from D1 1o 10 Hz
usingd ¢ electro oculography to record eye position The
ratio of eye 10 head movement or gan of the vest
bulo-ocular reflex was measured When subjects were
rotated in the dark at 03 Hx whst performing mental
anthmetic the gan was 65 When subjects were asked
to fixate imaginary targets in the dark that were
statronary in space the gain rose to 095 When they
imagtned targets rotating with them o the chair the gaa
dropped to 035 Our results indicate that the abihity to
modulate the gain of the vestibulo-ocular reflex does not
depend ennrely on the smooth pursuit system Higher
centers must modulate eye veloaty so that it 1s ap-
propnate to the subject s choice of a frame of reference
whether or not vision 1s available

The vestibulo ocular reflex developed tn evo-
lution to allow animals and man to keep a
stable 1mage on the retina Head movements
In one direction are countered by eye move
ments of equal magnitude 1n the opposite
direction so that objects in the visual field
remain clear The pathways of this reflex—
from the vesubular nucler through the reti
cular formation and the medial longitudinal
fasciculus to the extraccular motor nucler
and muscles—have been known for many
Years and vestibular physwlogists have used
itasagq and
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nystagmord patterns observed with calonc
testing and 1n post rotatory nystagmus are two
of the more common tests used to evaluate
the mtegnty of thus reflex

It seems to us, however, that more might
be learned if we tested this system by seeing
if 1t can do what nature designed 1t to do
make slow-phase eye velocity equal (but
opposite) to head veloaity The ratio between
these two movements 1s called the gain of the
vestibulo ocular reflex Normally the gain ts
equal to one as can easily be seen 1n most
of our daily visual tasks, if 1t were not, vision
would be blurred each time we moved our
heads Measuning the gan of the reflex mght
be a useful chimeal tool n nvestigations of
the b and 1 fu of
patients, espectally, perhaps, in measunng
the ntegrity of the central pathways To use
such a test 1t 15 first necessary to descnibe the
situation m normal subjects

Previous studies (e g . Merry, 1971) indicate
that when subjects are rotated sinusoidally
in the dark n the frequency range around
0 1 Hz, the gawn of theur vestibulo-ocular reflex
15 only 0 4 to 0 6, but nises to about 1 0 at hugh
frequencies (Benson, 1970) The gamn also
depends on mental alertness and it has be-
come customary in testing to have subjects
do mental anithmetic (e g Collins, 1962} Since
the gain seems to depend on mental state, we

Tores ot mm twe
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wondered to what extent subjects could
voluntarly control the gatn of their reflex 1n
response to varnious instructions In short, 1t
was necessary to mvestigate what factors
could mfluence the gasn and by how much As
it turns out, subjects can voluntanly change
the gamn of their reflex, in the dark, from 0 2
tol0
The question also anises 1f the garn at fow
frequencies 15 06 in the dark with mental
thmetic, but can become 1 0 or 0 0 with an
opriately moving visual stimulus, how
_sthe central nervous system achieve this?
e obvious answer 15 that the smooth pur-
sutt system ts responsible for augmenting or
suppressing  vestibul eye
However, the fact that subjects can alter the
gamn without viston raises doubts about thrs
simple explanation It s of interest to n
vestigate m what ways the gain changes
seen 10 this study cannot be accounted for
by the smooth pursuit system

METHODS

The subjects were 12 men and 1 woman
between the ages of 15 and 48 years They
sat normally 1n a Barany chair and were
rotated honzontally by hand, either with
short, high-velocity transients up to 130 deg/
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Fig 1 (A) Typical tracing of head and eye
position 2nd velocity while subyect was per
forming mental anthmetic 10 the dark The
frequency 1s 0 2 Hz

sec or sinusoidally over the frequency range
0 1-1 0 Hz at amphtudes not exceeding +40
deg The head was stabilized by a head rest
and, when necessary, a bite bar Charr post
tion (and thus, head posttion) was recorded
by a potentiometer attached to 1ts base Hon
zontal eye postion was recorded by dc¢
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Fig 1 (B) Typical tracing of head and eye posiion
and veloaity with a high frequency velocity transient
while subject was performung mental anthmetic 0 the
dark Peak head velocity 1s 63 deglsec peak eye velo-
aity 15 60 deg/sec
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Table I The gans of the vesubulo ocular reflex at different frequencies under different

experymental conditions

The gams are the mean of the populavon studied The standard deviations show the distnbution of indiwvidual means

Typical tntrasubject standard deviations ate shown n Fig

2 and discussed m the text Stauonary refers 10 2 real

or 1magned target fixed to the wall of the room Moving refers to a smilar target rotaung on the chair with

the subject
Sianon 03Hz P8 Hz HF
1 Visible stationary target 10 10 10
2 Imagmary stationary target 0944004 09%+004 095£007
3 Dark mental anthmetc VESED o DHIXODY 9572003
4 Visible moving target 5 010 060003
§ Imagmary moving farget 0321067 0442004 Q6420 14
6 After image stationary 094+0 07 0962002
7 After image moving 0333013 0444008
8 9 Ganzfeld lens
mental anthmete
tight 071006
dark 0692007
1 y using by paral elec-  eye recordings was estimated to be better than

trodes The frequency response of the ampli-
fier was 0 to 100 Hz Eye postion and
char position signals were stored on magnetic
tape and reproduced with equipment whose
bandwidth was well in excess of this, at which
time they were also electncaily diffi d

#+2deg Subjects were mstructed to keep themr
eyes open throughout the expenment

In some expertments after-mages 1n the
form of a cross centered on the fovea, were
given with a flash gun In others, a Ganz-

with time constants of 01 and 005 sec
respectively, 10 obtain eye and head velocity
The gan of the vestibulo-ocular reflex was
measured by dividing peak eye velocity by
peak head vefocuty for 8-10 half cycles for
each expenmental run

To muumize duft wn the sensitivity of the
EOG. experiments were cammed out in a
room illurminated with dim, red Light All sub-
Jects were dark adapted until successive re-
calibrations showed that the corneoretnal
potential had stabilized (usually about 15 mm}
The EOG was recalibrated by having the
subject look between two fixation points 20
deg left and nght of the mdhne, before and
after each part of the expeniment (thus about
every 2-3 myn) Base hine dnft never exceeded
2-3 deg over this period and EOG sensitivity
changes were less than 6% 1f the sensitivity
between calibrations changed significantly, the
mean calibration was wsed in analyzing the
thterveming data The overall accuracy of the

feld or formless, d wisual field,
was created by vsing room dltmination with
a translucent scleral contact lens in one eye,
the other eye was covered in such a way that
the hds of both eyes could remam open
normally Because of sensttivity dnft, the
EOG was recalibrated frequently dunng this
part of the expenment In still other expen
ments a small, dim, red fixatton lamp was
used, etther fixed to the wall of the room,
or attached to the Barany chair, in front of the
subgect

RESULTS

The first project was to reinvestigate the way
m which the gain depended on frequency of
sinusosdal rotation dunng the control situation
in which the subjects attentson was occu-
pied by mental anthmetic

Fig 1A shows tracings typical of head and
eye poswon and velocity The gan of the
vestibulo ocular reflex 1s the ratio of peak slow
phase eye velocity to head veloaity. The
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Fig 2 The gan of the vestibulo-ocular
reflex of nine different subjects dunng
sinusoidal rotatton i the dark, while per
forming mental anthmetic, plotied as a
functon of frequency Each data point 1s
the mean of 8 to 10 indivedual measure
ments A few typical standard devia
tions for individual subjects are shown by
vertical bars  HF mdicates the hugh fre
quency range represented by the transient
0! mFig I|B

as 08

FREQUENCY (Hz}

i ded

tn which the gan of 9 subject on

d,

ed 1n this study to represent the be-

frequency ts shown m Fig 2 and Table 1
(row 3) For all subjects 1t rose with increasing
frequency As shown m Fig 2, typical
standard deviations for any one subject were
+0 07 This did not depend on the particular
task This number did increase at the higher
frequencies The mean gain for the group rose
m065at03 Hzto 083 at 08 Hz How-
r, there was considerable vanation among
. Ihduals At 0 3 Hz, for example the range
individual means was 057 to 076 Ths
vanabriity became less al higher frequenctes
where all gains tended toward 1 ¢
It was difficult to rotate the chair at fre-
quencies above 1 Hz, yet normal head move-
ments must have frequency components well
above that To obtam 4 rough estimate of the
gam at hugher frequencies sharp transient
chair movements of sudden onset were used,
as shown m Fig 1B Generally the charr
could be brought up to some velocity such as
60 deg/sec (as shown) in about 300 msec
This was foliowed by a rather short penod
of roughly constant velocity before the chatr
was decelerated The gain of the vestibulo
ocular reflex was taken as the ratio of peak
slow phase eye to char velocity and was
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havior of the gan in the frequency range of
natural head movements somewhere above
1 Hz Dunng mental arthmetic this high
frequency gain (HF, Fig 2) was 0 97 for the
group

It 15 assumed that rotation n the dark with
mental anthmetic prevents the subjects from
attending to any oculomotor fash We next
asked them to look at ymagmary targets 1n
the dark As controls, subjects were first
asked to fixate target hghts i front of them
that were erther fixed to the wall or to the
Barany chair Subsequently, the target lights
were turned out and the subjects were 1n-
structed to go on looking at one or the other
as though they were still visible When sub-
Jects fixed a visible target light on the wall, eye
movements were always equa) and oppostie 10
head s at all freq Fig 3
open squares) so the gamn was essentially
10 Similarly, when subjects were 1shed 1©
look at a target light that rotated with them.
their eyes moved very lutle tn their heads
so the gamn was nearly zero (Fig 3 open
circles, Table I row 4) However as the fre
quency of sinusoidal rotation was ncreased 10
08 Hz subjects were less able to suppress
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Fig 3 The gamn of the vestbulo-ocular reflex of all
twelve subjects under varying conditions plotied as a
function of frequency of rotation Each data pomnt 1s
the mean of 8 10 10 measurements each subject rep-
resents from one to four data points (n any ene
expenment For simpheuty a0 distinction 15 made be
tween individual subjects O Subyects fixatmg a target
hght stationary in space O subjects fixatng a target
Thight rotating with them on the charr W subjects looking

therr vestibulo-ocular reflex and the gain rose
slightly to about 0 10 At hagh frequenctes, the
gan vose sull further to 0 60 although there
was much vanation in the mean gain between
indwiduals, ranging from 0 46 to 0 67 (a typical
record of ths transient, hugh frequency expen-
mentis shownn Fig 5)

The target lamps were then turned off and
the subjects were ashed to both magine
and continue tracking them 1n complete dark-
ness Subjects were also rotated sinusoidally
n complete darkness without fixation lamps
and asked, at unexpected times, 1o switch

o8 {1

a\__

HF

at an imaginary target ficed mn space n the dark
& subjects looking at imagimary targets moving wath them
on the chair in the dark  x s indicate gains duning rota
tions 1 the dark with mental anthmetic (this 1s the data
from Fig 2 averaged over the populaton) HF indicates
the tugh frequency range of veloCuty transient expen
ments the symbols represent the mean values of the
whole group for each expenment

trom one imaginary target to the other (on
the wall or on the charr) and to continue to
track 1t Thete was no difference n the
results between these two procedures
Typwcal results are shown 1n Fig 4 There
was always a signifficant change mn the
amphtude of eye displacement and velocity
when attempted fixation was shifted from
one imagtnary target to the other As shown
by Fig 4, subjects could augment or depress
therr gain for Jong pertods of tme not simply
1n a momentary or transient fashion To assist
them, they were constantly renunded by the

Acta Orolarvnont 27
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expenimenter of which imaginary target they
should attempt to fixate The gain under
these conditions of imaginary target fixation
showed a large standard deviation The mean
gain for the group for fixation of an imaginary
target stationary in space was about 0 95 and
also independent of frequency (Fig 3, filled
squares, Table I, row 2)

Intersubject vanability and standard devia
tion of mdividual gans was especially large
for fixation of an imaginary target moving with
the subject n the dark (Fig 3, filled circles,
Tabje I, row 5) Nevertheless, mean values
of the gain over the population were depressed
to 032 at 03 Hz and 044 at 08 Hz At the

h frequencies of velocity transients, the
“n gan was 0642014 (SD), and i

Yidual mean values ranged from 0 41 to 0 81

typical record 15 shown in Fig 5 It should
be noted that only the velocity of the first
slow phase was used in analyzing records
such as those in Fig 5 Whether a target was
visible or not, quick phases kept mean eye
position near the real or tmagined target, and
slow phase eye velocity quickly slowed down
But the first quick phase usually occurred
within 100 msec of the start of rotation (as
mn Fig 5) so the veloaity of the first slow
phase 15 presumably not affected by the
pursmt system which 1s well known to have a
reaction time of about 130 msec (Robinson,

1965) At any rate, Fig 3 shows that at lower
frequencies of rotation, each subject could
raise or lower his gain so significantly above
or below the value for mental anthmetic
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Fig 4 Record of one subject demonstrat
ing voluntary change of gain while rotated
m complete darkness at 04 Hz The sub
Ject was mitially looking at an 1maginary
target fixed m space the first arrow
dicates the pomt at which he was asked
1o imagine a target rotating with him the
second arrow indicates the pomt at which
he was asked to resume imagming a target
fixed 1n space The time lag between the
two vertical lines in the center of the
record was 33 sec

by the effort to fixate imaginary targets, that
there was no overlap of the data pomts for
the different situations over the population
Some subjects, in individual trials (Fig 3)
could switch therr gamn from 02 to 10 by

} therr d frame of r

It has been reported by Yaswui (1974) that the
gain of the reflex improves when subjects
look at after-tmages Consequently, our sub
Jects were given an after image and nstructed
to keep 1t either fixed n space or moving
with them as they were rotated The results
(Table I, rows 6, 7) showed Iittle difference
compared with therr efforts to perform the
same task with imaginary targets (Table I,
rows 2, 5)

Both the attempts to fixate an imaginary
target or an after-image decreased the number
of quick phases seen in the nystagmord pattern
of eye movements (eg, Fig 1A compared
with Fig 4 when the subject fixed an
tmagmnary stationary target) Using mental
anthmetic at 03 Hz with an excurston of
about +20 deg as a standard, the average
number of quick phases per cycle was cal
culated for 10 cycles for each subject The
mean value for 12 subjects was 4 4 (range from
22 1o 76) In each case except one, the
number of quick phases dropped to an average
of 2 1 (range from 0 6 to 4 4) when subjects
attempted to fixate a stationary, imaginary
target m the dark at 03 Hz, and to 26
(range 05 to 40) with attempis to fixate
an imaginary target moving with the chair at
03 Hz With attempts to fixate an after image
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Fig 5 Typwal tracing of head and eye position wath
a hugh frequency velocity transient while the subject was
either lookmg at a wisible target (Eye @) or at an
imaginary target in the dark (Eye (af)) that maved with
hm as he was rotated In both cases the imtial
gain was 06 and the first quick phase occurred within
100-200 msec.

and keep 1t stationary n space, there were al-
most no quick phases (05 per cycle at
03 Hz) Thus, although after images cid not
help in voluntary control of gain, they did help
to suppress quick phases

Although the action of the visual system
through the smooth pursuit system could
account for the nse {to 10} or the drop (to
0 05) 1n gain when target lamps were visible
we wondered if hght alone, devoid of visual
structure could somehow activate the nervous
system and change the gain Consequently, a
translucent contact lens was used to create a
Ganzfeld and subjects were rotated while per-
forming mental antimenc  They showed no
difference in gan between light and dark at
any frequency (see Table I, rows 8, 9 for
03 Hz) The gans of individual subjects did
not differ by more than +0 03 between light
and dark at any one frequency Because of the
shight stress created by the lens and patch,
the gain 1n the light was compared to that
taken 1n the dark immedately afterward but,
as it turmed out, the two gains for mental
anthmetic 1n the dark (Table 1, rows 3 and
9 were not very different in spite of the dif-
ferences in experimental conditions

37
DISCUSSION

It seems reasonable that the per-rotatory gain
of the vesubulo-ocular reflex should be a
ekl n logical exa-
mnations simply because 1t 15 a quantitative
measure of this system’s natural function It
has already been noted (Zee et al, 1974)
that downb d with
IRY hn). hell: d ders ans-
g from the Amold Chian malformation,
1s charactenzed by abnormally large gains
(greater than 4 0) in the vertical reflex As
the test 1s applhed in a greater vanety of
pathological situations, patterns will probably
emerge which will have diagnostic value

One thing s clear from this study any
mstruction to the patient 1s better than none
atall Without instruction, a subject or patient
could unconsciously adopt a strategy of paying
more or less “attention” to his stationary
surroundings that could change the gan from
060 to 10 In some situatrons, usually aero-
space medicine, a subject s rotated n an
encloséd cab In that case, by “paying atten-
tion” to an earth fixed or cab-fixed frame of
reference, the gan could vary from02to 1 0
To avoid this possible five fold vanation,
the subject should always be given a specific
wstruction What 1nstruction and what type
of rotation mught be preferable for chmical
testing?

It 1s not surpnsing that results are most
reproduceable at high frequencies This 1s
because the major use of this reflex in daily
life 1s to stabilize rmages dunng natural head
movements 1n which the stimulus 1s usually
brief (e g , 0 § sec) and thus charactenzed by
high frequency spectral components A gain of
10 1s always needed in this case and the
central nervous system, probably by some
form of parametnc adaptation (Robinson,
1975), makes sure that the gain stays at 1 0
Voluntary efforts to interfere with the high-
frequency gain are not very successful Un-
fortunately, this test 1s techmically difficult
because good head stabilization s needed

Acra Orolaryngol 81
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(e g a bite bar} to make sure that rotating the
charr actually does rotate the head

At lower frequencies, probably the simplest
test 1s {0 have the subyect look at a stationary
target and imagine and continue to look at it
after 1t goes out This mnstruction 1s very
simple to understand and execute Its ad
vantages are, fixating the lamp 1s a good cal
bration of the head and eye posttion monttors
smce 1 all but severe pathological cases,
the gain will be exactly 10, quick phases
are largely suppressed making the slow phase
velocity easier to obtamn from the records, and
finally, one 1s giving the subject a natural tash
to perform m which he 1s encouraged to allow
his reflex to do the best 1t can, a situation
that leads to less ntersubject vanability as can
be seen by companng Fig 3, filled squares
with Fig 2.

However, 1f one has gone to the trouble of
measunng head and eye velocity, it would be
a pity not to do all four tests (Table I,
rows 1, 2, 4 and 5) because they also test
vestibular visual mteraction and the patient s
ability to use wvisual and nonvisual central
mechanisms to modulate the reflex gamn There
1s good reason to suppose (Lisberger & Fuchs,
1914. Westheimer & Blair, 1973) that, n

ates, the cerebellum is an important
wcture for  visual vestubular interaction
“*+§ Zee (unpublished observauons in this
laboratory) has already observed that some
patients with famihal cerebellar degeneration
have deficient smooth pursuit systems and
cannot suppress thewr vestibulo-ocular reflex
to allow them to fixate a target lamp moving
with them on the charr Consequently, we are
reluctant to recommend just one speciic
tnstruction to the subject since the tests with
all four mstructions are as smmple to do as
with one and provide a good deal more infor-
mation of diagnost¢ value about the function-
ing of the central vestibular pathways
One shonld note 10 passing that the number
of quick phases per cycle 1s highly 1dsosyn
chratic and a remarkably poor mndrcator of
whether the subject’s reflex 1s normal There

Acta Otolaryngol 81

was a 3 to | spread i this measure over
the group studied in the mental anthmeuc
situation The spread was 8 to I 12 other situa
tions and, even without after-tmages, therr
number dropped by a factor of two when
subjects were asked to fixate imagmary
targets It seems to us that 1t Is rather diffi
cult to conclude anything about slow phase
gain by counting quick phases

From a theoretical standpomnt, the n
teresting aspect of these results s their beanng
on the question of how the pursmt system
mteracts with the vesubulo-ocular reflex
Farirly accurate theoretical models exist for
these sy stems when they act alone When both
the observer and the target are tn motion at
the same time, the question anses as to
whether the results can be explamed by
assuming that the two systems contmnue to
operate normally and interact only by Imnearly
combinmg therr signals at the final common
path While no one has defended this rather
simple wdea, the present results mdicate con
clustvely that this cannot be the case

There are two results m this study that
cannot be explained by the action of a smooth
purstut system The first 15 that eye veloaty
dunng rotation 1n the dark can be altered
by fixating an imagwnary target It could be
argued that the pursut system was stil
responsible but was being driven by nonvisual
imagery rather than real visual motion How-
ever, 1t’s well hknown that one cannot mzhe
smooth purswit movements without a movirg
visual stimulus There are a few situations
where nonvisual smooth traching occurs on¢
can make smooth eye movements behind
closed Ids, one can smoothly frack ones
hand i the dark (Stembach 1969) smooth
movements can be made with the aid of after-
mmages (Kommerell & Klem, 1971) Ot 15 sig-
nificant mn our results that after images did not
assist n nonvisual ) of i
nduced eye velocity), a few people can make
non 1 smooth either 1

or by tramning
None of these situations alters the fact that
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Fig 6 The schematc orgamzation of the vesubulo-
ocular reflex and visuslly gurded eye movements The
semicirenlar canals (SCC) neusal integrator (V/) and
extraocular muscles and globe (eom) consttute the
normal vestbulo-ocular reflex  Retmal input (¢) comes
from companing targel posiuon (M) with &ye position
(E.) 1n space The main idea is that a part of the central
nervous system iavelved n spatial localization (SL)
receives wisual information (¢) an efference copy of
eye posion tE ) and vesubular wformavon H ) and
combines them with an internal choice of a stationary
or moving frame of reference and 1ssues an oculomotor
veloaty command (C) which modifies eye veloaity and
the apparent gan of the vest bulo-ocufar reflex Derals
are given in the text

most subjects are totally unable to make
smooth movements 10 purswit of an imaginary
target in the dark with eyes open Even when
tracking a visible target moving at constant
veloaity tracking becomes totally saccadic in
about 0 3-0 5 sec after the target disappears
Yet m this study ail the subjects could make
farge changes m eye veloaity with no visual
image atall Witha swing of +40degat0 3 Hz
the peak head velocity 1s 75 degfsec When a
subject changes his reflex gain from 065 to
t 0 or 0 7 by mental imagery in the dark he
changes his peak eye velocity by 26 or 34
degtsec respectively Such velocrues cannot
possibly be produced by the smooth pursuit
system in the darh. when the head 1s sull

The second result can be seen in the tran
sient expenments 1in which the subjects are
asked to look at a real or imaginary target
moving with them If they are rotated by a
trafistent that reached say 100 degfsec and
they had dropped thewr gain from 1 0 to about
062 their eye velocity was depressed from

100 degfsec to 62 deglsec (a change of 38
degfsec) and this decrease was apparent dunng
the first 100 msec of the rotauon The latency
of the pursuit system 18 about 0 13 sec (Ro
binson 1965) so that even 1n the case where
the target was visible, the pursuit system did
not have me 10 create the velocity decrease
Clearly the gan had been preset before the
rotatton began by the mstruction to the sub-
Ject

Evidently then, the gam of the vestibulo
ocular reflex 1s under the control of a central
mechanism concerned with spatial localiza-
ton, that s, n manpulating the central
connections of the reflex to make 1t suitable
for Jooking at objects that are either stattonary
n space or fixed relative to the head (These
are the twe most common situations, the
former for lookmg at the normal visual
surround  the latter for a mampulative
ammal for looking at objects being carnied 1n
the hand ) This mechamsm does not require
vision but only the percept of the relatne
motton between self and the environment
of mterest Vision can obviously assist this
mechamsm and greatly improve its perfor-
mance but the important point s that a
large part of the eye movement control that
makes the gain tend to 10 or 00 does not
depend on vision and 1s ot produced by the
so-called pursuit system

These 1deas are illustrated in Fig 6
Summing junction SJ! simply tndicates that
eye position n space E, 1s the sum of head
position 1n space / and eye position in the
head E SJ2 mdicates that retinal error e s
the difference between target position n
space T and eye posiion in space £,
Head acceleration H (the second demvative
of H) stumulates the semcircular canals
Because cupula dynamics are heavily over
damped the signal entering the brain stem on
prnmary vestibular afferents 1s approximately
proportional to head veloaty H  over the
bandwidth of natural head movements (Fer
nandez & Goldberg 1971 Melvill Jones &
Milsum  1971) 11 1s now well established

Acta Orolarsngol 37
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(Carpenter, 1972, Skavenshs & Robinson,
1973, Shioda & Yoshida, 1974) that this signal
1s 1ntegrated once more by a neural net
work (NI) i the bramn stem to produce a
neural eye position command, E’, that creates,
through the extraocular muscles, an eye
movement that 1s equal and opposite to head
posttion thus providing the basic vestibulo
ocular reflex
We imagine that some form of velocity cor
rection signal, C, 1s added to the vestibulo-
ocular reflex (at SJ3) so as to adjust the gann
of the reflex appropnately, ralsmg it to 1 0 or
dropping 1t to 00, depending on what 1s
needed The question raised by this study s
how this signal 1s created by the brain Fig 6
shows the neural substrate for this, segregated
into a compartment marhed SL whose func-
tion, i a broad sense, 1s that of spatial
localization or calculating the relative motion
between the observer and some external frame
of reference
This mechanism obviously uses wvision
when 1t s available A subdivision of SL
which converted retinal error, e or better,
retmal slip, e, 1nto an appropnate C when the
head was stll would simply be called the
ursuit system
Y‘asul (1974) has suggested that efference
.pYy. E’, 1s afso important n the pursmit
ystem If the head s still and one adds ¢ 1o
E’, one recreates, n SL, a neural signal
(possibly the percept) of target position (or
velocity) relative to the head (not just relative
to the eye) This percept could then act to
dnve the eye through €, i smooth pursuit
and could explain how 1t 1s that the eye can
pursue an after image even though there ts
no retinal shp which s classically thought to
be the sine qua non of smooth pursut
mo There 15 evidence (see
Yasur (1974) for a review) that efference copy
plays an important role 1 oculomotor control
as well as spatial localization and £’ must
be considered as one of the preces of informa
yion that SL might use to produce smooth
pursust movements
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However, the results of this study indrcate
that whether e or both ¢ and E’ are used to
generate smooth pursuit movements, that
mechanism only partly accounts for the

dul of vi eye m ts ob-.
served It s suggested in Fig 6 that there 1s
a direct, more or less fixed, vestibulo-ocular
reflex, VP1, that works mdependently of SL
Thus could be the pathway that creates the
nystagmus seen dunng mental anthmetic in the
dark (C=0) Modulation of the reflex suggests
that semrcircular canal afferents (K ) also
project to SL (path VP2) for use n the
total calculation of the appropnate ¢ It 1s
this path (from VP2, through SL to ¢} that
appears to be modulated nonvisually by the
subjects® efforts to stabilize therr eyes m a
fixed or moving frame of reference It seems
necessary to suppose that the subject cal
culates his head position (or velocity) from
H', makes an wmternal choice of a reference
frame that 15 moving with him (no relative
motion) or 1s stationary (a relative motion of
—H') and then calculates the correct propor
tion of the H* signal to pass out 1n the form of
€ to make the eyes move in the deswred
way

How all this 1s done ts unhnown and there
are many details to be worked out concermng
how the central nervous system mixes visval
and vestibular 1nformauon to produce oculo-
motor behavior The most we can say here 15
that the raw matenials needed are retinal
error (when available), an efference copy of
eye positon and the semicircular canal
afferents and this information 1s manipulated
by internal dectsions so that the final vest
bulo-ocular reflex 1s suitable to one or another
frame of reference This control of eye
movements 1s not done totally by the smooth
pursuit system

It has already been mentioned that the
vestibulocerebellum (especially the floccular
nodular lobes) may be mnvohed tn this pheno-
menon Westhemmer & Blair (1973) have shown
that smooth pursmt movements 1 the
monkey are abolished by cerebellectom)

P




Voluntary non visual control of vestibulo-ocular reflex

Takemon: & Cohen (1974) have shown that
floccular lestons n monkeys interfere with
their ability to use vision to suppress vest
bular nystagmus Lisberger & Fuchs (1974)
have shown that Purkmye cells 1n the vestt
bulocerebeilum modulate theyr finng rate m
phase with the canal afferents when monkeys
are rotated sinusoidally m the dark When they
suppress therr reflexes by fixating target lamps
rotating with them, the modulation increases
five fold, an activity that would decrease the
gam of the vestibulo-ocular reflex because of
Purkige cell hibwion of second order
vestibular neurons As mentioned, D S Zee
(unpublished observations  this laboratory)
has studied patients with presumed cere
bellar lesions who cannot suppress therr
vesttbulo ocular reflex by trying to look at
targets rotating with them

These examples of visual vestibular interac
tion 1n the cerebellum are only fragments of a
puzzle so far but they constitute mounting
evidence that, 1n man, the vestibulocerebellum
may be heavily mvolved in the visual and
perhaps nonvisual, modulation of the vest
bulo-ocular reflex seen in ths study

ZUSAMMENFASSUNG

Die willkurliche Komtrolle des vestibulo-okularen Re
flexes beum Menschen wurde untersucht mit und ohne
Sehzile Die Versuchspersonen wurden sinusformeg be1
Frequenzen zwischen D 1 und | 0 Hz gedreht und die
Augenposiion wurde okulographisch remistnert  Das
Verhaftms von Augen und Kopibewegung der Vee
starkungsfakior des vestbulo-okularen Reflexes wurde
gemessen Wenn die Versuchspersonen sm Dunkeln out
03 Hz gedreht wurden und daber Kopfrechenaufgaben
durch war der \ X ktor 0 65 Wenn die
Veruchspersonen aufgefordert wurden sich raumlich
stationdre Sehziele 1m Dunkeln vorzustelen und diese
2u fivieren erhohte sich der Verstarkungsfaktor auf 0 95
Wenn sie sich Sehziele
er sich auf 035 Unsere Ergebmusse zeigen daB die
Falugkent den des vesubulo-okul

Reflexes zu veranderm micht allen vom Augenfolge
System abhangt Hohere Zentrer mussen die Ge
schwind gkeit der Augenbewegung beewflussen so dad
s€ fir den von der Versuchsperson gewahlen Bezugs

rahmen geergnet st eleichgutug ob ste warklich sehen
oder mche

rstellten
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THE EFFECT OF EYE CLOSURE UPON THE PATHOLOGICAL
VESTIBULAR SPONTANEOUS NYSTAGMUS

G Mulch and C Bonner

From the Ear Nose and Throat Cliree and debulant Clinics of the Ainikum Stegles
Frete Unn ersitat Berlin Berlin Germamy

(Recetved June 14 1975)

Abstract In the course of one year (September 1973 to
September 1974) a total of 784 patients were exammned
with nystagmography We were dealing with pattents who
consulted us for reasons of equilibnum disturbances
senson neural heanng loss and/or inmitus In 200 patents
we observed a definite vestibular spontaneous nystagmus
(SN) mn supine position Ocular pendular nystagmus was
ehimnated On the basis of these 200 electronystagmo
graphic recordings the effect of eye closure upon the
pathological spontaneous nystagmus was analysed Ac
cording o the staustical mean value spontaneous nys
tagmus with open eyes i darkness was stumulated by
eye closure Further evaluation revealed however that
24 of our pat ents showed spontaneous nystagmus ex

sively with open eyes in darkness 307 only with

h

Howeyver, n the cowrse of the last few years
we have repeatedly observed patients
whom the nystagmus was essentally m
hibrted, or even completely eliminated by eye
closure despite controlled mental activity
One of the most extreme cases ts briefly de-
scribed here

In case of a 32 year-old hitherto healthy man the tenta
tive diagnosss of an isolated peripheral vesnbular foss.
was established Toour surpnse the intensive nystagmus
seen with Frenzel s glasses could not be demonstrated viz
clectronystagmography with closed eyes despite per
formance of problems rding with open

eyes the of
Stagmus with either open or closed eyes in darkness

tyes i darkness however disclosed a rystagmus with
large de and gh freq y (see Fig 1) Ourten

1 both conditions does not permt lop con
»‘ﬁusmns The possibility of nystagmus inhibition by eye
clastre must be considered whea the case fustory wids
cates a vestibular disturbance but a spontaneous nys
tagmus with closed eyes 1s absent 1n the electronystagmo
graphy The chnical observations 1n one pauent are de
scnbed 1n detail for example To exclude errors one
should search for a spontancous nystagmus following the

tative dagnosis was confirmed by additional mvestiga
tons

Considering these observations we thought
1t useful to do systematic investigations 1 2
larger group of patients on the reaction of the

bul uS Ny with open

necessary examination behind Frenzel s gl case
of nystagmography—by closed as well as by opened eyes
m darkness

gl

The P ny s 1n
tbited by visual fixation and low vigilance
level, activated however by an increase
vigtlance, elimnation of visual fixation and
according to several authors also by eye clo
sure (Rossberg, 1954 Mahoney et al 1957
Megighian & Waldecker 1961 Naito et al

1963)
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¢yes in daylight with open eyes in darkness
and with closed eyes The following questtons
should be cleared up

1 1Is it a general rule that a p'uhclchcal
vesubular spontaneous nystagmus s activated
by eye closure 1¢ eludes us jeast frequently?

2 How often Is a vestibular spontaneous
nystagmus—as tn the aforesaid example of an
1solated vestibular loss—completely elimr
nated by eye closure”

31 How 1s the intensity of vestibular spon
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Age 0 dence
Numbe o cases
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Fig 2

taneous nystagmus with open eyes in darkness
and with closed eyes?

4 Isit possible to draw con
clustons from the behaviour of spontaneous
nystagmus with open eyes in dayhght open
eyes in darhness and closed eyes”

1,

METHODS

In the course of one year (September 1973 to
September 1974) a total of 784 patients were
mvestigated once or several times The chim
cal exammation consisted both of the search
for spontineous positional or posittonng
nystagmus by means of Frenzel s glasses and
he tests according to Romberg and Unterber

r Subsequently prior to the calonc ves
sbular examination in supne position the eye
movements were recorded for 60 sec by elec
tronystagmography with wisual fixation as
well as with closed 1nd open eyes in darkness
We were dealing with patients ndmitted to our
chmic for suffering from vertigo symptoms
disturbances i equilibrium  sensorineural
heaning loss indfor tinnitus  Honzontal and
vertical eye movements were recorded with 1
Mingograph (Elema Schoninder) at a time
constant of ? 5 sec Refernng to Hennksson
et al (1972) we chose a masnification of 1
visual angle of 10 degrees corresponding to an
amphtude of 15 mm Spontineous nystagnius
intensity w1y determined on the bius of (1)
the sum of the slow nystagmus phases/60 sec
in angle degree (n) beats/60 sec

In this wmvestigiion we were concerncd

Acta O olaryngol 8
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with the companson of recordings and there
fore 1n our opinion determination of the sum
of slow phases/60 sec was more exact than de
termination of the speed of the slow phases

RESULTS

Two hundred out of these 784 patients showed
a nystigmographicaily clear vestibular spon
tneous nystagmus being present either with
closed or open eyes in darkness or with both
conditions  but not with visual fixauon and
when looking straieht ahead

Patients with an ocular pendular nystagmus
were elimimated 427 were men S87¢ women
Fig 2 depicts age incrdence Surpnsingly the
group of the 31-35 year old patients was al
most as large as the group of the 61-65 year
old patients In 45 nystagmus was directed
to the left 1n S5¢7 to the nght In 69 the
etiology of spontineous nystagmus was &
pertpheral vestibular lesion and 1n 2° 7 acen
tral vestibular one In 97 it was not possible
to localize the disturbance definitely

In 200 pitients in supine posiion spon
tineous ny stagmus was demonstrated

onh with open eyes in

darhness 47 imes
onhy with closed eyes 60 mes

hoth with closed ind
93 nmes

open eyes

As seen i Fig 3a b the nystazmus which
ts present with only open or only l ned e3es
need not be of low mtensity tp wameter n Fig
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3a sum of slow phases/60 sec, n Fig 34
beats/60 sec), however, the ratio of a highly
intensive nystagmus 1s somewhat higher m
the group of patsents showing nystagmus with
Frusrey open and closed eyes In the case of the 93
5 patients showing spontaneous nystagmus in
w0 pont AYSL only with both conditions the latter was more intense
w Guetees 72% with closed eyes and 1 285% with open
» eyes in darkness In these 93 patients nys-
tagmus ntensity with open eyes in darkness
u 1 I"L was 729 (beats) and 68% (sum of slow
N — phases) of the mtensity with closed eyes
50 Figs 4a (parameter sum of slow phases
] sponLayst with closed ayes a0d 60 sec) and 45 (parameter beats/60 sec)
open eyes ndirkness
0 81 demonstrates the mtensity distnbution of the
» spontaneous Aystagmus in all patients A weak
w ystagmus up to 30 b /60 sec
. l‘lllhllh . or up to 60 degrees/60 sec (see also Fig 3a)
© occurs more frequently with open eyes in
darkness, whereas a highly intense nystagmus
“ B oy ™ (hoven 1s rather recorded with closed eyes In add:
» Lol tion for companson in Fig 4a the physio-
2 logical spontancous nystagmus of 120 healthy
o ndividuals 1n the suptne positton 1s demon-
N strated (Mulch & Trincker, 1975) A nys-
ase mwo ws tagmus of an intensity exceedmg 120 degrees/
mumn 60 sec was only found in patients and not in
Fix 3b healthy persons w T b
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Intensity of spont nyst m healthy people {0 120) and pat ents (n=784)
supine position closed eyes and open eyes in darkpess

All patients

%
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M closed eyes

w
)

HI g

__ watems
= apen eyes m dackness
I closed eyes

ULITETERE Y

_ healthy peale
= open eyesin darkness

AY]
< 61 121 81 241 301 361 421 481 S41 g0t egr 72
120 180 240 300 30 420 480 540 600 660 220 780
Sum ot slow ayst ph n < /min
Fig da

Fig 5 shows the behaviour of spontaneous
nystagmus tn cases of peripheral vestibular
and central vesttbular origin  As to peripheral
vestibular disturbances (1=138) nystagmus 18
present m about half of the patients with both
open and closed eyes Nystagmus with only
open or only closed eyes appears approx-
mately in the same range This behaviour of
spontaneous nystagmus is nearly the same 1n
various diseases, such as isolated vesubular
foss or labyrinthitis In contrast. about half of
our patients with central vestibular lesions
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(n=43) had nystagmus with closed eyes only
The y of the ystag)
of peripheral and central vestibular genesis
showed no significant difference The above
mentioned different reaction cannot be ex
plained by this

Fourteen patients underwent follow up ex
ammation 1-2 times within a time period of 7
143 days (42 days on average) In two thirds
of our cases in the second and third examna
tion the reaction of the spontaneous nys
1agmus with open and closed eyes was 1dent
cal with that of the pre-exammation In cases
where the spontaneous nystagmus m the fol
low up examnation was different from the
primary exammnation the first electronys
tagmography was dated back longer {(n=56
days) than n those patients with idenucal
reactions (n=35 days) The results were best
reproducible 1n those cases where the spon
taneous nystagmus was present with only
open or only closed eyes (n=5) In this cases
the result of the follow up ¢ was

381

glasses which impede visual fixation How
ever Frenzel s glasses themselves may inhibit
spontaneous nystagmus as electronystagmo
graphic mvestigations with open eyes n dark
ness disclosed (Rossberg 1954 Aschan et al
1956 Preber 1957 Frenzel & Tonndorf 1957
Aschan  1960) On the other hand a nys
tagmus present with open eyes 1 complete
darkness may be activated by eye closure
This applies to both the spontaneous nys
tagmus (Rossberg 1954) and the vestibular
nystagmus induced by rotatory (Rossherg
1954) and calone stimulation (Mahoney et al
1957 Megighian & Waldecker, 1961, Naito et
al 1963) Smce recording with closed eyes 1s
m any case the simpler of both possible meth
ods to exclude visual fixation 1t1s mostly pre
ferred in electronystagmography

We found some remarks i the Literature
concemning inhibition of a vestbular spon
taneous nystagmus by eye closure just as in
our aforementioned observation

True Megighian & Waldecker (1961) ob
served that all muscular (open eyes n dark
ness) and retmal (hght effect) impulses on
ginating from the ocular part of the optic
vestbular reflex arc intibited the vestibular
nystagmus but on the other hand they saw
also test persons with a disturbed calonc nys
tagmus due to eye closure Dix et al (1963)
reported that 1n cases of brain stem lesions due
to tumorous pressure 1n the level of the ves
tibular nucler a spontaneous nystagmus exist
g at visual fixation might disappear after eye
closure but reappear with open eyes n dark
ness It was Decher (1965) who determmed
the rotatory stimulus threshold in healthy md;
viduals and patients with disturbances of
equiibrium In this connection the threshold

exactly dentical with that of the first electro
nystagmography in all patients

DISCUSSION
In the chinical observation of the vestibular
spontaneous nystagmus we use Frenzels
6 7695

for nystagi with open eyes m darhness was
lower than that with closed eyes According to
Decher with open eyes n darkness there
were more regular recordings and a better
evaluation of the amphtude and the beats
Kornhuber (1966 1974) pointed out that not
only 1 patients with bram stem lesions but
also 1n fatigued healthy individuals the inten

Acta O olarynot 81
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sity of experimental nystagmus mught de-
crease due 1o eye closure because the quick
phases then lack facilitation by gaze intention
In add ny might be pletely
eliminated by eyeld pressing

Smuth et al (1973} descnibed a patient who
obviously had a spontaneous nystagmus with
openeyes However it was not present during
electronystagmography with closed eyes A
calonic reaction was recorded only when pres
ure was apphed on both eyeballs The

