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A Historical Vignette

“ Be proud of yourself: you have a history!”

“How do you like your labyrinth: straight or mixed?”

J. Tainmont
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Abstract. “How do you like your labyrinth: straight or mixed?” Usually, people think that a precise date, that of
Cotugno's publication concerning the aqueducts of the ear, is the interface between the concept of alabyrinth full of air
and the concept of alabyrinth full of fluids. However, there is then a period of doubt lasting about a century! This paper
endeavours to demonstrate that, in historical terms, dates are useful, but artificial, markers. It also provides an analysis
of this period based on the types of criticism directed against the doctrine of the implanted air of the ear.

The three great steps in the anato-
mical discovery of the labyrinth of
the ear were the theory of implant-
ed air or the dry labyrinth propa-
gated by Aristotle (about 340 BC,
Treatise on the soul), the discov-
ery of fluids by Cotugno, in other
words the moist labyrinth (1761),
and, finally, Corti’s discovery of
therole of cells (1851).
Thetransition from the belief in
a dry labyrinth and the discovery
of the moist labyrinth is generally
located in 1761, the year of
Cotugno’'s publication. However,
that sequence of events is too
abrupt. In fact, the transition was
much more gradual, covering
amost al of the second half of the
XVII™ century and persisting
through to the first half of the
XVIII* century. During this period
of doubt about the nature of the
contents of the labyrinth, various
criticisms were made of the con-
cept of implanted air. However,
throughout that century of doubt,
nobody crossed the Rubicon and
provided experimental proof that
fluids alone were present into the
labyrinth. Even those who found

that the labyrinth contained fluids
never attributed this to a normal
physiological phenomenon, even
towards the end of this period.
Itisinteresting for usto analyse
this period of hesitation, which is

emotionally charged because it
shows us the mental suffering that
a scientific spirit must sometimes
endure.

At the time, the French
Academy of Sciences founded by

Figure 1

Painting by Henri Testelin, from Charles Lebrun’s Etablissement de I’ Académie des sci-
ences et fondation de I'observatoire, 1666, National Museum of the chateau of
Versailles and the Trianons. Louis X1V is seated and Colbert is standing on the king's
right. The Academy included several anatomists, among them Claude Perrault (the only
one shown here, see the short arrow), Jean Méry and Joseph-Guichard Du Verney (the
collaborator of the latter, Edme Mariotte the physicist, is shown, see the long arrow).
The three anatomists referred to here will be described in this vignette.



J. Tainmont

206

ANATOMIE-
SUR LA DISSECTION DE L'ELEPHANT,
ET DU CROCODILE.

N Elephant de la Ménagerie de Verfailles , érant
mort, '’Académie fur mandée pour le diffequer;

M. Du Verney en fit la diffedtion, M. Perraultla def-
cription des principales parties, & M. DeLa Hire en
fit les deffeins : jamais peut-étre diffeftion anatomique
ne fuc fi éclatante, foic par la grandeur de I'Animal,
foit par I'exactitude que l'on apporta 2 'examen de fes
szrdcs différentes, foit enfin par la qualité & lenombre
es Affiftans : on avoit couché le fujet fur un efpéce de
Theatre aflés élevé : Ic Roi ne dédaigna pasd’écre pré-
fent 2 I'examen de quelques-unes des partics : & lorfqu'il

Figure 2 . R PG
The anatomists of the Academy also dissected animals. That is tomifte, qu'il ne voyoit point; M. Du Verney scleva
why these skeletons are present on the back of the painting of at}{ﬁ-to: des flancs de I’Animal, ou il €roit, pour ainfi
Figure 1 (we see a detail here). We see alion, agazelle, abird dire, cn_glogtl- . s d :
and an ostrich. In his “Memories of the Academy” (1733), : ‘;‘-3 LEP e e ncrjzn“cr g
Fontenelle told a funny story (Figure 3 below) concerning Du N iu roy:u;mc o4 d 01;1g0- lclt,c’": i 11 Ans o
Verney and an elephant. Much more dramatic was the death of CCE GGG B 66 LG NEE O L
hisfriend Claude Perrault following the dissection of an infect-
ed camel in the Jardin des Plantes.*

Figure 3

When an elephant died in the zoo of Versailles, the Academy
was asked to dissect it. Du Verney conducted the dissection,
Perrault described the principal parts and De La Hire did the
drawings. There has perhaps never been such a dramatic dis-
section. Thiswas due to the size of the animal, the accuracy of
the examination of the different parts, and the rank and the
numbers of those attending. The subject had been laid down on
a sort of raised podium. The king deigned to be present when
some parts were examined. Upon arrival, he asked attentively
about the whereabouts of one of the anatomists, whom he
could not see. Immediately, Du Verney rose up from the flanks
of the animal in which he was virtualy engulfed. This ele-
phant, which died in January 1691, was from the Kingdom of
Congo. It was 4 years old in 1688 when the King of Portugal
sent it to the King.

