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Physiology. - "Conceming Vestibula1' Eye-1'ejlexes. Il. Tlie Genesis 
of cold-water ny,~tagntus in rabbits". By Dl'. A. DE KT~EYN and 
Dl'. W. STORM Vi\.N LEEUWEN. (Cornmunieated by Prof. R. MAGNUS). 

(Communicated at the meeting of January 31, 1920). 

For an explanation of eoId-water nystagmus we ma)' have reeoUl'se 
to two theories. BARANY'S theory is fOllnded on the assumption of 
a stream of endolymph in one or more semicireulal' canals, brought 
about by local cooling of the 1abyrinthwall. This will cause a180 the 
endolymph, present there, to cool down and to flow olf to the 
lowermost part of the semicÎl'cular canat. The ensning lyniph strearn 
stimulates the sens91'y epithelium of the arnpulla. In case thc head 
of the animal is in a position in whiciJ the ampulla lies higher 
than the cooled part of the semicÎl'cular eanal, tbe sb'eam will he 
ampullofugal; if the reverse be the case an ampullopetal stream 
will l'esult. The nystagmus elicited byeach stream is of an opposite 
charaeter. 

BARTELS holds that by dOllehing of the meatus with eold water 
the 1abyrinth wOllld be eliminated, so that the nystagmus provoked 
would be like the spontaneous nystagmus aftel' llnilateral extiI'pation 
of the Iabyl'Ïnth. A warm water flow would be 1ike 8timulation of 
tbe N. vestiblllaris on the same side. 

In a previous papel', issued from this institllte, we have disp1'oved 
BARTELS'S tlte01'y 1). 

Moreover, it has already been contended by many othel' researehers. 
lt was first of all pointed out that, if BAR'l'ELS'S eonception were 
correct, a eold-water nystagmus could not possibly be e1icited from 
the unimpaü'ed ear aftel' unilatel'uJ extil'pation of the labyrinth. 
HOE'ER ') has plu'ased it so weil: "dieses tatsachliehe Auftreten eines 
rotatorischen Nystagmus naeh der operiel'ten Seite ware naeh BARTELS' 

1) A. DE KLEIJN and W. STORM VAN LEEUWEN. Ueber vestibuláre Augenreflexe I. 
Ueber die Entstehullgsursache des kalOl'ischen Nystagmus, nach Vel'suchen an 
Katzen und Kaninchen, Graefe's Arch. 5 Ed. 94 316, 1917. 

A. DE KLEIJN and W. STORIII VAN LEEUWEN. Over vestibulaire oogrenexen 
I Mededeeling. Kon. Acad. van Wetensch., Amsterdam. Wis- en Nat. Afd. Vers!. 
Deel XXVI, 381, ,1917. 

lI) J. HOFER. Untersuchungen über den calorischen Kaltwassernystagmus. 
Monatschr. f. Ohrenheilk. (1912) S. 1313. 

47 
Proceedings Royal Acad. Amsterdam. Vo!. XXII. 
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Theorie, wie er ja selbst zugesteht, total nnmöglich, weil eben das 
operierte LabYl'inth fehlt nnd a[so nicht übel'wiegen' kann übel' das 
gesunde, welches dUl'ch die kalte Ausspülung gelähmt werden soH; 
es sollte aIso naeh BAHTELs in so einem FaH gal' kein Nystagmus 
au ftt'e ten , was abel' den klinischen 'l'atsachen vol1ständig widel'
spricht" (S. 1317 und 1318). This argument, howevel', is not valid. 
BEOHTEUEW'S 1) wellknown experiments have s.hown us that when 
we extit'pate a labYl'inth and rernove the other aftel' some days, a 
nystagmus will occur again in the dil'ection 2) of the labyrinth that 
was removed first. Sa, if the cold-water-nystagmns were resulting 
from extil'pation of the labyrin tIJ on the douched slde, we might 
also expect, some days aftel' nnilateral ex61'pation, on douching 
the unimpaired eal', a nystagmus towal'ds the extil'pated side. Indeed, 
BAU'l'EJ,S 3) himself has suggested this interpretation. Anothel' al'gnment 
put fOl'Wal'd by BARTELS 4) against BARANY'S theol'Y, we do not quite
understand. In a l'abbit, with one octavns cut thl'ough, a eald-water 
or a warm water flow into the meatus of the unimpaired ear could 
provoke a nystagmus only towal'ds the unimpaiJ'ed ear. This finding 
of BARTELS'S is not explained by BARANY'S theory nOt' even by that 
of BARTELS, Neithel' were we ever confl'onted with th is case in a 
pl'olonged series of experiments 6). It is difficult to say what may 
have led to BARTEI.S'S abnol'mal experienee. It would be better 
perhaps in similal' expel'iments to pel'form an extil'pation of the 
labYl'inth than a section of the octavus, since the latter opel'ation 
may bè attended wUh lesions of tbe canti'al nel've-system, 