" hors called this an  unusual kind of an
sousimg mechanism

Tyernstrom (1973) communicated the results

SchH 1,464 o v 20974
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Fig 8 Spontaneous nystagmus
showmg better regulanty and
higher amplitude by open eyes i
darkness

of his comparative study on the rotatory ny$
tagmus recorded with open eyes in darkness
and with closed eyes In a greater number of
the test persons the nystagmic reaction was
only present with open eyes i darkness With
closed eyes the nystagmus was mussig a»
long as the bulbus remained elevated
Our systematic examinations reveal that in3
rather hlgh percentage of our patents the
ny 15 inhibited
oreven completely eliminated by eye closure
We observed quite sumilar findings wn the
physiological honzontal spontaneous nys:
tagmus (Mulch & Trncker, 1975) It 1s tru€
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Fig 7 Spontancous nys1igmus re
cognizable with closed eves only
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that the afore descnibed case of spontaneous
nystagmus showing a high intensity with open
eyes 1n darkness and bemg completely sup-
pressed by eye closure, 1s rather an excep
tional one In about 1{4 of our patients, how-
ever, spontaneous nystagmus occurred only
with open eyes (Figs 3 and 8) and m more
than 14 of the patents with aystagmus
present with both open and closed eyes, the
latter was more intensive with open eyes in
darkness That a of

Fig 8 Spontaneous nystagmus
with open eyes in darkness anly

ditton duning the caloric vestibular response
with closed eyes there appear nystagmus
pauses which can be interrupted by unspecific
arousing stmuli (Megighian & Waldecker
1961, Collins et al , 1962, Sokolovsks, 1966,
Barber & Wright, 1967 Gillmgham 1969)
Probably a lower vigilance level with closed
eyes 15 still present despite mental alerung
On the other band, Torok (31970) stated that
mental activity dunng calonc vesnbular ex-

ST
tow mntensity 1s more frequently recorded with
open than with closed eyes (Figs 3 and 4)
can be related partly to the fact that the ¢lec
tronystagmographic recording with open eyes
15 less disturbed by artefacts, et This means
that a nystagmus of shght angle speed can
more casily be recognized Kirstein & Schop-
fer (1956) as well as Decher (1965) have
pointed out this phenomenon

The relatively frequent intensity decrease of
spontancous nystagmus due 1o eye clowre
might be partly attnibuted to the vigilance te
ductan indicated w the EEG by the increase
of afpha activity (Mahoney etal 1957) Asis
generally known this increase m alpha ac
uvity ncludes a decrease of vigllance Other
authors convider that nystagmus intensigy 15 &
more sensitive parameter of vigilance altera
ton than the EEG (Colbms etal 1961} inad

daes not elevate nystagmus mten
sity significantly when recording with open
eyes in darkness Thus, a higher vigdance
fevel can also be produced by the conscious
voluntary action of keeping the eyes open 1n
darkness However, vigilance alterations en-
tatl nystagmogenic threshold changes m the
neuron synapses of the mesencephalic retic-
viar formaton (Tnncker & Siweber, 1962,
Thancker, 1965) Besudes, 1t seems to be es-
sential that when recording with open eyes n
darkness, visval mtention and searchmg eye

Ci » Tyern-
szmm (1973) was able to show with d c re-
cording that the perrotatory nystagmus was
especially inhibited when the bulbus remamed
elevated after eye closure He was thus able
to prove that there s a close relationship be-
wween eye elevation after lid closure and a
degree of nystagmus mhibition

Acta Owlaryngol 81
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Hall (1936) descnbed how n about 904 of
his test individuals the bulbi were elevated ay
voluntary Iid closure, whereas during sleep the
bulbr were frequently found in a normal post.
tion Fluur & Eniksson (1961), on the other
hand, reported—unfortunately withous inds.
cating the time constant used—that after initral
elevation the bulb: always returned to mud.
posttion  Tiernstrom (1973) demonstrated that
at d ¢ recording the bulbi remain partly ele.
vated and partly return to their normal post
tion

Consequently, closed and open eyes in
darkness represent two quite different “funcs
tioning states’ of the oculomotor system
However, 1t 1s not yet clear why 1n the very
same functioning state 1n one mdividual the

P ny 15 mhibsted while 1t 1s
stmulated 1n another one The site of lesion
within the vesubular system seems not to be
responsible for it, at least not in the case of
peripheral vestibular disturbances, since
22% of our patients with labyrinthitis, spon
taneous nystagmus appeared only with closed
eyes and 1n 25% only with open eyes i dark-
ness (Fig 5)

We are not able to comment upon the find-

s of Dix et al (1963} who have descnbed

ny with electrony phy, al
though clinical symptoms of a vesubular dis
turbance are present This 1s also true in the
case of mental alerting

2 In electronystagmography with both
open and closed eyes in darkness, the search
for spontaneous and postional nystagmus
should be performed

3 The d of *“non-e bility of
both labyninths™ ts probably established too
frequently it can only be ascertamed when

bular e; bility r are absent at

electronystagmography with eyes open in
darkness, or behind Frenzel's glasses
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ZUSAMMENFASSUNG

Innerhalb emes Jahres (September 1973 tns September
1974) wurden insgesamt 784 Patienten mit ENG unter
sucht Es handelte sich um Patienten dre zur Abklarung
von Glerch find b
héngkeit undfoder Tinmtus zu uns kamen 200 davon
wiesent emnen di t:
mus (SN} i Ruckenlage auf Okularer P

wurde chmntert Anhand dieser 200 ENGs wurde
der EmfluB des Lidschlusses auf den pathologischen
SN analysiert Nimmt man des st

erent r of the nys-
mus  depend on the corresponding
erght of brain stem lesions Among our 784
atients only one had a surgicaily proven bramn
wmor  The central vestbular disturbances
found 1n our patients were mainly attnbuted to
lesions due to vertebral basilar nsufficiency
and encephalitis dissermnata Thus an exact
localization of the bran stem disturbances was
not possible Although concerning the sta
tistical average, the nystagmus of pertpheral
origin behaved differently from that of the cen
tral vestibular onigin (Fig 5) we do not deem 1t
useful for topodragnostic purposes (Conraux
etal , 1969)

CONCLUSIONS
[ A nystagmus snhibition by hid closure must
be considered 1f there s no spontaneocus
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ususchen Mittetwert so wurde em SN der ber of
fenen Augen in Dunkelheit bestand durch Ladschiuss
intensiviert  Differenziert man so wird deutich dass
2477 der Patienten ubechaupt nur ber offenen Augen m
Dunkethest emen SN aufwiesen 30 nur bey geschios
senent Augen Aus dem Auftreten des SN nur ber offenen
Augen 1m Dunkeln oder nur bei geschlossenen Augen
oder ber berden Ablertungsmod: fassen sich u E jedoch
keine topodiagnostyschen Schlusse ziehen An die Mg
lichkeit emner Nystagmushemmung dorch Ladschiuss
muss gedacht werden wenn anamnesusch ene vestt
bulare Storung naheliegt ber geschlossenen Apgen im
ENG en SN sedoch fehlt Beispicthaft werden de
Klimschen Beobachtungen an emem Patienten 1m Det!
geschildest Zur Vermerdung von Imtumern vollte ':'\Mh
der U mu der F thnile —
falls nystagmographuert wird — sowohl bet geschlossenen
als auch ber offenen Augen n Dunkelhess nsch emem
Spontannystagmus gefahndet werden
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A REEXAMINATION OF “NECK REFLEX" EYE MOVEMENTS IN THE RABBIT

M A Gresty

From the Division of Neurobiology Department of Phastology and Biophysics
Unnersity of Iowa [owa City lowa USA

(Recerved May 27 1975)

Abstract Honzontal eye movements of rabbuts were re
corded during smuseidal oscillation {1540° pk pk 0 1-8
Hz) and step displacement of the body in yaw about a
fixed head Modulated slow phase eye movements fol
lowed all frequencies of stimulus with relatively invanant
amphtudes (Z.(") Saccadic movements up to 17° ac

d of and particularly
step displacements Saccadic amphtude was unrelated to
measurable charactenstics of the stumub but was a func
tion of arousal The latency of any eye movement was a
mimmum of 80 msec It 1s concluded that none of the ob
served eye movements provide stabjhization dunng head
movements but are evidence of the contribution of neck
information to general mechanisms of whole body onenta
ton

€ eye movements produced by stepwise an
. lar displacements of the neck of the rabbit
ot first reported by Barany (1906) In par-
ticular upon displacing the ammal s body, 1n
yaw, about a fixed head, he observed the eye
to make a distinctive rotation m the same
clockwise directron as the body displacement
This so-called ‘static neck-eye reflex’ was
elaborated by Magnus (1924) and de Kleyn
(1918, 1921, 1922) Of particular importance 1s
the study of de Kleyn (1921) which introduced
modern recording techniques in the form of
precision photography Hughes (1971) using
photography and videotape recordings recon-
firmed the findings of de Kleyn and extended
the worh to include considerations of volun

neck “‘reflexes” mught be involved in the reg
ulation of corresp Z eye
Suzuki (1972) used frequency response ana
lysis to study the “‘reflex There 15 a distine
tion between static and dynamic aspects of the
“reflex” The large amphtude eye movement
produced during stepwise displacement of the
body about a fixed head 1s saccadtc in nature
and comprises the “static™ aspect of the re-
spense In addition, smail ‘slow-phase’
movements are produced which, for sinusoidal
oscillation, are related to the forcing function
(Suzuke, 1972, Takemon & Suzuki, 1971) It
was the ntention of the present study to ex
tend the range of stmuli beyond those used
previously, paying attention to the staring
transients as bewng of particular value 1in indi
cating the nature of the reflex and 10
achieve a high degree of temporal resolution
Recent expenments by Gresty (1974)
Gresty & Benson (1975) on man and Gresty
(1975) on the gutnea pig have shown that a
wide range of voluntary reflex and passive
displacements of the head are executed with
simijar frequency components The prlﬂCleil
component 15 about 3 Hz for man and 4 Hz for
gwnea pig In the hight of this information
the present expeniment set out to measure the
typrcal amphtudes and time courses of head
d vol lly by the rabbit

tary head s and how bular and

Ths tesearch was supported by U S PH S tramng grant
NS.05738 from the National Institute of Neurclogical Dis
eases and Stroke
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and used these measures to defnc the expen
mental stmult The analysis was restnicted 10
movements in yaw produced whilst the ammal



was i 1ts “npormally seated” or “crouching
position™

EXPERIMENTAL METHODS
Two young, male “Australian white™ rabbits,
weighing 2 § and 2 8 kg were selected for thew
distinctive reflexes With the rabbst in a sitting
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rier) SC/10 or SC/25 photodetector which was

donam | The axes of
the detector were ariented horizontally and
vertically The output from the photodetector
15 proportional to the position it the ¥ and 3
axes of the centroid of any light incident upon
the detector surface In the present applica-
tion the output of the detector dunng eye

position, the eyes were p hed 1o deter-
mine the axes about which they rotated durning
angular displacements of the body with re-
spect to the head and duning oscitlation of the
body and head i yaw Almost pure honzontal
movement was seen This resull was corro-
borated i a third rabbit tn whom the night eye
was tattooed and then photographed

The rabbsts were anaesthetized with keta-
mine hydrochlonide and the night eye was im-
planted with chlonded silver ball electro-
oculographic electrodes (EO G ) 1o detect
horizontal and vertical movement  Steel
screws were implanted in the bone of the nasal
prominence 10 anchor a muatare four-way
electrical socket and two steel bolts The
EOG leads were taken subcutaneously to
the socket The bolts enabled the head of the
ammal to be restrained

Exve movement recording using a
photodetector

The photooptical eye movement recording
technique employed an infra-red light emitting
diode (General Electric, SSL-315) which pro-
duced a narrow beam of hght with peak spee-
trai emussion at 940 manometers The device
was implanted on a small cyhnder of stff rub-
ber the other end of which was a suction cup
of the type used to pick up contact lenses Two
extremely fine wires powered the device from
an adjacent battery Under local anaesthesia
the suction cup was pressed onto the night eye
of the rabbit 1n the region of the nis, hence 1t
did not completely obscure vision The beam
from the photodiode projected normally away
from the surface of the eye and at a distance
of 2 ¢cm encountered the sensinive surface of a
United Detector Technology (Schotthy bar-

1s proportional to the tangent of
the angle through which the eye moves Cak-
bration of this techmique was made by moving
the detector through a known drstance whilst
the eye was stattonary. observing the output
and using the tangent relationship to calculate
an equivalent eye displacement In addinen,
scale photographs were taken of the eye using
the suction cup as a marker These procedures
also served to cafibrate the E O G

Voluntars head and exe morement
recording

The rabbit was placed in a narrow box which
pernutted hitile movement The head projected
freely out of one end of the box A small light
bufb was attached 10 the bolts implanted tn the
skull A Schouky barrier photodetector was
placed 1n the focal plane of a 35 mm camera,
positioned to view the head dwectly from
above The output from one axis of the de-
tector was sinusordally related to angular dis-
placements of the rabbit’s head The record-
ings were calibrated usmg erther scaled and
synchromized photographs of the top of the
rabbit’s head. or by manval displacements of
the rabbit’s head

Vestbular stunulation

The amimal's body was tghtly bound, mum-
my fashion in a strong hmen cloth and
strapped onto a small turntable The head of
the rabbit was fixed m a ngid frameworhk and
held so that the axis of rotation passed through
the skull which lay m a “pormally seated™
attitude A position potentromeler attached to
the turntable wndicated angular displacement
of the rabbit in yaw

Acte Orolorsngol 81
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Eye movement produced dur ng voluntary ond pass ve d splacement

of the head n yaw
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Sources of error
It was estimated that the techmques described
for calibrating head and eye movement were
accurate 1o between 5 and 109 Importantly
the photodetector techmque gives consistent
records of eye displacement in addition to
ery high temporal resolution It seemed hikely
T vibrations set up m the body of the amimal
~, uld be a source of interference This was
Sted by pummelling the ammal s body The
resulting artifucts were surprisingly small and
looked nothing lke the experimental re
cordgs

Apparatus for oscidlation of

the body i vam

This consisted of a rectangular aluminium
plate free to rotate in the honzontil plane
about a potentiometer shaft fixed to the middie
of a short side The opposite side was yokhed
v1a a vanable eccentricity cam to a fractional
horsepower d ¢ motor

Experimental procedure
Inttially each rabbit was subjected to the ex
perimental situation designed 1o record solun

Acta Otalarsngo! 81

Fit 1 Voluntary head and eye displace
ments 1n yaw were recorded with the torso
of the rabbit placed 1 a narrow box having
the protruding head free 10 move Pass e
displacement of the head e yaw was
provided by tightly wrapping the tosso of
the rabbut and fixig his head 10 a npd
framework on a turntable The eye move
ments were recorded uving the EQG
techmque

100 msec

tary eye and head movements Typically
when placed mn the box the rabbit would be
intmudated for a few minutes then would be
£ 1o move s head 1n an exploratory minner
and eventually try to walk out of the box Each
ammal was inspected several tmes i tis st
tuatton until general patterns of movement
were established It was found that voluntary
angular displacements of the rabbits head
were sigmoid 1 shape and executed m about
200400 msec with ampliudes rangmg be
tween 15° and 30° (Fig 1) Transient angular
displ. s of simlir amphiudes and tme
courses were used as vesubular sumuli when
the rabbit w 15 passively rotated on the turn
table

In order to provide passive rotation of the
torso 1n yaw about the nech and head the
body of the rabbit was bound and strapped to
the alummiuim plate The head was bolted 1n
the normally seated athtude to 1 ngd
frameworh with the atlanto axal 2tlanto-
occipital regron of the nech directly abose the
axus of rotation of the plate Eye movement
recording devices were then pommnnd

Two forms of sumuli were used The body
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of the animal was siusoidally oscillated m
yaw at frequencies varying systematically
from 0 1 to 8 Hz at peak to peak amplitudes
of 15° 20° 30° and 40° The antmals were also
subjected systematically to stepwise displace
ments of the body in yaw at amphtudes up to
40° and ime courses similar to those of volun
tary head movements Each rabbit underwent
this regime on two separate On

clockw 30 rata on oF the oyule) n the soll and the body (b}

Fig 2 The head of the rabbit was
Fxed 1o 2 ngrd stat onary frame
work The body was tightly
wrapped and strapped to a hon
zontal plate which oscillated i yaw
about a perpendicular avis passmg
through the animal s neck The
nfra red photodetector technique
was used 1o record eye movement
Time markings are at mtervals of 1
sec and 100 msec

cessed using differental d ¢ amphfiers with a
passband up to 100 Hz The outputs of the
amphfiers were stored on magnetic tape

RESULTS AND COMPARISON WITH
PREVIOUS WORK

Voluntan fead and eye movements

each occasion he was subjected m both total
darkness and under normal laboratory illum
nation to the complete range of frequencies
;nd amphtudes of stmul: High frequency
stimult were apphed for pertods of about §
seconds or untl the rabtit displayed some
distress  Low frequency sumuli were em
ployed for suitably longer tmes Concurrent
£ O G and photodetecior eye movement re
cordings were taken Signals from eye and
head movement recarding devices were pro

o~

samples of voluntary head and
eye movements in yaw are illustrated in Fig 1
The rabbits exhibited a preference for exe
cuting wide angle head displacements in yaw
as a series of smaller steps The steps were
sigmoid tn shape and endured for between 200
and 400 msec The prncipal frequency with
which the head movement was executed lay
between 2 §and S He

Very little eye movement occurred dunng
the head movements described above (Fig I)
When the animals became active to the éxtent

Acta
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to leh ployed n Fig 2 The plate was
clockwae rototion of the syele) i the skull and bady (k) about the haad dnven ustng step displacements
with stnlar amphtude and
body velocity charactenstics to those

dsplacemant to rght

that 1t was 1mpossible to monitor their move-
ments adequately then eye movement did
occur These closely resembled vestibular re-
flex eye movements and were unlike the eye
movements which accompany voluntary head
tation descnbed in man (Gresty, 1974), n
"~ "Imates (Bizzi et al , 1972) and in guinea pig
resty, 1975) Ths finding 1s at vanance with
the data of Hughes (1971) but s 11 agreement
with the views of Brecher (1936) The dif-
ferences of opinon may be the result of se-
lecting rep: head or of
the resolving powers of the respective re-
cording techniques employed

Eye movements evoked by passne
rotation of the head tn yan

of voluntary head movements

the eye in the opposite direction to that of the
head The slow phase gives way to a reflex
saccade or “‘fast phase’ of vesubular nys
tagmus which may have a latency measured
from the beginning of the head movement as
short as 50 msec Following the saccade there
1s a further period of slow phase movement
which may last long after the termination of
the head movement The trregular recording
of figure 1 was taken when the ammal was
greatly excited Despite this drawback the
basic profile of the response 1s clearly present

Such a profile 1s very similar to that of the r¢

sponses seen tn man dunng transient passive
rotation in yaw (Gresty, 1974)

27 1,

N of the bodv

Honizontal eye r T upon
transient passive rotations of the rabbits n
yaw are illustrated n the lower traces of Fig

yan about a fived head
Stnusordal slow phase eye movements with

1 In both ples the eye com

litudes varying from about 2° at the high
fr to 3-4° at low frequencies (Fig

mences with a slow phase y dis
placement which 15 synchromzed with the
onset of the head rotation and which rotates

Acta Orolaryngol 31

2C) were present most of the time at all fre-
quenctes of oscillation both 1 darkness and
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volved are probably those of the atlanto-axial
and atlanto occipital joints

Saccades were produced at iregular inter
vals during the oscillation In amplitude they
vaned between 4° (Fig 2A)and 17° (Fig 2E)
As a general rule the saccade was executed 1n
the same clockwise direction as that of body
movement (e g Fig 2B, D, E, F) and hence
resembled the “static neck-eye reflex” Oc-
casionally, as n Fig 2C, the saccade could be

T T )
B 2 % 40 0 0 7w
axder of p asana on

waso(de p don

10ccode ampi ude.

2 N N .

S e
oW 0 @ P® e 70
o ds ofp asengion

Fig 4 The amphtudes of conseculive stepwise displace
mens of the body of a rabbut 1n yaw about a fived head

eye {sec Fig 3)
inder the condions of darkness and laborstory glumina
on Circles and tnangles represent eye and body dis
placements respectively The honizontal avss is scaled
seconds

under laboratory rllumination They vaned
very little in any measurable charactenstics
Fig 2E shows that on occasions the response
could be absent The direction of such steady
state slow phase movement was always in the
opposite clockwise sense to that of the body
Totanon The precise phase relationship be-
tween the slow phase movement and the body
displacement remains obscure because no di-
fect measurement can be made of the iming
of the mechanical events which actvate the
Teceptors whose activity 1s responsible for the
reflex In the hight of the experiments of Me-
Cough et al (1951) the principal receptors in-

d m the opp clockwise sense At
low fi of 11 the d
could be evoked dunng almost every cycle of
oscillation (Fig 2F), in conirast, high fre-
quency oscillation evoked few saccades and
often only at the onset of the shimulus (Fig
2D) The saccades appeared more readily in
the hght than 1n darkness (contrast Fig 2A,B,
and C with D, E, and F) and at high frequen-
ctes of oscillatton 1n darkness they were rela-
tively small in amplitude (Fig 2A) At umes
the ammals exhibited a distinct preference for
executing saccades m one directron only (Fig
2A.Cy

Following the termination of a saccade 1t

tahr
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Fug 3 Frequency histograms of the latencies of saccadic

upon 30 step-
#i5¢ displacements of the body of a rabbit in yaw about a
fixed head for both hight and dark condiuons The data
Were sclected to equate numbers of “no responses m an
attempt 1o control for the effects of arouu.l Ab
scaled m mulliseconds
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Fig 6 Frequency tistograms of the amplitedes of eye
movements plotted in Fig 4 Abscissa scaled in degrees

was common to observe long, slow phase,
dnfung movements of the eye, presumably
returning it to some medial positon (Fig 2C,
D) A careful exanunation of the starting tran-
sients of the responses revealed that they fre-
quently commenced with a saccade (Fig 2A,
B, D, E. F) which had an average latency of

(Fig 3A) Slow phase movements observed
were always in the same clockwise dircction as
the body displacement, quite unlike the steady
state slow phase movements seen dunmg
sinusoidal oscillation )

Saccadic amplitude appeared to be a van
able independent of the duration of the body
displacement Frgure 4 shows the amplitudes
of step displ. and corresponding re
sponses plotted as a function of thesr temporal
order of occurrence The correlation coeffi
cient between amplitude of step displacement
and eye movement 1s 3 5x107? for the dark
condition and 7x 1073 for the hight conditton
The values of the coefficrents indicate that the
amphtude of the response s totally unrelated
1o the stimulus amphitude

It s apparent that movements of a given ap
proximate amplitude occur wa runs and are un-
related to the amphitude of the stimulus This
1s evidence that the saccadic amphtude s re-
fated to the state of arousai of the animal

The latencies of eye movements produced
1 response to stepwise body displacement
were carefully exanuned Frequency histo-
grams of the data are presented in Fig 5 The
i were measured to the first detectable

200msec Whenther d with

sfow phase movemem (Fig 2C) the shorzest

ncy observed was 80 msec These aspects

~ _the response will be examined closely i the
next section

Stepuise displacentent of the body

yaw about a fived head

Saccadic eye movements were produced by

p body displ more con

sistantly than by sinusoidal oscillation Con-
sequent upon a body displacement the eye
made either a slow phase movement which
approached the velocity of saccades (Fig
3C) or executed an tdenufiable saccade (Fig
3 D) which could be preceded by some form of
slow phase movement (nole the last saccade
made in Fig 3A) The distinction between the
hish velocity slow phase movements and sac-
cades 15 unclear On occasions the eye would
do nothing at all duning a body displacement

Acta Orolaryngal 81

response whether saccadic or slow phase The
mean latency for the light condition was 230
msec with a range of 80-360 msec The mean
latency for the dark condition was 207 msec
with a range of 80-320 msec These measure
TEMS suggest a shovies: latercy vesponse
under any condittons of the order of 80 msec

The variety of amphtudes of eye movements
produced under both condtions are presented
in the frequency histograms of Fig © Al
though large distinctive eye movements (up 10
17°) could be evoked, 1t was found that on
repeated testing rather small amplitude mové
ments predomnated

A general charactensic of swcadic re-
sponses was that they were strongly affected
by the state of arousal of the rabbit At imes
notse stimuli were applied to *wake the animal
up’ and facitate the response For these
reasons a judicious selection of the data was



employed m the comparative analysis This
does not affect the important suchas
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ous bod) displacements studied A more

range of latency

DISCUSSION

Several features of the saccadic eye move
ments produced by body disp indi
cate that the nature of the mechamsm e
sponsible 1s fghly complex and 1s geared
more to the general onentation of the ammal
rather than to specific prablems of stabilzing
the eye 1n the head These features are the
following The saccades are unrelated to am
plitude or velocity of body displacement They
wax and wane in amphtude contingent only
upon the fact that a disturbance has occurred
Such characteristics 1mply that the saccades
are a function of the state of arousal of the anr
mal An animal can show a high degree of di
rectional pr n and
the d of 18 iy
opposite to that usually exhmbited for a given
direction of body movement (quite unlike sac
cades of vestibular onginy This 1s evidence
that the reflex 15 susceptible to modification by
general states of the animal or perhaps by the
environment1l context
The latencies (200 msec) at which saccades
were evoked by step stimuli are much longer
than those of the vestibular ocular reflex
They may commence when the motion stimuly
are almost over It would seem therefore that
they could have no dynamic role to play n
tabihization dunng head
1t was found that the saccides were some
what smaffer ind less frequently evoked 10 the
dirk  than o the hght both bewng charac
tensties which suggest thit the saccadic eye
movements were facilitated by the presence of
vIMOn on a visuil environment  This miy be
tihen w further evidence that the saccades
hive an ornienting function rather than a statil
1ing one
¥ difficult 10 see how  nech refllex  sac
<udes could work systematcally 10 stabiize
the visual world duning the course of the van

which may be ascnbed to
them 1s that of reorientation followng dis
turbances The saccades display character
1stics of movements which are the product of
arousal and reonientation This explanation of
their ongin and function 1s congruent with all
the features detarled above

The present expenment did not produce
such nformative evidence about the nature
and funcuon of slow phase eye movements
With regard to the mechamsm of their produc
non electrophysiological data 1s incongruent
with the behavioral observations Hikosaka &
Maeda (1973) by electrically sumulating C2
and C3 evoked EPSPs and IPSPs in the ab
ducens motoneurones of the cat with latencres

as short as 2 8 msec The authors conclude
that the cervico-ocular pathway may
function ly with the bulo-ocular

reflex to carry the compensatory eye move
ment  However we observed no eye move
ment produced by the body displacement with
a latency less than about 80 msec 30 umes
longer than the electrophysiological latency to
an electrical stimulus

Voluntary head displacements of the rabbit
last about 300 msec It s likely (because of the
body s filter charactenistics) that passive head
displacements are executed 1n a corresponding
frequency range (Gresty & Benson 1975) The
vestibular ocular reflex having an extremely
short latency s capable of operating almost
throughaut the aonse mrvemens The shon
phase eye movements produced by the neck
reflex  only begin to have behavioral con
sequences one third of the way through the
movement and then are small and unrelated 1n
amplitude 10 the motion sumulus Therefore
1t seems unhkely that under the circum
stances delinested above they may con
tnibute 10 myor eye movements They may
play a part in the control of small subtle com
pensations used n the
(Brecher 1936)

During voluntary movement of the head
the rabbit has the ibility to suppress vesy

freeze  position

Acta O olammont
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bular-reflex or “nech reflex™ eye movements
(Fig 1) despite the fact that they appear so
strongly duning passive mampulation of the
ammal It seems that dunng the voluntary
movements studied, cervical and vestibular
effects are both completely blocked How-
ever, duning the everyday behavior of the rab-
bt conditions may be different

The experiments of Cohen (1961) together
with the clinical data relating to * cervical ver-
tigo™ (Weeks & Travell, 1955, Gray, 1956,
Cope & Ryan, 1959) demonstrate the crucally
mmportant role that information from the nech
plays tn whole body coordmation and spatial
onentation It 15 a strong possibility that the
eye movements evohed by neck reflexes are
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(Received Apni 3 1975)

Abstract Slow potenuals generated in the sensory organ
of the ampulla were reconded 1n rsolated

ceptors mught give nse to slow potentals, t e ,

canals of the frog by means of fluid electrodes These
potentials which may be picked up from the ntra
ampultar flwd and those fram the ampullar nerve appear
10 be generated at different stages of the process taking
place 1 cnsta ampullans Slow intra ampullar potentsals
apparently reflect recepior potentials of hai cells They
are preserved after degeneration of the nenve fibre endings
and are relatively mnsensiive fo DNP pasomng thete
amphtude 1s maimum at high K* concentrations Slow
nerve potentials appear o be due to electromc spreading
of post synaptic excitalory potenuals generated at cyto-
nevral junctions They disappear after degencration of
the nerve fibres in low Ca** and hegh Mg** solutions
and are extremely sensitive to DNP posonng A ana
Iysis of the ttme~course of the slow ampullar and nerve
potentials referred to the discharge of impulses in af
ferent fibres was performed with a view 10 interpreting
the transduction mechantsm of semicircular canals

Studies on semucircular canals have shown
that deflection of the cupola 1s associ-
aved with the m the Y

p 1 changes produced by hair
bending 1n sensory cells (receptor potentials)
and post synaptic depolarization of the nerve
fibre endings, due to transmetter release at

¥ P L4 !
Unfortunately no data are yet available on in
tracellular recordings 1n ampullar or cochlear
hair cells, although Harns et al (1970}, by 1m-
paling sensory cells 1n the lateral hine organ of
the mudpuppy. and Weiss et al (1974), by im-
paling sensory cells 1n the basdar papilia of
the alligator hzard, were able to record mem-
brane potential changes evoked by hair deflec-
uons The potentials recorded by these
authors were however very hmited sn amplh-
tude (less than 3 mV) even n response to
stmuli of maximum intensity, so that yndi-
vidual hair cells appeared to be very weak

{Tnncker, 1957) and hbouring

€electnical In any case, it 1s possible

(Trincher, 1957, Sala, 1965) of slow electncal
POlenuals which also spread to the ampullar

nerves (Rapuzz: & Bruschy, 1967) These
P called ™ micro-
phonics”  are believed to be related to the

p of
but their precise significance 1s still unclear
At least two processes wn labyrmthine ve-

This study was supported by the grant no 7100793 03

trom the tuhian National Research Councat (€ N R )
Kome

that the synch depolanza-
non of a very large number of harr cells as
occurs duning cupula deflection, mught ac-
count for the slow potentials which may be
picked up from éifferent structures of semi-
circular canals

As 10 the presence of synaplic potentials in
labyrinthine receptors, Futukawa et al (1972)
and Flock et al {1373) were able 10 success-
fully impale the nerve endings of the afferent
sensory reurons withun the sensory epithehum
1n the goldfish sacculus and n the lateral line
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Fig 3 Slow nerve (Ndc) and ampullar (Adc) potentrals i
response to stusmdal stimul having frequencies of 0 1
Hz(A)and 0 5 Hz (B) Plunger displacements (szim)

changes n amplitude and time course of the
evoked d ¢ potentials could be detected as a
function of survival tme indicating that the
responsiveness of the preparation was well
preserved throughout the experiment

generator located in the sensory organ of the
1 toe. y or inhibttory

mresp
deflections of the cupula The polanity of the
recordings indrcates that the potential sources
are so arranged 1n crista ampullans as (o make
the ampuliar nerve positive and the intertor of
the ampulla negative during excitatory cupula
deplections and vice versa duting inhibitory
deflections

Experiments 1n which the potentials were
picked up from several pomts of the intra-
ampullar volume by means of an exploning
glass mucroelectrode much thinner (& 3-5 um)
than those otherwise employed 1n this study
revealed that the amplitude of the recorded po
tenttals was maximum when the electrode was
approaching the cnsta ampullains This there
fore appears to be the site where slow am-
pullar potentials are generated

A more detarled analysis of the slow poten
tials may be performed based on the tracing
m Fig 3 which refers to the responses evohed

As Fig 2 shows de Is

by sttmuli having the same ampli

were found to have a similar ime course but
an oppastte polarity to the nerve potentrals
Indeed. dunng excitatory cupula deflectrons
the nerve electrode revealed a positive poten
tial shift whereas the ampullar electrode be-
e negative Changes of opposite polarity
, observed during imhibitory cupula deflec
T ms
The polanty of ampullar potentials was un
changed tn experiments 1n which the lead-off
electrode was facing the canahcuiar rather
than the utnicular side of crista ampullanis
This enabled us to rule out any possibality that
the potentiaf recorded could be the result of
current field modifications 1in the mtra
ampullar volume produced by cupula move
ments Infuct ifa steady d ¢ source had been
present in the cupula its displicements during
sumulation would have produced potental
vartations of opposite signs at electrodes
facing the oppostte sides of the cupula There-
fore 1n agreement with Trincher s observa
nony 1t was concluded that iatrt ampullyr re
cordmgs reflect actual potential changes in the

Acta Otolanngol 81

tude but two different frequencres (0 1 and 0 §
Hz) In order w faciitate a companison be-
tween the two recordings 1n this and the fol-
lowing figures ampullar tracings are fe-
produced with inverted polanties visdvis
nerve tracings

It can be seen that at both frequencies the
nerve recordings reveal a remarkble dn
symmetry making reference to the base lne.
since the amphtude of the electrode positne
deflection corresponding to the cxcuatory
haif-peniod of the sinusoidal cycle v greater
than the electrode negative shift, relied tothe
mhibitory half-period  This dissymmetry 5
less evident m ampuliary recordings which
were found 1o reflect the sinusoidal trend of
the stimulus more closely

A considerable difference can uso be evi
denced when observing the phse re hitronshtp
of and nerve p ls  Ampullar
recordings appear in fict to be nearly @
phase  with the stmulfus and theicfore with
cupula deflechons  whereas nerve potentt Y
recordings invanably appear to bu phie
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Fiz 4 Tame-course of slow nerve potenteals and mass dis
charge of impulses evohed by smusordal sumulation

tLeft) examples of recordings (right) averaging over ten
subsequent cycles A Mass discharge of tmpulses {re

advanced in comparison with ampullar re-
cordings and the stimulus Both dissymmetry
and phase-shift are more evident at low stimu
lation frequencies and become progressively
reduced as the frequency s mcreased The
slow potentals led off from the nerve there
fore reflect cupula displacements n a highly
distorted way their dissymmetry indicating
some degree of rectfication and therr phase
shifta differ of the dal |
The discharge of impulses 1n sensory fibres
supenimposed on the slow potenuals, may be
easily recogmzed in the nerve tracing 1n Figs
2 and 3 and appears to be closely related to
nerve d ¢ shifts A low frequency discharge
of mpulses apparently duc to spontanecus
acuvity of the receptors, was always observed
aurest During the excitatory half penods the
discharge increases attamed a peak value
which coincided with the nerve positive peak
of the slow polenuals During the inhibitory

2z

corded 1n AC) B-C Slow nerve potentals before (B)
and after sprhe suppression by treatment with TTh 01
pg/ml (€) D Stmulus (plunger displacements) Base
levels were evaluated before symutaton

half period. the discharge 1s considerably re-
duced below 1ts resting level, revealing inhibi
tion of the receptors which parallel the nerve
negative phase of the slow potenual The
farrly good comaidence of the positive slow
potenual peak with the peak frequency of the
mass discharge of the impulses 1s better evi-
denced in Fig 4 which refers to experiments in
which averaging of the impulse discharge and
of nerve slow potentials were performed over
ten q cycles of dal stimula
tion In order to ensure that the presence of
the spikes could not have shifted the averaged
peak of the nerve potentials a companson was
done with tracings obtaied after the spihes
had been suppressed by treatment with Tetro-
dotoun 01 pg/m! (Fig 4C) Since impulse
discharge 1n the ampullar nerve closely paral
lels slow nerve potential 1t ss accordingly
phase advanced in companison with stimulus
and therefore with cupufa movements

Acta Orolarsngol 81
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Fig 5 Stow nerve (Nde) and ampullar (Adc) potentrals i
low Ca** (01 mM) and high Mg** {10 m\f) solutons
Recordings in plamm Tyrode (A} 10 myn after immersion
m modified Tyrode (B} Diwagram peak responses of
ampullar (#} and nerve (M) potentials mean values from
5 expenments while preparations were kept in modified
Tyrode Values expressed as percentages of controls

Effects of low Ca** and hugh Mg*+*
solutions
Fig 5 shows an example of the tracings ob-
tained 1n the experunents intended 10 influence
synaptic transmussion n ampuliar sensory
organ by changing Ca** and Mg** concentra
tions in the Tyrode bath

a** was reduced to ¢ 1 mM and Mg**

", gﬁsed 0 10 mM 1e at levels which are

nown to blockh transmussion completely m
many chemical synapses (Katz & Mileds,
1967

It can be seen that, after immerston in modi-
fied Tyrode, the slow nerve potenuals are de
pressed along with the propagated spikes at an
early stage until both disappear completely
about 10 minutes Conversely ampullary po-
tentials are fully preserved or only shghtly
reduced over the same peniod The changes in
amplitude of the ampullar and slow nerve po-
tentials produced by modified Tyrode as a
function of ttme are better dlustrated wn the
graphs m Fig 5 which refer to the mean peak
amplitudes of responses obtained from the
entire series of these experiments  The effects
of changmg Ca** and Mg"* concentrations

Acta Otolaryngol &

are easily reversible since potentils can be
promptly restored to thetr onginal amplitude
by washing the preparations with plain
Tyrode

Effects of K*
The tracings reported in the upper prt of Fig
6 refer to an experiment in which K* concen
tration in the bath was progressively increased
from 0 to 13 mM

It will be seen that even in the absence of
K* (Fig 6A) stmulation evokes both slow
nerve and ampullar potentials having a simt
lar time course but a lower ampltude than
those observed in unchanged Tyrode (Fig
6B) Strihing changes n the potentials were
however produced by ncreasing K* concen
tration from 2 6 to 13 mM (Fig 6C) K* nch
solutions proved 1 fact able to suppress the
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Fig 6 Amphiude of slow nerve (Nde) and ampular
(Adc) potentials as a functron of K concentrotin 1 the
bath Recordmgs A [N ]=0 mM B [K =26 m\
C-[N ]~13 mM Diggram peak amphtude mean valucs
from § experiments of ampullar (@) and nerve tA) poted
uals versus A concentration Values arc evpressed a8
pescentages of those observed sn normal Terode (A I
26 m\) Slow potentials were measured 15 mun after the
appheation of the solutron
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Fig 7 Effects of d Tubocuranne (200 pg/m) on slow
nerve (Ndc) and ampullar (Adc) potentials Recordings
confrol (A} 3 mun (&) S min{C) after exposure 10 curare
Diagrams peak amphtudes mean values from 5 expen
ments of ampullar (M) and nerve (O) potentaals as per
centages of controls

nerve potentials almost entirely, whereas am-
pullar potentials were not only preserved but
even enbanced. in the presence of an excess of
K+

The graph 1n Fig 6 refers to the mean
values obtamed from the whole senes of these
expeniments 1t plots the peak amphiudes of
the slow In resp: to
stnteh versus A concentration in the bathing
flud It can clearly be seen that when K* con-
centration 15 d the nerve |
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The effects of the highest K* concentrations
on the slow potentials were almost impossible
to reverse by washng with plamn Tyrode

Effects of D-Tubocurarine and 2 4
Dumitrophenol (DNP)
Fig 7 shows an example of the tracmgs ob
tamed 1n one of the expenments 1n which p-
Tubocurarine was added to the Tyrode bath at
a concentration of 200 pg/ml

This drug produced a prompt depression in
both ampullar and nerve potentials which ap-
peared -2 min after admunustration and led to
total suppression of the slow potentials 1n
about 5 min

The decay in peak amplitude of the slow po-
tentials as a function of the exposure time to
p-Tubocuranne, 15 reported 1n the graphs in
Fig 7 which refer to the mean values of §
simylar experiments
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sharply decrease. whereas the ampullar poten-
tals increase to attn a maximum amphtude
at K* concentration of about 15 mM. Higher
K~ solutions, however, proved able to depress
even the ampullar potentials which were vir-
tually suppressed at the highest K* concen-
trations tested (78 mM)

a

o Y " 20t
Fig & Effects of DNP on slow nerve {\dc} and ampulfar
{(Adc) potentials Recordings control (A) 3 mun 8) 5
min (C) 10 mn (D) after exposure 10 DNP (0 3 mg/ml)
Dragram peak amphitudes of slow porentials as a function
of ume in the presence of DNP at different concentrs
fione Values are expressed as percentages of controls
Adc DNP 0 3 me/ml (3) Ndc DNP 0 3 mg/ml (M) Ade-
DNP | mg/ml (A) Ndc DNP | mg/ml (@)

Otola
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Fig 9 Slow potentials after denenation of cnsta ampul
lans A control B 10 days after secuomng of the am
pullar nene

Complete recovery from the effects of p-
Tubocuranne was easily obtamned after about
15 mun of washing

The tracings 1in Fig 8 refer to the effects of
DNP at a concentration of 0 3 mg/ml It will
be seen that the drug produced a progressive
depression of the nerve potentials which was
already evident only a few minutes after ns
addition to the bath The depression resulted
n complete disappearance of the nerve po
tentials within 10 min

The blocking action of DNP was less evi
dent on ampullar potentials which were only

1ally reduced by the drug at the dose of
ml Complete suppression of these poten
. ¢ could only be achieved by raising the

NP concentration to | me/ml

The development of DNP blockade as a
function of tme 1s reported in the graphs m
Fiz 81n which the mean salues potenual peak
amphitudes from groups of five experiments
are reported

The efficts of DNP are almost irresersible
at the doses employed 1t bemng impossible to
recover the slow potentials even after repeated
washings

Effects of denervarion of the

crista ampullaris

The tracines tn Fig 9 were obtamed from a
semicircular canal preparation ten days after

tron of the nenve fibres and of their endings 1n
contact with hair cells The structure of the
sensory epithelium was however well pre
served

It may be seen from the tracings that neither
slow potentials nor propagated spikes can be
detected 1n the nerve recordings By contrast
the ampullar potentials are fully preserved
and thesr amphtude 1s simlar to that obsened
1n contral experiments