From the Histoire de I’Académie royale des Sciences by
Fontenelle (1733).2

King Louis X1V and Colbert in
1666 included several anatomists
(Figures 1,2,3).

This vignette is structured in
accordance with the different criti-
cisms of the theory of implanted
air:

1. The rgjection of the location of
implanted air in the middle ear
and its allocation to the

[abyrinth

2. The dispute about the role of
implanted air in the normal
physiology of the ear

3. The theoretical objections to
the idea that implanted air is
present in the labyrinth from
birth

4. The description of the presence
of fluid in the labyrinth as a
pathological condition

5. A concept more or less combin-
ing the two theses: air and fluid
coexist physiologically in the
labyrinth.

1. The rejection of the location
of implanted air in the middle
ear and its allocation to the
labyrinth

In the beginning, as soon as the
middle ear was considered to be
an anatomical reality, it was con-
sidered to be one of the cavities
containing implanted air, like the
[abyrinth. This was the view held
by authors born in the XVI" cen-
tury or earlier. However, in the
XVII*™ century, it was no longer
believed that implanted air was

present in the middle ear and it
was thought to be present in the
labyrinth only. This was the first
step in the downfall of the theory
of implanted air.

— Isbrand van Diemerbroeck of
Utrecht (1609-1674) (Figure 4)
Van Diemerbroeck was a
teacher at Utrecht University. He
was not a brilliant innovator, asis
shown by the fact that he was the
author of the last treaty of anato-
my to include the position of the
soul! However, he fought ardently
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Figure 4
Frontispiece of the French posthumous
edition of the De Anatome corporis
humani by Diemerbroeck published in
Lyon in 1679.

against the idea of the presence of
implanted air in the middle ear
(1672).

— Johann Bohn of Leipzig (1640-
1718)

Bohn argued on common-sense
lines: implanted air cannot be pre-
sent in the middle ear because
atmospheric air penetrates into it
through the Eustachian tube
(1680).*

— Claude Perrault of Paris (1613-
1688) (Figure 5)

Perrault maintained that
implanted air was present in the
labyrinth, while admitting that
implanted air cannot coexist in the
middle ear because the
labyrinthine air qui touche immeé-
diatement la membrane spirale est
exempt des qualités nuisibles qui
se pourraient rencontrer dans
['air de dehors, estant enfermé
exactement (that touches the spiral

Figure 5

The cochlea according to Claude Perrault.
He was both an architect and an anatomist
and was the brother of Charles Perraullt,
the author. This drawing is from Claude
Perrault’'s work Essais de Physique,
Volume 2, entitled Du bruit (“Concerning
sound”), 1680.

membrane directly is free of the
noxious properties that could be
present in the air from outside,
since it is enclosed precisely)
(1680).5

— Joseph-Guichard Du Verney of
Paris (1648-1730) (Figure 6)

Du Verney believed that some
air had to enter the middle ear
through the Eustachian tube in
order to maintain its elasticity.
This theory automatically elimi-
nated the possibility of the pres-
ence of implanted air in the mid-
dle ear (1683).°

2. The dispute about the role of
implanted air in the normal
physiology of the ear

According to the Ancient Greeks,
implanted air alone was necessary
for hearing. Later, this concept fell
into disrepute (nevertheless,
implanted air was still considered
to be present). As early as Gallen,
the function of the auditory nerve
was recognised, but this concept
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Figure 6
Frontispiece of the Tractatus de organo
auditus published by Du Verney in 1683.°

was neglected until a better
knowledge was acquired of the
auditory nerve fibres.

Laurent of
later Paris

— André
Montpellier
(~1550-1609)

Du Laurent specified that the
“aer innatus’ served only to con-
duct sound (1660).”

Du
and

— Giulio Casserio of Padua (1561-
1616)

Casserio declared that the audi-
tory nerve was the real instrument
of hearing and that its role was
more important that the “aer
ingenitus’: Nervus est primaria
pars in auditus organo (1600,
1609; 1627 posthumous).®

— Daniel Sennert of Wittemberg
(1572-1637)

Sennert argued that implanted
air was not a sense organ because
it was not aliving part of the body:
cum sensionis organum pars simi-
laris animate esse debeat (1641
posthumous).®
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«Au reste si vous me voulez faire l'honneur de continuer vostre correspondence, vous
m'obligerez sensiblement, et vous me trouverez tousjours prest _a vous rendre la pareille.
Au moins ne partez pas, je vous en prie, avant que de m'en avertir de bonne heure.