DISCUSSION

The results of the present expeniments provide
further evidence that the slow potentials which
may be picked up both from the infra-ampultar
flurd and from the ampullar nerve closely re
flect the processes which take place mn re
ceptors of crista ampullans duning cupula de
flections However slow potentials led off
from the nerve and those piched up from the
mtra ampullar fluid were found to differ in
several respects suggesting that they are
generated at different hinks in the neural cham
underlying transduction processes

The slow nerve potentials can be abolished
by low Ca * and high Mg® media and by
DNP p g namely by d which
primanly mpatr transmussion at chemical
synapses (Beanr et al 1966 hatz & Mileds
1967) furthermore the amphtude and tme
course are not modified after spthe suppres
sion produced by Tetrodotoxin Slow nrenc
potentials can therefore be interpreted as
being due to electronic spreading along the
nerve fibres of excitatory post synptic potell
tals which are generated at the cytoncurs!
Junctions after release of chemuical transmittes
from the outer pole of hair cells In othef
words slow nerve potentals ruflect nene
ending generator potentials and this explams
the closer hip of these [ Is to
the discharge of impulses n the afferent nene

fibres
Stow Is recorded from the mird

. N
section of the ampullar nene H

evidenced compl, degencera

[
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ampullar fluid were found to be mure closely
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related to cupula deflections (Schmid et al
1973) and several findings suggest that they
are generated in the har cells of the sensory
epithelum thus reflecting true receptor po
tentials Ampullar potentals are m fact well
preserved after the nerve fibre endmgs have
completely degenerated and are unaffected by
low Ca** and tugh Mg** solution Further
more they increase 1n amphtude when k* con
centration in the bathing flud 15 rased to
levels more than suffictent to abohish nerve
potentials Ampullar potentials are therefore
supported by a generator whose efficiency 1s
at high k+ as mught

be expected if they ongmnate 1 hair cells
which are normally bathed by a K* rich solu

tion namely endolymphatic flmd

However a high K* concentration appears
to be needed only to provide maximum me
chanical responsiveness m labynnthine sen
sory cells (Katsuhs & Hashimoto 1969) since
the experiments have shown that a reduction
n K 1ons can reduce but not suppress am
pullar receptor responses Isolated open semu
crrcular canals in fact are known to respond
without decay to excitatory stimuh even after
several hours of immerston mn ordinary Ty

rode 1e mmalow h* medum (Taghett et al
1973) This observation may be related to the
data of Matsuura et al (1971) on the sacculus

mucrophonic potentials

As 10 the nature of the biological battery
supporting ampetllar slow the rela
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tive to the depressant action of curare The
action of this drug on receptor discharge has
been widely studied n semicircular canals by
Vall et al (1974) who were able to provide
convincing proof that curare blockade acts
mainly on hair cells The present results acree
with this view n that they indicate that curare
1s able to suppress rapidly the slow potentials
generated by har cells

Finally 1t must be stressed that urrespective
of expenmental conditions the nerve poten
tials invanably disappear when ampullar po-
tentials are cancelled while the latter can be
preserved 1n most conditions after suppressing
the nerve potentials This clearly indicates
that slow are g d
uphill vis 3 vis nerve potentials in the re
ceptor activation sequence

It 1s open to speculation whether ampuliar
potenuals reflect true potential changes in a
source located in the sensory cells or whether
they are the result of modulation of the current
from a steady generator due to conductance
changes 1n the hair cells as claimed by Dawvis
(1965 1968) The present experiments have
not yielded enough information to idenufy
which of these two mechantsms 1s nvolved
The observation that ampullar potentials are
well preserved 1n open canal preparations
obviously confirms that the steady endo
lymphatic potential 15 relatively unimportant
in the genesis of slow potentials evoked by

|

uve nsensitivity of these potentials to poison
ing with DNP suggests that ther bioelectnic
source s not stnctly dependent on oxidative
metaboltsm and possibly not even directly re
lated 10 brochemical processes This s 1n
agreement with the observattons of N:

However, atcording to Davis s
most recent theory the d ¢ source ts bkely to
be located at the outer pole of the sensory cells
and the conductance changes at thewr har
bearing pole It follows that only experiments
m which the flnd inside the canal can be

& Taghet (1975) which indicate that there
may e a step having a Q,, lower than 2 1n the
processes of ampullar receptors

1tus evident that the chain of events under
lywg haw <elh achvanen 1s rather complex
since In contrast to their relative msensitvity
to Jon changes and DNP (Matsuura ef al
1971) ampullar potentials proved to be sensy

changed ind; dently of the external me
dium will enable the two processes to be
fluenced separately

If 1t 15 accepted that sfow ampullar poten
tials reflect receptor potentials and sfow nerve
potentials post synaptic potentials some con
siderations concermung signal processing n
the ampullar sense organ appear to be of i
terest  Afthough cupula deflections could ot

" Acta O ~ngol 8t
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be directly evaluated in the present expert
ments, the farrly close parallels between am-
pullar potentials and stmulating flurd displace-
ments suggest that hair deflections 1n sensory
cells are converted mto virtually proportionate
receptor potentrals over a wide frequency
range. A considerable distortion mntenenes,
however, when receptor potentials are con
verted into generator potentials at synaptic
Junction where transmission mvolves partial
rectification and a phase-advance of the input
signal This distortion 1s reflected in the im
pulse discharge of the afferent nerve fibres
The modalities of transmussion at cytoneural
Juncttops and of activation of nerve fibre
endings are therefore lihely to substanuially
complement the mechamcal properues of the
cupula-endolymph system 1n achieving signal
comersion In particular, these modahties ap
pear to play an important role in accounting
for the non hnear cupula deflection-1mpulse
discharge transfer function evidenced by Fer-
nandez & Goldberg (1971) and for the well
established phase advance of neural signals
reachimg vestibular nucler (Milsum & Jones
1969y
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ZUSAMMENFASSUNG
Die Poten dieim Osgan der

Bogengange des Frosches aufirelen wurden durch flus

sige Elehtroden abgelcitet Diese Potentale  die ent

weder son der intraampullaren Flussigheit oder von am

pullaren Nerven abgeletet wenden konnen  scheinen

von verschiedencn Stufen des Transduktionsprozesses
1 h

samen Polentale schemen dapegen durch die e'el-o
fonische Propagation der postsymaptich efregenden P
tentiale bewirht zu wender dig von den zytoncuralintes
Verbindungen ausgehen  Sie verschwinden pach Er

artune der Nenenfasern tn Losungen mut wer g Ca

und viel Mg * und sind pegen D\P Verpfiung sebr ema
findlich Die Analyse des zewhchen Verlaufs der Lin

samen Potentiale und der Impubventadurs it den 2t
ferenten Fasern erlaubs €5 die Tremdubtonsprozesse
die 1n den Bosenganeen stattfinden besser zu ventethen
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SUBOCCIPITAL REMOVAL OF ACOUSTIC NEUROMAS

Results of 125 Operations

J. Thomsen

From the Unnersin ENT and A

al Dep %

Capenhagen Denmark

(Recetved August 15 1975)

Abstract The surgical results obtained 1 125 patients
with acoustic neuromas ustng the suboccipital approach
are reported  These results do not differ from those
obtained in other neurosurgcal matertals, with the same
distnbution of tumour size, and the same surgical ap-
proach The matenal consists of 20 medium size sumours
and 105 large However, the results regarding both mor
taluy. postoperative facial paralysis as well as post
operative conditton 1n general are unsatisfactory A
histonical review of the development of the surgical
treatment of acoustic neuromas is given and the necessity
of a closer neurosurgical~otologic cooperatron s stressed
both with regard to diagnosis of the neuromas as well as
the surgical treatment

previous publications we have dealt with
diagnostic procedures and results among
,‘surgxcally confirmed acoustic neuroma
es We have evaluated the mnvolvement
of the facial. intermedius and tngemunal nerves
At ahe dagnowys ¢ Tiranvar & Znsvort, 1975
the audiological findings (Thomsen & Ter-
hidsen, 1975) and recently the radiological
and neuro-radiological findings  this group of
patients (Thomsen et al . 1975) In the present

evaluated, partly n relation to the operatne
technique and partly to the tumour stze and
anatomical condttions

HISTORICAL REMARKS

The first post-mortem descnption of an acous-
tic neuroma was probably that given by Sandi
fort 1n 1777 The first ever to correlale the
chinical symptoms of an acoustic peuroma (o
the post-mortem findings was Leveque-
Lasource 1 1810 [t was not untl the end
of the 19th century, however. that the locah-
zation of an acoustic neuroma was made on
the basis of the chnical symptoms, prior to
death Stevens (1879) was probably the first
to desenbe this, even if 1t ts generally accepted
that Oppenfierm (T890) was the firer & mde
a correct topical diagnosis of a tumour in the
cerebellopontine angle

Sir Charles Ballance (1907) 1s generally cred-
ted with the first successful removal of an
neuroma The operation %as per-

paper we present the r ic
procedures employed on the same patients
with surgically confirmed acoustic neuromas,
as well as presenting the surgical findings,
using the suboccipital approach The post-
operative results as regards mortality, number
of cases of facial nerve paralysis and general
postoperatine  condition ate presented and

This work has been supported by a grant from the P
Carl Petersen Foundation (Grant B921)
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formed on the 19th November. [894, the pa-
tient hived 20 years subsequent to the opera:
uon The surgical approach to the cerebello-
pontme angle has vaned constderably since
this operation Krause descnbed in 1903 the
untlateral suboccimital  crantectomy. whie
Panse 1 1904 suggested that the most direct
route 1o the cerebellopontine angle was
through the labynnth In 1905 Borchardt did
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a combined operation where the transfaby
nnthine approach was extended posterorly
over the sigmoid sinds into the subocciput
In subsequent years several translabyrin
thine operations for removal of acoustic neu
romas (Kummel, 1909, Qux, 1911, 1912,
Schmiegelow 1915, Zange 1915) have been
tned However the translabynonthine sur
gical technique disappeared from the arena,
most likely due to the fact that Harvey
Cushing introduced the bilateral suboccipital
approach exposing the postertor fossa widely
Cushing made a subtotal enucleation of the
tumour and was able to reduce the operative
mortality from 809 to somewhere between
10 and 20z Because of the problem of re
currence 1n some subtotal removal operations
and the hazard of a second operation, Dandy
i {922 (Dandy 1925) reintroduced the total
removal of the tumour via a unilateral sub-
accipital crantectomy as used around the turn
of the century The subocoipital umlateral
approach was hereafter pre-eminent and s
sull used by neurosurgeons up to the present
day (Pool & Pava 1957, Rand & Kurze 1967)
Because of the constant high mortality and
tigh frequency of postoperative factal nerve
paralysis  Wilham House remtroduced the
translaby nnthine surgical techmque m 1961,
the first results were published 1n Monograph I
{1964)
Neuro-surgery was introduced as a specialty
w Denmark by Eduard Busch, and both he
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and his successors have used the suboccrpital
approach Total removal has been endeav
oured, but within certain hmitations Some
of the patients have therefore had only a sub~
total enucleation It 1s our wtention, 1 dis
cussing the technique and the results, to ex
amine the necessity of a closer neuro-surgicall
oto surgical cooperation with respect to the
possibibty of improving the results

MATERIAL AND RESULTS

The matenal conststs of 125 pauents, oper-
ated at the neurosurgical depariment, Rigs
hospitalet 1n the years 19571972 All patients
had acoustic neuromas The diagnostic find
ngs and procedures concerning the V, VH,
and Vil cranial nerves have been descnbed
in previous papers Likewise the neuro
radiological findings have been presented
In this matenal 105 large tumours and 20
medium size tumours were found Small
tumours were not represented This distr
bution follow s the classification of Pulec et 2
(1971)

The majonity of the tumours were found
in the 30-60-year age group Neuromas are
rare before the age of 30 Women outnumber
men by two to one 26°% were examined with
tn the first year after onset of symptoms but
38z had a history longer than 5 years

85% gave heanng loss as the imtial symp
tom, 10% gave tinmtus 4% started with ver-
tigo and the last panent reported reduced
facial senstbhty as witral symptom In 7
patients bilateral tumours were found While
neurontas are rare before the age of 30 4 of
these 7 patients were younger than 30 All
these 4 young patients had signs of von Rech
hinghausen’s disease, the other 3 did not Six
patients had been operated for acoustic neu-
roma before 1957 and are tncluded in the
matenal with a recurrent fumour operated
1n the period 1n question

The climcal symptoms, apan from V, VII,
and VIII cramal nenve symptoms, are per
defimition excluded from the medum size

Acta Orolarvngot 51
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tumours Fig | therefore contains only the
105 large tumours Cerebellar symptoms are
by far the most frequent (839%). Choked discs
were found tn 42 patients (39%) indicating
ncreased ntracrantal pressure Fourteen pa-
tients (129) had bramnstem symptoms,
evaluated by long tract signs, while 15 patients
{1457} had signs of psychic detentoration of
varying degree 10% of the patients had
symptoms from the other cramal nerves. the
distnbunion of these symptoms 1s seen n
Table I The X cranml nerve (nervus vagus)
and the VI nerve (nervus abducens} are the
most frequently mvolved. symptoms from
» e other cramal nerves bemg present i only
patient each The patient with second
,~¢Symptoms was blind, most probably
1.~lo ncreased ntracramial pressure and
vhoked discs Fig 2 shows the results of the
examunations for spinal flurd protemn, Panto-
paque cisternography,  pneumoencephalo-
graphy, vertebral angiography and electro-
encephalography None of these examinations
has been performed in all the patients The
number of patients examined with each single
test I seen in the figure There were no false
negative findings by Pantopaque cisterno-
graphy Al panents had ncreased spma)
fluid protesn content For the medium size
tumours the average was 88 mgfe, varying be-
tween 55 and 182 mgz, while the large 1u-
mours had an average spinal flnd protemn of
202 mg"%, varying between 54 and 598 mg™F
Thus a significant difference 1s found, the
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{arge tumours having higher values than the
medium size.

Operat e techmque
All the patients have been operated on by the
unilateral, suboccipital approach to the cere-
bellopontine angle In the first part of the
peniod the operation took place with the pa-
tient suting in the Gardner chair, m the last
half with the patient 1 a prone posttion, with
the mnvolved ear uppermost In the last thind
of the penod the operation has been made
with the aid of the operating microscope

A suboccipital “U" shaped, imfeniorly based
shin, muscle and periostial flap v elevated
Occipital bone 1s removed from betind the
sigmoid sinus Hypervenuilation intravenous
urea, and dependent trunk and lower ev-
trenmuties result i bran shninkage The cere-

Table U Svmproms from cramal nerves ather
than V=VII-VIII in 10 patienis with acoushc
neuromas

Panent Cramal nerve involved
MB i

AS 1

TN N_2X-X-\
FH A%

iT A

S L A\

iy Vi

N R 1X-x

sS A

W E N-X)

kA 1




Suboccipital removal of acoustic neuramas

[on PRI
BB sutio o vmeve

I

Tecsomeie Good

fm

in

Fig 3 Influence of operative procedure on postoperative
condition 1n 125 neuromas of all sizes
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Postoperative fond ton

bellopontme angle and the VIH nerve neuroma
will often be visible without forceful cere-
bellar retraction

In evaluating the patient’s postoperative
condition we have distnzmished between
good acceptable, and poor A patient 1 good
condinion has no symptoms except. possibly.
facial paralysis The patient may even return
1o work again, beanng in mind however that
many are elderly, and past the working age
A patient 1n acceptable postoperative condi-
tion can help himself but has c
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Fie o Influence of cerebellar resection on postoperune
condinon 1 125 neuromas of all sizes

total removals, but m a lower percentage
(61 <2) of subtotal removals

In 45 pauents peroperative resection of a
smaller or larger part of the cerebellum be-
came necessary inone thirdtoone fourth This
resection cannot be connected with either the
operaltive mortality or to the distnbution of
the postoperative conditions (Fig 3)

Fig 5 depicts the influence of surgically
venified impression n the brun stem upon
the postoperative condition W hile the impres-
sion app: ly has no
upon the mortality, 1t 15 clearly seen that a
greater proportion of the group of patients

ol

neurological symptoms both from the other
cramal nerves as well as suffering from cere~
bellar atoxta and difficulties i walking A
patient it poor condition s either psychically
detenorated or physically unable to shift for
himself

Fig 3 shows the distnbution of mortality
facal paralysts and postoperative condition
in relation to the operative techmique em-
ployed n 94 patients the tumour could be
removed completely while 31 had only sub-
total enucleation The primary mortaliy
among the %o groups equals 227 on average
and the postoperatine condiion could be
charactenzed as good 1 277 poor tn 184
while 337 had an acceptible condition
There was no difference between total and
subtotal semoval 84¢% of the total mtennl
had postoperat e factal par iy sts—in 877 of

with good postop d lack brain
stem impression Furthermore it 1s noted that
anatormcal impression 1n the brain stem does
not necessanly mply chnical bram stem
symptoms We found that only 8 out of 65
patients with anatomical impression n the

Numbe af pat ents.

$oa sne O ba rem o eson
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Fig 6 Influence of tumour size on postoperative con
dition 1n 125 patients with acoustic neuromas

bran stem had symptoms being indicative of
this, while 5 patients had bramn stem symp-
toms though no mmpression was found at
operation

The matenal contains 20 medium size and
105 large tumours In Fig 6 thetr size has been
related to frequency of mortality and post-
operative condition The tendency in this
figure 1s clear, since mortality 1s more often
related to the large tumours, and the post-
operative cond:tion 1s significantly better per-

twise among the medium size tumours
among the large ones

- 1x'1y percent of the patients with medium
1ze tumours developed postoperative facial
paralysts, as aganst 709 of patients with
large tumours The difference ts not signifi-
cant 509 respectively 60%% of these patients
underwent a facial-hypoglossus anastomosts
These figures are seen in Fig 7, where we
have furthermore trnied to grade the function
of the at the last postop
check With good function there 1s no disfig-
uration of the face at rest, but moderate
changes dunng contraction of the mimic mus-
cles In the p with poor
function there 1s no detectable mimical
function It 15 seen that about 152 of the pa-
tients 1n both groups have a well functiomng
anastomosis, while the majonty had accept-
able to poor function

ative
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Fig 7 Frequency of postoperative facial paralysis
factal hypogloscus anastomosis and function of the ana
stomosis tn 20 medium size and 105 lafge acoustic new
romas

Fig 8 shows the influence of tumour size
upon mortality rate and upon duration of
hospital stay This implies only the stay at
Rigshospitalet, some of the patients were
transferred 1o other hospitals Among the pa-
tients with mediim size tumours a prmary
mortality rate of 109 was found, 40 stayed

*
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Fig 8 Mortahty rate and duration of hospit dhzahon 10
relation to tumour size 1n 20 medum stz and 105 farge
acoustic neuromas
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Table 1 Cause of death in 28 operatie fa
talites, based on postmortem examnaiions
Distribution of early llate deaths

Early Late

<3 days >3days
Brain stem thrombosis 8 6
Pulmonary embolism
Bleeding 1 3
Air embolism 1
Brain edema 1
Preumoma 1
Encephaliis 2
Cerebellar malacia 1
Not established 2 1

¢4 16

less than 30 days 1n hospital, 45 % between 30
and 60 days only 5% between 60 and 90 days,
1o patient stayed longer than 90 days Among
the 105 patients with Jarge tumours the pr
mary mortality rate was 25%, the hospital
stay was generally longer, 8% of the patients
stayed longer than 90 days

As mentioned, 28 patients of the 125 died in
connection with the operation (229%) In
‘Table 11 we have trred to disungmsh between
early (before 72 hours) deaths and late (from
3-30 days) deaths Itis seen that it both groups
the bram stem thrombosts and malacia are by
far the domwnant cause of death There was
no difference between early and late death

Since the mtroduction of the operating
mucroscope 39 operations for acoustic neu
roma have been performed The mortality
rate among these patients. with hath medmm.
size and large tumours combined has been
lowered to 139

DISCUSSION

As scen from the operative results both 1n
this matenal and n publications of several
other authors there 1s a significant connection
between the size of an acoustic newroma and
the attamnable results at operation A rapid
development has taken place in the operative
treatment of acoustic neuromas, especially
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since the mtroduction of the microsurgical
technique and the use of other approaches to
the cerebellopontine angle, 1 particular the
translabyrinthine approach It seems, how-
ever, that m spite of refined diagnostic possi-
bilities within oto neurology, audiology and
neuro radiology, as if the tumours are as large
as ever, 1n our matenal the large tamours are
more numerous by far

To make a diagnosis of a disease 1t 1s a pre-
condition that some symptoms must be pres-
ent In the case of the acoustic neuroma 1t 1s
clearly stated that the patients have symptoms
farrly early 1n the history of the disease, viz
prevaimgly unilateral heanng loss and tinm
tus The next precondition 1s that these symp-
toms prompt the patient to see his physician
In our matenal a great number of pauents
have hved for years with their heanng loss
and therr tinmutus without seemng their physi
cian A third precondivion for the dragnosis of
an acoustic neuroma will be that the physician
connects the symptoms descnibed by the pa
tient wath a possibility of a neuroma Some of
the patients mn our matenal have at some time
during the history of the disease consulted
therr own physician without this resulting in a
further consultation by an otologist If the pa
tient finally 1s referred to a hospital depart-
ment with quahified otologic service, the situa
tion today 1s probably such that we will not
overlook a neuroma

We have 1n our matenal a few cases where
the patemt was considered to be suffenng
from Memie s dstese These tases e from
the earhest part of our period, and we believe
that there 1s such a high degree of suspicion
among otologists that the diagnosts 1s kept
tn nund, until disproven The paramount
problem 1s to get the patients to examation
at an early stage How this 1s obtained 1s 1m
possible to say, there seems to be no patent
solution to this problem There are, however,
several matenals published where the num
ber of large tumours has been reduced con
siderably In these areas greater attention
must be devoted to thus problem both on the

-
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part of the patient and of the refernng physi-
clan
The results presented here probably do not
diverge tn any significant degree from the re
sults obtamed n other neuro-surgical depart.
ments, having simular patient matermls and
using the same surgical techmgue In evaluar-
ing the results, attention ts drawn to the opera-
twve fatalities, the grade of sequelae after the
operation, especially the frequency of factal
paralysis, but also to the general postoperative
condition
Until Cushing introduced hus wide bilateral
suboccipital approach and the subtotal enu
cleation, the operative mortality rate tn acous-
tic neuroma cases was 75-80% Cushing was
able to lower the mortality rate to about 205
This percentage lasted until the use of the
operating microscope and the mrcrosurgical
techmque was introduced In our matenal we
had a mortality rate of 229 1t 1s to be noted
that after the introduction of the mcrosurgical
techmque this rate fell to 13%, and it 1s em
phasized that the majonty of our tumours
must be classified as large  ©
As 1s seen m Table I the majonity of the
fatalities are attnbutable to brain stem throm-
s1s or malacta In 1949 Athinson described
close relation between the anterior infenor
« rebellar antery and cerebellopontine angle
umours He claimed. as the first, that the
cause of the surgical catastrophes was mani-
pulation or ligation of this artery, so vital for
the blood supply to the bram stem If one
1s to compare the suboccipital with the trans-
labynnthine approach m this respect 1t can
be stated that using the subocaipital approach
this artery presents utself early s the dissec-
tion and must be pushed aside, mampulated,
or even hgated whereas duning the translab.
yrinthine operation the artery 1s situated
between the tumour capsule and the bran
stem, and tn most cases 1t 1s not necessary lo
touch i
When considening the patient’s postopera
tve condition, apart from the facial paralysis,
1t 15 especially the cerebellar atavia which
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domumnates the picture In some of our opera
tions 1t was necessary to perform resection
of varying magnitude of the cerebelium In
the remarning cases one could avord resection
and merely retract the cerebelium However,
the postoperative ataxia ts found in the same
frequency and seventy in patients with only
retraction of the cerebelium as in pattents who
had a part of the cerebellum resected dunng
the operation It 1s therefore concervable that
1t 15 the mere mampulation of the cerebellum
which 1s the cause of the postoperative ataua
When using the translabyninthine approach
such a retraction 15 seldom necessary In few
cases this retraction can be made extradurally
The bone removal 1s carried postenorly over
the sigmord sinus into the subocciput Access
to the angle 1s obtained directly over the tu
mour and the dural covering over the cere
belium 1s not disturbed This procedure af
lows exposure of the inferior pole of the tu
mour and visuahzation of the important IX, X,
and XI nerve complex Manipulation of the
cerebellum 1s thereby d

The third senious comphication 1o opera
tions for acoustic neuromas 15 the occurrence
of postoperative facial paralysis The sur-
geons of earlier times did not regrd the pres-
ence of facial paralysis as serrous complica
tion The pnmary object was (o save the pa
tient’s Iife Olvecrona (1941) was the first to
report a sentes of operations where the facial
nerve had been saved n a aumber of cases

The frequency of faceal paralysts in our
matenal 1s very high It should be noted that
1t 1s constderably lower, but still un icceptable.
1n the pattents who had had subtotal removal
only
In recent years several papers have been
published clearly d, 4 connection
between tumour size and ncidence of paraly
sis but especially a relation to the operainve
techmque employed, as by the usc of the
translaby nnthine technique this inuidence of
facta) paralysts has been conslerably re
duced The only safe way to denufy the facist
nerve 1s as indicated by House—quite late




Suboccipttal removal of acoustic nenromas

n the mternal acoustic meatus—and this 15
only possible via the translabynnthine route
In tts course i the mternal auditory canal
and In the cerebellopontine angle the facial
nerve 1s not enclosed n a proper nerve
sheath, and 1s therefore often spread out over
the tumourcapsule 11 an acousiic neuroma
Only if the surgeon has with certamnty 1denti-
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authors recommend the tofal removal, and
the cntic of the translabynnthine approach 1s
based on an increased (ncidence of subtotal
removals These figures, however, onginate
from the results of House’s earhier operations
as reported 1n Monograph I (1964), whereas
the frequency of subtotal removals in the {ater
publications has been reduced to about 10%,

fied the nerve has he a chance of sep z
capstle and nerve threads without lesion
In our matenal a facial hypoglossus anasto-

mosis has been established n 60% of the
paralysed cases The results of this anastomo-
sis are seen 1n Fig 8, and these resulls can

not be said to be satsfactory esther The ana

stomoss 1s usually made 3~ weeks after re-
moval of the neuroma This 1s recommended
by several authors, if one ts convinced of
having made a complete lesion of the facial
nerve durng the operation 1t 1s probably jusu-
fiable to make an early anastomosis Butif the
nerve 1s considered relatively ntact, in spite
of a postoperative paralysis 1t 1s maybe ad-
visable to wait for quite some ume, since
Ojemann et al (1972) have reported cases of
spontaneous recovery as late as one year after
surgery for acoustic peuroma

Technically there 1s no doubt that the trans-

labyrinthine approach 1s the most direct route
to the internal acoustic meatus and the cere

belloponune angle The tumour 15 seen 1mme-
diately when the postenor fossa dura 1s
opened, and there 1s usually no reason to re

sect or manipulate the cerebellum The 0p<

which 15 n agi with the results of oth-
ers Regarding the preservation of the facial
nerve there 1s, via the translabynnthine route,
a precise bony landmark, 1 e Bill's bar (cnista
verticahs) n the lateral end of the internal
auditory canal Only when this prece of bone
ts seen can one be sure identifying the facial
nerve In dissections of the internal auditory
canal through the postertor fossa there 1s no
bony landmark to wdentfy the nerve m the
fateral aspect of the canal

Postoperative comphications will occur with
any approach There is probably a shghtly -
creased tendency to cerebrospinal fluid leak
from a translabyrinthme procedure, but after
Montgomery et al (1966} tntroduced the use of
abdomunal fat as a plug in the operation cavity,
wmstead of muscle thes problem seems to have
been reduced to a mmmum

When 1n an otologic-neurosurgical coopera-
tion one ntends to introduce the translaby-
nnthine surgical techmque 1t must be made
quite clear that the otologists should not un-
dertake the operaton alone There must be a
firm teamwork to ensure the safest treat-
ment The procedure will most ikely be that

ponents of the yrinthine  app
claim that the opening 15 too small However,
this can easily be overcome by extending the
approach extradurally over the sigmoid sinus
1nto the subocerput

But the crucial pownt 1n the techmque 1s to
open the tumour capsule and remove the
content from within Even the largest tumour
can thus be reduced considerably and mobil-
1zed from the factal nerve and the bram stem
n a reduced condition

Another cntical pomnt 1s the question about
total vs subtotal removal of the tumour, Most
28-762057

i by Yasargil & Fisch (1969),
Ojemann et al (1972), Adams etal (1974),1¢
a pnmary translabyninthine approach 1s per-
formed doing all the necessary bone work
and identifying the facial nerve by, for ex-
ample nsertmg a piece of Silastic film be-
tween the twmour capsule and the nerve
threads or by putung a nylon thread around
the nerve If the tumour cannot be removed
completely dunng this first procedure st 1s
sustified to perform a second op a
week later, either by a suboc -

(Ojemann etal , 1972, Yas ~ )
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or using a transtentorial approach (King, 1970,
Adams et al , 1974) This procedure has been
accepted by several neuro-surgeons
In Los Angeles, the Otologic Medical Group
have operated by far the largest number of
acoustic neuromas n history, about 800 pa-
tients They claim that a secondary subocor-
pital approach ts unnecessary It would prob-
ably be impossible to aim that high to begin
with
ZUSAMMENFASSUNG
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Disch Z Nervenheilhd 36 132

Leveque Lasource A 1810 Obsenation sur un amauro.
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Med Chir Pharmacol 37 368
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Abstract The ototowic effects of the arsenic compound
atoxyl has been earher demonstrated by Anmko & Wer
sall (1975) m the stria vasculans of the guinea pig cochilea
The asm of the present mvestigation was to study the
1 at the level
after damagang the Reissner s membrane experimentalty
In acute atoxyl the first signs of
appear after approuimately 12 hours After 24 hours the
membrane may be markedly degenerated Both the ept
thehal and mesothehal cells become vacuolized the
mitochondnia lose their internal structure and become
swollen and lipid granules are found n the cytoplasm
Mesothehial cells are Jamaged to a lesser extent than the
epithelial cells in the same specimert

The ultrastructure of Rerssner’s membrane
has been descnbed m a number of pubhca-
nons (Hagiwara 1963, Duvall & Rhodes,
1967, Watanuka, 1968, Iurato & Taidelll, 1967,
Duvall & Sutherlind 1970} The membrane 1s
sitzated between the spiral hmbus and the
vestibular crest of the spiral hgament, 1t 1s 2-3
am thick, and consists of two layers Towards
the endolymphatic space there 15 a simple
squamous epithelium The surface facing the
scala vesttbult consists of a layer of flat meso-
thehal cells A distinct basement membrane
15 interposed between the two cell layers
(lurato & Taidelh 1971) Resssner's mem
brane represents a portion of the membranous
labyrinth where the amount of ussue separat

Supported by grants from the harohinska Institute and

from the Swedish Medical Research Council (grant no
12X 720)

ing endolymph and penlymph s mummal It
may therefore play an tmportant role n main

taining the difference m composttion between
the two fluds (Turato, 1967)

The relative proportions of electrolytes in
the endolymph are quite different from those
m the penlymph (Smuth et al, 1954, Citron
et al, 1956, Rauch & Kostlin, 1958) Two
hypotheses have been advanced to explain
how this difference 1n composition ts mamn
tamned

According to the “longttudinal flow™ theory
{Corti, 1851, Guld 1927, Lundquist, 1965)
the endolymph 1s secreted i the stna vascu
lans, runs along the cochlear duct and 1s re
absorbed 1n the endolymphatic sac Ths
theory, which 1s supported by Tasak: et al
(1954) and Legowx (1962), also mmplies that
Reissner’s membrane 1s practically rmperme
able to sodium and potasstum tons On the
other hand, Naftalin & Harnson (1958),
Lawrence et al (1961) and Rauch et al
{1963) support the “‘radial flow” theory, 1e
the hypothesis that the endolymph 1s formed
from penlymph by passing through Retssner’s
membrane  According to this theory, the
function of the stna vasculans 1s mainly ab-
sorptive

Compared to other ussues, the respiratory
rate of Reissner's membrane 15 very high
(Chou, 1963) Watanuki et al (,
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Table1 Admuustraton of atoxvl to gumnea pigs

n the experimental group

Amountin Total Interval betwecen

Jected on Injection amount Iastimjection
Anmal cachoccaston  Numberof  penod mjected and sacnifice Preyer
no (mgikg) Injections (days) (mg/hg) (days) reflex
20 70 3 2 210 1 -
52 70 2 14 140 1 -
53 100 1 100 1 (+)
54 70 2 174 140 s +)
55 140 1 140 I -
63 140 1 140 mn -

a higher turnover of nucleic acid (DNA) in
the epithehal cefls on the inner side of Reiss
ner's membrane than in the mesothehal cells
on the outer side of vt Plester (1963) reported
reduced protein synthesis in Rerssner’'s mem
brane after Lanamycin admmustration Mis-
rahy et al (1962) reported increased perme
ability after hanamycin treatment Kaneho et
al (1970} suggest that after kanamyemn admin-
1stration Resssner’s membrane may lose its
ability to mantain the normal chemical com
position of the penlymph and endolymph

Tracers have been mtroduced into the scala
vestibul by many tnvestigators (Tonndorf et
al 1962, Rudert 1969 Duvall & Quick 1969,
von llberg 1968, Rauch 1966) There appears

"a selective passage of some dyes (feth
blue tolmdine blue and fernun) through

#**Membrane winle others (methy! blue

anus green) do not pass through 1t (von
Bekesy 1953 Duvall & Tonndorf 1962 Hi-
nojosa 1971)

Nowak (1974) reported altered permeability
of Reissners membrane following strepto-
myctn admmstration

The aim of the present study was to in
vestigate the effect on Reissner s membrane
of atoxyl (Pro Gen® Sodum) an arsemic
compound (sodwm arsentlate) with known
ototoxic properties (Anmiko & Wersall 1975)

MATERIALS AND METHODS

Nine healthy, young giinea pigs with a normal
Preyer's reflex, weighing around 250-350 g
were used for the expenment Six antmals

Acta Ot Linm M 84

were 1yected with sodium arsanilate (atoxyl)
The control group consisted of 3 healthy,
untreated guimea pigs

Each anumal was ijected subcutaneously
with a 2% solution of atoxyl m stenle water
over a centain period of tme The amount
of atoxyl injected on each occasion vaned be
tween 70 and 140 mg per hg body weight The
total dose ranged from 100-210 mg per hg body
weight The pertod of admmstration vaned
between 6 hours and 2 days and the survival
nme before decaprtation between 6 hours and
1 day after the last mjection (Table I) The
specmens were treated accordmng to standard
methods for light and electron mucroscopy of
osmmm tetroxide fixed specimens {Annho
& Wersall, 1975)

RESULTS

Structural alterations were observed as early
as 12 hours after atoxy) admimistration
After 2448 hours marked degeneration of
Reissner s membrane was observed
Admimstration of 70 mg of atoxyl per ke
body weight twice within 48 hours and sacn
ficing the guinea pig 24 hours after the ast
ingection resulted wn very severe damage t¢
the membrane 1n all coils there bemg no ap-
parent difference between the turns Chanees
i all couls were observed when 70 mg of atox
vl per hg body weight was admnistered twice
within 6 hours and the ammal was sacnficed
12 hours after the first myection The Reiss
ner's membrane 1 the basal corls m thes¢
ammals was however less severely damaged
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dunng the degencration and it becomes depressed over

#ig ¢ The pos ton of Reissner s membrane 1s changed  Fre 2 Electron micrograph (EM) Degenerat ng endo-
the organ of Corus as \he damage proceeds 1 oht m e
scopy %700

thelial (E) cell with massive vacuo! zat on
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Fig 3 (A)EM Endothel al (E} and mesothel al (V) cells
with mitochondna showing fragmentat on of the r wnternal

D fferent at on of the degenerat ve pattern of he (M0
cell types i Reissners membrane the ele  on-dense
of the endothel al (E) cell cytopla m can be

structure (arro s) (B) EM of electron
dense matenal i the cytoplasm (m tochondna?) of endo-
thel al (E) and mesothel 2! (V) cells (arrons) {C) EM

Acia O olaryngol &1

seen (D) EM L po d | ke accumulations in the cytoplasm
of an endothel al (E) cell
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Fig 4 (AYEM A dark endothelial cell (E) with ahigh  Accumulations of very electron-dense matepal s the
degree of distortion The remains of the mesothehal eell  cytoplasmofa dark™ endothehal (£) eell
reveal a large vacuole facing the pemlymph (B) EM
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than the rest of the cochlea Amimals which
recened 100 mg of atoxyl per kg body weight
24 hours before sacnfice showed only minmal
degeneration of the Reissner's membrane re-
stricted to the apical coils The same changes
were observed when 140 mg of atoxyl per kg
body weight was admumistered and the ammals
were sacnficed after the same time interval
The labynnth from ammals sacnficed 12
hours after such treatment showed no morph
ological changes

The position of Retssner’s membrane alters
depending on the degree of intoxication In
some ammals with early degeneration of the
membrane the whole membrane was seen to
buige out towards the scala vestibuli (hydrops
labyninthune) In severe atoxyl ntoxicatron
the membrane become depressed and lhes
over the tectonal membrane and the Hensen
cells but seldom touches the stna vasculans
(Fig 1)

All the cells withm Reissner’s membrane
were affected, the most severe degeneration
being regulatly found in the apical coils Le-
stons occur both in the nsertion of the mem
brane at the stna vasculans and n the area
of the tsertion at the spiral Imbus

squamous epithelial cells

'“f.z»quamous epithellum cells which por

ally contains a moderate number of vesicies
and pmocytotic vesicles, showed different
degrees of vacuolization which was so wide
spread 10 some specimens that almost the
whole cell was filled with vacuoles and the
degenerating cell organelles are pressed to-
wards the cell penipbery (Fig 2) The vacuol
1zation becomes most widespread n the area
around the nucleous However, vacuoles of
considerable size may also be observed i the
region of the cell junction between two squa
mous epithelum cells

The normal cell appearance with micro-
villy, tubules of the endoplasmic reticula a
small Golg apparatus 2 few microtubules and
filaments and pinocytotic vesicles, 1s lost
rather early during the degeneration process

Acta Otolaryngot 8

Reductions 1n the numbers of microvilli and
pinocytotic vesicles are the first signs of dam
age The mitochondna swell and the cnstae
mitochondnales become fragmented (Fig
3A) In severely damaged cells the muto
chondna contarn varying amounts of electron
dense, osmiophilic matersal and this may even
fill the mitochondrion completely (Fig 3B)
Lipoid hike granules as Jarge as 10-50 muto-
chondna are observed mn the cytoplasm at all
stages of degenerauon (Fig 3D) Some se
verely d hel cells
throughout thc cytoplasm of the cell have an
electron dense appearance (Fig 3C) The
cells are distorted but they still take part in
the linmg of Resssner’s membrane separating
the two fluid compartments from each other
(Fig 4 A, B) The free surface of the epithehal
cell Jayer towards the endolymph 1s uneven
However, free nbosomes, damaged mio-
chondna, fat granules and also accumula
uons of even more electron dense matenal
are also observed in these cells The vacuolt
zation 1s poor

The cell nucleous 1s resistant to degenera
tion and 15 the last cell component to disinte
grate It becomes involved n the final stage
of damage by fragmentation of the chromatin
and rupture of the nuclear membrane

The mesothelal cells

The degeneration of the mesothelial cells
follows a stmilar course to that of the epithel

12l cells The cells become vacuolized very
few pmocytotic vesicles are observed and the
nternal structure of the mitochondn 1 1s frag

mented but the mtochondna have fewer at

cumulations of electron dense matenal than
those n the epithehial cells Few fat granules
are seen and they are not of the same siz€
as those m the epithehal cells Mesothehal
cells with an electron dense appearance sim

lar to that of the cytoplasm of the whote cell
have not been found The mesothehal cells
are always less degenerated than the squa

mous epithelial cells in the same specimen

Mesothehal cells adjacent to the scala vestt
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bult i ly d rather large

on the cell membrane facing the penty mp!

The d of R 's bi
starts 1n the apical part and 1t must undergo
rather severe changes before s posiion
changes The electron dense squamous epr-
thehum cells were only found i ammals
where the Reissner’s membrane had changed
from 1ts normal position

1

DISCUSSION

The present tavestigation reveals that atoxyl
has a damaging effect on Retssner's membrane
in the ginea pig In the bl phase of degen-
eration 1o pathological changes are observed
m the hght mucroscope. while the electron
microscope shows morphological alterations
Kaneko et al (1970) reported that after
kanamycin ad, ation the hehal cells
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Int guinea pigs made deaf by the admmmistra
uon of hanamycin, micropmecylouc veswcles
were very rarely seen in the epithehal celis
of Reissner's membrane Therefore, 1t 1s un
Iikely that active transport by the procytotic
system 15 functional m these cells (Kaneho
etal . 1970)

The two pathways from the scala vestibul
to the scala media through Reissner's mem
brane via the ntercellular junction and wia
pinocytosis have been demenstrated by Du
vall & Quick (1969} and Dunvall & Sutherland
(1970)

Misrahy et al (i962) reported ncreased
permeability after kanamycin admnistration,
hypowia and acoustic overstmulation No-
wak (1974) showed vacuohzahon, increased
formauion of lysosomes, hipid granutes and an
mcreased number of free nbosomes after di

mn Ressner's membrane showed vacuoliza
tion and condensation of cytoplasme gran
ules They classified the cells into two types
according to their cytoplasmic appearance—
lght and dark cells The light cells showed
vacualizaton of the cytoplasm and hule
change m most of the cell organelles On the
other hand, the density of mttochondna and
cell granules tn the dark cells was increased
Both cell 1y pes showed decreased numbers of
pnocytotic vesicles
The present results demonstrate the exist
ence of some cells with comparatinely dense
cytoplasm However although the cell orga-
nelles in these “dar\™ cells are more electron
dense than normal they take part i the de-
generative process
It has been reported from electron micro-
scoptc studies that the epithehal cells of
Reissner s membrane contamn many vesicles
which may be mvolved i micropmocytosts
A wel developed Golgi complex s found 1n
the cytoplasm and many microvilli are ob-
served on the endolymphatic surface (Hagt
Wdara 1963 Jurato 1967 Duvall & Rhodes,
1967) These findings suggest a high degree of
metabolic activity

hydr ptomycn admimstration  Fragmen-
tanon of the zonula occludents and desmo-
somes was also reported Schatzie {197Y)
proposed that the lipid granules were formed
by damage of the lysosomes, resultng in the
accumulation of Iy sosomal fipids

An increased number of dark bodies 1s fre
quently observed 1n the epithelial cells of
Reissner’s membrane n atoxyl intoxicated
gumea pigs However, 1t 1s dufficult to establish
their true 1denttty without histochemical
studies

The mesothelial cells adjacent to the scala
vestibul  frequently exhibited protrusions
of the cell membrane facing the penlymph
However, this only occurred when the total
amount of atoxyl was very large and the speci
men was investigated more than 24 hours after
beginning the treatment The cell organelles
of the mesothelal cells took part tn the de-
generation 1n the same way as those in the
epithelial cells but never showed such severe
damage tn the same specimen The dark epr-
thelal cells appear more distorted than the
hght cells, but the degeneranon proceeds
simijarly, except that the vesiculaton 1s mnr-
mal No intermediate stages between the 'dark
and light cells were observed

~
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The changes m the posiwon of Rerssner's

Corti A 181 Recherches sur Jomane de losie des
Z Wiss Zool 3 109

membrane after atoxyl ad ation have
earlier been descnibed by Anmho & Wersall
(1975) These changes dicate that stnal
damage causes a blochage of the endolymph
crrculation, resulting i an alieration m the
position of the membrane However, blockage
of the transpont acuvity m the Reissner's
membrane itself might also inpfinence 1s post
uon provided passage of fluid and elecirolytes
by pinocytolic activity ys Yaking place m the
normal membrane Atoxyl treatment thus
results 1n damage to Resssner's membrane
which successively degenerates and loses ns
normal flmd transport function

ZUSAMMENFASSUNG
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EFFECT OF PHLORIZIN ON GLUCOSE TRANSPORT IN THE INNER EAR

T Takeda K Makmmoto, K Murata § Suehwroand H Iwar

From the Department of Otolarsngofogy Faculty of Medicine Ayoto Unnersinn Avoto Japan

(Receved Apnil 17 1975)

Abstract *C-glucose was used as 2 traces 10 study the
effect of phlonzin on glucose transport into penly mph and
endolymph The transport was found to be lowered m
phlonzn-inyected ammals compared with that in rormal
contrels  This inhtbitory effect comresponding to 2
phlonzin-sensitive part of glucose transport was greater in
the penlymphauc system than mm the endolymphanc
system Pathways which are not affected by phlonzin are
constdered 10 ewist in both compartments of penlymph
and endolymph

Glucose 1s 1 for the of
audstory function tn sensory cells of the coch
lea Glycolysts mn the har cells 15 considered
to provide biochemical energy for the genera
“on of cochlear microphonics Another func
. of glucose in tnner ear flurds 1s concenved
A 2 role 1n the regulation of osmotic pressure
It 1s generally held that electrolytes protein
and glifcose are mamn chemical components
nhich contrbute 10 the OsmoNC pressurs a0
biological flnd However as only a few
studies have been published on the glucose
transport mto nner ear fluds (homakr 1972
Makimoto & Siuversten 1974) further m
vestegation is warranted
According to Damselli (1954) glucose per
meability through the cell membrane can be
classified 1nto following three types passive
dffusion  faciluated diffusion  and acuve
transport Glucose transport is gsually acinve
1 tubular cells of the hidney though glucose
15 transported by faciltated diffusion an the
red cell membrane (Wilbrandt & Rosenberg
1951) This difference indicates that the

A1 0 dunn I8

mechamsm of glucose transport differs ac
cording to the organ in question

It 1s known that phlonzin a glucoside
with the chemical structure as shown m
Fig 1, exerts specific nhibition on the active
transport of glucose m mtestnal wall and
wbular cells of the kidney It 15 considered
that phlorizin inhubits active transport of glu
cose through the cell membrane because of
s high affimty to the cammer {Lotspeich &
Woronkow, 1962) and that this affinity 15 100
to 10000 times greater than that of glucose
(Chan & Lotsperch, 1962)

In the present study an attempt was made
to clanfy the charactenstics of glucose trans
port mn the imner ear by mvestigating the
effect of phlonzm on transport of “C glucose
mnto nger ear flnds of gunea pig

MATERIALS AND METHODS

Forty three normal guinea pigs and seventeen
phionzin jected gumea pigs weighing about
300 g were anesthetized with Nembutal 335
mg/100 g) given intraperitoneally

TN N TR
PO\O'—‘:/ I I ‘ ]
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Fig 1 Chemcal structure of phlonzin
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RADIGACTIITY OF TH LrDSE

(] £ % B T en

Fig 2 Curve of radivactivity 1n pesilymph endolymph
cerebrospinal flusd and blood s contrdl guinea pigs
P penlymph, £ endolymph L cerebrospmal flud
# blogd

Sariples of penlymph, endolymph, cere-
brospinal fnd, and blood were collected i
the time course after a venous infusion Of
MC-plucose solution Penlymph was collected
by the following procedure the tip of a glass
microcapillary mounted on a Micromant-
pulator was introduced through the sound
window membrane mto the scala tympam
with the aid of an operatmg nucroscope To
obtain endolymph, basifar membrane was
exposed by removing the round window edge
Endolymph was collected by directing the
microcapillary tip o the basilar membrane
Cerebrospmal flud was collected from the
cisterna magna Al samples contammated
with blood were discarded

MC-glucase with specific acrvity of § 0 mOy/
mmole was dissolved in disulled water to
make a “C-glucose solution (0 01 mCifml)
At a dose of 03 mif300 g, this ""C glucose
solution was infused tnto the femoral ven In
the phlonzin expenment, the phlonzm solu
tion (1 mg/ml) was given 10 mun before the
mfusion of “C-glucose, mtrapentoneally at a
dose of 1 m1/300 g

In each ammal. periymph and endolymph
were taken respecinvely from both ears at two
different pomts i the ume cgurse, lkewise
cerebrospinal flurd and blood were collected
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respectively at three to four different pouts
Each sample which was obtamed m this
way, provided one sample for radioactivity
counting

Blood samples (0 ¢1 mi} which were col-
lected by a venesection in the cervical region,
were diluted 1 1000 with distdled water.
For deproteinzation 001 ml of 10% meta-
phosphone acid was added, then supernatant
was obtained by centrifugation  The werghts
of the samples of mner ear fluids and the
cerebrospinal flind were measured using
a aucrobalance, and the samples were then
dred and fixed at a2 room temperature of
24°C

The rad ty of HC-gl n 1pi
was measured using 4 gas flow counter
gas (He-gas) was employed as the flow gas
A sculer connected with 2m flow counter
(Shimazu Setsakusho Ltd D-35, B-301) was
used for deterrummng the racwactivity The
background noise was first counted for 10
aun, then the samples were counted for e
next 10 mm Counts per finute (cpm) were
calculated as follows

10 mun sample count
~ 10 min background noise count
10

cpm=

RESULTS
Normal guinea pigs

The radioactivities of penlymph, endolymph,
cerebrospinal fliid and blood are shown m

womma
e
§ [§
g A
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&

;
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°
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Fig 3 Curve of radioactivity in penlymeh endolymph
and cerebrospinal Aurd 1n phlonzin-nected guinea s
P penlymph E endolymph L cerebrospmal flud
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Fig 6 Curve of phionzinandependen glicose transpors
n penlymph compared with that of ph!
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although glucose s transported tnta endolymph
at a higher rate the transported glucose re
mains m the endolymph for a longer time
The cunve of MC glucose 1 penilymph was
fugher than that obtamed in endolymph and
the difference between two curves m peah
value was 6!l cpm which 1s sigmficant
(p<0 05 ¢—2 815) These facts pomt to the
existence of a strong barner to the glucose
transport between the penlymphatic and the

plucose transport P phlonzin idependent and Py
phlonz n-dependent glucese transport n penlymph

COMMENTS

The present results revealed that in normal
guimea pigs glucose 1s transported 1nto pert
lymph and cerebrospinal fluid at a higher rate
than 1t 1s into cndolymph The curve of
“C glucose mises stmultaneously i penlymph
and in cerebrospinal flud and these two
curves appear 10 be symilar in therr pattern
of time course However differences were
observed between these two radioactivty
curves e g the nsing citrve to peah is sharper
and the peak value lgher in penlymph If
the entry of glucose into penlymph were to
depend only on cerebrospinal flurd the peak
of radiowcuvrty m peniymph nught be ex
pected to follow the peak mn cerebrospmal
flerd This evidence of a higher radioactivity
n perifymph suggests differem charactenstics
of glucose transport for pentymph

Gral & Poretu (19°0) reported that the
adinactivity of #Ny appeared almost simul
taneously r perilymph and in cerebrospinal
flud after subcutancous ingection of radio
dautne sodum solutwen The relatonstup of
the curve between the penlymph 1nd cere
brospins) fluid w 1s found to be in good coin
udence wuh the findings m the aforemen
voned

Shertly after the antrivenous nfuston of

€ glucose the radivactiniy m endolymph
ficteased and reached 1 peak then decreased
relatvely <lowly  This may andicate tha

dolymphatic system

Phlonzin 1s known as a competitive in
hibitor of the active transport of glucose
through the cell membrane (Alvarada & Crane
1962} The cune of "C glucose radioactivity in
perlymph and that in endolymph shifted
down by administration of phlonizin as shown
1n Figs 3-5 One can assume from these
findings that the glucose transport 1110 pen
lymph and endolymph 1s inhibited by phlon
zin Since a greater fall of ¥*C glucose radio
activity was exhbited 1n penlymph than i
endolymph 1t appears that the mhibitory
effect of phlonizin on glucose transport 1s
greater mn the penlymphauc system than it
15 11 the endolymphatic system

Glucose transport 1s constdered 1o consst
of two courses 1 the brush border of the renal
tubule The one 1s mhibited by phlanzin and
the other 1s sensittve to the aerobic metab-
olism (Wilson 1964} In the mntestinal wall
10 of the glucose 1s transported by oxida

o mg

RADICAT ¥ YOF €& UCASE

C3 X mn
£ie 7 Curve of phlonz n independent glucose transport
1 enddymph ¢ mpaed wih that of phl nzp
dependent glucose transport £ phlonain ndependent
and E, phlonzindependent glucose transport in
endolymph
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tive phosphorylation, and the remaining 9097
by other processes (Landau & Wilson 1959)
When phlorizin 1s given to guinea pigs at
the same dose as in the present study (1 ml/
300 g with | mg/m! of phlonzin solution) the
concentration of phlonzin i blood 1s cal
culated to be approximately 2x10~% M/l
This concentration of phlonzin is sufficient
for complete nhibition of glucose transport
through membrane (Alvarada & Crape 1962,
Schultz & Zalusky, 1964) Thus it 1s concerv
able that the glucose transport which was not
affected by phlonzm 1 this experiment 1s
achieved through phlonzin independent path-
ways
The curve of phlonzin independent glucose
transport 1n perllymph was compared with
that of phlonzin dependent glucose transport
m Fig 6 The phlonzin dependent curve (Py)
was drawn by plotting the values which were
denived by subtracting the values of radio
activity 1 perilymph of phlonzin injected
guinea pigs from those of control anmmals
(P—~P'=P,) Here P and P' represent the
radioactivity for control and phlonizin ijected
guinea pigs respectively
The curve of phlonzin independent glucose
sport 1n endolymph was compared with
t of phlorizin dependent glucose transport
. % Fig 7 The phlonzin dependent curve (Ep)
was obtained 1n the same way as In the case
of penlymph (E-E =E,) Here E and E
represent the radroactivity for normal and
phlonizin ingected guinea pigs respectively
From the present study 1t 1s clear that
glucose transport 1nto perilymph and endo-
tymph depends partly on the pathway which
1s nhihted by phlonzin  Consequently
it 1s also concluded that there may be
pathways other than the phionzm dependent
one, both in the penlymphatic and in the
endolymphatic system
Chemuical 1dentifications of the *C glucose
m vanous flurds of guinea pig were not per
formed m this study According to our pre
vious expenment (Komaki 1972) employing
the scanmng of radwoactvity for paper chro

Acta Otolaryngol 81

matogram, the peak of radioactivity on paper
chromatogram was proved to correspond to
the R, of D glucose (0 18) n each sample

ZUSAMMENFASSUNG

Muttels "*C Glukose als Tracersubstanz wird die Wirkung
von Phionzm auf den Glukosetransport n das endo-
und penlymphatesche System untersucht Der Transport
ber Tieren denen Phlonzin tnuztert wurde st em
deutig niednger als ber emer Kontrollgruppe Diese in
hibrtonsche Wirkung die eimem phlonzinsensitiven Teil
des Gluk p 15t tm ]
tischen System groBer als un endolymphatischen Im
Bereich des pen  und endolymphatischen Systems
schetnen Nebenwege zu bestehen die micht von Phlon
2 beenflufit werden
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Abstract The developmental bas s of the association of
congenital deafpess with hypothyroidism observed
several human syndromes was €arhier invest gated by
expenments on mice The offspnng of females with
<hem cally wnduged hypothyroid sm were found to have
malformat ons of the ofgan of Corti showsng that thy

(0% ne played a role n the d fferentiat on of t s organ

The present study was undertaken o demtify the s 1e of
act on of the hormane a the develop ng organ [t appears
1o be the ¢p thel um of the 1nner spiral sulcus

The assoctation of congemtal loss of heanng
with dysfunction of the thyroid gland has been
observed n both hereditary and non heredi
tary syndromes {Trotter 1960) The heredi
tary syndromes have been more fully mvest:
gated afthough owing to the high degree of
vanability of chinjcal features and the ob
vious difficulty of ascertaiming whether any
two similar disorders In man are ndeed
caused by genes at the same Yocus 1l 1s not
clear how many distinct genelic entities are
wvolved (Fraser 1965 McKusick 1971)
Those hereditary cases 1n which the thyroid
dysfunction takes the form of a goitre are
classified as Pendreds syndrome  after
Vaughan Pendred (1896) who first described
1t and are generally treated as a single genetic
entity

As to the non hereditary syndromes the
association of deaf mutism with endemc cre
fimism and goitre 1s well known What s not so
widely recogmzed 1s the fact that it congen
N e

ially deaf persons without a mantdest goitre
the maidence of thyroid malfunction s ap
preciably tugher than 1n the general popula
tion Baschien etal (1963) tested 42 congenital
deaf mutes without goitre for the abihty of
potassitm  perchlorate to discharge radio
1odine and found that m 21 of them the dis
charge occurred showing that there was z
block n the orgamc birding of 1odine n the
thyroid Simmlar findings have been reported
for students of Clarke School for the Deaf ar
Northampton Mass USA (Brown 1969) It
was also found that there were more persons
with the level of protein bound jodine below
4 ug/100 ml among the relatves of these sty
dents than expected ndicating that some of
the apparently non hereditary syndromes
are probably hereditary

In order to elucidate the relationship be
tueen hypothyrordism and deafness female
mice were given the thyroid inhibator 6-n pro-
oyl 2 thioaracil (PTU} m the dnnking water
and the inner ears of their offspring examned
{Deol 1973} The controls consisted of the
offspring of untreated females as well as of
those that had been given sodium L thyroxine
10 addition to PTU It was found that treat
ment with PTU f begun before the 1S5th day
of pregnancy (gestation penod about 21 days)
produced strihing and consistent abnormah
ues yn the organ of Cortt The organ w ?
¥

Acr
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Fig } Normal 3 days
basal half tum x255

Fig 2 Normat tdays
basal half wm %255

Fig 3 Normal 14days
basal half turn x255

Fig 4 Normal 29 days
basal haif turn x25$

Fie 5 Normal 29 days
apical half surn x5S
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Thyrovne in the differentiation of the organ of Cortt

wal wn the offspring of untreated females and
of those that had been given thyroxine 1n ad
dimon to PTU at any tme up to 9 days after
tirth  These abnormalities were mdependent
of the effects of PTU on general growth, for
the addiion of the hormone ehmtnated the
abnormalies without improving the overall
wowth dunng the cntical penod The present
nvestigation was concerned with the develop-
went of these abnormahues of the organ of
Corti, the aim being to 1dentify the site of ac-
yon of the hormone

MATERIALS AND METHODS

This report 1s based on examunation of the
Inner ear in 32 mice with abnormahties of the
organ of Corft produced by treating the mother
with PTU and 20 mice with normal organ of
Corti born to untreated mothers, all from the
inbred stram CS7BLIGr They ranged m ape
from newborn to 60 days old The majomty
10 both graups fell 1 the range of newborn to
15 days 01 at 3 day ntervals, this bemg the
crucial period from the present point of view
The wnterval of 3 days between successive
age groups was not t0o Jong because the fine
differentiation of the organ of Corn begms
in the basal part of the cochlear duct and pro-

ond e

The anumals were fixed i Witmaack®s flurd,
decaleified \n 177 minc acid, and the audy
tory pan of the head was embedded 1 cellog
din and paraffin (for details see Deol, 1970)
Senal sections were cut at 10 g and staned
with haematoxyhn and orange G

OBSERVATIONS

The cochlear duct m the mouse makes a htle
over one and a half turns and for convenjence
€an be divided into basal middle and apscal
halt terns In what follows attention wil) be
focysed mainly on the tectonial membrane
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and the inner spiral sulcus, §or w s here that
the effects of PTU-treatment are most gvi-
dent

Normal nuce
In newborn normal muce ail major elements
of the organ of Cort could ‘be 1denufied, 2
though they were tar from reseming ther
mature fortn The epithelium of the mner sul-
cus consisted of columnar cells, and was in
confact with the tectorial membrane m al
places The membrane was thin and farly
uniform throughout At 3 days the differen
tiation of the hair cells and the supporung
elements was only shghtly more advanced,
and there was no mMportant change n the sul
cus epitheliym, but the tectonal membrane
had grown much thicker (Fig 1) At 6 days
the haw cells were considerably more ad
vanced, and the tunnel had made 1ts appear-
ance [n the basal half turn the cells of the sul
cus epithehum had begun to lose their col
umnar shape tn the inner corner to become
flatter, apd the tectortal membrane had
thinned down appreciably (Fig 2) Asaresult
a space had appeared between the epithehum
and the membrane, the beginming of the sulcus
ttself In the rmddle half turn the space was
much smaller and the membrane was sull
thick, while i the apical half turn the space
had yet to appear At 9 days the harr celis and
the supporting elements had advanced sull
further, and the tunnel was well-developed
‘The sutcus epithehum had become Tiat except
1n the victty of the mner haw cells The
development of the sulcus was nearly com
plete, but the tectonal membrane was sull a
Title thicker than m the adult

At 12 days the organ of Corti had reached
the adult form in all essential respects, and
this was even clearer m 14 and 15 days old
animals (Fig 3] Functional matunty obvious
ly goes i step with fustofogical matunty, for
normal mice begin to hear at shout 13 days
Further changes (n the organ were confined
to the organization of the supporting ce -

Actao
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Fig 6 PTU treated 3 days
basal half turn x 255

Fig 7 PTU treated 6days
basal half turn X255

PR ) MWu W] Fig 8 PTU treated 9 day
T Lt . o al ¥s
~ Ll A basal balf turn x255

Fig 9 PTU treated 14 days
basal half turn X255

Fig 10 PTU treated 25 days
basal half turn X255

Acia Otolarsngol 81
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the outer part The adult organ in the basal
and apical half turns 1s shown in Figs 4 and
5 respectively

PTU ireated nuce

Up to the age of 3 days the organ of Cortt
1 PTY treated mice appeared to be simtlar to
that 1n the normal (Fig 6) Differences were
first observed at 6 days and were virtually
confined to the region of the waner sulecus The
epithelwm of the sulcus was stll columnar
and i contact with the tectortal membrane
throughout There was no thinning of the
membrane in any part In the basal half turn
the membrane was distorted n shape as well
as in the arrangement of 1ts fibnls (Fig 7)

433

Fig 11 PTU treated 55days
basal half ten X755

Fig 12 PTU treated 35 days
aprcat balf turn X255

Fig I3 PTU treated 5Sdays
ap cal half wrn X255

The distortion was not observed in the middle
and apical half turns and since these regions
represent earlier stages of development
e Ashoron ud providhy nede v wppeE

ance not much before 6 days At 9 days the
whole organ of Cort: was different from that
n normal animals (Fig 8) So far as the hair
cells and the supporting elements were con

cerned this difference amounted to little more
than arrested development but the tectonal
membrane was unequivocally malformed In
the basal half turn the distortion of tts fi

bnllar arrangement had become much more
marked and it had acquired a sharp hump
(Fig 8) These abnormalities were less stniking
in the middle half turn and barely detectable

oy
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1n the apical one The epithelium of the sulcus
was columnar throughout and m contact with
the tectorral membrane At 12 days the hair
cells and the supporting elements stll ap
peared to be arrested at the 6-day stage, there
being no tunnel yet, while the abnormalities
of the tectonlal membrane had become even
more pronounced In the basal half turn its
outer end had become withdrawn from the
hair cells and was now resting on the epithel-
wm of the suleus, forming a kind of “foot’
The body of the membrane had become more
severely humped and 1ts internal structure
further disorganized These abnormalities
were mlder i the auddle half tarn, and only
shight 1n the apical one There was no sign
as yet of the flattening of the sulcus epithel-
m, and naturally none of the sulcus space
either In 14 and 15 days old ammals the hair
cells and the supporting elements had made
some progress, and although greatly retarded
they were otherwise farrly normal (Fig 9)
The outer end of the tectonal membrane had
withdrawn stil further from the hair cells,
as tf 1ts ‘foot’ was slowly moving along the
sulcus epithelum towards the vestibular hip
The epithehum itself had begun to grow flat in
the wnner corner 1n the basal half turn giving
se to a2 small space under the membrane
nher differentiatton of the organ of Corts
!‘ ¢haracterized by a very slow maturation
the hair cells and the supporting elements
which eventually reached a fairly normal adult
form 1n most parts of the cochlear duct (Figs
10-13) The epithelum of the sulcus aiso
gradually became flat But the malformations
of the tectorial membrane grew in seventy,
the *foot’ eventually making contact with the
vestibular lip in the basal half turn and most
of the middle one, and the fibrillar arrange
ment becomng extremely disorganized, lead
tng to the formation of spaces within the mem-
brane (Fig 11} In the apical half turn, how
ever, It retamed its tmmature thick form,
with only a moderate degree of distortion,
although 1t was nowhere 1n contact with the
hair celts (Figs 12, 13)
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DISCUSSION

The abnormaliies of the hair cells and the
supporting elements observed in PTU-treated
muce are comparatively minor They can be
viewed as a reflection of the general slowing
down of the differentiation of the organ of
Corti, for these cells eventually attamned, or
did so very nearly, the normal form i1n most of
the cochlear duct The abnormalittes of the
tectorial membrane, on the other hand are
quite different 1n character Even at & days,
when they were first observed, they could
not be treated purely as an aspect of the slow
wng doun of the differentiation of the organ
of Cort, for the fibnllar arrangement of the
membrane showed distinct signs of distor
tion  From then onwards at all stages the
membrane tn PTU-treated mice showed clear
differences from the earlier stages in the nor
mal, and 1t never even approached the normal
form n the adult The tectonal membrane
would then appear to be the element spec
fically affected by the treatment

The tectorial membrane 15 a non cellular
structure formed by the eptthellum of the
mner sprral sulcus, except 1 the region that1s
attached to the limbus, where 1t 1s formed by
the epithelhum of that part, which 1s contin
uous with that of the sulcus (Weibel 1957)
As the membrane 1s composed largely of pro
temn {lurato 1967) its consutuents are pre
sumably actually secreted by the epithehum,
because the machinery for protemn synthesis
occurs in the cytoplasm The treatment with
PTU may then be seen as affecting the ept
thelium of the mnner sulcus the source of the
membrane

It appears that it may not be the formatton
of the membrane that 1s at fault since there
is no difference between normal and treated
ammmals at 3 days, but its maturation the pro-
cess of its thinmng down to adult dimensions
without the disruption of 1ts connection with
the hair cells This process 1n normni mice
1s accompamied by radical changes in the
cytology of the sulcus epithehum In other
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words the membrane and the epithelum

hel
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von Weibchen mit chemusch induzierter Hyposchild
fand man im Cortischen

mature )| ly as the 1 cells
Tose their columnar shape and withdraw from
the b the latter b thinner In

Organ die zetgten daB Tyroun emne Relle in der Dif
ferennerung dieses Organes spneh Dic gegenwartige

view of the non-cellular nature of the mem
brane, and the facts that 1t 1s produced by the
epithelium and the maturation of the two s
synchronous, one may reasonably assume
that the maturation of the membrane 1s also
a function of the epithehlum
The failure of the tectonal membrane to
mature normally in PTU treated mice may,
therefore be seen as an abnormalty of the
sulcus epithelmm It 15 well established that
thyroxine can play a role tn the control of
protein synthesis (Tata, 1971} and it 1s
posslblc that the epnthehum fails to form the
or ry for the
maturation of the membrane n the absence
of the hormone The specific site of action of
thyroxine 1n the developing tnner ear would
then be the epithehum of the inner sulcus
and the cntcal stage would be the period
duning which the maturation of the tectonal
membrane takes place This 1s supported by
the observations that the abnormahities of the
membrane are elimimated if thyroxine 1s added
to the dnnking water containmg PTU at 6
days their seventy 1s greatly mitigated if it 1s
added at 9 days but they are unaffected if it
1s added at 12 days (Deol 1973)

ZUSAMMENFASSUNG
Die de

wurde m den
es kelnd Or an zu
Er scheint das Epithel des Sulcus spiralis internus zu
sein
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Apstract Many instances of total deafness are due 10
destmcuon of the organ of Corti contrasting wath
the partial or complete preservation of the function
of the cochfear nerve In such cases 1t 1s possible 10
restore some heanag by stimulating electrically the fibres
of the cochlear nerve with the help of implanted elec

trodes By means of severyl fenestrations R 1 possible
1o construct electncally nsulated compartments i the
scala tympans of the cochlea and to implant eight elec

trodes This procedure allows discnmunation of sound
frequencres because the electrcal sumulation of each
electrode gives a sound sensatron which depends on the
electrode sumulated This enabled us to elaborate 2 map
of frequencies of the hyman cochlea and to make some
Phy-isiopcal observanions and achieve climeal resulfs m
gyen cases of total briateral deafness

k"’ng technique proposed as early as 1957
y Djourno & Eynes for the saccular nerve
then tned by Simmons (1966) for the cochlear
nerve was recently remtroduced with the use
of a single electrode and developed simul
taneously by Merzenich et at w San Fran
cisco (1973) and by House & Urban (1973)
m Los Angeles

However appreciable the auditive gam thus
offered to these pattents may be 1t never
theless remams restricted by the poverty of
frequency informauon In order to improve
these results the tmplantanon of several
electrodes was deemed to be mdispensable
by all participants 1 the Symposium held on
this subject 1 San Franaisco m June 1973

Since then we have tachled this problem
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personally This enabled us to gather some
physiclogical observanons and results that
appeared to be worth reporting as they may
be helpful 1in understanding the difficulues
and requrements when rehabilitating by 1m
plantation of muliple electrodes

The justification for this work must be
stated first Ammal expeniments would not
have brought us much information concermng
the mtelligibtlity of recerved messages On
the other hand 1n such psychologicaily fragile
patients as the totally deaf no nisk of fajlure
could be assumed The first trials had there
fore to be conducted in patients with unth
teral deafness 1t was however 1mposstble to
pesformn vich wals wih a pately eaperme Ml
purpose 1n pauents with isolated deafness On
the other hand when this deafness was
associated with facial paralysis 1mplantation
could be proposed and performed at the
same time as the operation aimng at (orrect
ing this paralysts  The results obtamcd under
these conditions 1 3 patients (Chouird &
MacLeod 1973) subsequently enabled us to
operate on our first patients with totsl and
bilateral deafness

PHYSIOLOGICAL CONSIDERATIONS

Since the work by von Bekésy (1960) the
sound waves that may be reduced to 4



Rehabilitation of deafness by muldtiple intracochlear electrode mplantation

complex set of sinusoidal waves whose fre
quencies and Intensities vary with time are
known to be transmutted to the fluids 1n the
scala vestibult and scala tympam as hydraulic
longitudinal vibrations These are converted
1nto transverse vibratwns at the level of the
ductus cochleans and reach their peak inten
sity i an area whose topography depends
directly on the frequency high pitches are
located at the base of the cochlea and low
pitches at 1ts apex All along the camalis
spiralis modioli 40000 fibres of the cochlear
nerve are spread 1n the form of a fan reproduc
ing this frequency topography that ranges over
approximately ten octaves 1n humans Each
nerve fibre therefore has a frequency specifi
city that 1s peculiar to 1tself but this elective
specificity does not prevent 1t from beng
more or less sensitive to many other close
frequencies more readily to low than to high
frequencies

A sound sttmulus normally results m an
electrophysiological activity whose topography
within the nerve depends on 1ts freq
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this acceleration from proceeding beyond 100
spikes per second

Any further increase n intensity results in
brmging into play adjacent fibres theoretically
specific of sol hat different fi
The increase 1n the mtensity of a tone thus
results 0 a subjective alteration of its punty

The electnc stumulation of the cochlear
nerve can be performed with smusoidal
signals only the negative half of which 1s 1n
fact physiologically useful But 1t 1s more
economical to use square waves It 1s diffi
cult to stimulate directly and distinctly the
fibres within the nerve trunk mto which
they get gathered and condensed On the
contrary 1t 1s much simpler to make use of
their spreading along the lamina spiralis of the
cochlea by implanting the electrodes at the
level of the scalae This stumulation can be
erther total or partial 1n both cases
transmitted through the cochlear fluids

The total stimulation of the cochlea can be
erther direct or mdirect The indirect sumula

s

Y
Frequency information is wholly contaned in
this topographic distribution  that 1s i fact to
be found also in the diencephalon and cortex
However at low frequencies below 300 Hz
the spikes of the nerve fibres anse as bursts
whose rhythm reproduces the frequency of
the sumulus Above this frequency the
bursts merge the rhythm gets lost and 1s no
longer recogmzable subjectively Up to ca
1500 Hz n spite of this physiological non
TREVETIOR s Tiryinm codid e idenufied by
acomputer Beyond frequencies of 4000-5 000
Hz the distribution of the spikes becomes
wholly random (Rose et al  1967) When the
wntensity of the stimulus increases the number
of spihes also mcreases so that irrespective
of the frequency the number of spikes 1s
Pproportional to this intensity This increase
1 the number of spikes when the intensity of 2
Pure tone increases ts first achieved by an
accelcmnon of the small contingent of fibres

to this fi y But the
refmc(ory period of the nerve fibre prevents

tion 1s d by placing the electrode m
contact with the round wmdow m the
tympanic cavity This quite simple operation
must be performed under local anaesthesia
for the sound sensation perceived to be
dentifiable 1t 1s 1n this way that those
patients with total deafness who are likely
10 benefit by implantation can be 1dentified
The total sumulation of the cochlea can
be performed directly by chromcally implant
ng the electrode mio the scata tympam This
procedure was recently Tollowed by the two
American schools with erther a bipolar (Mer
zenich et al  1973) of a umpolar electrode
(House & Urban 1973) and we also followed

1t at the beginning of our work with a unipolar
electrode

SURGICAL AND
ELECTROPHYSIOLOGICAL
PROCEDURES
We used Teflon-coated microelectrode wire of

1092 wridum  90% platinum  bare diameter
0005 inch

Acta O olaryngol 81



438 P Pialoux et al

In our first patients, only one electrode,
then two and five were implanted 1n the
cochlea

The broad frequency sensitivity of the
nerve fibres for a given sound intensity,
contrasting with thesr selectivity m the vi-
cinity of the threshold, enables )

filters, into eight groups of frequencres at
octave intervals, from 125 to 8000 Hz The
siusordal signal received 1n each channel 15
converted into 1mpulses whose frequency
vartes with their intensity  According to their
position 1n the cochlea, the electrodes are

d with the corr d 1s of

of arestricted number of electrodes, provided
that they are distributed along conversation
frequencies We do not know yet what will
be the necessary and suffictent number, but
the results obtaimed with electronc re
construction of speech allow one to think
that 1t will be less than 12

For that reason we now in cases of total
Bufaterafl deafness tmplant 6 to 8 electrodes m
different sites 1n the inner ear

Each electrode was included n the cochlea
through a fenestration of the scala tympam
An electrically insulated compartment was
made 1n the scala for each electrode by means
of lttle pieces of silastic Each electrode
was fixed to the bone around the fenestra-
tion with methylmetacrylate

Two surgical approaches are necessary for
this implantation (a) the middle ear approach
with resection of the bone of the external
auditory meatus and conservation of the skin

d eardrum This provides good access to

.basal turn, second turn and apex (b) The
o dfis temporal supra petrosal approach allows
access to the highest internal portion of the
first turn of the cochlea, between the geni-
culate ganglion and the internal auditory
meatus This approach 1s mdispensable be-
cause the conversational frequencies e mn
this region

This operation was performed tn 7 cases of
total 1 deafness ve resp
were studied with each electrode receiving
square wave signals of vanable voltage and

frequency
In add to these mpl 1ons we per-

the apparatus through Teflon plugs, ensuning

the transmission between the nternal and ex

ternal media  For this multichannel device,

we have not yet tned the wireless per
of

RESULTS

Flectrophy siological findings

We performed total shmulation of the cochlea
It was most frequently an indirect simulation
via the transtympanic approach, but in two
cases 1t was a direct sumulation by the way
of a single electrode In these cases of total
stimulation, the fibres of the cochlear nerve
are concerned as a whole, for the electnc
impulse diffuses through the fluds to the
whole canalis spiralis modiol, regardless of
the location of the electrode The result 1s
a whtte noise 1n which high sounds are some
what predominant, probably because the
greater width of the scalae at the beginning
of the cochlea favours the diffusion of the
current n this area at the expense of the
narrowed areas al the apex of the cochlea
This white nosse 1s percetved irrespective
of the frequency of the electnc stimulus and
only the physiologically perceptible rhythms
present 1n this stmulus, 1e those whose
frequency is Jess than 300 Hz are percerved
Thus, when the frequency of the signal is
vaned below this figure a false impression of
tonal discrimnation can be felt analogous
for nstance to the noise of the explosions
of a motorcycle engine, first tdie, then ac-
celerating, until giving the mmpression of 3
sound when a frequency of 300 Hz

formed an indirect st 1n 45 sub

by placing an electrode tn contact with the
round window We constructed an apparatus
that divides the sound message by mean of

Acta Orolaryngol 81

1s reached But the analogy Is not compleie
In contrast to the sound shocks of an engine.
the electnc sumuli, when they further ac-
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Fig { Map of the topographucal reparution of frequencies
tn the human cochlea

celerate, merely mduce within all nerve fibres
an mcreased intensity of the white noise ob
taned by fusion

We made three observations in our pattents
with a single electrode implanted chronically
as well as n patients stimulated 1n the area
of the round window But the exploration
of these acoustic phenomena was possible
only because we had to deal with patients
with umlateral total deafness capable of
comparing the perceived sound by the healthy
ear These facts account very well for the
results reported both by House & Urban
{1973} and by Merzemch et al (1973) The
latter authors stress moreover the non dif
ferentrauon of frequencies above a hmut
around §00-700 Hz though we cannot explata
satisfactonly the difference from the 300 Hz
we obtaned

If the cochlea 1s divided nto several elec
trically insufated compartments it becomes
possible to perform a local mn
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of the electrode We could thus plot a fre
quency map of the cochlea which had never
been done untl now m man {Fig 1} It
corresponds fairly well to what could be
extrapolated from anmal investigations By
sumulating separately one of the electrodes
with a sumulus whose frequency 1s less than
300 Hz, the same phenomena are obtained
of frequency vanatton, acceleratton, then
fusion as with total stimulation, excepl that
the sounds resulting from the fuswon, mstead
of being a white noise, approximate n ths
case a pure tone corresponding to the fre
quency topography of the sumulating elec
trode In fact, at the frequency of t Hz,
the sound heard 1s comparable to either a gong
ot hand bell stroke according to the electrode
concerned More precisely, when an electrode
lying close to the apex cochleae 1s stmulated
begmmming with a frequency under 30 Hz,
the gradual acceleration of the stumulus gives
a sound whose pitch increases up to the fre
quency of 300 Hz n the vieomty of which
the fusion of each sound results suddenly
wm a new wmuch deeper sound, a rumbling
1n the case taken as an example

It 1s important to emphasize that conversa
tion frequencies lie on the hidden face of the
cochlea which can only be approached by
the suprapetrosal route

Another difficulty 1s worth pomung out
Duning this electne sumulation of the cochlear
fibres, there 1s a very narrow margin between
the hminal and discomfort thresholds In
voltage the latter 15 approximately twice as
tugh as the former The enormous dynamc
compression effected by the tympano-oss
cular system and above all by the cochlear
flds and Corti's organ s easily conceived
According (o our observations this particular
trouble 1s well eimmated if constant Jeve) ym
pulses whose frequency increases with st

valving only one compartment For a given
stmulys whose frequency exceeds 300 Hz
apphed 1n succession to each electrode the
sound percerved depends on the topography

mulus are used as stmub

CLINICAL RESULTS
However fragmentary they may be these
results are encouragimg A twofold aspect

Acta
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dagnostic and therapeutic, must be distin-
gurshed 1n them

{a) Diagnostic aspect

The ndirect total sttmulation of the cochlea
through the round window always gave us
positive results in 45 cases of total and
bilateral deafness, except for one patient
operated upon for auditory neurinoma, which
ts perfectly understandable It 1s worth point-
g out that this test showed that implantation

developed gradually, over 2 years, wqh no
precise cause; (tv) a 70-year-old female who
had been deaf for 8 years as a result of
bilateral chrome labynnthitis, () 2 46-year-
old female who had been deaf for 38 years
after childhood menmmtis: (v1) a 43-year-old
female who had been deaf for 5 years after
meningitis, (vu} a 26-year-old male who had
been deaf for 16 years as a result of bilateral
petrosal fracture.