Cependant je suis de tout mon coeur

Monsieur Vostre treshumble et tresobeissant serviteur Leibniz.

A Monsieur Schelhammer»

Figure 7
Schelhammer corresponded with Leibniz, a philosopher and member of the “Académie
royale des Sciences’. Here is the end of aletter by Leibniz from Paris to Schelhammer,

dating from mid-September 1674.
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Figure 8

Extract from the register of the proceedings of the sessions of
the “Académie Royale des Sciences’ of the year 1704, stating
that, in November 1701, Jean Méry observed the elements of
the eye fundus of a cat, the head of which he plunged into

water with the intention of drowning it.

— Johannes Wesling of Padua
(1598-1649)

Wesling granted precedence
over implanted air to the cochlea
and to the nervous branches that
cover the walls of it: nam cum
partem respicimus, quae in primis
sonum conservat, intendit et ad
scopum intimum perducit, penes
Cochleam utique principatus ste-
terit: cum eam quae ad recepti
soni perceptionem requiritur per-
vestigamus, utique nervi mollioris
expansio, qui intimo cochleae
gyro accumbit, reliquis partibus
dignitate praecellit.

“If we pay attention to the part
that first of all conserves the
sound and conducts it to the most
profound area, it is a matter of fact

that the dominating principle of
that part is in the hands of the
cochlea and, if we scrutinize the
part that assures the perception of
the sound received, the expansion
of the soft portion of the nerve that
covers the walls of the profound
convolution of the cochlea getsthe
upper hand over the resting parts,
anyway, with regard to dignity”
(1641).%

- Gunther Christoph
Schelhammer of lena, Helmstédt
and Kidl (1649-1712) (Figure 7)
Schelhammer argued that
implanted air could not play any
physiological role at all because it
is a simple physical agent: air is
only able to conduct sound. No
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such intermediate agent can be
considered to be a fully-fledged
organ (1684).

3. The theoretical objections to
the idea that implanted air is
present in the labyrinth from
birth

— Jean Méry of Paris (1645-1722)
(Figure 8)

Méry declared that the air pre-
sent in the labyrinth was not pre-
sent there from birth: it comes
from the tympanic cavity. Unlike
Perrault, Mery thought that some
air penetrates from the middie ear
in the vestibule. Otherwise, he
argued, air could not be present in
the labyrinth.

C'est par cette ouverture
(fenétre ovale fermée incompléte-
ment par |'étrier) que I'air du
tambour a communication avec
celui qui est contenu dans tout le
labyrinthe; ce qui ne pourrait
arriver si le trou ovale était
bouché par une membrane comme
I’on prétend; de plus si ce trou
était toujours fermé, I'air du
labyrinthe ne pourrait que trés
faiblement étre agité, et ainsi il ne
rendrait qu’un son fort sourd, de
méme que ferait un tambour, s'il
n’avait point de trou.

“It is by that opening (an oval
window partialy closed by the
stapes) that the air of the tympa-
num communicates with the air
contained in the labyrinth as a
whole; this could not happenif the
oval foramen was obstructed by a
membrane as people pretend;
moreover, if that foramen was
always closed, the air of the
labyrinth could only be agitated
very weakly and so it should give
avery dull sound, just like adrum
without a hole.”

However that did not prevent
him from claiming that there was
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En 1681l fit 3 Ja priere de M. Lami Docleur en Me>
Jecine , qui donnoit une 29¢ Edition de fon Livredel'Ame
Senfirive une Defcription de 'Oreille. 1 reconnoit dans une
Lettre préliminaire adreffée 3 ce Do¢teur & imprimée aufli ;
qil veft qu'un fimple Chirurgien de I Hotel- Dieu , & par-Ja
i infinué qu’il eft bien bardi d'ofer décrire une partie auflt
délicate que 1'Oreille , & aufli inconnué aux plus<habiles
Anatomiftes , qu'on ne le croira pas en droit de.faire des dé+
couvertes , mais {i-on veut bien ne s'en pas tenip i’ des pré4
jugez ordinairement fr concluants, il s'engage 3 convaincre
tout Incredule fes piécesa Ia main. Dans Ja méme année il
fut pourvii d'une Charge de Chirurgien de Ja feué Reines