As carly as the day after the electrode
p the discr of freq

was worth performng m 8 cases of
{menimngococcal, mumps, or of undetermined
origin), 6 cases of labyrinth destruction due
to petrosal fracture, 12 cases of congemtal
deafness, 5 cases of childhood deafness,
4 cases of bilateral labyrinthutts with choles-
teatoma of undeterrned ongm, 4 cases
of otosclerosis extended to the labynnth and
1 case of severe long-standing Meniere's
syndrome However small the number of tests
performed may be, the majonty of the cases
of total deafness may be thought to retam a
more or less partial cochlear function and
therefore to be worth implanting
Children’s pusillammity does not aliow us to
perform thys test under local anaesthesia We
ided the examination into two stages posi
ning of the electrode under general
3aiesmesxa Then, on the following day,
tmulation n the family environment, i an
alert, reassured child
We were able to record the evoked auditory
potentials caused by electric stimulation n
our implanted patients It 1s probable that the
application of this techmgue 1n very young
mfants would facilitate early detectton in
those amenable to implantation

(b) Therapeutic aspect

Dunng the last 6 months, we have implanted
7 patients with total deafness, namely (1)
a 56-year-old female who had been deaf for
2 years following meningitis, () a 42-year-old
male who had been deaf for 39 years with
no precise cause, (i) a 20 year-old male who
had been deaf for 10 years, deafness had
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and the understanding of a few words are
possible But these immediate performances
mmply lip reading, the more so when the
patient has been deaf for a longer ume
Nevertheless, these performances are always
supentor to those obtamed when a smngle
electrode 15 lated Melodic r
1s vanable from patient to patient, 1t may
reach almost 100% n some of them

After about one month, the wtelhgibility of
learned hst words remain poor One may
estimate that about 50% of ordinary words
are understood by the patient without hp-
reading It 1s mdeed a question of simple
and everyday words which help the deaf
person to understand the other words in the
sentence

In our 3 patents whose long standing deaf-
ness had resulted 12 voice changes the voice
improved dramaucally as early as the first
weeks

These results are fragmentary and thewr
study 1s stll mcomplete Many problems re-
man to be solved. notably as regids the

1zation of the per: transmis-

sion of the message many unknown elements
persist tn partrcular as to the tolerabiity of
implanted matenals after several years Butit
1s reasonable to hope that these difficultes
will be overcome tn the near future

ZUSAMMENFASSUNG

In wvielen Fallen ist die Ursache totaler Taubhe t eme
Destruktion des Cortrschen Organs wahrend dagegen die
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Funktion des Homerss partielt oder vollstandig erhalten
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Diourmo A & Eynes C 1957 Prothese auditve par

st In solchen Fallen ist es moghch durch
Sumulation der Fasern des Hornervs mit Hilfe von emn
openerten Elektroden wieder etn gewisses Horen zuruck
2uerhalten Mittels einer Rethe von Fensterungen wurden
elektnsch vonemander getrennte Abschnitte in der Scala
tympan; der Schnecke angelegt und dort acht Elektroden
emopenert Dieses Verfahren esmoglicht emne Disknim
nation von da die

que a distance du nerf sensonel
a la:de dun bobinage inclus 3 demeure Presse
Med 35 1417

House W F & Urban _Y 1973 Long term results of
electrode
the cochlea m man Arm Otal Riunol Larsngol 82
S04

er eme

hervorruft die jeweils von der sumulerten Elektrode
abhangt Auf diese Weise honnte eme Frequenzlage
karte der menschlichen Schnecke aufpenommen werden
und des weiteren eine Rethe von physsologischen Beob
achtungen und kliischen Resultaten an sieben Fallen mrt
totaler b lateraler Taubheit gewonnen werden
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PRESSURE DEPENDENT VARIATION IN VOLUME OF MUCOSAL
LINING OF THE MIDDLE EAR
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From the Department of Otolaryngology Malmo General Hospital Malmo
and the Department of Clinical Physiology Unnersity of Lund Lund Sweden

(Recetved July 5 1975}

Abstract A method 15 descnbed for studying pressure
dependent vanation in the volume of the mucosa of the
middle ear Studies were performed at different pressures
10 the muddle ear as well as at different ambient pressures
It was found that the pressure dependent volumetnc
changes of the mucosa were the same whether the pres
sure 1 the middle ear was changed directly by altening the
ntratympamc or indirectly by altenng the ambient pres
sure With the method described 1t 1s also possible to
determine the middle car volume wathout artefacts due to
the middle ear mucosa The volume pressure relationship
of the middle ear mucosa vanted from 0 6to 1 7 ulfem H,O
and hnearly with the volume of the middle ear Compan
sons between determunations of the muddle ear volume
!lh and wthout of the mucosal
howed differences especially 1n small mddle ears The
effect on the volume of the mucosa caused by vanation of
posture was also studied The phystological middle ear
pressure depends on the functional state of the Eustachian
tube the middle ear volume the tympante membrane and
the muddle ear mucosa Thus knowledge of the mucosa
Is for middle ear pres
sure as well as for determning the volume of the air filled
mddle ear space The method mght also prove a useful
tool n the elucrdation of the vascular bed both n health
and 1n disease as well as the reacuon of the mucosal
vessels to drugs

List of symbols

Pum  atmosphenc pressure (in the laboratory)
P, pressure in the middle ear

Py, chamber pressure

Ve volume of the asr filled middle ear
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change in volume of middle ear due to tympamc
membrane movements on Increase or decrease
of pressure appled called volume displacement
mthe text This displacement of the ear drum s
gtven relative to its neutral posttion outwards
(+) mwards (=)

volume of the mucous membrane lintng the
muddle ear

air flow through resistor of the expertmental
system 1€ system connected to patient on com
presston or decompression of the gases in the
muddle ear

air flow through resistor on compression or de
compression of gases within the recording
systems and within the external ear canal

air flow through reststor on compression of de
compression of gas 1n the middle ear due to vanz
tion of the volume of the middle ear mucosa
pressure gradient over the rubber disc 1n the ¢¥
ternal ear canal

comphance of the middre ear mucasa ¥ w5
before a symbol tndicates a change in a varrable
Pressure 1s expressed in cm H,O volume iyl
or ml and arr flow in pifsec

are relative to atmosphenc pressure n thela
boratory ¢onsidered constant dunng an
experiment)

Vin

Ve

Vo

Puand
Pa

The bony walls of the middle ear are rigid but
the tympanic membrane and the mucosal hn
g however are to a certan depre com
phant to pressure vanations (Abim and
AVpue, Fig 1) Hence the middle ear vanes 1
volume with the movements of the tympamc
membrane (AV,) and the volumetric changes
of the middle ear mucosa The vanation 1t 1he



Fig { \iddle ear model with its vanables For explana
uon of symbols see text

volume of the mddle ear mucosa (AVuye) 15
caused by vanation in the amount of blood 1n
the vessels of the mucosa, which in turn vanes
wth the mtratympantc pressure (Py) and vas-
<ular tone

1t was thought that nvestigation of the pres-
sure dependent variation of the volume of the
roucosa mught shed new light on the properties
of the vascular bed in health and in disease and
Its reaction to drugs as well as on the widely
assumed effect of the state of the mucosa on
tubal function Knowledge of the varation of
the volume of the mucosa with pressure 15
necessary for determinng the volume of the
muddle ear (V) both directly through a perfo
rated ear drum (Flisberg et al . 1963, R et al
1966) as well as mdirectly across an ntact ear
drum (Ingelstedt et al , 1967, Elner et al
1971)

Ingelstedt et al (1967), who studied the ef
fect of vanation of VENous pressure on the
volume of the middle ear mucosa, found a
Imear correlation between AViee and the
change in pressure withm the range of 0to +10
cm H,0, AV, was, on the average, 042
sllem H,0 They assumed that the vartation i
volume would be the same also when the van-
ation 1n Py, was brought about by a change 1n
the pressure acung directly on the mucosa
This assumption s tmportant in the determina-
uon of V,, However, vanation of Py, affects
all siructures i the middle ear, including all
blood and lymphatic vessels, while vanation
of the venous pressure affects mainly the verns
and probably the capillaries

The aim of this mvestigation was threefold,
viz
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(1) to develop a method for quantitative de
termination of AV, on exposure of the
mucosa to different pressures,

(2) to elucidate the effect of vanation of pos-
ture on AVpye,

(3) to devise a method for measuring the
volume of the nuddle ear without nter-
ference by AV e

MATERIAL
The clitical material consisted of 5 subjects (4
women, | man} with traumatic perforation of
the drum Inspection with an operaung
microscope showed that the middle ear was
completely dry and that the mucosa appeared
normal 1n all 5 subjects

METHOD AND EQUIPMENT

The experniments were performed in a pressure
chamber m which 1t was possible to change
any overpressure between 0 and 50 cm H,O to
a corresponding underpressure within 25 sec-
onds or vice versa

A polyethylene catheter running through a
rubber disc was inserted arrtight nto the tnner
bony part of the external ear canal The other
end of the catheter was anached 1o a flow-
meter {Fig 2) This system here called the
test system records flow of awr caused by the
flow of arr mto and out of the mddle ear, V5,
and by compression or decompresston of the
gas within the recording system and within the
external ear canal The latter flow, V,,,, can
be regarded as an artefact occurning on change
of the pressure 1n the system This artefact
Vs, s determined and elimnated by a
‘reference system 1€ a system with pro-
perties identical with those of the test-system
and connected to a sham external ear canal
witha volume of 0 3 ml From the signal of the
test-system 1¢ V.,+V,, the signal from
the reference system Vo 1s subtracted by
an electronic circuit providing a signal cor-
responding to ¥, The latter signal 1s -
tegrated to obtain a signal corresponding to
volumes entening or leaving the middle ear,
AVn The change in volume was recorded on

Acta Orolvgmgal 81
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PRESSURE CHAMBER

RECORDER

REFERENCE
VOLUME

Fry 2 Quthne of the used for the 14
The subyects were placed in & pressure chimber with a
ap fixed airtight around the external ear The pressure
the cap was the same as m the middle ear in order to
‘oid a pressure gradient across the rubber dise (Preun)
1a the figure ¢—d sre connected to atmosphenc pressure
which corresponds to the expenmental set up for deter
mination of 3% . according to procedure A When per

an X-Y recorder via a tape recorder as a func
tion of the change n pressure prevailing in the
chamber

In experiments when the chamber pressure
was changed while the pressure 1t the middie
ear was constant, the signals Ve and AV,
reflect changes mn mucosal volume te Vg,
and AV In expenments with changes
the middle ear pressure and constant chamber
pressure, AVq reflects any AVmee nclusive
volume compression or decompression of the
muddle ear gas

The use of two identical systems s of
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forming exp acconding to procedure C-E od
were connected to chamber pressure of to wn externi
pressure device  \ muddle ear model 15 seen ( mer richth
connected to the fest system and the reference volume fo
the reference system  Both systems consnt af a flow
meter (€ a resistor (pneumotachograph) ind 4 pressure
transducer (FMT 32 Siemens Elems) For more details
see text

fundamental mportance as different errors
caused by varying temperature and pressure
affecting transducers and connecting iines are
elimmated by subtraction of one signif from
the other

In order to avoud sliding of the ruhbes dinein
the external ear canal owing to a difterence
between the pressure in the ear and th it the
chamber caps were fived over the suhject’s
external ears This prevented pressure gri
dients across the rubber disc P Fig 2
For ¢ more detaled description of the record
ing system see Flner et uf (1971)
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Fig 3 (6) Recordmgs of Vmee
cording to procedure A (b)

AV e and Po 2¢
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mcreased owing to the relative underpressure
m the puddle ear AV, was contnuously
recorded during the pressure change as well as
for another 10 sec dunng constant chamber
pressure At the end of each experiment it was
checked that the volume signal of the muddle
ear mucosa had returned to the original value

The curve for the relation between volume and
pressure was ellipsoid indicating a delay be

tween the volumetric change 1n relation to the
chamber pressure (kigs 3 and 4) The wider
the pressure vaniation the longer the delay A
purely static condition was never reached
while the chamber pressure was constant (10
sec) A slow volume varmation was observed
even after 10 sec The vanations i volume
seem to be of two tunds one fast and quantta

f
volume/fpressure retationship (X Y recorder)

PROCEDURES AND RESULTS

A Deternunation of AV by changmg

the ambient pressture (P )

The mddle ear and the <aps were connacted
o the atmospheric pressure Lowening of the
chamber pressure (Pe) to say ~10ecm H O
caused a reltive overpressure in the middle
er and a decrease 1n volume of the middle ear
mucosa (Fig 3u b} When the chamber pres
sure was then changed from 10 1o +10 cm
HO the volume of the middle ear mucosa

P v
XY RECORDER 4

@ % 1

*20 +3a se0

Wor s
Pey emiy0
£ 4 Liops demcovrating the solumelpressure rels
ten hp ot different pressure changes acconding fu proce

Bure ¥ The endpo nts of each loop were used when de
term n ng the diagram presented 1 Fig <

woags

uvely d and one slow ( slow type )
Fig 5 shows static volume pre<sure dia
grams of the muddle ear mucosa m all the
patients The values were measured from the
end ponts of exch loop (Fig 4) When the
pressure changes were small (<10 cm H,0) the
covarintion of the volume was hnear When
the pressure changes were larger (>10 cm
H 0) the correlation between AV, and Py
was nonlinear The comphance ot the middle
ear mucosa Cpoe 1€ AV, /AP, was de~

BVepue #L
+50

Fiy S Digrum demonstr ting, the volume/pressuse rel s
nonship e nding 10 procedure A 4 hincar relation was
found with r » pressure range of < +10 um H O while a
more vary ng relalon was seen when the chamber pres
wure changes exceeded + 10 ¢cm H O

ACta OF turyncol K1
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Table I Complance of the muddle ear mucosq Cp,, determined according 1o procedure A
and calculated within a pressure range of <10 em HO

Vi 10 E without for &V, are to data wath such a correction The
compgnsons show that considerable errors may occur as concerns small middle ears 1f no correction for b e
1s made "
Ve according ¥ according
to procedure E to procedure E
Vm according (ml) (ml)
Conie 1o procedure (not corrected (corrected
Case (ulfem H,0) (ml) for AV mye) for AV nu}
1A 170 210 240 220
g 065 17 27 22
30 097 100 1o 100
4x 0356 [ 18 12
5e o6l 30 35 29

termtned within the pressure range of 10 cm
H,0 (Table I) The results showed a close
relationship between Cpye and Vi, (Fig 6)

B Deternunation of AV pye w tth change
mn posiure
The flow of gas in and out of the middle ear
caused by changes in volume of the middle ear
mucosa with posture was recorded The sub
Jects were seated n a  heart charr  whose
back could be tilted from almost vertical (85°)
down to a horizontal posttion (0°)

Fig 7 gives the individual AV, values on

j.hangc of posture n relation to Vi, The re

sults indicate that AV, 1s not directly pro-
portional to V,

C Passne opeming of Eustachian tube

n association with a fast and slow

ncrease in Illl(l'dlt' eqar pressure

The expenments were performed in order to
find out whether pressure-dependent changes
in the volume of the middie ear mucosa influ
ences the passive opening of the Eustachian
tubes The caps the muddle ear and the
reference system (Fig 2a b d)were exposed
to the atmospheric pressure The chamber
pressure was lowered and AV,  was re
corded The sudden opening of the Eustachtan
tube appeared clearly on the recording Thts
openmg of the tube was not caused by any
active manoeuvre by the subject but by a
relative overpressure in the middle ear high

AVmue 0 65°
Cmue e
FYem my0 25 o
20 4
& 20
18
1%
19 o case
1 a
a . 52
& A 3
o3 4 i:
s
o o
0 5 1" 15 20 o s 1w I8 28 2§

symbols as 0 Fig 5
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Ymot
Fi, 7 Results from expenments accord ag 1o procedure
B 1< the vanation of AV . caused by the change of
bady posture i relaton to the arflied mddle eaf
votumes
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Fig & Example of recordings of &Vau dunng slow and
fast pressure decreases m the pressure chamber startimg.
at atmosphen¢ pressure and contnumg untill the Eus-
tachian tube was forced open passively (procedure C)
Formore detals see text

enough to force the tube open. Tins pressuress
called “passive forcing pressure” Expen-
ments with a varying rate of change n the
chamber pressure were performed Fig 8
gives an example of the results from such ex-
peniments  Similar results were obtained
experiments on the other patients When the
middle ear pressure was mcreased slowly it
caused a larger reduction in the volume of the
mucosa, and the passive forcing pressure was
lower than when the pressure changes were
faster

D Deterntination of volume of middle
ear (Vi) without influence of AV
By connecting a. b and d (Fig 2) to the
chamber pressure, any change in chamber
pressure caused an immediate and equal pres
sure change 1n the caps and the middle ear
The caps served no purpose 1n these expen-
ments and the pressure 1n the middle ear was
equal to the ambient pressure (P,,) through-
out the experiment

An increase in chamber pressure caused an
aw-flow into the muddle ear owing solely to
compression of the gas (AVy) From the re-
cording of AV,, and AP, V, was calculated
according to Boyle's law

v <AV (Pan—47 mmHg)
o e T RS
APy

3%}
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n which P,y 15 the barometric pressure and
47 the pressure of water vapour at 37°C

The values recorded for Vi, (Table I) were
not mflzenced by errors due to vanaton mn
volume of the muddle ear mucosa or by slip-
ping of the rubber disc 1n the external ear
canal The linear relationship (closed loop) be-
tween AV, and AP, was expected as the
change 1n volume (AVy) was due solely to
compression of the gas (Fig 9

E Deternunation of Vg and AV e
By connecting a, b and d to an external pres-
sure device 1t was possible to alter the pres-
sure change 1o the middle ear, the caps and the
reference system (Fig 2) The ambient pres-
sure (chamber pressure) was constant during
the experiments (atmospheric pressure) The
pressure chamber served no purpose m these
expenments

Changes 1n pressure cause volumetric dis-
placements in the recording system partly be-
cause of compression or expansion of the med-
dle ear gas and partly because of vanation
the volume of the middle ear mucosa

‘When V, was calculated accordmg toeq 1,
1e ignoring the vanation mn volume of the
middle ear mucosa, the caleulated figures were
too high (Table I} When calculating V,, after
elimmation of the individual Vimye-factor, t e
according to eq @I, the values were not

ww tpores

XY RECOROER
T

T8 3 L 5 e
o eMHO

Fi® 9 Recording of AV, according to procedure I (see
ey

el
Acta v
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significantly different from the largely correct

values found by procedure D

_(AV—APLX Cruae) (P m—47 mmHg)
Apm

Vi

@

DISCUSSION

The present material was small partly because
of difficulties 1n finding suitable test subjects
1 e henlthy middie ears with a traumatic perfo
ration partly because of the techmcal dif
ficulties Ingelstedt et al (1967) showed that
the volume of the muddle ear mucosa mcreased
by on the average 042 plicm H,O of the
venous pressure In the present investigation
corresponding values 1e the comphance of
the mucosa were about 605 higher than those
found by Ingelstedt et al (1967} even when
the patient with an unusually large mddle ear
was excluded
Since the data found 1n the two investiga
tions showed no overlapping the difference
found appears to be a true one The main part
of the difference must apparently be due to the
differences 1 the methods used for altening
e pressure In the present investigation the
anges 1n pressure affected not only the veins
nd capillanes as in the investigation done by
Ingelstedt et al (1967) but also the lymph
vessels the Eustachwan tube and the round
and oval windows Velumetric changes of
slow type mught be responsible for part of
the differences seen and mught be due to dis
placement of intercellular fluid between the
rmucosa and the surrounding structures The
pressure applied were mamtained for a shorter
time n the earlier mnvestigation However
slow type changes in volume 1n the present
m were ble for only about
10¢% of the total volumetric change which 1s
anly a mmor fraction of the total d flerence

The tests with a slow and a rapid increase
i the pressure of the muddle enr (procedure C
Fig 8) showed that the slow pressure increase
was assocated with 1 large volume change of
the mucosa resulting n opeming of the wbe at
relatively low pressures These low forcing
pressures mamly reflect decongestion of the
mucosa but fatigue of the ussues operating the
closure of the Eustachan tube mught also be a
contributory factor

The tests with change 1n posture showed
somewhat larger volumetnic changes than
could be expected 1f the vamation was caused
by the increased venous pressure 1lone The
actual change of posture has been found to
cause a venous pressure increase nt the level
of the middle ear (bulbus vena jugulans) of
about 10 em H O (Jonson & Rundcrantz
1969) If the recorded volumetric mucosa
changes was caused only by 1 venous pressure
tncrease  the mmmum calculated pressure
(mean 14 2 range 12 1-21 5 cm H,0) capable
of causing these changes was higher than the
above mentioned venous pressure increase
However the pressure changes on the arteral
side must be substinually larger (20-30 ¢m
H 0) than those on the venous stde (10 cm
H,0) and this conditron must contribute to the
recorded volumetric changes on alteration of
posture A slow type of volumetric change was
seen even after 10 sec m the recumbent posi
tion The nature of this volumetric change 25
well as that seen taking place even after 2 10
sec period of static pressure after a change I
muddle ear pressure must awat future re
search

Determinations of the volume of the middle
ear as wn procedure D are probably the first
to have been made without any arteficts due
to vanation 1n volume of the mucosa (3% mue)
Table I clearly shows the risks of myor errors
when Vi 15 estimated without taking 4% mo
into consideranon espectally when the muddle
ear voll are small This 1s because Crue

(60¢7) What concerns 1C g
contnibuted from the round and oval window!
these must be nsigmificant (Ivarsson &

Pedersen 1975)
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15 high 1 relatson 1o ¥, tn such small middle
ears perhaps because the mucosa of the
middle ear 1s well vasculanzed compared with



 of the air cell system The factor AP X
1 constitutes a large part of AVp,, eq 2 If

1s estimated according to procedure E,
A Cpye 15 taken mto ahion as 1n eq
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Stelluagen auf das Volumen der Schleimhaut wurde
ebenfalls studiert Der physiologische Mitteldruck it ab-
hangtg von der Funktion der Eustachischen Tube des

it will give adequate information about the
1e Vy If1n a given case Crye 1 NOt known
should be estimated which was earlier done
Ingelstedt et al (1967) The best estimation
own 1s the equation Cruc=045+0061x
(Fig 7) though 1t was based on only the
esent 5 cases Taking Cpye 1Mo considera-
wn gives a claser esttmation even when Vg 1s
termunied tndirectly (Ingelstedt et al , 1967)

ZUSAMMENFASSUNG

schrelbung einer Methode zum Studmm der vom
uck sbhangigen Vemndemngen des Volumens der

Die wurden ber
terschiedlichen Dmckw:nen i Mittelohr und m der
issenwell durchgefuhn Die druckabhangigen Volu
enanderungen der Schleimhaut waren ber Druch
randerungen tm Mittelohr durch Druckanderung direkt
der Pauke oder indirekt in der Aussenwelt die gletchen
W der beschnebenen Methode kann auch das Pauken
lumen uber die Mittetohrschlermhaut ohne Artefakie
sttmmt werden Das Volumen Druck Verhaltms i der
ittefohrschleimhaut vanieste vor 0 6-1 7 glfem H,0 und
tear mut dem Volumen im Mittelohr Vergleiche
vischen Bestimmungen des Mittelohrvolumens mit und
me der durch die Schleimhaut her
orgerufenen Complianz ergaben besonders ber kletnen
auken deutliche Unterschiede Der Eimflusy wechelnder

des T und der Mittet
Deshalb st die der Schieim
wichug fir des Mintefohr

drucks und auch fir das Studum des Volumens der luft
gefillten Mittelohrraume  Die Methode hann auch zur
Klarung der Gefassfunktion bei physiologischen und
krankhaften Zustanden sowie der Reaktion der Schleim
hautgefisse auf Pharmaka bertragen
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DENTINE AS AN OSSICULAR SUBSTITUTE

Expertmental Results w1 Anumals

I A Stewart,* W Kuypers** and A G Gibb*

From the *Department of Otolaryngology Unuersity of Dundee Dundee Scotland
and the **Research Laboratory of the EN T Department
Unusersity of Nymegen Nymegen the Netherlands

(Recerved Apni 3 1975)

Abstract The fate of dentine grafts of autogenous ! allo-
geneic? and xenogeneic? ongin has been studied in rats
both in muscle and in the middle ear The ¢ ntine has been
wmplanted fresh awtoclaved Ciaht preserved and de
mmeralised Xenogeneic matenal tends to extrude from
the ear and not to form a functional urion w.ith the struc
tures it contacts Fresh or Ciaht preserved autogenous or
allogenerc matenal eventually stimulate new bone forma
tion and wsually become mcorporated into the host os
sicular charr however contnuing resorptive activity Is
present Autoclaved matenal does not result in new bone
matenal
very active new bone formation in the osstcular chain ITtis
concluded that non-demrmerahised dentine on account of
sorption 1s infenor to ossiculas grafts as a tympano
asuc matenal Demineralised dentine by virtue of 1ts
ne inductive potential may be of value m tympano
plasty

A

A previons tepart (Gabh £ Stewent 19724 4de
scnbed the bachground to our tentative intro
duction of denune as an ossicular substitute in
tympanoplasty In summary we found in den
tine a2 matenal which was freely avatlable de
void of potential medicolegal problems and
readily fashioned into convement prostheses
—n this latter aspect 1t promused to show a
real advantage over the alternatives of allo
geneic ossicles and cartslage We had hoped
that the brological ongin of denune would

1 Autogenous Denved from the same indrvidual

1 Allogenerc Denved from an individual of the same
s but of a genetrcally d fierent stram

ip‘e(ct:ogenexc Denved from an individual of a d flerent

speaies
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exempt 1t from the high extrusion nsk of syn
thetic materjals we were also hopeful that an
tigenicity. resorption and the induction of ex
cessive new bone would not give nse to prob
lems

An unequivocal case of resorption of den
tine 1n one of our early (and mtially success
ful) chinical cases caused us to undertake ant
mal expertments in order to obtain more basic
knowledge of the outcome of dentine m
plants

A sertes of detailed studies of incus grafts in
rats have been carned out by van den Broek &
Kuypers (1967) They observed that immuno-
logical rejection phenomena with fresh mcus
allografts (as evidenced histologically by infil
tration of the graft site by small lymphocytes)
and also resorptive phenomena were prom
ment with grafts in muscle but did not occur
1n the mddle ear For this reason 1t was de
cided to implant dentine snto both the middle
ear and muscle In the ear experimenis were
designed to study the reaction to dentine when
placed (1) aganst the tympanic membrane (m
view of our previous expenence of dentine
resorplion 1n this situation} (n) against ntact
bone of both auditory ossicles and the pro-
montory and (m) agamnst recently fractured
ossicular bone Observations were also made
on vanations (n preparation and pﬂ:scﬂﬂllo"
techniques



Pas tace da(® ccted}

Jncton o pars
Vaccda ang pars

2 I ta)Rat m ddle ear—dorsal approach (5) Malleus/
us grafi npos ton replac ng malleus head

At a later date stimulated by the expert
s of Unst and his colleagues (1967 and
71) we carried out a seres of short term ex
enments using demmnerahised dentme as a
v matenal
It may always be objected that experimental
mgs 1n rodents do not necessanly reflect
the situation 1n man While we accept this we
would point out that there 1s good correlation
between expenimental findings in rats and the
clinical sitvation (van den Broek & Kuypers
1967 Kerr & Smyth 1971}

MATERIALS AND METHODS

The recipients were young adult rats of the
Wistar siram weight approamately 200 grams
They were anaesthetised with barbiturate
The implants were from three sources

ta) Autogenous (denved from the same 1n
dividual) An upper incisor was fractured at its
Juncuon with the alveolar margin and re
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moved The tooth was then broken up and
fragments 0 5-1 mmn dameter selected Fol
lowng exammmation with the microscope any
ename! bearing fragments were rejected or
modified A dentl burr was used for removal
of pulp and fine shaping

(b} Allogeneic (derived from an individual of
the same species but of a genetically different
strasn) Obtamed in a manner stmular to (@)

(¢) Yenogeneiwc (denved from an mdividual
of a different species) Shaped from the
healthy roots of human teeth any cementum
or pulp substance being removed prior to tm
plantation

Preparation variations

Drlling was carried out under saline (to pre
vent overheatmg) 1n all implants except those
for autoclaving which were dnilled dry

Pre¢sennation raniations
(a) Fresh implants were stored in salme at
0°C and were used within 60 minutes of re
moval Certain senes of fresh grafts were
placed in penicillin solution for 20 miutes

(b) Cralit preseried unplants were kept in
Cialit 1 5000 agueous solution at 4°C for 47
days

{c) Autoclaved tmplants were autoclaved at
135°C for 35 minutes

(d) De lised I were ob d
by placing small fragments of allogeneic den
upe 1n 02 N hydrochlone acid at 4°C for 2
days

All grafts were washed 1n sabne prior to use

Operatne technique

The middle ear of the rat differs from that of
man m that apart from the malleus handle,
the entire ossicular chain lies within the attic
region (Fig 1a) The stapes footplate ts 1nac
cessible surgically n the rat due to the fact
that the stapedial artery 15 a major vessel
which fills the space between the stapes crura
The incus and malleus head are however
readily accessible via a dorsal route—the vars g
flacaida may be displaced: fateral'
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Tympame bulla (opened)

Tympanic membrane Malleus handie

Stapes

Promontory Tensor tympant

b,

\

Inset shape of grart

-Z f\)l (a) Rat middle ear—ventral approach (5) Y graft
1 position

Table U Expermental plan—number of implanss

permiting access to the atuc region An os-
sicular chain defect was created by removing
the malleus head, a small denuine frogment
was then used to bridge the gap between the
recently fractured malleus nech and the mcus
(Fig 1b) There was a tendency for imphnts
to contact the pars flaccida, as follow ng sur-
gical displacement this structure tended to
take up a more medial position and he loosely
around the graft

As stated sn the ntroduction 1t was con.
sidered desiwable that grafts be studied when
placed agawnst the pars teasa or malleus
handle The pars tensa 1s not accessible from
the dorsal approach in the rat 50 it was neces-
sary to operate via a ventral route by re.
tracting the great vessels and removing mus
cle attachments from the tympanic bulla This
could be opened by dnlling Tt was then pos-
sible to place a short *Y’-shaped implant be-
tween the malleus handle and the promontory
(Fig 2a, b) This manoeuvre was unfortuna
tely complicated i some cases by the fiet
that the malleus handle of the rat 15 heet
shaped. rendenng placement of grafts diffi
cult Inthese cases the problem was overcome
by placing a graft between the pars tensa and
promontory employing a two-stage procedure
At the first operation the malleus was removed
per meatus by avulsing 1t with forceps In all

Preservytion

Fresh+

Site and matenal Fresh Pemacithin

Autoclaved Ciaht Demtneratiyed

Auscle
Autogenous
Allegenerc
Aenogenerc

"
g
Ear Mallcusilacus
Autogenous

Allogeneic
Nenogener

15
3

T piece \enogenen
tstage
2 stage

»

Usual survival imes=3 days 3 weeks 3 months 6 months
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1year Yyears



# 3 Freshautograft muscle 6 weeks show ng ar¢a of
% th giant cell and matunng fbrous envelope
#ema oty n-eos n ong nat magn Fcat on x40

ases the tympanic membrane regenerated
fun three weeks A T shaped graft could
enbe placed as described above Only hu
an dentine was used n the manufacture of
grafts as rat dentine proved unsustable on
Unt of the small quantity available and its
ability to fragment
rafts were ymplanted 1n muscle by incising
Yer tibralis anterior and placing the graft di
€clly 1nto that musele
n;h; detailed experimental plan s depicted
ma I 1 The rats were kilfed ot sntervals up
Years The dentine bearing parts were dis
cd’ out fixed in neutral formatin decalcs
1 EDTA (10% at pH 7 4y mounted 1n
:Z{ﬁn senally sectioned and stamned Serral
1905 were cut of the whole of the dentine
Mm‘:\"‘; these sections being mounted in ro
i ned D three sets of shdes which were
by (a) haematoxylin-eosn by meit y1
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green pyronmne and () Hesdebhun s azin
The average specimen provided between one
and two hundred sections

RFSUL 16
Naon Demneralised Spetimeny

Implants o muscle

The imtial reaction w s that seen in iny recent
wound—red cells polymarphs snd Ghrn sur
rounded the smplsnt A round cefl resp mse
with Jymphocytes nd macropl e soon
supervened  §ihe blwtie differentsshon fol
lowed s that wathin 10 days the dentine v s
awrr mnded ¥y oan enschpe of yaung it rons
tsage fnc o fbe freekigr S vhich | oad
notheen treated v th peaiwitlin e polymorg b
response prrss ted tangee gresin Hy due to
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capsule matured and became quite thin with all
types of graft (Fig 3)

Grant cells were visible 1n relation to all
muscle grafts by 10 days Scanty at first they
[ater became more promment Although giant
cells were usually 1n evidence at any site of
major resorptive activity (Fig 3) resorption
was also observed in places where highly py
ronmophilic connective tissue cells were ap
plied to the surface of the graft Resorptive
actvity appcared to be maamal m relation to
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Fpg 4 Calt preserved xenogralt
?years Thckly encapsulated
tent ng pars flaccida Haema
toxyl n-¢cos n ong nal magnifica
tonx40

wregulanties 1n the dentine and at the se¢
tioned ends of dentine tubules This may €¥
plain increase of resorptive activity around the
autoclaved specimens {which tended to fissure
and fragment as a result of thrs preparation
techmque)

Resorption was progressive and tended (o
increase with the passage of ume By onc (0
two years a difference was apparent betwecnt
dentine of rat and human onigim—the rat den
tine grafts of all types were small and had un



dergone  considerable Tesorption—in  some
£ases 10 grafis were found at the longer sur
¥l times The human dentine, by way of

Contrast, retamed its gross mtegrity 1o a

Breater degree, microscopically. however, 1t
¥as apparent that resorption was continmng
113 problematical whether thus difference be
: ’c‘l:‘f‘he %0 types of graft may be attnbuted

ferences i deptime structure—ramdly
Bro%ing rat incisor dentine 15 softer than hu-

m;
30 dentine~—or o mmurological  differ-
ences
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-

Fig 5 Extrusion of graft through
pars flaceida at 2 years Haema
toxylm-¢osm onginal magnification
x40

Although lymphocytes were visible in rela-
1on to all types of graft, parucularly at the
short survival times, these never became
promnent and there were no differences bes
tween dentine of differing ongins

No bone formation was seen 1n connection
with any of the non-demnerahsed dentine yme
plants in muscle

Response of the ear

The early red celllpatymorph response was i
uninfected cases less well developed than 1

Acta Otolarengol 81
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Fiz 6 Autoclaved allograft in ear one year legularly
staiming dentine marked resorpuon Haematoxylin-eosin
ongmal magmficanon x40

i\sCIe The dentine was rapidly covered by a
fibro-epithehal envelope where 1t lay free
., middle ear cavity-—it 1s remarkable that
cells which later form this envelope were
seeft mugrating over the graft as early as 3
days following implantation
Where dentine contacted tympanic mem
brane or ossicular bone s fibrous covering
bound it to that structure
Resorptive activity was slow 1n the middle
ear—slower than with the muscle 1mplants
Giant cells were present to a varying degree
tut were detectable to some extent in most
cases Small erosions were seen at the earlier
survival times these becoming more marhed
after one Or two years Resorption was max-
ymal in those areas of dentine which contacted
other structures such as tympanic membrane
or bone (as opposed to where dentine lay free
1 the middle ear air space)
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Differences between the various types of
dentine declared themselves as ume pro
gressed Cialit-preserved xenogeneic matertat
became encapsulated by thick layers of mature
fibrous fissue (Fig 4) Where tt contacted 05
sicular bone or the promontory, this fibrous
capsule separated dentine from the bone Re
sorption was progressive and there was 2
strong ympression that all these grafts would
extrude In ume—in some ears extrusion was
apparent (Fig %) in others the dentine was
seen tenting the tympanic membrane, 10 cases
where there was no mechanical reason for this
to happen (Fig 4) The overall picture Was
comparable with that seen with certan arti
ficral implants—in one case where silastic
sheeting was used to close the defect in the
tympanic bulla, the host reaction to the Silasuc
was the same as that to human dentine

In one 10-day specimen of Cialit presenved



Fig 7 Decalafied allograft muscle 5 weeks Dentine re
placed by area of new bone Haematoxylincosin onginil
magn fication x40

human dentine, new bone was seen growing
out from the recently fractured malleus neck
10 jo1n the dentine No other case of new bone
formation in relation to xenogeneic dentine
was seen

The reaction to allogeneic dentne vaned
with the preservation technique The extreme
degree of fibrous encapsulation seen with
Xenogeneic dentine did not occur Autoclaved
material was progressively resorbed (Fig 6)
and had virtually disappeared 1n some of the
long survivals—there 15 no doubt about this
although the histologie 1l evidence of active re
SOfption was not dramatic 11 Most (nstances

Where autoclaved allogeneic dentine con
tacted bone 1t w1 comparable to xeno
geneic dentine, 1n that it tended to be sep-
arated from the bone by fibrous tissue

There was very httle difference between
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fresh autogenous and allogeneic dentme as far
as the reaction tn the muddle ear was con-
cerned Moderate resorptive activity was seen
in all cases Where these matenals contacted
bone the response differed considerably from
that to autoclaved allogeneic or to xenogeneic
matenial There was a defimite tendency for
new bone to form particularly where these
grafts contacted recently fractured bone—this
tendency increased with time In some in-
stances the new bone grew mto and replaced
the dentine In others it would encapsulate the
dentine 1In no case was the ossicular bone sep-
arated from the dentine by fibrous tissue

In a single case a portion of the root canal
had been inadvertently included in a fresh allo
graft, new bone was seen in the roo
despite the fact that it did n
hone
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Fig 8 Decolafied allograft  malleus incus 5 weeks
Only small fragment remarns of dentne the rest having
been replaced by bone and fibrocastlage which hinks

Denuneralised Dentine

" meralised alogeneic grafts have been
, m/' only upto 7 weehs

Tuscle grafts

Implants 1n muscle evohed a somewhat Jess
sigorous inflammatory response than did any
of the non-demmeralised grafts The dentine
tubules were rapidly mvaded by extensions
from host fibroblasts Demoliton of the grafts
appeared to be much more rapid than with
non-temineralised material  although glant
cells were less 1n evidence There was induc-
tron of small amounts of bone n three out of
five muscle imphints of demmeralised denting
studied to date (Fig 7) No new bone forma
1100 Was seen wn the control senies where non
demenerahised amplants from the same donors
a5 the demneralised implants were placed tn
the opposite leg of the host

Acta Orofarvagol A1

Y]
Wi
malleus 10 incus  Heidenhain s azan ongmal magnifica
ton x 16

Middle ear grafts
Demuneralised implants in the muddle ear
evoked a 1 1nfl y resp In
all eight grafts studied to date. new bone for-
mation was seen ta relation 1o the grafts The
new bone formation was much more vigorous
m general than was that seen with non-de-
minerahised grafts It occurred n refavon (@
the fractured malleus and the mtact mcus 1o
tho cases new bone was seen where denune
contacted the tympamic membrane In some
mstances there was prohiferation of fibre
cartilage more than bone. so that the grafts
tended to become embedded 1n this tssue. In
other cases the new bone grew into and re-
placed the denune (Fig 8) A further patern
was the growth of few bone around the oul-
side of the graft

In all cases where demmerahised denting




Table Il Summarising reaction to different
graft pes in ear

Absent + Slght + Present ++ Marked
Encapsula Extru
tol New bone sion

Xenogenerc b4 - +
Alogenete

Autoclaved + -

* + -

Demneral sed ++ -

Autogenous
Fresh + + -

was implanted functional union of the mal
lCI]S remnant to the mncus was seen

DISCUSSION

Progressive resorption of dentine occurred
with all grafts bemg greater with autoclaved
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mimimal The classical histological evidence
of an antigemic response namely lymphocytic
wfiltration round the grafts has not been ob
served to any significant extent erther in the
middle ear or in muscle with any type of graft
This contrasts with the situation with ossicular
mmplants in muscle (van den Broek & Kuypers
1967) It may be that dentine has low anti

gencity  possibly due to the fact that 1t 1s
acellular and that the protein of non de
mineralised dentine 1s relatively inaccessible
to host cells However second set rejection
of skun grafts has been demonstrated following
heterotopic mplantation of (a) whole tooth
allografts (Schulman 1964 Valente et al

1964) and (b) demmneralised dentine thus
(Bang 1972) dentine obviously has some antt

gemc properties  The lack of immune re

sponse to our grafts could be related to their
small s1ize and the fact that we were very care

ful to remove any pulp substance prior to 1m
1

specimens p y due to d of
the dentine resorption was less pronounced
with human specimens possibly due to the
fact that human dentine 1s structurally dif
ferent and tends to become encapsulated by
acellular fibrous tissue This finding of resorp
tion contrasts with the experience of Zini i his
chnical use of autoclaved allogeneic dentine
erafts in tympanoplasty he states that he has
seen neither macroscopic nOT MICTOSCOPIC evi
dence of resorption 1n his human cases (Zim
1972) we ourselves have experienced resorp
ton clinically and the evidence from this study
Isunequivocal however resorption of dentine
n the middle ear 1s a slow process the histo
logical detection of which may be difficult if
semal sectioning techmques are not utihsed
In the respect of resorption dentine grafts ap
Pear to be inferior to osstcular grafts

As far as tissue tolerance of dentine 15 con
<erned the only real problem appears to be ul
Umate fibrous encapsulition andfor extruston
of xenografts from the muddle ear Other types
of graft provoke very httle ussue reaction 1n
Particular the mflimmatory response to de
Munerahsed allografts n the muddle ear 1s

New bone formation was seen in the middle
ear particularly with demineralised dentine al
lografts and to a lesser extent with non-de
minerahised grafts of rat dentine which had not
been denatured New bone was seen in muscle
only with demineralised grafts

These findings require correlation with the
results of other workers Urnist and colleagues
(1967 and 1971) have describeda  bone imduc
tion principle  a constituent of the matnx of
bone and dentine (probably an acid stable pro
temn) which s capable of inducing uncom
mitted connective tissue cells to differentiate
nto or chondrob;
1sed dentine has been shown to be a particu
larly potent inducer of new bone This bone
induction principle may be mactivated by
heat infection and alkalis but 1s unaffected
by acid or alcohol treatment or by freeze
drymg With incus allografts new bone form
tion 1s seen with fresh grafts and following
preservation by alcohol cialit and fie
drying boting and formaldehyde pre s,
destrov this (steogenic potential
Broet & huypers 1967 and 1974)
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Our findings =re 1n general compatible with
thus body of work Although our studies of de
mineralised dentine allografts 1n muscle have
demonstrated clearly that the type of graft we
used 1s capable of :nducing new bone 1t 1s per
haps arguable whether the bone formation we
observed in the middle ear was truly induced
by the dentine—in many nstances the grafts
contacted recently fractured living bone The
failure of bone formation with denatured grafts
appears to suggest however that at least an
element of bone induction was present Addi
tionally 1t has been demonstrated (Morns
1971) that implantation of demineralised den
tine together with fresh autogenous bone en
hances bone induction by the dentine A fur
ther point i favour of the operation of the in
ductive mechamism in the present series 1s that
bone was seen in two of the experiments
where demineralised dentine contacted the
tympanic membrane

Bone was found 1n refation to only one den
tine xenograft Bone induction by both bone
and dentine grafts has been shown to vary m
versely with antigemicity being absent or
scanty with xenografts (Bang 1972 Moms
1971 Narang et 2l 1971) It s apparent from
these and from our studies that xenogrfts are

v generally effective 1n bone tnduction

demineralised dentine implants 1n
*lifcle evohed only scanty new bone forma
uon n a smaller proportion of cases than
other workers have achieved (Yeomnns &
Unist [967) We demonstrated no new bone
whatsoever with non demineraltsed grafts
where others have demonstrated scanty new
bone formation in a proportion of cases (Bang
& Urist 1967)

Two possible explinations must be con
stdered

(1) We were meticulous in excludmg pulp
substance exarmmng the grafts with the oper
aung microscope 1nd using the dental dnll to
remove any residuil pulp substance (only a
small proportion of the implants required dnll

this) Other workers appenr to have been less
careful in ensunng that the implant consisted
only of dentine It 1s interesting that bone was
present 1n the pulp-cavity of the single non
demineralised graft which included pulp sub
stance It has been demonstrated that osteoid
forms 10 a greater degree in the pulp casity of
whole tooth mmplants (Irving & Band 1968
Pahetal 1972)

(2) The grafts were smaller than have been
used by other workers

The 1deal mddle ear graft 1s either viable
or ulumately replaced by viable host bone so
that 1t becomes a functional part of the reci
prent where new bone forms 1t should not be
S0 excessive as to cause ossicufar fixation
This study lends support 1o others which have
helped to define the circumstances in which
viable bone ts imduced 1n middle ear grafls
(van den Broeh & hugpers 1974 Kasten
bauver 1972)

In conclusion we consider thit non-de
mineralised dentine will prove inferior m chint
cal use to currently used alternnives and
especially to allogenerc auditory ossicles 10
the reconstruction of the ossicular chain We
would re-emphasise however that resorption
of dentine 1s 1 slow but continuing process sO
that permanent success can not be assumed
until many years have elapsed following 1m
plantation

Demmnerilised dentine on account of is
bone mductive properties may prove of value
1n the repair of small bony defects e g of the
annulus posterior canil wall or possibly the
ossicular chan It has been demonstrated (Re
gister et al  1972) that demineralised dentine
has the same bone inductive power tn man as
1t has in experimental 1nimals

ZUSAMMENFASSUNG

D1 Verhalten autogener aflogener und acnogener D

tn Transplantate nach  orthotopischer  und htle::
topischer T wurde mt Tierexp
Fosches € alit kon erv ertes mt dem

ing so heat d 1s not the expl;
—n any case precautions were taken to avord
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Autoklav sten! ertes oder entkalkies Dent n wurde ™
plantiert  Zusammenfassend konnte fvgendes fe 152



stellt werden Gegen tenogenes Deaun wurde ein Ab
wehmeakton beebachtet Frisches und Cralit konser
wiertes autogenes oder allogenes Dentin wurde i die
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Ker A G & Smyth G D L 1971 The fate of trans
planted ossicles J Larvnee ! Orol 85 337

Moms M L 1971 The implantation of human dentine

bone into the sub

und zeigte b and with
eine osteainduktive Wirkung Daneben wurde eme Re cutaneows tissues of the rat J Pertod ntol 42 286
sorption des Transpl die Narang R Lloyd W & \eells H 1971 Grafts of de

fortgesetzt wurde Das im Autoklav stenlisierie Denun
zeigte keane osteogenetische Potenz  Entkalktes allogenes
Denun dagegen zeigte eme schr starke osteonduktive
Leistung Aus diesen Beobachtungen honnen wir schlies
sen dass mcht emtkatkies Dentm ym Himbhek auf die
Resorpuon den  Gehorknochelchen als tympanoplas
tisches Matenal unterlegen 1st Dagegen kann entkatktes
Deaun durch seine osteogenetische Leistungsfahigkent
fur den Aufbau der Schallettungskette wertvoll sein
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ACUTE FACIAL PALSY

Some Cliical and Virological Obseryations

Rebekka Berg,! Maranne Forsgren? and H Schiratzhs?