Figure 9
Extract from atribute to Méry by Fontenelle, from the Histoire
de I’ Académie Royale des Sciences. Thereis an alusion to the
collaboration of Méry with Lamy (upon Lamy’s request) con-
cerning a work on the ear. Méry, who was jealous of Du
Verney, was determined to publish that work before Du Verney.
Méry succeeded in this, but posterity judged Du Verney’swork

Figure 10
Drawing from the Tractatus de organo auditus by Du Verney.
Figure IV shows the osseous spiral lamina and the basilar
membrane; the latter isformed of tight and longer chords at the
base than at the top. This was the basis for the erroneous view
that low tones are perceived at the base.**

to be clearly superior.*

air in the labyrinth and describing
the manner of its circulation: ces
trois canaux étant ouverts dans la
conque (vestibule) avec le canal
antérieur de la coquille, I'air
roule facilement dans toutes les
cavités du labyrinthe.

“Since these three canals open
into the concha (vestibule),
together with the anterior canal of
the shell (cochlea), the air circu-
lates easily in al the cavities of
the labyrinth” (1677).%

—G. Lamy of Paris (XVIIth centu-
ry) (Figure 9)

As afriend of Méry, Lamy was
of the same opinion. He detailed
the circulation of the labyrinthine
air. This theory of circulation
implied that the air was not
implanted in the labyrinth once
and for all, but that it was linked to
atmospheric air. Lamy believed
that air penetrates into the
vestibule from outside through the
external auditory meatus, the tym-
panic cavity and the foramen
ovale; it exits through the fenestra
rotunda and then the Eustachian
tube (1677).=

— Johann Bohn of Leipzig (1640-
1718)

He thought that it was unrea
sonable to believe that there was
implanted air in the labyrinth from
birth:

Quando vero idem clarissimum
vir aerem labyrintho inclusum
implantatum censet, ideo, quod
gjus fenestrae seu foramina bina
adeo exacte clausa sint, ut nec
cum aere tympani, nec cum
ambiante hinc aliquod intercedere
videatur commercium: cum venia
ipsius mihi ambigere liceat de
modo , quo gusmodi aer, arcti-
ciori gusmodi spatiolo inclusus,
adeo perpetuam et uniformem
elasticitatem per tot annorum
seriem colat, ut praestando sine
interruptione auditui  simper
praesto sit. Scut enim totum cor-
pus cum Hippocrate perspirabile
concipere debemus, sic nec ab
emanationibus humorum cavitas
haec erit immunis, potissimum
cum insignis satis arteria ac vena
eam permeat; per consequens
brevi obtundent hac spiram illam
aeri huic implantato connatam ac
usui gjus congruam reddent.

“When | notice that such an
enlightened man (Du Verney)
assertsthat air is enclosed hermet-
icaly in the labyrinth, the win-
dows and holes of which are per-
fectly closed, with the purpose of
preventing any exchange with the
air of the tympanic cavity and the
ambient air, | wonder by which
grace that air enclosed in such a
small space could maintain the
constant elasticity that it is sup-
posed to keep. Moreover, taking
into account the fact that, as
Hippocrates thinks, the whole
body is capable of perspiration,
the cavity in question is probably
exposed to emanations of
humours too, especially as it is
crossed by arteries and veins;
these reasons therefore make me
think that implanted air cannot
maintain valuable qualities’
(1680).4

4. The description of the pres
ence of fluid in the labyrinth as
a pathological condition

— Guichard-Joseph Du Verney of
Paris (1648-1730) (Figures 10,11)
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Il publia en 1683 fon Traité de lorigine de FOuie 5 qui
fut traduit en Latin dés I'année fuivante , & imprimé & Nu-
remberg. Cette traduction a éé inferée dans la Bibliothe«
que Anatomique de Manget. On fera furpris que ce foit la
le feul Livre quaic donné M. du Verney, vt le long-temps
qu'il a vécu depuis: mais quand on le connoitra bien, on
fera furpris au contraire quil I'ait donné. Jamais il ne fe
contentoit pleinement fur un fujet, & ceux qui ont quel-
que idée de la Nature le lui pardonneront. Il faifoit d'une
partie qu’il examinoit toutes les coupes différentes qu'il pous
voit imaginer pour la voir de tous les fens; il employoit
toutes Jes injeéltions, & cela demande déja un tempsinfini,

Figure 11
Extract from the tribute to Du Verney’s by Fontenelle, from the
Histoire de I’ Académie Royale des Sciences. Fontenelle tried
to explain why Du Verney was the author of only one book

during his lifetime.

According to his biographer
Rattel, he repeatedly found a lig-
uid that was sometimes viscous,
sometimes fluid, in the labyrinth.
But he attributed it to a pathologi-
cal condition, and he believed that
implanted air was normally pre-
sent in the labyrinth (1683).°

5. A concept more or less com-
bining the two theses: air and
fluid coexist physiologically in
the labyrinth

— Claude Perrault of Paris (1613-
1688)

He believed in the presence of
implanted air in the labyrinth but
he thought that thisair must not be
too dry and that it had to contain
some humidity in order for the
spiral lamina to operate properly.
So Perrault recognised, at least
implicitly, the presence of some
fluid in the labyrinth, even though
in moderate and very small
amounts:

Les vents du Midy diminuent
I’ouie parce que leur humidité
diminue la sécheresse qui doist
étre dans cette membrane. Et

comme cette sécheresse doist étre
mediocre, il arrive souvent que
I’ ouiie devient dur lorsgue dans la
vielllesse les os sont beaucoup
dessechez.

“The south winds affect hearing
because the humidity they contain
reduces the dryness required in
that membrane. And as that dry-
ness must be moderate, it often
happens that the hearing is
adversely affected when the bones
are severely dried out in old age’
(1680).°

— Raymond Vieussens of Mont-
pellier and Paris (1641-1715)

Vieussens believed in the pres-
ence of “pure” air in the labyrinth,
which entered it from the
Eustachian tube and next through
the pores of the membrane cover-
ing the fenestra ovalis:

Il est trés-vraisemblable pour
ne pas dire trés-certain que I'air
extérieur pour ne pas dire le plus
fin qui vient par [I'aqueduc
(trompe d’ Eustache) dans le tam-
bour (caisse du tympan), pénétre
assez aisément les pores de cette
portion de membrane dont nous

Figure 12
Portrait of Giovanni-Battista Morgagni
(1682-1771) from De sedibus et causis
morborum per anatomen indigatis (1761).

venous (sic) de parler, et Sinsinué
dans les endroits les plus reculez
(sic) et les plus cachez (sic) du
labyrinthe; d'ou il peut sortir,
suivant toute apparence avec la
méme liberté qu'il y est entré: en
sorte qu’il y a une communication
assez libre entre I'air du tambour
et celui du labyrinthe.

“It is most probable, even cer-
tain, that the ambient air, even the
thinnest, coming through the
aqueduct (Eustachian tube) into
the tympanum (middle ear), pene-
trates rather easily between the
pores of that part of membrane we
spoke about, and worms its way
into the most distant and hidden
parts of the labyrinth; from where
it can apparently go out as freely
as it comes in: so that there is
quite  free  communication
between the air of the tympanum
and that of the labyrinth”.

Nevertheless, Vieussens insists
upon the fact that the labyrinth as
a whole contains a large amount
of fluid, the role of which is to
prevent the dessication of the
membranous nervous structures
(1699).%
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— Antonio Maria Valsalva of
Bologna (1666-1723)

Valsalvawas of the opinion that
the labyrinth contained implanted
air, to which he granted a funda-
mental role in the hearing process.

However in the last paragraph
of chapter 3, page 51, of his
Tractatus de aure humana dealing
with the anatomy of the ear (con-
tinens auris descriptionem), he
describes the presence of an ague-
ous fluid in the labyrinth. He sup-
poses that it is secreted by the
membranous parts of the labyrinth
(in actual fact the membranous
labyrinth that will be discovered
by Scarpa, but at the time only
half seen, dried out, in a membra-
nous state).

He does not understand its
function (1704).%

— Giovanni-Battista Morgagni of
Padua (1682-1771) (Figure 12)

He confirms the discoveries and
the opinion of his master in
Letters XII and XIIl of his
Epistolae anatomicae, officialy
published as comments on the
Tractatus de aure humana of
Vasalva (1740)."

Conclusion

As stated at the beginning of this
vignette, 1761 marks only the end
of aperiod of doubt about the con-
cepts of a dry labyrinth and a
moist labyrinth. That period began
acentury earlier. Even after 1761,

scientific circles continued to
express doubts about Cotugno's
discoveries, particularly the exis-
tence of the endolymphatic sac.
Cotugno till thought that the role
of the labyrinthine fluids was to
protect the nerves.

Historians are very interested in
dates. The other conclusion of this
vignette is that these are certainly
precious markers to locate ideas,
but nothing more. The ancient
Roman roads cannot describe the
twists and turns of the path or tell
us the history of the men who
passed along them long ago.
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