From the Virus Department Central Microbwlogical Laboratory of
the Stockholm County Council' * and the Departments of Otolaryngology at Huddinge and
Sabbatsberg Hospitals 3 Stockholm Sweden

(Recerved August 19 1975)

Abstract A prospective chnical and warotogrcal study on
44 patients with acute penpheral facial paralysis was car
ned out i consecutsve caves dunng one year In 9 cases
vancella zoster were 10 fished

In 5 additional patients an associated vancella zoster or
herpes simplex infection was possible OF the % con

firmed cases 6 were clinically diagnosed as zoster oticus

whereas on citnical grounds 3 were regarded as Bell s
palsy No evidence was obtained of associated entero

wirus  mumps  measles  cytomegalovirus  tick borne
encephalitis vinus para (nfluenza virus moroaucleasts of
Mycoplasma preumanae \nfection

-~
peripheral facial paralysis may occurin
vition with vesicles and  vestibular

, 1 oms—herpes Zoster otcus [n some of
these cases the zoster infection has been sero
logicaily confirmed { Aithen & Bran 1933 Per
tersen & Caunt 1970 Tomita et al  1972)

However acute facial paralysis without any

other symptoms 15 far more common The

etiology tn such cases—in the interature often
calied Bells palsy—rs unknown Ischema

(Muehlke, 1973) or a retrograde spread of in

flammauen along the chorda tympan to the

factal nerve has been postulated (Sade 1965

Blatt & Freeman, 1966) Viral infections have

also been assoctated with acute diopathic

factal paralysts Herpes zoster mfections may
occur without chimical signs other than facial

paralysis, as suggested by Tomita et al (1972
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The clinical data n therr study were not quite
clear on this point Other viral infections (e g
mumps, mono nucleosis) have in scattered
cases been associated with facial palsy (Bern
stein & Wollf, 1950, Saunders & Lippy, 1959,
Taylor & Parsons-Smith, 1969, Liebscher &
Wunderlich, 1966, Mendenca, 1971) whereas
previous prospective investigation concermng
respiratory virus, hepers simplex and mumps
mfections 1n facial palsy were neganve (Kor
czyn et al , 1973, Brackman, 1974)

Aganst this background the present pro
spective study was started The purpose of the
study was o evaluate a possible assocrition
between acute. peripheral facial paralyses and
virys infections that could be dingnosed by ¢
broad virological examnation, which included
wmvestigations for varicella zoster mfectiony
The study lasted a whole year so as to cove?
any seasonal variations

MATLRIALS AND METHODS
Patients at the ENT Department. Sabbits
bergs Hospital 1n Stockholm having periph
eral facial pralysis duning the period Novem
ber 1970 through October 1971 were subjected
to a climical and virologrcal examnation Pa
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AGE

04 1043 7029 3039 4049 5059 606I 7079 YEARS

Fig 1 Distnbunon of 44 cases of facial paralysis ac
cording to age Shadowed areas indicate serologically
confirmed cases of vancella zoster infection

tients with yntracramal tumours systermic
neurologic  disorders, traumatic paralysss,
otitis and for practical reasons newly de
hvered mothers were not included in the
study

The case matenal, compnising 44 patients
(19 males and 25 females) may on climcal
grounds be divided mto three groups

{a) patients with peripheral facial palsy com
bined with vesicles on the external ear or
the external auricular canal and/or symptoms
of vestibular disorder sn this paper termed
chinical Herpes Zoster oticus (7 patients)

{b) patients with facial palsy without vest:
bular or external ear symptoms but with a his
tory of blisters 1 the mauth precedmg the oc
currence of facial palsy (4 patients)

{¢) patients with facial palsy without any
Ristory, or previous chinical symptoms or signs
of lness other than the paralysis (33 patients)

Clinical exanunation

The patients were subjected to a routine ear
nose and throat examination and routine
blood tests In patients with vertigo or sus

' We are ndebted to Dr  Annehse Godifredsen and
Mana Pedersen Statens Serumnsutut Copenhagen for
domg the mice moculatic nv
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pected vertigious disease, vestbular examu
nation ncluding calonc stmulation with
electrony phic r n was per
formed In 32 out of the 44 patients a lumbar
puncture was made in order to examme cells
and protern contents, and for the virus study of
the cerebrospinal flnd {CSF) (12 patients re-
fused lumbar puncture) A cell count exceed-
ing 5 white blood cells per mm® was regarded
as pleocytosis

Virological exanunation

Specimens for virus isolation and serological
examunation were taken at the first visit (in 38
cases withmn one week after onset of illness,
1n the remamning 6 cases between 7 and 13
days) Laterblood specimens were drawn2 3
and 8 weeks after the onset of illness

Virus isolation

Fecal specimens from 24 patients and throat specimens
from 17 patients were tested in ussue cutture (GMK AhI

Hela and pnmary cynomaleous momkey kidney cells

Fransent etal 1969) In order to test for coxsacke virus
group A newborm mice Were moculated with fecal speca

mens from 7 patents taken @l in August or September *
Cerebrospinal flid from 30 patients was tested in fissue
culture (GMK AH! pnmary monkey hidney cells

Wolontts & Bjor vatn 1973)

Serological exanunation

were perf by comple
ment fixation (CF) tests (Fulton & Dumbell 199 Sved
myretal 195%) A significant merease i antibody ttres
(24fold) obtamed within one month after onset of iliness

thamn e

mumps measles herpes simplex (Feansen e al 1963}
vancella zoster (v 2) (Svedmyr 1966) cytomegalovirus
tick borne encephalitis (TBE){Svedmyretal 1958)anda
commercial mycoplasma pneumnoniae antigen (Onon Oy
Fintand) Mononucleosis tests were performed 1t sera
from 37 patients screen tests Monospot if positive (2 pa
uents) followed by Paul-Bunnel-Davidsohn (Davidsohn
1937 Leeetal 1968 Wahren 1969)

RESULTS
Clinuical findings
The study comprises 44 patients (19
25 females) The age distributio
ranging from 7 to 77 years
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Fig 2 Drsinbution of 44 cases of facial paralysis accord
ing to month of onset of \iness Shadowed areas indecate
serologcally confirmed cases of vancella zoster infection

small material a slight prevalence was noted in
group 60-69 years The seasonal distribution
1s shownin Fig 2
The chnieal data are summarized in Table I
Seven patients had—in addition to facal palsy
~—changes on the external ear (5 patients) or
vestibular disorders (in 3 patients) One of the
patients also had a history of blisters in the
mouth preceding the occurrence of the para
lysis Exanunations of the cerebrospinal fluid
from & of these patients revealed pleocytosis
i 5 with a total celi count range of 15 to 252
fﬂlslmm’ predominantly monocytes The
1 content was normal The clinical diag-
ts for these 7 pauents was herpes zoster
. «clis
Four patients had no chnical signs of ex-
ternal ear changes or vestibular disorder, but
had a history of vesicles in the mouth pre-
ceding the onset of paralysis The cell count
and protein content were normal in the cere
brospinal flutds available from 2 of the p2
tients
The remaming 33 patients showed facal
paralysts without any history chnical signs or
symptoms of preceding or concomutant infec-
tion and presented no symptoms of vestibular
disorder Cerebrospinal flurd s avarable
from 24 patients pleocytosis i demon
strable 1n 4 whereas the findings for the re
mainsng 20 patients were normal

Acta Orolury ngol 81

Virological results

No virus was isolated from any matenal
tested (stools, throat specimens, cerebrospinal
flnd)

The serological exammations, by CF tests
against enterovirus, mumps, measles, para
nfluenza, TBE, cytomegalovirus and Mco
plasma  pneumoniae antigens were unre
wardmg In about half of the patients either
very low, or no, antibody activity to entero-
virus, measles, para influenza I and 2 and
Mycoplasma pneumomae antigen was de-
tectable The same was valid for mumps 1n
about two thirds of the patients Antibody ac-
tivity to tickborne encephaliis virus was not
demonstrable n any sera, and the mononu
cleosis tests were negative

Significant titre nises were, however, de
monstrable agamnst v-z antigen in 9 patients In
2 of these a concomutant titre rise against her
pes sumplex antigen was noted neutrahzing
antibody activity to this virus remamed sta-
tionary, making a v-z infection more probable
In 5 additional patients stationary CF antibody

Table I Relationsiup betw een clmical prcture
and tires aganst Varicella-Zoster antigen
44 cases of pertpheral facial parah sis (figures
givenndicate numbers of cases)

Facial paratysis combuned
with

Herpes  History Mo
zoster  of other
ougus vesicles  symptoms
Total number of
patients 7 3 3
External ear changes 3 0 [3
Vesubular symptoms 3 o [
No of CSFexamuned 6 2 p]
Pleocytosss {15-252
cellsimm?) b o 4

Complement fixing antibods actnity to
Varicellae zoster
Sigruficant mncrease
Constantlevel >3
Constant level 832
Level <8

Carw

"™

o~co
—swe




sctivity against v-z antigen was found at a huigh
evel (264) Eight of the 9 patients with v-z m-
“zttion were more than 40 years of age (see
Fig 1) and the onset of iliness occurred at afl
times of the year (see Fig 2)

The correlation between v-z serology and
clinical data 15 given sn Table 1 In 6 of the 7
patients with a clinical diagnosis of herpes
oster oticus the serologic results confirmed
the diagnosts The seventh patient had con
stant anybody activity to v z at a fairly ngh
fevel (utre 32)

Cerebrospinal fluid for virus 1solation was
obtamed from 5 of these patients Attempts
to1solate v-z virus was unrewarding, although
4 of the patients had pleocytosis as a sign of
meningeal involvement

Of the 4 patents with a history of blisters in
the mouth preceding the onset of palsy but no
xfernal ear changes or vestibular disorder, 3
showed high stauonary antibody activity (ttre
Z64) to both v-z and herpes simplex antigen
The fourth patient, a girl aged 11 years, had
herpes simplex bodies but no d ra
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firmed the zoster diagnosts (in 6 of the 7 pa
tients, whereas m the seventh patient 1t nei-
ther contradicted nor estabhished a v z &g
nosts) Most of these patients had pleocytosts
n their cerebrospinal flind We were not suc-
cessful, however, m 1solating the v-z virus
Such 1solations seem to be rare, but have been
reported (Gold & Robbinis, 1958)

In the patients who had a history of pre-
ceding blisters but no ear changes, the time
nterval between the onset of infection and the
facial paralysis dimimished our chance of ob-
taning a confumatory serologic diagnosis
The high antibody levels agamst v z or herpes
simplex antigen do not contradict mfections
with either virus The antigenic relationship
between the two antigens (Kapsenberg 1964,
Svedmyr, 1965) makes serological differentia
tion difficult, and matenal for vitus 1sotation
was not obtained from blisters

About three-quarters of the patients had fa-
cial palsy as single symptom—Bell's palsy In
these patients too, serological evidence of
zoster nfe b d In a centain

ble antibody sctvity to v 2 She had a history
of recent vesicles in her mouth, and sumilar
€ases had accurred 1n her surrounding

Among the 33 patients with facial palsy as
the only fi bod

‘was
number It may be noted that these patients
lacked typical signs of zoster oticus and net-
ther cell count m CSF nor 1n blood mdicated
infection These observations confirm earhier

ymptom al y n
Crease agamst v-z antigen was demonstrable
3 patents In 2 additional patients a high ac-
Mty 10 v.z and herpes simplex was de-
Monstrable Twenty one patients had only low
Or no anttbody activity to v z There was no
Correlation between pleocytosis and v z mfec
ion 1n the 4 patients with pleocytosts no or
very low antt varcellag actvity was present
“hereas 1n the two available CSF samples 1n
semlegxcally confirmed zoster infections cell
feunt and protewn content were normal

DISCUSSION
Of the 43 patents wuffering from peripheral
facial paralysis 1n thi material 7 bad climeat
Z0ster olicus As in other studies (Tomly <t
al 1972) the serological investigation con

on this pont (Tomita et al , 1972)
In the mayor part of patients with Bell s palsy
no indication of associated v z infection was
obtammed Rather did the negative, or low anu
body acuvity, seen 1n 21 of the patients make
associated. generahized infection with this
agent unlikely A localized infection n the fa
cial nerve not accessible to antibody forming
cells cannot be excluded. and cannot be diag
nosed by the techmques used in the present
mvestigation  This applies also to recurrent
herpes simplex infections The exstence of
locafized infections has been suggested by the
finding of an expemmental study of herpes
simplex virus in rabhits (Kumagami, 1972)
Judging from clinical experience over ~
nod of several years, cases of facial y
10 increase dunng early autumn
This ohservation raises the qu.
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viral or tick-borne encephalitis virus etiology
However, no support for enteroviral infections
was obtaned by virus 1solation or serological
results  Moreover, none of the patients

ogenctie mechamism of whopathic facial paralysis
Trans Am Acad Ophthalmol Gtef inngol 70 381
Brackmann E 1974 Bell s palsy—viml theory Ot Linn
8ol Clin Morth Am 7 361
Davidsohn I 1937 Serologic dragnosis of mfccnous
JAMA 103 289

showed any evidence of past tnfe with
tich-borne encephalitis virus Also the wvestt
gation for mononucleosss, tn some cases re-
ported to be associated wyth facial palsy (Bern-
stemn & Wollf, 1950, Mendonca, 1971), was ne-
pative in our study

No proof was obtaned of assocrated infec-
tion with the other agents tested It was of 1n
terest to note that as many as 2/3 of the pa
tients had either very low, or no antibody ac-
tivity t0 mumps, thus contradicting recent in-
fection In the older terature, mumps had
been postulated as a common cause of Bell's
palsy (Saunders & Lippy, 1959) but this ob
servation has not been confirmed

Summanzing our data, we have found v-z
mfections to be associated with some cases of
facial paralysis but no clue to any other pos-
sible viral etiology was obtamned With the
present techmical approach ths 1s in Ime with
the lack of an established viral etiology n
some cases of aseptic memngitis with or with
out accompanying cramal nerve paralysis
{Sholdenberg 1972)

- ZUSAMMENFASSUNG

-1 prospehtive  hhnische und wirologische Unter
Tatung wurde wahrend emes Sahres an 44 konseku
wen Palienten mut akuter peagherer Facwlulabhmwog
durchgefuhrt Ber neun Fallen wurde eine Zoster Infek
tion serologisch bestangt Ean assozuerter Vancella¢
Zoster oder Herpes simples, war bey wegteren funf Fallen
moghch Von den neun bestatigten Fallen wurden aus
Ahinischen Geunden sechs als Zoster Oucus und drer als
Bell's Paralyse Patienten betrachiet  Eine Infehuon mut
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Stockholm

Fransen H, Heigl 2 Wolonus S Forsgren M &
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Fulton F & Dumbell K R 1969 The serelomc compan
son of strains of nfluenza virus J Gen Micrcbiol 3 97

Gold E & Robbins F C 1958 lsalation of Herpes
zoster virys from spinal flusd of a patient VYerel gy 6
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virus Arch Gesamie Virusforsch 15 67
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Arch Otolaryngol 95 305
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ELIMINATION OF CONTRAST MEDIUM FROM THE MAXILLARY SINUS
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Abstract Drawnage of contrist medum from the mawllary
sinus dunng blowing and smffing was studied by
cine roentgenography in L1 healthy subjects The func
tional size of the maxillary ostium was measured by a
manometne method Smffrg facilitated drainage more
than blowing but the effect was mimimal for both proce
dures except when smifing was performed with the head
tlted to the side opposite the flled sinus The latter pro-
cedures may trap air in the sinus above the level of the
ostium and thus facilhitate drammage during smiffing
Another facihitating factor which 1s discussed 1s that blow
ing the nose may catch tenactous mucus which has partly
passed through the ostium by the ciliary activity mn the
sinus  The mfluence of the fluid viscosity 15 discussed
The tme required for complete emptying of the sinus from
contrast medium studied over a period of several duys
was found o be inversely correlated 1o the funct onal
ameter of the mawllary ostium

PR }Jernounlll theorem has been discussed in
onnection with ventilatton and dramage
through the ostia of the paranisal sinuses
(Colson 1945  Proetz 1953) Bernowlhs
theorem a principle i physics applicable to
fluid dynamies states that for 2 hquid flowsng
through « straight tube with a smooth constric
tion the internal fluud pressure 1s mimmal at
the constriction where the fluid velocity 18
greatest The water suction pump s w0 apph
catton of this theorem
When Bernowlli s effect 18 applied to the
nose and paranasal sinuses 1t has been s
sumed that the region of the ostia 15 the nar
rowest part of the nose Colson (194%) sug

This work was supported by The Swedish Med cal Re
search Counal (nroject 749)
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gested that the passage of mucus {rom the
sinus to the nasal cavity would be caused by
this effect Proetz (1953) demed such a possi
bility since there are no pronounced consine
tions 1n this area and also due to the observa
tion that the measured pressure changes in the
maxillary sinus are equal to those 1n the nasal
cavity

The fact that the pressure changes arc
identical in the maxillary sinuses and the nasal
cvity on breathing and forced respiration has
been venfied in several hundred maxithry
sinuses examined 1 Uppsala This observa
tron ts vald for arr filled sinuses but it seems
Itkely that 1t also ss vald n the presence of
mucus However the Bernouilh effect cannot
be definitely excluded when there 1» mucus in
the sinus In favour of such an hypothests
would be the clinical observation that patients
with smustis sometimes can blow out large
quantities of mucus even if the nasal vivity 15
imtally free

Takehash: et al (1971} made an extennive
roentgenographic  study of the murullary
ostum after filling the mawllary sinus with
contrast medium The different filling defects
in the sinus combined with the presence of
absence of contrast medwm 1n the natural
onfice of the sinus were used for classification
of vanous diorders The time required for
emptying the maxilliry sinus after filhng with
contrast medium has been studied by several
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asthors (kg 1935 Larroude 1948 hunzel
1952 Flottes etal 1960 Nucci 1964 Mont
serrat Viladau et al 1967 Takahashi et al
1971) The reported times vaned considerably
partly due to the contrast medium (water or oif
soluble) and its viscosity partly to patholog
cal changes 1n the sinus (Flottes etal  1960)
Studies of the immedrate effect of blowing
or smffing have not been performed and all
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grafin® n 8 subjects having viscosiies of
about 50 and 10 ¢ps respectively at 20°C The
sinus was filled to the level of the middle
meatus

The r aphic were
performed 1n an erect position The focus film
distance was 120 cm the object film distance
about 30 ¢m and the focal spot ¢ 6xX0 6 mm
Cine roentgenography was performed in an

mvestigations published so far have employed
c 1 h and not

£
cine roentgenography

The aim of the present mnvestigation was to
study the presence or absence of the Bernouill
effecct dunng smffing and blowing by
< ne roentgenography after fillmg the maxil
lary sinus with contrast medium

The mvestigation was performed on sub
Jects whose functional maxillary ostia sizes
were measured according to a recently
published method (Aust & Drettner 1974)
Furthermore the time required for complete
emptying of the sinus was studied and related
to the size of the maxillary ostium

MATERIAL AND METHODS

Eleven subjects (8 men and 3 women) n the
ages 20 to 32 years were investigated of whom
10 were healthy withour nasal infection or al
lergy and normal rhinoscopy and roent
Benography of the paranasal sinuses

The functional size of the maxillary ostum
Wwas first measured by introducing two punc
ture needles into the maxillary sinus one be
1ng used for the mtroduction of a bnef ar
stream of 1 2 or 4 I/min and the other for
Pressure recording (Aust & Dreuner 1974}
The increase of pressure was transformed to
functional size of the ostum by using a
Romogram obtaned from model expenments
After this procedure one of the puncture nee
dles was removed and the other was used for
fling the maxillary snus with a contrast
Medium Positive contr tmedumint ” 3or
Aportons of Smleach +  u ed The contrast
Mediums were Endogratn  n Y and Angio-

anterior-postenor proj with 20 frames
per second The tube potenual was about %0
LV and the exposure time 0003 sec A
9 cestum 1odide ymage tensifier (Sirecon
Siemens) was used m comunction with a 35
mm camera (Armflex Siemens) Fims were
taken dunng smiffing and blowing and exam:
nations were performed after each 5 ml portion
of contrast medum In two instances films
were also taken with the subject s head tilted
to one side

For the calculation of the volume of the
maxilary sinns accordmg to a previously
published method (Aust & Helmws 1974)
plain films at 80 kV in the antenor-postenor
and lateral projections were taken with a ruler
postured 1n the plane of the maxillary sinus
The time requrred for emptying of the sinus
was d ly with
plan films taken daily after the contrast ad
mnistration unt the contrast completely dis
appeared

RESULTS

Roentgenographic examunation with contrast
medium sometimes gave information which
was not apparent from the ordinary plain films
prior to filling with contrast medium Fig |
shows a case with a ndge within the sinus and
this anomaly was not visible on ordmary films
Dramage of contrast medium from the max
Mllary sinus dunng smffing or blow Ing occurred
rarely (Table 1) and only 0 small quantities
One subject had some dramage through the
maxillary ostum both duning blowing and -,
sniffing It was remarkable that this su
had the narrowest ostium of the whole

Actg
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Two other subjects had slight drainage of con
trast medium dunng sniffing but not dunng
blowing and these had ostia of medium size
(Fig 2) The drainage in these cases occurred
only when the sinus was filled to a level close
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Fig 1 Mawllary smus filled with
Angiografin® Septum in the an
teno-supenor part af the anus
{arrons) Straight anteno-
postenor (a) and lateral th) prjec
tons

to that of the maxilary osuum In none of the
additional 8 investigited maxdlary stnuses
could any dranage dunng smffing or blowing
be observed 1t is worth menttomung that the
draimage occurred in the middle meatus and
therefore through the natural ostum (or an
accessory ostium), but not in the lower meatus
and thus not through the hole made by the can
nula recently removed after the measurement
of the functional size of the maxiliary ostium

Contrast filling of the ostium was obtained
in two subjects, neither showing any drainage
dunng smiffing or blowing The ostia 1n these
cases were canals and not only onfices (Fig
3) The functional ostium size 1n these cases
was, according to the manometnc method
rather large

Two subjects were investigated with
ciné roentgenography dunng smiffing and
blowing with the head tilted to the side oppo-
site the filled sinus In these two cases there
was drainage of contrast medium dunng satff
1ng (Fig 4), but not duning ordinary breathing
In one instance there was also shght dramnage
duning blowing but less than dunng sniffing
The ostial sizes 1n these two subjects were at
each end of range n the senes Two additional
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Table | Results of measurements of volume of the maxdlary sinus, funcrional size of the
mavilary ostum and of different parameters studied after contrast medwum nstillation in the

maxillary sws i 11 healthy subjects

Functional
ostum Dranage with tilted
Maxllary  diameter Visuahza Dramage head Time for
staus (mm) tion of complete
volume (erect Contrast mauflary Swff  Blow Sponta Smff Blow  emptying
Subject (ml) position) medium ostium mg mg neous 1ng ng (days)
! 155 11 Angografin  — + + - + + 2
2 101 11 Endografin  — - - Imgated
3 78 18 Endografin  ~ + 4
4 273 19 Angiografin - - !
5 202 23 Angrografin - — - - + 1
$ 249 23 Angiografin ~ - 3
7 138 24 Angografin  ~ 3
3 273 26 Endografin  + - - 2
9 249 28 Angiografin  + - - - + - 1
1 22 34 Angografin - 1
n 235 56 Angiografin - — - + 0
Mean 202 25

subjects noted spontaneously that contrast
medirm was pounng from the sinus when they
tlted the head after the One of

Smce plamn roentgenographic films were
taken every day until the sinus was empty, the

these had the largest ostizm in the whole senes
and the other an ostum of medium size

o

e [T -
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Fig 2 Cing roentgenographuc frame of contrast filled
matillary sinus 1n straight antero-posienor projection
nage of contrast med um (arrow x) dunng snuffing

of this emptying of the sinus could be
analysed in refation to the size of the maxillary
ostium Fig 5 shows that the emptying pro-
cess usually occurred more rapidly when the
ostia were large The correlation coefficient in
this relationship, which appeared to be liear,
was 0 80, which s significant No difference in
emptying time could be correlated to the two

Fig 3 Ciné roentgenographic frame of con
mauilary smus and ostum (arrows) d
Straight anteno-postenor projection ks

B
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Fig 4 Cine roentgenographic frame of contrast filled
maxiltary sinus 1 inchned anteno-postenor projection
Dratnage of contrast medium (arrow 5) dunng snufling

different contrast medwms used in this tn-
vestigation

DISCUSSION

R of filled maxil-
lary sinuses has previously been made for
studying the time required for emptying of the
sthus and for investigations of the shape of the
sinus as well as of mucosal sweling In the
restigation performed by Takahasht et al
n the latter was combined with roent-
- studies of the maxillary ostium
Lhe present investigation has also included
such studies, although the marn interest has
been directed towards the dratnage of the max-
tllary sinus and the posstble importance of
Bernouwlls’s effect
Visuahization of the ostal canal without
simultaneous dratnage from the sinus was only
found in 2 of the 1l subjects The osttain these
2 subjects were not only onfices but real
canals
The effect of smffing or blowing on the
dratnage of contrast medirm from the sinus
was very small This was especially true for
blowing, dunng which only one subject had a
shight drainage Dunng smiffing this subject
and two others had dramage It seems thus
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that drainage may occur more easily dunng
sniffing than blowing, but under both condi-
tions only small amounts are excluded

A requisite for this drainage was that the
sinus was filled to the level of the maxitlary
ostium No dranage was thus obtamed when
the sinus only contamned a small amount of
contrast medium However, the sinuses were
never completely filled with contrast medum
1n order to avoid passive dramage

The viscosity of the fluid, within the hmits
of the two contrast med:a used tn this investi-
gation, appeared to have no influence on the
drainage The viscosity of the coutrast media
was, however, considerably lower than that of
mucus from the sinus, which according to Zip-
pel et al (1974) 1s at least about 125 cps It
seems probable that dranage through the
ostiem dunng blowing and smffing will be
facihitated by a lower flurd viscosity This mn-
vestigation thus probably overestimate drain-
age dunng blowing and sniffing

It can thus be concluded that the Bernoutth
effect has no practical importance for drain
age from the maxiflary sinus duning ordinary
blowing or smffing However, drainage from

Functona st um d ametes {mm)

o 1 2 3 I

T me for empty ng (44vs
Fig 5 Funcuonal diameter of the maullary osta i rela
tion to the umes required for complete emptying of the
maxillary sinuses after filling with the contrast mediums.
Angografin® (8) or Endografin® (¥)
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the maxillary sinus may still be facilitated un
der specal circumstances Firstly, 1t 1s possi-
ble to pour out flurd from the sinus by tilting
the head to one side Such a dranage can be
obtained especrally when the ostium 1s large,
but sometimes also with small ostia The grea-
ter viscosity of mucus, however, probably
functions as a hidrance to dramage Thus,
such emptying of the sinus only by tilting the
head 1s probably of no practical importance

Another condition that can facihtate drain
age 15 smffing with the head tilted to the side
opposite to the filled sinus In this position the
fluid fevel 1s above the ostium and air 1s trap
ped n the sinus Duning smffing the air in the
simus will have a higher pressure than in the
nose and d may be ob d 2
will probably not have a stmilar beneficial ef
fect Such a condition with fluid in the maxil
lary sinus slightly below the level of the ostrum
is probably rather common dunng acute
sinusitts It1s required that the ostium s patent
and that the mucosal swelling in the smus 1s
not so pronounced that arr 1s excluded above
the level of the fluid

Still another factor may be working dunng a
smusitis episode when viscous mucus may be
pressed through the ostium by ciliary activity,
bke tenacious tooth paste coming out of a tube
(Proetz, 1953) If the patient blows his nose
dunng such a condition, the ar comng
through the nose may catch the mucus on the
nasal side of the ostum and draw out addi
ttonal mucus from the maxillary smus Due to
the Jow viscosity of the contrast media such a
procedure could not be tested, but chmcal
observations support this theory

The time required for emptysng of contrast
medium from the maxillary sinus has previ
ously been snvestigated by several authors In
the present mvestigation this emptying time
has been studied 1n subjects whose functional
maxillary ostia size was measured An inverse
correlation between the size of the maxillary
Ostium and the time required for emptying of
the sinus was found

The relation between the amount of re-

£\
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sorbed contrast medium and that which was
ehmnated through the ostium has not been
analysed m the present senies If the sinus
could be assumed to be sphenical, the volume
and the surface area should have a relation of
r/3, meamng that this relationship s larger ina
sinus with great radius than in one with small

1f 1t also 1s assumed that the sinus 1s half filled
with contrast medinm and furthermore that the
resorption per surface umt 1s constant, the
resorption to a complete emptying without
dramage through the ostium should require a
longer time 1n a large sinus thanina small The
result (Table I} 1s 1n favour of the opposite, t e

emptying takes a long time In sinuses with a
small volume The resorption 1s thus of less
importance for the present results than the size
of the maxillary ostium, which has a consider

able influence on the dramage from the smus
not only mstantly but also dunng a more
protracted pentod

ZUSAMMENFASSUNG
Dranage von aus der K
betm und wurde mut

Hilfe von Rontgenkinematographie an 11 gesunden Per
sonen studiert ber denen auch die Grosse des Kiefer
h mit ener Methode fest
gestelle wurde Beim Schouffeln erzielte man haufiger eine
Dranage als beim Schneuzen wenngleich beide nur erne
gennge Dranage ¢rgaben Wenn man beim Schnuffeln
Jedoch den Kopf auf die der mut Rontrastmuttel gefillten
Kieferhohle gegendberhegende Sette negte war die
Dranage besser In dieser Stellung kann die Laft die sich
i der Kreferhohle oberhalb des Ostumniveaus befinden
kann die Dranage beim Schnuffeln bewirken Ein wer
terer Faktor 1st der Umstand dass der Luftstrom bein
Schneuzen zahen Schleim fangen kann der durch die
Zihenaktvitat 1n der Kieferhdhle das Ostum zum Teil
Passtert hat Dre Bedeutung der Viskositat der Flussigkeit
ward auch diskuticrt Es wurde die Zext studrert die zur

P von

trastmitte) aus der Kieferhahle benougt wurde Daber
wurde festgestellt dass diese Zest umgekehrt propor
bona) zum fi D des Ki

osttums 15t
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Absiract The anubactertal effect of antbiotic treatment

in mavillary simusius has been assessed by studying the

elimnation of bactenia from the mawllary sinus dunng

treatment with peruciliin 2nd tetracychne As adequute

antibiotic concentratrons are the prerequistte for maximal

anfibactenal effect the anubiotic concentrayons were
b

8 streptococer  staphylococel, coli-like or
gantsms and anaerobic bacterra Pathogenic
bacteria have not been found in healthy maxil
lary sinuses (Bjorkwall, 1950) These bac-
terrol observations show that a large

controlled The were determin
in mavillary sinus secretions andfer mucosas of 113 pa
tients with mawillary sinusibis treated with single or re
peated doses of pemcillin or tetracychne or the two
antb otics 1n combinaon In 30 pauents treated with
etther pemicillin or tetracycline the bactenal growth in
sinus secrevon was controfled before and after treatment
It was established that ordinary chimcal doses of peruertiin
and tetracycling may although not mvanably result i
antibtotse concentrations in smus secreton and sinus mu
€osa that can be regarded as adequate for treatment 1¢
for pentcilltn >0 25 ug/m) and for tetracy chne =1 0 ug/ml
The necessity of achieving adequate anubione concentra
ons i sinus secretion and snus mucosa 1o ensure
therapeutic success was demonstrated Thus bagtenal
Erowlh remamed in the secretions of most maullary
Sinuses when the concentrations of pemcillin or
fetracychine 1n the secretions were not regarded as ade
Quate for treatment In contrast the bactena were ex
ferminated 1n most cases where concentranons were re
RBarded as adequate

Bactersal studies have shown that in cases of
maullary sinusiis  pathogemic bacter:a are
found i the secretions of 60-70°% of the dis
eased sinuses (Kortekangas 1964, Nylen et
al, 1972 Axelsson & Brorson 1972 Ranta
fen & Arvilommu  1973) Pneumococr tnd
Haemophulus influenzae almost equally com
mon taken together are present in zhout
07 of the case The r bactertsl

proportion of maxillary sinusiis cases s
caused or mamtained by the invasion of the
sinus by bacteria Thus, 1t can be expected
that treatment with antbiotics to which the
prevatling bactenra are sensitive, would im-
prove the healing event in maxillary sinusitis

To establish the accuracy of this assump-
tion a number of anubiotics have been tested
m chreal trials which sought to assess ant
brotic effect from the disappearance of one or
more chnical symptoms of maxillary smusitrs
(hortekangas 1964 1965 Jeppesen & Illum,
1972, Jeppesen & Schaldemose 1970, Ranta-
nen & Arvilommu 1973, Reynolds et al | 1964,
Axelsson et al 1970 1971, 1973, Lumio.
1956)

The results of the chniwcal tnals so far
performed are not concordant 1t 1s dufficult to
ascertan the reasons for this divergence m
results However in these chmcal studies the
anubiotic  concentrations  were controlled
nether mn serum 0 sinus secretton nor
stus mucosa durmng treatment  Therefore it 1s
not to be relied on that the prescribed
f1c treatment resulted 1n adequate a,

ﬁndmgs constst of hacterial spectes such s

s at the site of the *
Thus nadequate antibiotic cc ~
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be one cause of therapeutic failure Another
source of erroneous results can be that the
parameter used was not suited to 1ts purpose
The antictpated and speaific effect of antibio-
tic treatment of maxiary sinusitis ts the elimi
natton of the bacterta This does not invarnbly
mean the eltmination of the chmcal signs of the
sinusttis These signs may have other causes
than bactenal infections of the mucosa and
therefore cannot be used in evaluating the ef
fect of the antibiotic used

To assess the effect of antibiotics 1n the
treatment of maxillary sinusiis more accu
rately than has hitherto been the case the
concentratrons of pemcillin and tetracycline
during treatment were determined 1n serum
sinus secretion and stnus mucosa The antibio-
ucs were administered exther one by one orin
combination as a single dose or as repeated
doses The stnus secretions of patients treated
either with pentcilin or tetracycline alone
were examned for bacterial growth both prior
to and dunng the course of the antibiotic
treatment

MATERIAL

Patients
Samples of maxiliany sinus secretion and/or
Mary sipus mucosa from 113 patients
P d with pentcillin andfor tetracychne for
walliny sinusitts hve been investizated
Seventeen pilients representing 20 dis
e nved maxillry sinuses were studied with re
gwd to the concentritions of pemcilhn wnd
tetricychne in malliry sinus secretion after 1
single dose (Lundbery & M imborg 1974)
Forty nme pinents representing S4 diseased
maxvllary <inuses were studred with regard to
the concentmions of pemctlhn and tetra
cycline in maillary sinus secretion after re
peated doses (Lundberg & Malmborg 1973)
in 17 of the patrents tre ited with pemaillin ind
w13 of the patients treated wath tetr ey cline
the bicternil growth m the secretions was
studied both before and (fter tre siment
Forty seven palients were studied with re

Acta Otolaryngol 81

pard 1o the concentrations of pemcillin and
tetracychine in maxillary sinus mucosa after a
single dose In 15 patients the concentration
of pemeillin and tetracychine could also be de
termined 1n corresponding sinus secretions
{Lundberg etal 1974)

Antibiotics

The patients recenned esther penicilin or tetra
cychne or the two drugs in combrnauon
Penrctlhin V (Meropenmin Kabi) and tetracycline
HCL (Tetracyn Pfizer} were administered or
ally Benzylpemcillin (Bensylpenicilin kab)
procaune benzylpemicillin (Suspenin kabr)
and tetracychne hextmetaphosphate (Tetra
decin Novum Astra) were given intramuscu
larly

METHODS

Sampling procedures

Mavdlars  stnus Secrcnon Sinus secretion
samples were obtuned by aspirition throuch a
Lichwitz needle The secrctions were clas
sified as purulent or mucous according to thewr
macroscopic tppearnce (Lundberg & Malm
borg 1973)

Mavllan soues mucosa Samples of maxil
lary sinus mucos s were obt ined from radical
antrum surgical intervention (C ddwell Luctor
1n connection with transantrosphenord « hypo-
physectormies where the sinus mucos: 1 any
case 1s swenficed

Serum A venous blood simple w iy tahen
from the cubitil vemn of the pattent snd
lowed to clot before the serum w s drawn off

Bacterie hawcal  anaboay The  antibiotic
concentritions i mixilary sinus secretion
maxiliiry sinus mucosy nd serum sere de
termined by n g diffusion method with
paper discs s daffusion centres (I undberg &
Ailmborg 1973 Lundbergeral 1979

The sumples of wspirated sinus secretions
were eximined immediitely for bactert!
growth by the conventional agir plite tech
nique 1n rouline use at the Microbrologient De
partment of Rasolinsha Sjulhusct



Defin tion of adequeate antibiotic
concentrations i maxillary sinus
secretion and mucosa
This defimiion 1s based on an mternational
collaborative study of antibiotic sensitivity
testings where 1t 1s recommended to categorize
bactenral sensitivity 1nto four groups 14 1n
decreasing bacternal sensitivity (Encsson &
Sherns 1971) Antibiotic concentrations equal
to or above the upper it of MIC (Mim
mal mhibitory concentration) for bactena
categonzed as sensitive to the antibiotic used
group 1 are defined as adequate concentra
fons At Karohinska Sjukhuset as at most
Scandinavian hospitals the upper limit of
MIC group 1 1s at present set at 0 25 ug/mi
for pemcilin and at 1 0 pg/ml for tetracychne
Thus concentrations of penicilin =0 25
#g/ml and concentrations of tetracychne =10
#elml i sinus secretions are defined as ade
Quate concentrations In the assay procedures
the amount of sinus mucosa 1n the antibiotic
determmnations was expressed 1n grams and
notin mitiliters Thus 1n maxillary sinus mu
€0sa concentrations of pemicillin =0 25 uglg
and concentrations of tetracycline =10 pglg
are defined as adequate concentrations This
15justified as the density of body tissuesis =]

RESULTS

Anttbiotic concentrations i stuuts
secretion after a single dose
Pererllin was given 1n a single dose to 14
Patients representing 17 diseased maxillary
Sinuses

An oral dose of 0 8 g pentcilin V resulted in
¢oncentrations of 0 1 ug/ml 1n the secretions
of 3 sinuses In wnother 2 sinuses measurable
Concentrations were not obtamed e con
centrations <0 1 pg/ml

After an mjection of 10 MU (millron units)
benzylpemcillin the concentrations achteved
I the secretions of S smuses was 0117
pg/mt

An mjection of 12 MU procamne ben
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zylpenicillin resulted m concentrations of 0 2—
36 pg/ml in the secretions of 4 sinuses In
another 3 sinuses measurable concentrations
were not obtained 1n the secretions 1 e con
centrations <0 1 ug/ml

Tetracychne was givenn a single dose to 13
patients representing 16 diseased maxillary
sinuses

An oral dose of 0 5 g tetracycline resulted in
concentrations of 0 5-2 7 pg/m! i the secre
tions of 9 sinuses In another 3 smuses
measurable concentrations were not obtained
in the secretions te concentritions <03
upfmi

After an mjection of 0 25 g tetracychne con
centrations of 0 5-0 8 pgiml were achieved m
the secretions of 3 sinuses In one sinus no
measurable concentration was obtained in the
secretion 1 e concentration <0 3 pugfml

Antibiotic concentrations in sunus
mucosa after a single dose
Pemcillin was given in a single dose to 27
patients representing the same number of in
vestigated maxtllary sinuses

An of 10 MU benzy), il re
sulted m concentrations of 2 0-17 2 ug/g in the
mucosas of 10 sinuses The mucosaserum
concentration ratios ranged from 0 3-2 7

After an ingection of 12 MU procamne
benzylpenicillin no measurable concentrations
were obtained 1n the mucosas of 3 stnuses 1 ¢
concentrations <0 2 pg/g In the mucosas of
the remaiming 14 sinuses concentrations be
tween 03-3 0 pgfg were observed The mu
cosafserum concentration ratios ranged from
<006-13

Tetracveline was given in a single dose 10 6
patients representing the same number of 1n
vestigated maxillary sinuses The concentra
tions 1n the mucosa of 5 sinuses ranged from
08-3 6 uglg In the remaining smnus mucosa a
measurable concentratton was not observed
te concentration <03 pug/g The mu
cosa/serum concentratron ratios ranged
<02-17

Pemcillin and tetracycline were
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taneously as single doses to 14 patients repres-
enting the same number of tnvestigated
stnuses

After the admimstration of 10 MU
benzylpemcillin intramuscularly and 05 g
tetracychne orally to 5 patents, the serum

ations were followed by repeated

blood sampling until the sampling of sinus mu
cosa 4 5-6 5 hours later The concentrations
of penicillin tn the sius mucosas were close to
the serum concentrations at the time of sam
pling but rather low compared to the maximal
serum concentrations The concentrations of
tetracycline 1n the sinus mucosas were always
above the serum concentrations at the time of
samphing, which 1n most of the cases meant
concentrations close to or higher than the max-
1mal serum concentrations

Procamne benzylpenicilhin 12 MU and
tetracycline 0 25 g were given to 9 patients
The mucosa/serum concentration ratios for
penicilin at the ume of sampling was
<02-1 0 The corresponding ratios for tetra-
cychine were 08-19 Staustical analysis
showed that the ratios for tetracychne were
significantly higher than those for pemicilhin
The probability for no difference was less than
192 (0 1 Se<p<1 0°%)

NIC CONCENIranens in sinus

- + cand corresponding sinus

Zcosa after a single dose

In 15 of 47 surgically treated patents the max-
illary sinuses contamned sufficient amounts of
secretion to enable antibiotic assays Measur

able concentrations of penicilin (20 2 pg/g)
was found sn the mucosa m 12 of 15 maxillary
simuses of patients treated with this antubiotic
alone or in combination with tetracychine

Measurable concentrations of tetracycline
(=0 3 ug/g) was found in the mucosa of all the
4 maxillary sinuses of patients treated with
tetracychne tn combmation with pemciliin

These concentrations of penwcilin and tetra

cychine tn the mucosas tnvanably exceeded

Antibiotic concentrations in sinus

secretion after repeated doses

Penuicillin V1 6 g a day n divided doses was
given orally to 36 patients for 2-5 days Ade
quate concentrations (=025 ug/ml) were
found 1n 27 of a total of 60 secretion samples
(1e 45°%) obtamed from these patents By
statistical analysts (x*-test), 1t was found that
the concentrations of pemcilhin were signific-
antly lower tn purulent than sn mucous sinus
secretions  The probability of no difference
was less than 0 15% (p<0 1¢7)

Tetracveline, 10 g a day 1n divided doses
was given orally 1o 32 patients for 2-5 days
Adequate concentrations (=10 upg/ml) were
found 1n 50 of a total of 54 secretion samples
(1e 939) obtained from these patients By
statistical analysts 1t was found that the con
centrations of tetracychne were significantly
lower 1n purulent than 1n mucous stnus secre
tions The probability of no difference was less
than 59 (1 e<p<5°t)

Comparison betw een antibiotic concentra
non and bacterial grow th in sinus secretion
Penictllin V, 0 4+0 4+0 8 g a day, was gven
to 17 patients representing 17 diseased maxi!
lary sinuses Sampling of sinus secretion was
performed prior to and then after 2-3 days and
4-5 days of treatment Bactenal species 150-
lated prior 1o treatment as well as penciihn
concentrations in the secretions, and bacteral
growth mn the samples ofter onset of (reatment
are given 1 Table 1 Pneumococa and
Haemophilus influenzae were the most com
mon findings No change from one bactenal
species to another was observed dunng treat-
ment In 9 of 17 samples of sinus secretton
aspirated 2-3 days after onset of treatment. the
concentrations of penrcallin were less than 0 25
pg/ml Bactenal growth was demonstrated in 7
of these 9 samples In 3 of 8 samples of siws
secretions with concentrattons equal 10 of
above 025 ug/ml bactersal growth was pres
ent

Samples of sinus secretions of 10 sinuses

the conc n the corr g sinus

secretions
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were aspirated after 4-5 days of treatment In



Table | Bactenal growth and concentrations
of penicillin in sinus secretions of 17 diseased
maxidlary sinuses of 17 patients Ireated with
04+0 440 8 g pemcillin V per day

Furst sample second sample and third sample denotes
sines secreton aspirated prior to 2-3 days and 4-5
days after onset of treatment respectively Bactersal
gowth after treatment 1s 1ndicated by + (demonstrable)
and — (not Ce of pemeilin

A
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Table Il Bacterial gronth and concentrations
of tetracycline i sinus secretions of 14 dis
eased maxdlary sinuses of 13 patients treated
with 0 25 g tetracy clhine 4 times per day

First sample second sample and third sample denotes
sinus secreton aspirated prior to and after 2.3 and
4-5 days of treatment respectively Bactenal growth after
treatment 15 mndicated by + (demonstrable) and — (aot

equal 1o or above 025 ug/ml are defined as adequate
concentrations

First sample Second sample  Third sample
Iofated bactenal Conc Bact  Conc Bact
species pg/mt growth  ug/ml growth
Preumocacer <025 + o6 -
Preumococer <025 +
Pneumococcr <025 + <025 -
Pacumococc <025 -

Preumococa <025 + 03 -
Preumococcr <025 - 06 -
Preumococar 04 + 09 -
Preumococar 06 - 05 -
Preumococa - 07 - .
Pneumococe 12 -

H influenzae <025 + <025 +

H influenzac <025 +

H influenzae 09 -
B streptococa

Group A 93+

Anaerob streptococer <025 + <0125 +
Anzerob streptococes 05 + -
MNone demonstrable 05 -

Concentraton of

penicllin <025 2025 <035 2025
Number of secre

tions 9 8 37
Number of secre

tions with bact

gouth 73 20

2 of 3 samples, with concentrations of pent-
¢illinless than 0 25 pg/ml bactertal growth was
demonstrated No bacteral growth was pres
entin 7 samples of sinus secretions where the
concentrations of pemcithin were above 0 25
ug/ml

Tetracrvchine 025 g4 tumes aday wasgiven
{013 patients representing 14 diseased maxil
lary sinuses Samphng of sinus secretion was
performed prior to and after 2-3 and 4-5 days
of treatment Bacterial species isolated prior to
lreatment as well 1 tetracychne concentra
tions and bactenal growth of the sample~ after
onset of treatment are given i Table II
Pneumococer and Haemophilus  influenzae

of equal ta or
above 1 0 pg/ml are defined as adequate concentrations

Farst sample Second sample  Third sample

Isolated bactenal
species

Conc
pg/ml

Bact
growth

Bact
growth

Conc
pglml

Pneumococci
Preumococct
Preumococcl
Pneumococct
Pneumococct
Pneumococcs
Pneumocacct
Pneumococal
H influenzae
H nfluenzae
B streptococct
Group A
Anaerob

gr neg rods
None demonstrable

5 Rt
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no

Concentration of
tetracychne
Number of secre
nons 2 12 0 7
Number of secre
tions with bact
growth 2 4 0 1

<10 =10 <10 =10

were the most common findings No change
from one bactenal species 10 another was ob-
served dunng the treatment In2 of 14 samples
of sinus secretions the concentration of tetra-
cychne was less than 1 0 gg/ml after 2-3 days
of treatment Bactenal growth was present tn
both of these samples In 4 of 12 samples of
sinus secretions with concentrations above 1 0
ug/ml, bactenal growth was demonstrable
The concentration of tetracychne was above
10 pg/ml tn all samples of sinus secretions
aspirated after 4-5 days of treatment In one of

these secretions, bactenal growth was
present -
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DISCUSSION
Bacteriological studies have shown that most
maxillary sinustis are caused by bactena
Despite this fact, chimcal trals have not
established that antibiotic therapy improves
the healing process As tn these studies the
anttbrotsc concentrafions In serum, sinus sec-
relion and simus mucosa were not controlled,
the results are not conclusive as to whether
antibiotic treatment per se has no, or only a
slight effect, or whether the antibiotic con
centrations at the site of infection were too fow
to be effective

An international collaboratnve study of
antibrotic sensttivity testing recommends the
categortsation of bacters n four groups 14,
1n decreasing antibrotic sensitivity (Encsson &
Sherns 1971) Using this classiication  the
chmeian will thus choose an anubrotic for
treatment o which the bacteria are fully sensi-
tive, 1e the symbol of group 1 1s marked for
the antibtotric  Maximal antibactenal effect,
however, 1s only achteved if the bactena are
expased to antibiolic concentrations at least
equal to the MIC ralue (mmimal inhibitory
concentration)  The antbiotic therapy 1nstt
tuted must therefore result in concentrations
at the site of infection which at least equal the

«i MIC hmt for bacteria categonzed m
1 This report defines concentrations

“that 1 le as adeq b
concentrafions It may well be objected that
nins defimnon of adequate annrotic concertt
rations implies antibiotsc concentrations at the
site of infection far exceeding the MIC values
for the bactena frequently occurmnng in maxi!
lary sinus nfections 1e  pneumococes
streptococet and H nfluenzae (Walter &
Hellmeyer, 1969) However the actne non
pratein bound fracuson of the anubiotics will
vary with the protein content tn the secre-
non and the tissues 1 e be dependent on the
putulence 1n the secretion and the inflamma
tory oedema 1 the mucosa (Verney & wit
bams. 1962, Rolinson & Sutherlind 1965 En
ghish, 1967, humn, 1967} It must also be re-
membered that in order to produce & bac-
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tencidal effect, the pemcilin concentration
has to exceed the mintmal mhibatory concent
ration (MIC) 2~20-fold (Eagle & Musselman
1948) Concerning tetracschine there 15 evt
dence that hugh concentrations cause a steeper
fall in the viable count of bicterit than do fow
concentrations (Hamburger & Carleton 1957)
These facts 1mply that the concentrations of
antibiotics at the site of the infection must be
well above the MIC value if a mramal ante
bacterial effect 1s 1o be achieved

After a single, ordiniry chinical dose of
peniciilin or tetracy cline, the concentrations in
smus secretion and mMucosa were unex
pectedly low 1n many cases, or not cven
measurable After repeated doses of pemcillin
the concentration n the secretion of 5 per
cent of the sinuses could stil not be reparded
as adequate, according 1o the definition used
After repeted doses of tetracychne, the con
centration was. however. adequate in the sec-
retton of 93 per cent of the sinuses Further, it
was shown that the concentrations of pent
ciilin and tetracychine were significantfy fower
in purulent than mucous secretions AS 2
purulent secretion indicates a more severe i
fection than does a mucous secretion (Boyd
1953) the results imply that the probabahty of
achieving adequate concentration s Jess 1n
cases of maxillary simusiis with severe
wflatmmatory reacnon Thus it s to be pre-
sumed that msuficient antibrotic concentra
tons at the sie of mfection oy & &t #?
portant cause of therapeutic farlure Thisasthe
most probable explanation 1o the finding$
of Strong & Tonkn (1951) that pemciliin
sensitive bactern sunved 10 sipus secretiot
despite treatment for many days with pemeil
In
The mucosa/serum concentration mos of
tetracyeline were sigmificantly  mgher than
those of pemcilin, when the drugs were
adminsstered 11 combination For tetracy chne.
the mucosa/serum concentration ratios were
with few exceptions =1 Thus, scrum con
centrations of 2~3 pgimi. whehss well achier-
od by normal chical doses (Walter & Hesd



Hetlmeyer, 1969) will in most cases result i an
adequate concentration i the mucosa In con
trast, the mucosa/serum concentration ratio
for penscillin was often rather low, 1n one case
<006 However, high serum concentrations
(5 pgfml or more) were invarably associated
with ad antibiotic m the
mucosas  In general clmcal use, these
cbservations 1mply that when selecting an
antbiotic for the treatment of maxillary
stnusitis, the penetration capacity of the drug
has to be considered when deciding the dosage
and method of admimistration

The results of the present study show that in
chmeal investigations the antibiotic concentra
tions at the site of infection have to be control
fed s0 as to exclude the possibility of inade-
quate concentrations causing therapeutic fail
ures The antibiotic concentration in the sinus
mucosa, however, can be deterrmined only by
analysis of the antibiotic content in samples of
simus mucosa obtained 1n connection with
surgical treatment  This type of antibiotic con
trol 15 thus, less swiable 1n general chimical
studies However, analysis of the results show
that the antibiotic concentration 1n the sinus
mucosa 1s always higher than the concentra
ton 1n sinus secretion  This implies that an
adequate concentration 1n sinus secretion Is
synonymous with an adequate concentration
of the sinus mucosa Therefore an adequate
control of antibiotic therapy n maxillary
sinusitis can be considered achieved when the
concentrations 1n serum and sinus secretion
have been determined

In the chnical studies so far performed 1t
Was sought to assess the antibiotic effect m the
reatment of mawllary stnusits from  the
dmppmmnce of vne or more chmical signs of
the sinusitis For instance the number of days
ofillness (Lumio 1956 Reynoldsetal 1964
the infl immators swelling of the sinus mucosa
determined by X r v examination (Axelsson et
al 1970 1971 1973) wnd the patency of the
Uy ostium (Rantainen & Arvilomm 1973)
have been used ix pirameters In most of the
Studies however  he retention of sinus secre-

ton:
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tion 1n the maxillary sinus registered as the
number of necessary sinus irrigations, has
been the parameter used 1n the evaluation of
b effect (Kortek , 1964, 1965,

Jepp & Schald, . 1970, Jepp &
MMlum, 1972)

However, the antictpated and specific effect
of antibiotic treatment 1s the elimination of the
bactenia from the sinus Thus, adequate con-
trol of the effect can be attaned only by the
analysis of bacterial growth n the sinus prior
to and after treatment In the present study,
those patients treated with pemcillin only or
tetracychne only for 2-5 days were subjected
to this control Bactenial growth was dem-
onstrable in almost all sinus secretion samples
obtamed from these patients before treatment
P; and H hil £l
were the bactenal spectes most frequently 1so-
lated, which 1s 1n accordance with previous
bactenological findings (Nylen et al . 1972,
Axelsson & Brorson, 1972) After treatment
with repeated doses of either pemcillin or
tetracycline, the bactena were elimmated al
ready after 2-3 days from most secretions with

h ded as ad

according to the defintion used In contrast,
bactenal growth was stll present in most of
the secretions with concentrations that could
not be regarded as adequate for treatment As
the secretion 1s produced by and lies in direct
contact with the sinus mucesa stnus secretion
can be regarded as a representative sample 1n
the control of bacterial presence not only in
the sinus secretion but also 1n the sinus mu-
cos1 Thus, the reported results imply that the
specific and anticipated effect of antbiotic
treatment  which 15 the eltmination of the
bacterta from the sinus may be achieved
most cases of mawillary sinusiis However
the prerequisite 15 that ations ob
tamed at the site of mfection are at least
equal to the upper hmit of MIC bacterial sensi-
tivity group | 1n the present study defined
adequate concentrations

Sinus secretion could be aspir.
eral maxillary sinuses despite t
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analyses showing that the bactena had been
extermnated from the sinus This establishes
that the retention or pathologteal production of
sinus secretion may continue or cease only
gradually after the specific effect of antibiotic
treatment has been achieved The registration
of the number of sinus irrigations necessary
can therefore not be regarded as a surtable
parameter 1n the assessment of specific
antibiotic effect

The implication of the present results 1s that
the use of parameters not suited to their
purpose may be one important source of er-
roneous results in the evaluation of antibiotic
effectin the tr of maxillary A
reliable evaluation of the antibiotic effect,
however, 1s achieved by determunations of the
antibiotic concentrations and bactertal growth
n the sinus secretions

ZUSAMMENFASSUNG

Der Tle Effekt h be
Kieferhohlenentzundung 1t durch eine Untersuchung

der der n der Kieferh ber

baktenelles Wachstum Dagegen wurden die Bakienen
n den messten Fallen mut als adiquat beurtailten hon
2entrauonen besatigt
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ener Behandlung mit Penicillin und Tetracychin bestimmi
N Vi

worden Da adaquate or
fur einen ! tbaktenellen Effekt
d wurden die annbrouschen honzentrationen kon

tiert

antibotschen honzentrayonen wurden anhand
haeferhahl A und/oder den

on 113 Patienten mit Rieferhohlenentzundung besummt
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trolhert
Das Frgebmrs dieser Untersuchung war dass ubliche
Klintsche Dosen Pemailln und Tetracychn ween auch
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angemessen angeschen werden honnten fendte aich in
den Sehreten der mersten Aacferhohlen cin  wigesetztes
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THE ROLE OF PSYCHIC FACTORS IN PATIENTS WITH
ALLERGIC RHINITIS

K Czubalshrand E Zawisza

From the Departments of Climcal Psschol gy and Osclaryngol iy
Medical Academy Warsaw Polind

(Recerved June 9 1975)

Abstract Psychosomatic studies were made in 128 pa
tients with allergic rhimtis After the allergre and clinical
anamnests the patents were divided into two groups
those 1ll with hay fever (91 patients) and those suffenng
from perenmal altergre rhanstis (37 patients) The assess
ment of the role of psychogenous factors 1 both vaneties
of attergic rhunitis was the main purpose of the invest ga
ton The showed that psy factors
are pracucally of no ymportance n hay fesers Thesr role
1s great however when perenmal allergic rhimts 1s 1n
volved

The role of immunological mechanssms (Dolo-
1974) 1s decisive 1n allergic phenomena
the importance of other factors especially
of psychic character 1s almost equally
considerable (Dorfman 1970 Sanger 1970)
In some patients they can act as stimuli re
leasing the disease symptoms Emphasis 1s
lard on the fact psychic stress in people genets
cally predisposed to allergic diseases may
produce 1n them symptoms difficult to control
(Sanger 1970)

The earlier researches point to the weght of
emotions which influence the course of hay
fevers (Dunbar 1953 Hamulton 1955
Haughton 1967 Wilson 1948) Some obsenva
tions my lead us to the conclusion that
psychic stimuli aggravate the symptoms of
hay fever In one of the expeniments patients
were interviewed in 1 room contaiming some
stable quintity of allergen to which they were
sensitized Duniag the anamness dealing with
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different conflict situattons m which the pr
tients have beeninvolved the sy mptoms of hay
fever were visibly sncrexsed (Holmes of al

1951) It was proved s number of inquinics
that psychic stimul can produce symptoms of
hay fever Some pntents aflermic to a pay
ucular genus of flowers suffer an onset of
hay fever at the mere sight of imttatons of
these floners (Hamiiton 195%)

MATERIAL AND METHOD

One hundred and thirty randomly selected p1
tents (65 men 65 women) with allergic rhim
us were exarmined The ages of the patents
ranged between 11 and 64 Most of them (120)
were more than 18 years old with 97 between
20 and 50 years of age Ninety seven panents
Jived 1n Warsaw 20 wn other towns and I3
were country people Two patients had to be
excluded from the nvestigation because their
allergological anamnesis proved to be unsatrs
factory The rest were divided inta two groups
according 1o the results obtained 1n the amm
nesis and the climcal exanunatons The pa
tients with hyy fever 91inall were comprised
the first and those suffering from perennust
allergic rhimitis (37 cases) the ather group

All the patients were subjected fo psycho-
somauc exammations  These consnted of
psychosomatic anmimnesis  estimation of the



psychic condition of the patsents, and drawing
up of an inventory of the patient’s personality
Moreover some of the ill were put through
electroencephalographic tests All the ex-
amined were subjected to allergic examina-
tons In some of the patients the level of IgE
1n blood serum was singed means by radio-im
munologtcal assay (J125)

Statistical analysis of the obtamned data was
carned out by the followmng methods (a) by
testing the differences in proportion n two dif
ferent populations, and (b) x* tests with the
Yates correction

The aim of the expenment was the com
panison of the role of psychic factors mn the
course of hay fever and perenntal allergic
thinitis  The, investigation 1s part of the se-
search into allergsc rhimitis

RESULTS

Our examunation shows that the transmussjon
of hereditary allergic factors was simular
among the closest members of the patient’s
family On the other hand 1t was a httle more
frequent among the relatives of the patients
with hay fever (489}, than among the refa-
tives of those with perenmal allergic rhinstis
43%)

In order to assess the role of psychic factors
in the course of hay fever and perennial aller
gic tThimtss, each case was analysed in two re
spects One aspect concerned those moments
1 the past which were essential in the forma-
tion of the patient’s personality with spectal
consideration of the situations causing frustra.
tions, while the other concerned the present
situation of the patient

Factors which are essential for the forma-
tion of the personality are the attitude of the
parents, or foster-parents, to the child, mutyal
attitude of the parents (foster-parents), loss of
one of the parents (foster-parents) or both
Most of the patents 1€ 93 n the whole ex-
ammed group were brought up by therr
parents only with the mother beanng the mam
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burden of upbringing In 12 cases, the grand-
mother played a similar role, participating n
the raising of the child to the same degree as
did the mother The remaining patients i the
group, 1€ 4 persons, were brought up by
other people or 1n an orphanage.

For the normal development of a child's per-
sonality, a proper attitude of the parents (fos
ter-parents) to the child 1s very important
What 1s meant here by “‘proper attitude™ s,
among other factors, acceptance of the child,

bly mld and hods of
raising 1t, the same treatment of all the chil
dren

Mutual atutudes of parents and children
(1 e patients) were estimated according to a
two-level scale Following the division of the
patients mto the two groups, the attitudes of
the parents to the patients were exarmned in 30
patients with perennal allergic rhumtis, and 72
with hay fever Assuming the differences on
the statstically significant level (P<0 001) 1t
was found that cases of faulty relattons with
the father were more numerous in the group of
patients with perenmal allergic rhumtis (9 pa-
tients, 39%), than in the group of hay fever
patients (10, 138%) The mother (foster-
mother} — child relations were examined i the
group of 90 persons with hay fever, and 32
with perenmal allermic rhimtis It appeared
that the latter also had more faulty relations
with the mother (foster-mother), than those
with hay fever (12,37 5% vs 19, 21 19 with
the adoption of the same statsucally sigmfi-
cant level)

Mutual attitudes of the parents towards each
other are also very essential i the formation
of an emotional climate The analysis of mu-
tual attitudes of the parents (foster-parents)
was made 1n the group of 90 hay fever patients
and 31 with perennal allergic rhinitis Seven
patients brought up by one parent only or
the orphanage were excluded from the mvesti-
gaton The conclusion reached was that
stained relations between the parents were
more numerous n the case of patients with
perenmal allergic thimtis (11, 35 562). than
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when the parents of hay fever patients were
mvolved (14, 15 552 wuh P<0 001)
Disintegration of famuly for various reasons,
e g death, departure of one or both parents,
produces psychic stresses frequently causing
strong anxwety reactions Famuly disintegra-
tion was more frequent in the childhood and
carly youth of patients with perennial allergic
rhinitis (16, 43 29%) than 1n the case of hy
fever patients (21, 23% with P<0 001) The
most frequent reason for family disintegration
was the death of the father (22 patents),
mother (4 patients) and loss of both parents
(one nstance) Divorce or separation caused
the loss of full family in the remaimng 10
cases
To estimate the behaviour of our patients
n different social situations, thesr famuly rela-
tions, profession and education were ani-
lysed The percentage of the patients remain-
ng married, with the exception of 10 persons
below 18, was similar 1n both groups and
reached 64 6% (53 patients) in the hay fever
group and 66 392 (26 patients) in the group of
those with perenmal allergic rhinitis No con
siderable deviations were found in the fre
quency of divorces and separations i the
~roup of hay fever (7) and perennial allergic
tis patients (3) Three patients who had
“ ther spouses and did not marry agun
were found only in the group of patients with
perennial allergic rhinttis Most of the patients
m the whole group were professionally en-
gaged or studied (115 all and o this re
spect, o essential differences were dis-
covered between the two groups
Though from a formal standpoint no con-
siderable differences were found between
both groups. distinct  qualitative  vanations
were brought to light with respect to ther
adaptability to the condimions of ife Patients
with perennial allergic rhinitis were more ex
posed to frustrations and expenenced conflict
situ wions more frequently when fulfilhing their
duties It was most evident i the situtions
when strong emolional umon was required
The analysis of the conjugal hfe revealed the
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fact that patients suffermg with perennal al
lergic thimtis had less satisfaction than those
with hay fever (10, 52 657 vs 15,28 37, with
P<0001) The former were also more dis-
satisfied with thewr sexual life (42 852 vs 1877,
with P<0 04)

By analogy the patients with perennnl al
lergic rhinitis were more exposed to conflict
situations (23¢) than the hay fever patients
(5 3%, P<005) More frequent conflict situa-
tions among people with perenninl allergic
rhinitis resulted tn more numerous neurotk
disturbances in this group of patients (40 $%
vs 11%)

In order to observe the fluence of psycho
genous factors on the course of the allergic
disease, we exammned the frequency of con
flict situations preceding the appearance of the
symptoms of allergic rhimitis as well as direct
wnfluence of vanous emotions on the course of
the disease The exammation show ed marhed
differences between both groups Twenty
four (64 87) patients were wn conflict situz
uons dunng the peniod the catuth symptoms
were visible On the other hand those with h1y
fever suffered. in the same period from re
marhably fewer tense psychic stresses (6
17 5¢%, with P<0 001) Greater importance of
psychogenous factors in the course of peren
mial allergic rhimts was reflected in more fre
quent twfluence of psychic stresses on the
symptoms of catarrh  This was obsernedn
patients suffering with perennt il Aliergit Wi
mitts and 1n 5 with hay fever

We should emphasize the fact th it symploms
of catarrh were reduced in 3 huy fever and 2
perennial allergic thinitis patients under van
ous psychic stresses

DISCUSSION

One of the main 1ssues of our exammanon 1%
the conclusion concerning the role of psychi
factors which 1s different i perennual allerpd
rhunitis and in hay fever In the former the
tmportance of psychogenous fuctors 1$ great



In the case of hay fever, as 1t seems therr -
fluence 15 only shght Both, facts from the bio-
graphtes of the 1l and the actual situation of
the examined, which is often the cause of long
lasting stresses, pownt to it conspicuously

The formation of the patients’ personalittes
1n those 11l with perenmal allergic rhinitis took,
place n much less favourable conditions in
thetr childhood and early youth than the for-
mation of personalities of the hay fever pa
tients The former were also more frequently
m a state of fr due to the d a
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distinct differences 1n the appearance of con
flict situations preceding the emergence of al
lergic disease symptoms They were found 1n
64 8% patients with perenmal allergic rhinitis
and m 17 6% patients with hay fever (P<
0001} Also the direct impact of psychic
stresses on the disease symptoms in those with
perenmal allergic rhinitis was much greater
(24 3%%) than n those with hay fever (5 5%,
P<00I)

Consequently, our tnvestigations indicate

tion of thewr farmihes (P<0001) The same
group had faulty relations with their parents
or foster parents (P<0 001)

The Jack of proper conditions for the forma-
tion of adult personalities self dependent and
resourceful in different situations 1n hife 1s the
result of repeated conflict circumstances in the
chitdhood and early youth of the perennial al
lergic rhimtis patients It explamns to a large
degree why those persons could not manage 1n
different conflict situations m their adult hife
In such situations therr only reactions were of
neurotic or psychosomatic character The
conflicts become manifest when great emo-
tional engagement 1s involved It also follows
from our mvestigation that patients with
perenmial allergic rhinitis who were marrned
had more conflicts in their conjugal lives with

that 1n perenmal allergic rhimitss pa
tients influenced the appearance of the disease
symptoms and were of importance 1n the fur-
ther course of the illness 1 a considerable
number of the patients It permits us to place
perennial allergic rthimtis among the psycho
somatic diseases

Our observations concerning the neghgible
mmportance of psychogenous factors in the
course of hay fever contrast sharply with the
results of some, especally earlier, researches
m which emotions were given the prionty m
the pathogenesis of hay fever Such views
were also confirmed by some reports discuss
mg the results of the treatment by psycho-
somatic methods Haughton (1967} was suc
cessful m his use of hypnosis in the treatment
of hay fever, by desensiuzing his pauents

the spouses (52 6%, P<0 001) and less sexual
satisfaction (42 19z P<0 04) than those with
hay fever The former expenenced more frus
trating situations (P<0 05) than those in the
ofher group As compared with the hay Tever
patients those with perenmial allergic rhimuis
had many more neurotic disturbances (40 5%
of those examimed)

The importance of emotions in the course of
psychosomatic disease may be confirmed by,
among other things the temporal connection
between the action of the circumsiances
causmg frustration and the appearance of the
symptoms on the one hand and the direct
perceptible impact of psychic stresses on the
course of the iliness on the other hand in the
examned vaneties of allergic rhip+tse wa fanad

PSY 5

It seems that some of the above mentioned
observations pointing to the great role of emo-
tional factors m hay fever might have ansen
from unsatisfactory matenials often hmited to
only a few cases psychosomatically selected,
with consecutive analysis Wilson (1948), Dun-
bar (1954} They may also be due to diffenng
methods of investigation

CONCLUSIONS

1 Neurotic disturbances are often found 1n
patients with perenmal allergic rhumtis (40 55%)
but are rare 1n those with hay fever (11 %)

2 Psychic factors in the course of hay fever
are of mmor importance Their role 1s much
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3 Perenmal allergic rhinttis can be included
among the psychosomatic diseases because of
the role of emottons in pathogenesis of the
symptoms

4 The treatment of perennial allergic rhe
mlis requires psychotherapy and psychophar-
macotherapy as well as classical cure

ZUSAMMENFASSUNG

Einfluss des psychrschen Faktors ber Kranken mut aller
gischem Nasenkatarrh Es wurden psychosomatische Un
tersuchungen an 128 Patenten mut allergrschem Nasen
hatarrh durchgefuhrt Aufgrund der allergologischen Be
fragung und der Gesamthest der ausserlichen Symptome
wurden die Patienten in Zwer Gruppen eingeteilt Pa
tienten mit Heuschnupfen (91 Personen) und solche mit
saison uwnabhangigem  allergischem  Katarrh (37 Per
sonen) Das Ziel der Untersuchungen war die Bewertung
des Enflusses der psychischen Faktoren in beiden
Abarten des allergsschen Nasenkatasths  Die Unter
suchungen haben ergeben dass die prychrschen Fah
toren heine grossere Bedeutung ber Heuschnupfen haben
Dagegen 151 dieser Einfluss bes dem von der Ssison un

g katarrh d was
ber der By gt werden
muss
~
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3 Perennial allergic rhinstis can be included
among the psychosomtic diseases because of
the role of emotions in pathogenesis of the
symptoms

4 The weatment of perennial allergic rht
nitis requires psychotherapy and psychophar-
macotherapy as well as classical cure

ZUSAMMENFASSUNG

Emnfluss des psychischen Faktors bel Kranken mut aller
gischem Nasenkatarrh Es wurden psy chosomatische Un
tersuchungen an 128 Patienten mit ajlerpischem Nasen
hatarrh durchgefithrt Aufgrund der altergologischen Be
fragung und der Gesamthet der ausserfichen Symptome
wurden dhe Patienten mn Zwer Gruppen engeterlt Pa
nienten mit Heuschnupfen (91 Personen) und solche mit
sarson unabhangigem  aflergischem  Katarrh (37 Per
<onen} Dus Ziel der Untersuchungen war die Bewertung
des Emnflusses der psychischen Faktoren i berden
Abarten des allerpischen Nasenkatarrhs  Die Unter
suchungen haben ergeben dass die psychischen Fah
toren hetne grossere Bedeutung ber Heuschnupfen haben
Dagegen 1st dieser Esnfluss ber dem von der Swison un

b Nasenkatarrh bed: d was
ber der arzihchen Behandlung beruchsichugt werden
muss
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A CYTOCHEMICAL METHOD OF GRADING THE MALIGNANCY
OF SALIVARY GLAND TUMOURS PREOPERATIVELY

C -M Eneroth and A. Zetterberg
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and the Institute for Medical Cell Research Karolinska Institutet Stockholm Sweden

{Recewed Apnl 17 1975)

Absirace  Aspiration bropsy ts an accurate but sull a
omewhat 1 method of salivary

same tumour 1ype {Eneroth et al, 1968;

gland tumours preoperatively Dunng the tast few years
this method has been more and more accepted dependent
o0 ats increasmg tehabiity 0 dragnosing the different
1ypes of temours, but for an adequate treatment 1115 also
important to know the malignancy degree of the individual
tumour Since invasiveness is the most sigmificant mor

phological criterton 1n evatuating the prognosts of 4 saliv

ary gland wmour 1t has however, been difficult to grade
the malignancy morphologically on a cylologial b
Thus the diagnostc vatue of the asprration biopsy method
would increase 1l beside the morpholosical determination
of the tumour type 1t was possible to find a celfular enter
10 which reflects the grade of malignancy In the present
nvestigation we have studied the nuclear DN A content in
non-nvasive tumours and mvasive tumours In general

vasive tumours were charactenized by ahigher degree of
ahnormahty with respect to the DNVA content than the
non mvasive tumours In two tumour types especially
sudied—mucoepidermond carcinoma and acnk celt car

unoma—the property of RoR-nvasive growth was found
10 be assocrated with a diplowd or near-diplond DN A con

tent whereas 1nvasive growth was associated with a tn

plord or near tplod DNA content These data suggest
that the nuclear DNA content may be related to the
morphological differentiaion and particularly to the snva

“ve properties of the salivary gland tumours Thus cyto-
hotometric DN A analysis of DNA content 1a the smears
from aspirates might be salusble 1n grading the
mahgnancy of the tamours preoperatively by aspration
biopay

A necesstty for an adequate treatment of a
Wwmour 15 a preoperative hnowledge of the
tlinteal malignancy of the tumour The differ
ence in the general prognosts between the
farticular salivary gland mour types o well
Anown {Eneroth 1971) but the prognosis var
1es often very much 1n tmours within the

Jakob et al, 1968, Blanck et al, 1971;
Eneroth et al , 1972) Aspiration biopsy (fine
needie biopsy) 1s according to our experience a
rapid and accurate diagnostic method m
evaluating the type of salivary gland wmour
preoperatively (Eneroth & Zagicek, 1966, Ene-
roth & Zajicek. 1969, Zanceh & Eneroth,
1970, Eneroth et al . 1971, Zapiceh et al , m
press) It 1s however difficult to grade the
malignancy of the mdividual tumours on a
cytological basis. as the most sigmificant
morphological criterion in predicting the prog
nosis of a salnary gland tumour 1s the be-
haviour of the tumour towards surrounding
ussues such as nonanvasive or tavasive
growth {Eneroth et al . 1966, Blanck et al ,
1967, Jahobsson et al , 1968, Blanck et al
1971, Blanch et al . 1974)

As caTect preaperaiee  damrass &
necessary prerequisite for an adequate therapy
there 1> a defimite need for a method of grading
the malignaney of the indnsdual umours on a
cellular level Qurintention has been therefore
to find a method tn grading the malignancy of
the individual salivary glind tumours pre
operatively on a cytological basis 1¢ not us
Ing the tmasne growth a5 a cnterion of
malignancy  As it has been found that different
cellular morphological features of mahgnam
salnvary gland tumours were not of prognost
importance (Blanck. 1974}, our mtentto .
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NORMAL PAROTID GLAND
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Fig | Histograms of nuclear DNA content (Feulgen post
tive matenal) of mdividually analysed cell nuclet in the
rapid scannung microspectrophotometer The cell number
n cach histogram class 15 expressed 1 per cent of the total
number of cells analysed Between 50-100 cells were
analysed i1n each preparation  Mucoepidermord car
cmomas case | 2 and 3 were non mvasive while muco-
epidermord carcinomas case 4 and 5 were mvasive The
~ verucal fine represents the upper extreme hmit of
DNA atue of normal parotid cells

2

been to discover if there are some other cniter
10ns of the malignancy at a cellular level

In a previous study (Eneroth & Zetterberg
1974b) cytophotometric determimnations of
nuclear DNA quantity of cells from malignant
salivary gland tumours have suggested a rela
uonship between the grade of mahgnancy and
the fraction of tumour cell nucler contaiming
more DNA than the normal diplord amount

The amm of the present study has been to
further explore these observations This was
done in a series of malignant salivary gland
tumours by analyzing the relationship between
the nuclear DNA content and the grade of
morphological differentiation especually using
“yavastve growth” a< a principal cnterron
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If such a relationstup could be found, we
could preoperatively yudge the malignancy of
individual salivary gland tumours on a cytolog
1cal basts

MATERIAL AND METHODS

Twelve cases of mahgnant sahvary gland
tumours, treated at the Department of Oto-
laryngology, Karolinska Spukhuset, were
selected for analysis on the basis of the
morphological features—six of the tumours
were carcinomas with no defimte signs of in
vasive growth Of the non mvasive carcmoma
3 cases were classified as mucoeptdermoid
carcinoma, one as papiilary adenocarcinoma
one as aciuc cell carcimoma, and one as
adenord cvstic carcinoma, whereas of mvasive
growmg carcmomas, 2 were classified as
mucoeptdermord carcinoma, 2 as acmc cell
carcinoma, and 2 as poorly differentiated car
cinoma of a non-classifiable type For mrcro-
scoprc examination of the tumours routine
was employed

Immediately after the surgical remosval of
the tumours, tmprint preparations were made
from a freshly cut surface of the tumour tissue
Haemacytometer glass shdes were used The
impnint preparations were immedaately fived
wn a freshly prepared mixture of ethanol and
acetone (1 1) for 30 minutes at room tempera
ture and thereafter stored m a refrieerator
(+4°C) unti! the staiming was performed

The DNA content of mdividual cell nucler
was determmed after Feulgen stanmg by
absorption measurements In a rapid scan
nmg mucro-spectrophotometer  at 546 nm
(Lomakka, 1965, Caspersson & Lomakka
{970) The opumal condition of the acud
hydrolysis n the Feulgen staimng procedure
was used as described by Eneroth & Zetter
berg (197456)

Freshly prepared human lymphocytes from
penipheral blood were used as control celfs of
the stasming procedure on each stammg 0€c2

! . 1 tech
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Fig 2 Histograms of nuclear DNA content {Feulgen posi

Bve matenal) of indvidually analysed cell nucler 1n the
f2pd scanning microspectrophotometer The cell number
tneach bistogram class 1s expressed 1n per cent of the total
mumber of cells analysed Between 50-100 cells were
analysed 1n each preparation Acimc cell carcmorma case 1
Wasnon invastve while acimic cell carcinomas case 2 and
3 were nvasve The beoken vertical line represents the
\:lvrx extreme Lt of the DNA value of normal parond

ells

sion - All measured values were expressed 1n
telation to thewr corresponding staiming con-
trol which was given the value 2 C denoting
the normal diplosd DNA content  All DNA
values were expressed 1n such relative
ymphocyte units As will be seen from Fig 1
the mean DNA values of the cell nucler from
e mormat parond gland assue correspond (G
the normal diploid content (2 0 C) with a vana-
Uon 1n the majonty of cells between 175 C
md225C

0ccaswnally cells from the normal parotd
and ussue with values up to 2 5 C were re-
corded The value of 2 5 C was therefore used
25 an upper limit of the normal diploid DNA
ontent The 2 5 It 1s indicated by broken
lines 1n the figures (Figs 1and 2)

Stromat cells wih elongated nuclel
I)mphocyles and granulocytes could easily be
tecognized 1n Feulgen staned preparations
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and were used as extra control cells (internal
control)

RESULTS

As the previously suggested refationship be-
tween the fraction of cells with increased DNA
values (above the diplod level} and the grade
of mal y mught be 1 by the spe
cial type of tumour, we have first studied the
relationship between the DNA content and
morphological differentiation 1 wmdividual
tumours belonging to the same tumour type
(Figs l1and?2)

The nuclear DNA content n five
mucoepidermoid  carcinomas  with  various
morphological differentiation, mainly with re-
spect to the relation of the tumours to the
surrounding tissue, s 1llustrated by the histo-
grams 1n Fig 1 Cases 1, 2 and 3 represent
non-invastve tumours whereas cases 4 and §
are mvasive tumours

As 1s evident from the histograms the
tumour cell populattons mn cases 1, 2 and 3
were charactenzed by a modal DNA value in
the diploud regon (around 2 C) and by a van-
able fraction of cells with higher DNA values,
occastonally up to the hexaploid level

In contrast to the non invasive tumours
(cases 1 2 and 3) the majonty of cell nucle: of
the mvasne tumours (cases 4 and 5) have
DNA values in the hypo-triploid or triplord
region (between2 5 Cand30C)

Thus the nonmvasive mucoepidermoid
carcigomas w il osoually exfubdit a fow degree
of chinical malignancy, have diplord or near-
diploid modes in contrast to the invasive
mucoepidermoid  carcinomas  which usually
exhibit a high degree of climcal malignancy,
which have hypotriploid or triplotd modes

We have also studted the nuclear DNA con-
tent int three acinue cell carcinomas with van-
ous degrees of morphological differentiation,
mainly with respect to the relauon of the
tumours to the surrounding tssues The
nuclear DNA content of the cells from «
three tumours 1s iilustrated by the -

e~
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Table } Frequenci af heteraplord cells defined as cells with DNA values above the upper «
limut (2 5 C) of the normal diploid DNA content in el e cases of salyary gland carcinoma ¢

with avarying degree of imasn eness

Non iavasive carcinomas Invasive carcrnomas
Case no r " 3 4 5 6 7 8 9 10 U I
Heteroploid
cells €z 4 78 3 4 3 39 69 86 75 93 66 9I

m Fig 2 Case 115 a non invastve tumour and
cases 2 and 3 are invasive tumours

It 1s seen from Fig 2 that the majority of
cells from the nonmvasive aciuc cell
carctnoma (case 1) have nuclear DNA values
corresponding to a hyperdipiord amount
{2 0 C-2 5 C), whereas the invasive lumours
(cases 2 and 3) have a hypo triplotd to a tn
ploid modal DNA value (between 2 5 C and
300)

Thus the s1mation was simiar with the inva
sive  tumours of both mucoepidermord
carctnomas {(cases 4 and 5 1n Fig 1} and acinic
cell carcinomas (cases 2 and 3 1n Fig 2)
which the majonty of cells have an increased
nuclear DNA content corresponding to a
near triplord value

hus Yor both mucoeprdermoid and actnic

l} carctnoma  modal DNA values cor

sponding to the diploid or near diplord DNA
content were found in non mvasive tumours
and modal values corresponding to the tniplord
or neartriplotd DNA content was the
charactenstic feature of the invasive tumours

Using the fraction of tumour cells with in
creased DNA values (>25C) as a gross
parameter of cytochemwcal abnormalty a
serigs of 12 mahignant salivary gland tumours
have also been studied (Table 1)

Thus fraction of cells varies between 4 < and
39¢% in the SIX TOD INVasive carcinomas—
three of them histologically classified as muco-
epidermoid carcinoma one as papiflary adeno-
carcinoma one as acinic cell L iranoma and
one as adenoid cystic carcine na In the m
vasive carcinomas this fraction iderably
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mcreased and vanes between 66% and 93
These invasive carcinomas were histologically

Iasaified

as dermoid Q
cases), acimic cell carcinoma (2 cases) and
poorly differentiated carcinoma (2 cases)

DISCUSSION

The varying degree of malignancy both of the
many various types of salnary gland tumours
and of the individual tumours of the same type
has led to a constderable uncertamty with re-
spect to treatment Evenf there 15 a difference
wn the general prognosts between the different
tumour types (Eneroth 1971) tt1s often agreat
varauon n the grade of mahenancy of the
mdmvidual tumours belongmg 10 the same
tumour type Thus tn most of the malenant
salivary gland tumour ty pes such as aciue cell
carcinoma (Sefert 1966 hlemsasser et al
1967) mucoepidermoid carcinoma (Linell
1948 Woolner et al 1954 Foore & Frazell
1954  Eneroth 1964y adenord cystc
carcinoma (Eneroth et al  1968) and mucots
producing adenopapillary carcinoma (Blanck
etal 1971} it has been found that the grade of
malignancy varied within the same umour
type with relation to the morphological dif
ferentiation of the mdvidual wmour

In large series of the different malignant
types of parotid tumours such as aciic cell
carcinoma (Enerothet al 1966} adenoid cy$
tic carcinoma (Blanck et al  1967) muco
epidermord carcinoma  (Jakobsson €t al
1968) mucous producmg adenopapitiary

-
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carcinoma (Blanck et al . 1971) and poorly dif-
ferentited solid carcinoma (Blanck et al .
1974) 1t has been found that the degree of
cellular polymorphism, the mutotic rate and
the lymphoid stroma reaction <id not carry
much prognostic wetght whereas Imvasive
growth offered a pood possibility tn prognostic
evaluation of the tumours

As excision bropsy for different reasons
must be avorded 1n the paroud gland (Eneroth
1973) asprration biopsy according 10 our ex-
perience 1s the best pregperative diagnostic
method 1n evaluating the type of salivary gland
tumour Even if the morphologic il detasls n
the cytological smear permit sdentification of
the differemt tumour types with & very hugh
degree of certamty (Eneroth & Zajiceh, 1966
Eneroth & Zaycek, 1969, Eneroth et al 1971
and Zajicek et al 1n press), 1t 1s however not
possible with this method to decide the grade
of malignancy of the individual tumours as the
relation of the tumour to surrounding tissue
cannot be studied 1n the cytologie smear

As a preoperatine determination of the
grade of mabgnancy however is very 1m
portant for an adequate therapy eg f
preoperative irridiation should be given or not
and the extension of the surgical intervennon
there 15 a need for a method of grading the
malignancy of individual tumours on a cellutar
Tfevel Cytophotometric DNA anilysis of be
nign and malignint salivary gland tumours
(Eneroth & Zetterberg, 1973 Eneroth &
Zenterberg 1974a andé Enerothetal [1974)
have shown that bemgn tumours such as
pleomorphic  adenoma and monomorphic
adenoma have DNA values 1dentical with th-
ose of normal cells from the protid gland
whereas a fraction of cells from mahgnant
salvary gland tumours showed DNA values
exceeding that of normal cells and with a van
dation according to the 1ype of wmour

Furthermore the observttons earher made
by Eneroth & Zetterberg 119245) suggested
relationship between the fraction of cell nucley
with abnormally increased DNA values and
grade of malienancy of the individual tumour

W e .

This wdea was further explored 1n the present
study 1n which the relationship between the
cytochemical DNA charactenistics and the de-
gree of morphological differentiation was
analysed 1n more detail i a series of malignant
saltvary glind tumours especially considering
the crterion of imvastve grow th

The results of the present study indrcate that
there 1s a connection between the cylo-
chemical characienstics with respect to the
nuclear DNA content and the malignancy of
the ndividual tumour, based on the
morphological ¢nterion invasive growth
Thus 1t was found that non \nvasive tumours
belonging to the same type have a diplowd or
near diplosd DNA content whereas nsastve
tumours of the same type have a triplowd or
near tniploid DNA confent

In a sertes of twelve malignant salivary
gland tumours of vanious types 1t was found
that the fraction of tumour cells with increased
DNA values {>2 5 C as a gross parameter of

cytochemucal abnormalty ) was considera-
bly more increased m tavastve tumours than in
non Invasive {umours

Changes 1 chromosome number and
nuclear DNA content have been found to be
associated with changes 1 morphological dif-
ferentiation n some other tumour types such
as tumours of the unnary bladder (Lamb,
1967 Coaper et al 1969 Levy et al , 1969,
Ledereretal 1972) cancer of the cervix uten
(Cervenka et al  1973) prostatic carcinoma
(Zetterberg & Esposti to be published)

These findings support the results from the
present study that the nuclear DNA content
may be a cellular cniterion which reflects the
grade of malignancy of the individual salivary
ghind tumour

Cytophotometnic analysis of DNA content
m the cytologieal smears from ndnidual
saltvary gland twmours might therefore be a
valuable method in grading the malignancy of
the tumours preoperatively by aspuration
biopsy By a better preoperative diagnosts of
the malignaney the adequate treatment of the
dvidual tumours 1s facihitated

Acta 01
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ZUSAMMENFASSUNG

In der praoperativen Ihagnosestellung bes Speichel
d 11 Asp: biopsie eme sorgt
Jedoch noch immer etwas umstiittene Methode Wahrend
der Jetzten Jahre 1st dese Methode mehr und mehr
akzeptiert worden da die sich tm der Diagnose der
nterschied) bt m dem Masse
als zuverlassig erwiesen hat Jedoch st es fur eme
Jewells adaquate Behandlung zugleich wesentlich den
Grad der Malignnat des individuelten Tumors 2u kennen
Da Tamonnvasion das sigmfidaatesie morphologische
Knterrum ber der Beyrtetlung der Prognose von Speichel
drusentumoren 1st war es Jedoch bisher schwienig die
i ) h ) her Basts einzu

morp
stufen Der he Wert der A
Methode wurde daher grosser wenn es geben der
morphologischen Bestmmung des Tumortyps moglich
ware e zellulares hntentm 2zu finden das den Grad
der Maligniat erkennen Jasst

In der vorliegenden Arbeit ist der Gehalt an nuklearem
DNS 1n nieht invasiven Tumoren und invasiven Tumoren
dntersucht worden Allgemein gesehen war fur die
wvasiven  fumoren charskterissch  dass sie einen
hoheren Grad an Abnormutat im Hinblick auf den DNS
Gehalt aufwiesen als die nicht invasiven Tumoren Ber
zwet spencll untersuchten Tumortypen den Muko
o h und den A Rarzinomen
zeigle es sich dass die Ergenschaft des nicht ivasiven
Tumorwachstums mit diploidem oder im diploiden Buresch
liegenden DNS Gehalt assoznert war wahrend invasives
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SCANNING ELECTRON MICROSCOPY OF FUNGIFORM PAPILLAE
ON THE TONGUE OF MAN AND MONKEY

K Arvidson

From the Department of Prosthetics Faculny of Odontology and the Department of Histology
the Karolinska Institute Stockholm Sweden

(Recerved January 28 1975)

Abstract The surface topography of the fungiform pa
pilae of homo and monkey was studied by scanning
electron microscopy Different methods of specimen

were tried S Yy preservation was
obtaned with fixaton 1 formaldehyde or i glutaral
dehyde with postfixation in OsO, followed by critcal
pomnt drying  Taste pores were found i nearly half
of the fungiform papillae Up to 3 pores located in the
dorsal surface were observed 1n a single papilla Most
taste pores opened in the form of a rounded crater with
a diameter of about 5-7 um elevated shghtly above the
surface of the papilla Microvilli could be observed m
large bore pores

a scanming electron microscope (SEM)
wid 1mpression can be obtaned of the
ee dimensional morphology of biologrcal

surface structures During recent years this
techmque has been increasingly employed
in the study of different sensory organs Re-
garding the taste organ SEM studies on sev-
eral species of ammals have been made Thus,
Graziader (1969} examuned fungiform papulae
10 the rat and the frog, as well as taste buds
w the hp of fish SEM studies on the taste
organ of the frog have also been reported by
Shimamura & Tokunaga (1970) and Graziader
& De Han (1971) Scanming electron micro
graphs of different papillae 1n rabbit, rat and
dog have been presented by Bedler (1969)
Grants were teceved from the Signd de Verdier Me
monal Fund and from the funds of the Faculty of
Odontology Karolinska Insfitutet
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Shimamura et al (1972) were the first to 1n
vestigate 1n greater detail the pore of mamma
han taste buds The last named authors
studied circumvallate and, particularly fohate
papillae 1 the rabbit, and descnbed the oc-
currence of two types of cellular profectrons
or taste hairs

Scanning electron micrographs have also
been used to illustrate the topographtcal
changes which take place duning the develop-
ment of the circumvallate, fiiform and fungt
form papitiae of the rat (Mistretta  1972) and
during atrophy of the ingual mucosa of the cat
after nerve transection (Mizuno et al, 1973)

So far, the SEM technique has only been
used to a very hmited extent for the study of
the human tongue Filiform and foltate pa
pillae have been examined, at different ages
by Skach & Svejda (1972) and Sveyda & 32
nota (1974) Arenberg et al (1969) studied
the outer taste pore of fungiform papillae from
a human tongue

The present report 1s concerned with the
surface structure of the fungiform papitae of
man and monkey as shown by the scannnb
electron microscope Ths study 15 part of 3
Jarger on the physiology of the
taste receptors of the fungiform papillae, and
was prompted by the lack of detarled morpho-
logical mformatton 1n the literature




o N 4 R

Fig I Monkey (Cynomolgus) Fungiform papillae sur-
rounded by mumerous filform papiltac Formaldehyde
fixaton SEM, x100

MATERIAL AND METHODS

The human matenal was obtained from dental
patients, aged 20-50 years. with a normal
tongue mucosa Single fungform papillae
or small pieces of mucosa bearing 2-3 such
papillae,were removed under surface, or con-
ductive, anesthesia from the anterior part of
the tongue Before the biopsy the tongue was
sprayed with Ringer solution

The simian matenal was taken from young
adults of two closely related stramns of mon
key Cynomolgus and Cercopithecus The
antenor third of the tongue was cut out under
general anesthesta and sprayed with Ringer
solution Small pieces of mucosa with up to
10 fungiform papillae were dissected out

After removal the specimens were rinsed
m several changes of phystological saltne for
15-20 min to cleanse the surface from mucin

SEM of fungiform papilae on the tongue 497

ous substances The tissue matenial was then
fixed overmight n 45 formaldehyde 1n phos-
phate buffer, pH 7 4 (Lillie, 1948), or, for 30
mun tn 262 glutaraldehyde 1n 0 1 M cacodylate
buffer, pH 7 4, followed by postfixation for
3 hrs 1in 2% osmium tetroxide

After fixauon the specimens were rinsed 1n
distilled water and dehydrated n graded etha-
nol or graded acetone Up to this pont all
processing steps were carned out at room
temperature  The specimens were dried by
the cntical pomt method (Anderson, 1951),
using a Model E 3000 drying apparatus (Pola-
ron Equpment Ltd, London, England)
charged with carbon dioxide The dry speci-
mens were mounted. with adhesive sily
paste. on spectmen carners and coated"”
carbon and gold n an Edwards ("
evaporator 1n order to prevent cha

A
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Fig 2 Homo A single fung:form papilla 1s demonstrated

covered by a showing
desquamation An invagmaton (upper right) and the

specimens by the electron probe Observa
were made using a Cambndge S4 scan
)electmn mucroscope operated at 18 kV

'

OBSERVATIONS

The scanming electron microscopic findings
were similar in both the human and the
simian matenals and are therefore presented
together

General observations
The fungiform papillae are distrbuted on the
dorsal surface of the tongue They occur
sparely on the body of the tongue but are
more numerous on the up and on the lateral
margins As shownin Fig 1 each fungiform
papilla ts surrounded by many filiform pa
pillae

The surface of the papilla 1s covered by a
stratified squamous epithelium (Figs 2-4)
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openings of three taste buds (arro 5) are visible Formal
dehyde fixanon SEM x220

The polygonal cells are closely jomed to-
gether, their borders appear as elevated lines
in the mcrographs Desquamation of the
epithelial cells was regularly observed In
some of the fungiform papillae an mnvagtnatton
was found tn the center of the dorsal surface
(Fig 2)

Taste pores
Taste pores occurred 1n nearly every second
fungiform papilla examined tn the scanming
electron microscope Up to three pores were
observed in a single papilla (Fig 2) The pores
were situated on the convex dorsal surface
of the papilla without any defimte pattern of
location

In most cases the pores opened in the form
of a rounded crater shghtly elevated above the
surface of the papilla (Fig 5) The wall of the
crater was formed by 3 to 4 squamous €pt
thelial cells lymg side by side The diameter
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Fg 3 Homo Epthehal Imng of dorsal surface of a
fungiform paplla Supenmposed squamous cells w th
polygonal ledge ke bo ders are demonstrated The
focanon of younded or oval nucler 15 ind cated by the
presence of smooth elevauons Glutaraldehyde + 050,
fxaton SEM x1100

of the opening vaned between different taste
buds within a range of 1-12 um (Figs 5-7)
most of the taste pores however had a dia
meter of about -7 um In some instances
the free margin of the epithehal cells appeared
to bend slightly down 1nto the pore (Figs 5
7) Occastonally an inner pore was found
at the bottom of the crater (Fig 6}

In large bore pores microvill could be ob
served as shown m Fig 8 The mucrovilk
were srregularly arranged and did not extend
to the free margin of the pore Larger club
Ike cellular processes were sometimes noted
among the mucrovill: 1n the human specimens

DISCUSSION

The preparation of soft brological tissues for
scanntng electron microscopy 1s a complex

—

~

Fg 4 Homo Closcup of terraced squamous cells
show ng m cropl cae—typ cal of squamous ep thel al
celis—and ledge like borders Formaldehyde fixaton
SEM x4400

procedure Briefly 1t mvolves the following
steps (1) removal of extraneous surface mat
ter (2) fixation (3) dehydration and drymg
and (4) mounting and coating Since the SEM
15 a relatively new instrument processing
techniques are still to a large extent at the
tnal and error stage no single scheme 1s suit
able for the preparation of all biological
samples For reviews of the different techm
cal procedures and of the problems con
nected with preservation of in vn o structure
see Boyde & Wood (1969) Marovitz et al
(1970) Arenberg et al (1971) and Hollenberg
& Enchson {1973) In the present investga
ton pilot studies were performed to evaluate
the suitability of three different fixatives for
the preparation of tongue samples Satisfac
tory fixation was obtamed with
hyde and with glutaraldehyde N 4
P

v
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Fig 5 Homo Detail from Fig 2 showing a typrcal crater
Itke taste pore SEM x1490

Fig 6 Monhey {(Cercopithecus) Eputhelal cells are
seen to cover partially the inner pore of a taste bud
Formaldehyde fixation SEM x1260

postfixation 11 osmwm tetrouide On the
other hand primary fixation in osmum te
troxide caused shrinkage and cracks in the
specimens and was abandoned Two dif
ferent methods of drying were also compared
viz cntical pomnt drying (Anderson 1951) and
freeze drying Freeze drying was done from
70% ethanol at —35°C over phosphorous
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Fig 7 Mankey (Cvao noleus) A very rarvow pore of 2
taste bud 1s demonstrated Formaldehyde fixat on SEM
x1490

pentoxide using the apparatus described by
Olson & Ungerstedt (1970) Good preserva
tion was obtatned with cntical pomnt drying
Freeze-drying led to the development of fis
sures and therefore, was not used for the
main study

The taste organ in mammals 1s located in
spectalized receptors the taste buds which

Fis, & Homo Closeupof
taste pore Numerous stru¢
tures sim lar to m crovillt
andafarger club keceliular
process (arro ) are vis ble
Formaldehyde fixat:on
SEM x8300



are found particularly on the tongue fn the
human tongue taste buds are found manly
1 the fungiform and crcumvallate papillae
A subsequent light microscopic study on the
fungiform papillae, made 1 our laboratory,
has shown that taste buds occur in about 409
of the papillae (Arvidson to be pubhshed}
The taste buds were always confined to the
dorsal surface on the papillae but, otherwise,
did not show any defimite pattern of location
Usually, one to three buds were found 1n a
single bud bearing papilla but, occastonally,
1p 1o some 20 taste buds could be discerned
In the main these findings are m accordance
with the present SEM observations, which,
moreover, mdicate a close similanty in sur-
face structure between human and simian
fungform papillae More than three taste
pores were, however, not observed m the
present material, presumably due to the
smaller number of papillae examined

Another finding with the SEM was the oc
currence unrelated to the presence of taste
buds of an invagination 1n the central part
of the dorsal surface of some of the funzform
papillae  Such invaginations were noted also
in the above mentioned hght microscopic
study Hence, 1t seems most likely that these
Invagmations represent a normal feature in
the surface morphology of the fungiform pa
pillae and are not to be regarded as artifacts
caused by bulk shnnkage dunng the process
ing for the SEM

Most of the taste pores opened 1n the form
of a rounded somewhat elevated crater This
15 1n accordance with previous observations
n rats (Graziader 1969) and rabbits (Shima
mura et al 1972) The human and siman
taste pores had a diameter of about 5-7 um
the corresponding figures for rats and rabbits
were given as 1-2 pm and up to 4 pm respec
tively In the present materal there were
however considerable differences wn the
shape and size of the pore opemung even in
the same tongue To some extent these dif
ferences could be caused by fixation artifacts
Nevertheless 1t seems reasonable to assume

oy Sy
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that the differences observed are primanly
due to varations in the arrangement of the
outermost epithehal cells dunng the contin
uous process of desquamation and cell re
newal Whether or not short term variations
in pore di occur n resp to chang
mn the local environment of the oral cavity
cannot be determined from the present obser
vations

Previous transmisston electron microscopic
studies on the taste buds of fish frog, rat,
rabbit and monkey have demonstrated that
microwilh project from the apical surface of
the taste receptor cells towards the taste pore
(for reviews see Graziades, 1970, Jeppsson
1969, and Murray & Murray, 1970) In adds
tion the occurrence of larger, finger- or club-
tike projections among the microvillh has
been reported 1n fish (Hirata 1966, Graziade,
1969) and rabbit (Murray & Murray, 1967)
These findings have been confirmed by later
investigations using the SEM Thus, microvilh
have been observed in frog (Shimamura &
Tokonaga, 1970 Graziader & De Han 1971),
fish (Graziade: 1969) and rabbit (Shimamura
et al , 1972) The presence, in the two last-
named species of a second larger type of
projections has also been venfied by scanmng
electron microscopy The most detaled ob-
servations on the mcrovilli have been made
wn the frog because of the umque arrangement
of 1ts taste organ In this ammal the sensory
area of the taste bud has the shape of an open
disc and s, therefore totally exposed Con
versely 1n the other species investigated the
microvilll are contamned within the pore and
are much more difficult to examine i the
SEM In the rat, with 1ts small bore pore and
short microvilli 1t has not been possible to
visualize these latter structures by means of
scanmng electron microscopy The present
SEM observations have demonstrated the
occurrence not previously shown, of micro-
vilh1n human taste buds and confirmed thewr
presence n sirmian taste buds Furthermore
larger cellular projections were not
human taste buds, but were not ~
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the papiilae taken from monkeys Nor were
such larger projections found tn previous
studies with the transmission electron micro-
scope n the monkey (Murray & Murray,
1960)
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ZUSAMMENFASSUNG
Die Oberflacheniopographre der pilzformigen Papitten

der Zunge beim Menschen und beim Affen wurden im
krosk studiert Ve d

der § ); wurden versucht
Zufriedenstellende Ergebmisse wurden mut Fyaerung 1n
Formaldehyd erretcht desgleichen mit Glutaraldehyd
und Nachfixierung in OsO, mit nachfolgender hntischer
Punkt Trockaung Geschmacksporen wurden in etwa der
Halfte aller pilzformigen Papillen gefunden Bis zu 3 Po
ren belegen auf der dorsalen Oberflache wurden tn
ciner ewnzelnen Papille beobachtet Die meisten Ge
schmackspaptllen offneten sich in der Form eines ab-
gerundeten kraters mit ca 5-7 um Durchmesser etwas
erhaben uber der Oberflache der Papille Mikrovillen
konnten tn weiter geoffneten Poren beobachtet werden
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DEVIATIONS IN THE ROUTE OF THE GREATER PETROSAL NERVE FOR
THE NEEDS OF VIDECTOMY’

A Kukwa Z Bochenck and E Zawisza

From the Department of Otolaryngology Med cal Academy Warsaw Poland

(Recewved June 14 1975)

Abstract 1n a matenal of 76 human skulls the authors
have tned to locate the route and shape of the greater
petrosal nerve canal and pterygod nerve canal with
specal attenton gven to devatons from the typ cal
route

Growing interest m surgical cutting (neurec
tomy) of the greater petrosal nerve has been
stimulated by failures to achieve permanent
cure of a number of rhinological diseases such
as rthimtis vasomotonica and neuralgra of
pterygopalatine nerve Vanous methods have
been used to cure those syndromes (Golding
Wood 1961 Malcomson 1959 Romesil
1969) With some methods (Malcomson 1959
Romesil 1969} a considerable proportion of
the cases operated on failed to obtain the ex
pected improvement It 1s very likely that the
farlures were due to vanability of the route of
the greater petrosal nerve and pterygord nerve
canal

The traditional description of the route and
topography of those nerves 1s as follows the
opemngs of the greater and lesser petrosal
nerve canals are located on the antenor sur
face of the petrous part of temporal bone
{pyrarms)

The greater petrosal nerve canal 1s longer
and wider and has a more medial position It
begmns at the genu of the facial nerve canal It
contams the greater petrosal nerve which
comprises the afferent fibres to the genculate

-

ganglion and the petrosal branch of the
middle meningeal artery

The lesser petrosal nerve canal contams a
nerve which 1s an extenston of the tympamc
nerve Extending to the top of the pyramid
both canals change into grooves at first run
ning parallel to each other and end on the la
teral wall of the foramen lacerum

The pterygoud canal which connects the
basal part of the foramen lacerum with the
postenior wall of the pterygopalatine fossa
breaks through the base of the medial ptery
goid plate Through the fossa there runs the
greater petrous nerve and the deep petrous
nerve comung off the sympathetic plexus at
the internal carotid artery as well as the artery
and vein of the pterygoid canal

The above description 1s not satisfactory in
1ts details for the needs of microsurgery i this
region Because the Otolaryngological Chinic
of the Medical School 1n Warsaw has started
surgical treatment of those syndromes and at
the same time the Institute of Gross Anatomy
has gathered many bone samples the authors
have studied in detail the route and location of
the canals of both nerves

MATERIAL AND METHODS
Seventy six skulls have been used in the
The measurements were made wit
calliper with nonius and each 1t
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Table 1

Results of measurements cm

1 2 3 4 5 6
Average 308 182 107 043 288 263
Range 220380 | 46-2 82 081-133 017-10 140393 130-331

of the canals was measured with a copper
wire The followmng features, which in the
authors® optnion may be of fundamental im
portance for the surgical approach to the
nerves, have been taken into consideration

1 the distance between the pterygoid
groove and the entrance to the pterygord ca-
nal,

2 the length of the pterygoid canal meas-
ured from its entrance to the mouth mn the
pterygopalatine fossa,

3 the distance between the circular en-
trance and the mouth of pterygoid canal meas-
ured in the pterygopalatine fossa,

4 the thickness of the base of the pterygoid
apex measured between the bottom of the

Table I Deviations from the normal route of
. pterygord nerve in 76 shulls
) Number
f

o
uroup Feature skulls

1 The nerve runs i the sulcus under
the then bone plate or the mucous
membrane of the floor of the
sphenoid sinus (Fig 1) s

2 The route of the nerve ts in the
corpus of sphenoid bone i

3 The nerve runs ndge Itke protrudimg

above the floor of the sphenord

staus (Fig 2) 2
4 The nerve does not run on the skull

base but goes i a bony sulcus

connecting the opemng of its canal

on the atenor surface of the

pyramid and the mouth of the

pterygord canal (Fig 3) 12
5 The entrance of the canalis covered

by the top of the pyramid 1
6 ‘The canal runs obliquely to the

extension of the pyramud axis 1

scaphoid fossa and the centre of the pterygord
canal,

5 the length of the pterygopalatine canal
measured between the greater palatal foramen
and the postero superior wall of the pterygo-
palatine fossa at the mouth of the pterygod
canal,

6 the distance between the groove and the
bottom of the scaphoid fossa Average results

Fig 1 Route of the pterygoid nerve sulcus under the

mucous membrane of the sphenord sinus 1 hatus can:!h:
fatiahs 2 foramen ovale 3 foramen laccrum 4 sinu

Acia Orolaryngol 81



Fig 2 Route of the nerve on the bottom of spherod sinus
seenasandge 7 sphenord sinus 2 bone ndge

of the above measurements are given n
Table |

When making the measurements some char
actenstic deviations from the normat route of
greater petrosal nerve sulcus and pterygord
nerve canal were discovered They were di
vided into six groups as set out 1n Table 11

DISCUSSION

The deviations which have begn found ex
plam at least to a certain degree the falures
of methods of surgical treatment now In use
The diseases of the sphenoid smuses may
produce some disturbances of this nerve One
or more of those deviations were observed in
29% of the matenal exanuned (see Table ID)

Route of greater petrosal nerve 505

It could be found on the surfice of the part of
the petrous bone n direct proxmmty of the
carotid canal At the top of pyramud the sulcus
changed into the pterygoid canal m 1697 of the
samples examuned

Our data have thus confirmed the observa
tions made by P H Golding Wood, who ex
ammned the distance between the circular en
trance and the mouth of the pterygowd nerve
canal n the pterygopalatine fossa and es
timated 1t to be 10-12 mm long On the other
hand, the length of the pterygopalatine canal
measured from the greater palatal entrance to
the mouth of pterygoid nerve canal of the
pterygopalatine fossa ts on average 2 88 cm

Fg 3 Route of the greater petrous nerve sulcus on the
front surface of the pyramd comng d rectly into the
pterygond canal / hratus canals facialis 2 1
spnosum 3 foramen ovale 4 foramen
canalis pterygaideus

rd
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Anhand emes 76 menschliche Schadel umfassenden Ma
tenals worden der Verlauf und die Gestalt des Kanals
des N petrosus major und des Kanals des N ptery
goideus sorgfatug untersucht Ber 297 der Schadel wur
den Abwerchungen vom normalen Verlaof festgestellt
Die Vanabilitat des Verlaufs und der Gestalt der ge
nannten Nervephanale kann dem Chirurgen grosse

h k ber der Neurek des N petrosus
major beretten und mcht selten zum Misserfolge der Be
handlung mit emer der ublichen Methoden der Neurek
tomue fuhren
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THE INFLUENCE OF GUANOXANE ON THE SUBMAXILLARY
GLANDS OF RATS

Another Model of Netrogenic Sialoses

C Arglebe, A Krause and R Chilla

From the ENT Clinic University of Gottingen Gottingen BRD

(Recerved June 3 1975)

Abstract Tn extracts of submaxilary glands of rats
treated with the denvative {En

The submaxillary glands of rats show

vacar®} a amylase activity and proten concentration
were measured Both parameters were also determined for
the a1soamylase patterns obtained following electro-
phoretic separation of gland extracts n polyacrylamide
gels Dunng the first week of drug applicauon amylase
was found to be congested in the glands Compared with
untreated ammals total amylase comcentration and
amylase activaty per unit protem (specific enzyme activi
ty) were sigmficantly increased in extracts and separated
isoenzymes whereas protemn concentration rematned un
alered The described changes reverted to normal after
continued drug application for 3 weeks The possibiltty 15
suggested that changes In a 1s0amylase patterns might
eventually be employed for cimcal charactenzatton of
different types of neurogenic sialosis

Dryness of the mouth and pain 1n the salivary
glands at the b of are

morph and, especially, enzymatic
changes after a 3 week clonidine treatment
Che changes n the activity of tsoamylases
persist even after discontinuation of drug ap
phication {Chilla et al, 1975) Although we
attnbuted these changes to some kind of
deficiency ( Karenz”) snlosis with con-
omutant secondary mfection, the fact remains
that clomdine acts primanly on the vegetative
nervous system (Hoefke & Kobinger, 1966)
The secretion process tn the salivary glands 1s
probably tnhibited to some extent n ths
manner (Onestiet al , 1971)

Since the sialotic alterations :n the glands
are pnmanly caused by neurogemc

well known side-effects of many antihyper
tensive drugs (Wilson, 1965, Bock, 1968, 1970,
Schneider, 1973) Their action nvolves the
vegetative nervous system, dimimshing the
sympathicotonus ~ Clomdine, a chnically

one might speak tn this case of a
neurogenic type of a sialosts The clomdine-
mediated changes n the rat submaxillary
glands could then serve as a model of the
central type of a neurogemc sialosis Apart
from this sialotic form, there exists also the

widely used antihypertensive drug nfl
the sympathetic cardiovascular regul

\} type (Rauch, 1959)

penph g ()
Smce blocks the of

centres of the medulla oblongata {(kobinger,
1973), guanethwline dervatives such as guan
oxane [2 hyl (1l 4

sympathetic nerve impulses penpherally, the
question anses whether sialotic changes can

xane]
tnhibit the transnussion of mmpulses 1n post
ganghome sympathetic nerve endings (Peart &
MacMahon, 1964, Davey & Reinert 1965)

be d i the submaxillary glands of
rats after application of guanoxane Afte
related studies on rat parotid glands (Ar

& Chilla, 1975) we presented a mod
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Ongin
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fie [ Acuwity staming with Lugols sofuton after
electrophoretic separtatton ta palyacrylamude gel (pH 8 9)
of 2 ug protem from submaxdlary gland extract Electro
phoresis was camed out at 0°C 600 vV 60-80 mA
Runnmg time 2 $hrs Besides the two 1soamylases visible
in the photograph two more 1soenzymes were detected by
amylase assay 1n gel sections farther removed from the
ongn

peripheral vegetative type of a neurogemc
stalosts By extending our investigations to the
submaxiliary glands we hoped to confirm
those earhierfindings Agam, & amylase withits
4 1s0enzymes was selected as a suitable para
meter for the glands’ metabolic activity

) MATERIAL AND METHODS

45 female rats (120-160 g, strain Sprague—
Dawley NIH/HAN) were obtamed from
Zentralinstitut  fur  Versuchstierzucht, D-3
Hannover{FRG They were divided nto 5
groups of 7 and 2 groups of 5 ammals each and
kept under the same conditions (Altromin®
standard diet) Groups -V were given one
intraperitoneal injection per day of 7 mg guan
oxane sulphate* dissolved in 1 ml of 1 mM
phosphate buffer (PH 6 1) The rematning 2
groups served as controls and received no
njections Aftera 12 hrs starvation period the
rats were killed n ether narcosis Group I was

' Pfizer GmbH D 75 Karlsruhe/FRG kindlv provided us
with 2 sample of guanovane sulphate Envacar?)
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sacrificed after 1. group II after 3 group 1|
after 7, and group IV after 21 days Group "
had received guanoxane for I week but ha
not been treated for 3 more weeks before th.
ammals were killed The control groups V
and VII were sacnificed after 7 and 21 days
respectively

The submaxillary glands of the left sid
were removed at once, weighed, and hep
frozen at — 70°C untl used Extraction an
electroph separation procedures wen
performed as specified elsewhere (Chillaetal
1974, 1975) After electrophorests, 12 gel stnp:
(3 mm wide) were sampled and eluted a
described by Arglebe & Chilla (1975) an
Arglebe et al (submrtted for pubhcation)
Protemn amounts 1n the gland extracts were
determined after Lowry et al (1951) ané
amylase activity, both in extracts and gel
cuttings, with the assay of Street & Close
(1956) The gels run for the quantitanve
determmation of 1scamylase activities (Fig 1)
were charged with 2 gg and those for esima
tion of protemn n the amylolytcally active
bands with 100 pg proten from each sample
By staning the latter with Coomassie Blue
(Supranolcyamn 6B} the location of protem 1n
the ge! was revealed (Koentg etal 1970) The
peak areas obtamed after densitometry at 546
nm (Chilla et al, 1974, 1975) of the proten
20nes concident with the site of 1soamylase
activity were, in the present study, transfemed
to graph paper Prior to tius it had been
venfied that the paper had the same weightper
area umt 10 all places The circumscnbed
areals were cut out and weighed, the respe¢
tive werghts (mg) are referred to as relame
protein amounts

Levels of statistical significance for the
expenimental data were computed using the
Mann-Whitney (Wilcoxon) two sample stati>
tic (Milton, 1964)

RESULTS

After electrophoretic separation of 2 p#g pré-
tem from the gland extracts, 2 bands of 150
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Table 1 Unseparated gland extracts Protein concentration, total and specific amylase

| acnities

SC U =Street-Close units Speaic amylase activities were first calculated for each individual gland average values
showt in column (spec act ) of this Table were computed from those data Consequently averages (amylase) divided

by averages (protetn) do not yield averages {spec act }

Days Days Amylase activity Protein conc Spealfic activity
Group treated  untreated  (SC U/mlextr)  (mg/mlextr) (S C U Jmg protein)
ln=7) ! - 148(0 15*) 466 322000 1%)
Hin=7} 3 - 29 (14%) 487 0632(2¢%)
M 7 - 143 455 3370
W (z=54) 21 - 174 355(5%) 0517
Vin=61) 7 21 315 408 0078 (10¢%)
VIVl (n~10) - 7 71 435 077

* 2rats (group IV) resp | rat (group V) died after imjection
* Difference to control Levels of sigmficance (p<n %

amylases (Fig 1) could always be dem-
onstrated by activity staiming with Lugol's
solution (Chilla et al, 1975) Evi for

amylase congestron i the submaxiliary glands
of rats durmng the first week of guanoxane

another 2 1soamyl fractions, p
n parotid gland extracts, could 1n most cases
only be obtained by enzymatic determination
of amylolytic activities in eluates from poly-
arylamude gel (see below) Oaly mn a few
samples were those 2 1soenzymes present in
to be led by activity
stamnmg  Accordmngly, while 1soenzymes 142
showed as a sharp zone after protein staining
noenzymes 3+4, m the majonty of cases, did
not
Our expenmental data present evidence of

Table 11 Isoam)lases Relatn e proteun amounts

Values for total activity are based on the  average diagrams
$C U =Street-Close umts

! The of amylase in
the glands was distinctly higher in treated than
m untreated ammals We observed the same
effect n parotid glands of guanoxane-
medicated rats (Arglebe & Chilla, 1975)
Amyloclastic activiies were enhanced both 1n
gland extracts (total amylase concentration
Table I) and the 4 o amylase 150enzymes
(Table I, Fig 2) With the exception of
1soamylases 344 on the first and third day, the
increment rates are statistrcally significant
Protein concentrations, however, do not
change durning the first week, nor do they nise

rotal and specific enzvme acti intes

of Fig 2 For speatfic actmity sec explanation in Table 1

Tsoamylases 1+2 (0~18 mm)

Isoamylases 3+4
Relative s

Speaific (18-36 mm)
Days Days Total activity® protetn amount actvaty*® Total acuvity®

Group treated unireated (S5 C U x107) (mg peak area) (x10% (ES C U x10%
Tin=T) 1 - 10015’2'1 108 PJ 57
W ¢n=7) 3 2504107% 145
e 7 7 - 4|01:"a 11 wu S68(2%)

(n— 21 - 153 00

(n—-6") 7 2 110 143 uo 9027
VUVll(n=IO) - wm 170 151 132 g

* 2 rats (group 1V} resp 1 rat (group V) died after m;:cuon
* Difference to control Levels of sigmificance (p=n

© For the sake of perspictity values were multiphed by 1oc”

33 769957
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Fig 2 Distnbution patterns of 1soamylase activities after
electrophorests of each 2 ug protern from submaxillary
gland extracts ( average diagrams ) These diagrams
were computed by averaging all single diagrams obtaned
for each group Street-Close umits (S C U} determined
in each 3 mm gel section were multiphied by 1000

above control values This applies not oniy to
extracts but also to electrophoretically sepa-
rated samples It 1s interesting to note that
rotein contents are about twice as high as
se measured 1n parotid gland extracts Pro-

o values remammng unaltered, the specific
mylase activities of extracts and separated
Isoenzymes, 100, increase during the first
week, and, for the most part, statistically
significant (Tables Tand II) However, specific
tsoamylase activities could only be determined
for 1soamylases 1+2 as protemn stawung, man-
datory for the calculation of specific actvities,
could not be achieved for 1soenzymes 3+4
Following electrophoresis, merely 9 out of
altogether 42 gland samples showed at least
traces of bands in the gel region where those
two 1soenzymes wonld be found In most
cases, charging the gels with even more than
100 pg protemn failed to reveal an appropriate
zone after stainmg with Coumassie Blue The
amylase assay of Street & Close (1956), how-

Acta Otolaryngol &

ever, always detected distinct amylolytic
activities for all 4 1soamylases Therefore at
least total amylase activities could be mea:
ured for 1soenzymes 3+4 (Table If and * ave!
age diagrams™ m Fig 2) It must be undes
stood, however, that the specific amylas
actwvities of the gland extracts (based on re¢
protetn concentrations) cannot be direct]
compared with the specific 1soamylas
activities which are based on relatn ¢ proter
amounts

Amylase congestion as demonstrated by th
increased enzymatic activities has disappeare.
after another 2 weeks of continued treatmen
with guanoxane (group 1V), and protein ha
even decreased shghtly, but sigmficant:
(Table 1) When drug application for one weel
had been followed by a 3 week recovery phas:
{group V), all three parameters measured wert
below the control levels

Since the control groups did not diffes
significantly, they were combined nto one
group of 10 amimals

DISCUSSION

G blocks the of 1m
pulses in the postganglionic sympathetic nerve
fibres (Peart & MacMahon, 1964, Davey &
Remert, 1965) Today we know that the secre-
tton of o amylase from the acimc cell 15

d by sumulation of 8 gic T
ceptors (Schramm et al , 1965, Babad et af ,
1967, Batzri & Sehnger, 1973, Schramm &
Selinger, 1974) Therefore, elminatron of the
sympathetic innervation of the gland should be
expected to cause congestion of amylase 11 the
secretory granules Amylase synthesis wsellts
not affected by such treatment because 1t 1S
operated marnly through parasympathetic
innervation (Schneyer & Hall, 1966. Wilborn
& Schneyer, 1972) Our findings 1n the sub
maxilary glands dunng the first weeh of
treatment confirmed this theoretical assumg-
tion As in the rat parotrd gland (Arglebe &
Chilla, 1975), the proportion of namylasc
of total protemn extracted from the glands

4
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wereases drastically under guanoxane medica
»n The increment rates are statistically
y significant  These changes go parallel

th an increased activity of all 4 isoamylases

ibich reaches the maximum after 1 week

Three weeks after the rats had first been 1n
wted with guanoxane, increased amylase ac-
nities were no longer found 1n the submax-
Ty glands Similar observations were re
by Schneyer & Hall (1966) after “sur-

' and by Arglebe & Chulla (1975) follow
* pharmacological sympathectomy of the

« parotid glands We assume that also after
ympathetic denervatton of the submaxillary
an amylase secretion develops which 1s
dependent of sympathetic innervation and
hich s tnggered by the sull antact
receptors of the acmic cells (Arglebe et al ,
symutted for publication) In reacting hyper-
suvely to muute amounts of the neuro
transmitter the denervated salivary
lands closely resemble other denervated tis
es such as muscle (Gutmann 1962, Emmelin
Trendelenburg  1972) With 8 receptors

the activity of 1soamylases 3 and 3 when
treatment had been followed by a recovery
phase The activity of the same soenzymes
decreases i senescent rat parotd glands
(Chilln et al, 1974) 1n both istances the
amounts of 1soamylase protein do not change
which supports the assumption that either the
gland synthesizes less active amylase or that
the enzyme loses activity after its synthesss
Isoamylases 3 and 4 of the submanillary gland
seem 10 be very sensmive m this respect
Although therr activity could he measured
after electrophoretic separation, 1t was impos-
sible to demonstrate proten by staiming be-
cause 1ts concentration was too low even
though the relatively large amount of 100 ;i
protemn had been applied onto the gel ”““S
only total isoamylise actvity but not Ihc:
corresponding specific enzyme activities could
be evaluated statistically Further syl Y
might indicate whether strugtyral pecult mu:
are responsible for the described Josy ;xf .
tvity Chinical studies on alterationy of lﬂC'
amylase patterns n human saly, can pmsi:a?).'

locked such secretory of
mylase which are independent of sympathetic
rervation cannot develop (Arglebe et al
Jbmitted for publication) As the corre
*+ing parotud gland the guanoxane treated
axillary gland of the rat ¢an be regarded
a model of the penipheral type of a neuro-
stalosts
There ts one aspect tn which the rat sub
axillary gland differs from the parotid gland
tollowing guanoxane application The amylase
of the parotid gland increases as
red with the controls after a 3 week
..ation phase followimg treatment for 1
week We explaned this phenomenon as 2
reaction of the gland to the recovery phase
Under the same conditrons the enzyme con
tent of the submaxilary glands s lower than
that of the controls The drop of activity 15
Caused by disappearance of 1soamylases 3 and
1 We obtamed similar results for submaxillary
glands of rats following clomidine apphcation
(Chilla et al 1975) This drug aiso decreased

be employed for a ¢

of different types ufuualo;:‘ch;:lnc'::"mmm
changes 1n concentrition yng dmnh:“y cuse,
terns of 1soamylises can pe deman 'mn Pt
the bochemical modets of pen ’\ tated in
central types of siloses pherat and
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