Anothet, cogent argllment against the theol'y of BAnTELs, put forward 
also by BARTELS himself, is that experimenters succeeded, by pl'OVO
king a calorie nystagmus with variotIs positions of tlle head in space, 
in obtaining now a nystagmus towal'ds the non-douched ear, now 
again towards the douehed one. This, indeed, is the maio argument 
that turns up repeatedly in tne literature. Still, it cannot be adduced 
against BARTELs's theol'y withöuc also considet'ing that, when examining 

I) W. BECHTEREW. E['gebnisse der Durchschneidung des N, acusticus nebst Erör
terung del' Bedeulung der semizirkulären Kanäle für das Körpel.'gleichgewicht. 
Pflüg. Arch, Bd, 30. (1883) S, 312. . 

2) ln speaking about a nystagmus in a certain direction we always mean' a 
nyst. with the quick component in that direction. 

3) .M. BARTELS, Ueber die vom Ohl.'apparat ausgelösten Augenbewegungen 
(Ophta!mostatik), Klin, Monatsbl. f. Augenh, Jhrg. 50. (1912) S. 200" ,:) 

4) Discussion 'Vel'h. d. Otol. Gl!sellsch. Frankfurt. (1911) S, 21~. 

5) See F. QUIX, Ein Fall von translabyrintharisch operiel.'tem Tumor acusticus, 
Verh. d. Otol. Gesellsch. Hannover (1912) S. 252 
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the calorie nystagmus, wilh val'ious positions of the head In space, 
tonic l'eflexes of th'e eye-muscles may occur: the so-called compen
satory eye-positions, whieh alter the position of the eye in the orbita. 
Therefore, it must be ascertained befOl'ehand whether or no the 
spontaneolls nystagmus oceul'l'ing aftel' uniJateml extil'pation of the 
labyrinth, alters its dü'ection with different positions of the bead in space. 

Sueh expcl'imcnts have been ral'ried out, fOl' allght we know, 
only by KUBO \). They will be bl'iefly discussed hel'e: KUBO sevel'ed 
one octavus. He does not tell us how he did it, nOt' whether he tried 
to ascertain bjr a subsequent control seetion ~f the pl'ocess was 
successful. It would seem from the ~pl'otocols that this is highly 
doubtful. Six of the' experiments are l'epot·ted in detail, of whieh a 
short descl'iption follows here: 

Experiment 1, J, alld 5 wil! not receive cOllsideration, becunse in 
them the nystagmns was not examined with different positions of 
the head, 

Experiment 2. . 
In th is experiment a nystagmus appeared with the quick component 

towal'ds the opel'ated side, aftel' section of the right üclavus had 
been perfOl·med. The nystagmus consequent on unilateral extirpation 
of the labyrinth, however, turn& towal'ds the nnimpail'ed ear. K'UBO 

adds only: "Diese BewegUl~gen bleiben unvel'ändel't, wenn man die 
Körpel'lage des .. Tiet·es ändert," 

Experiment 3. 
Left acusticus cut tl1l'0ugh. Subsequent vertieal nystagmus-move

ments. Aftel' a coup Ie of hOUl'S perfectly hOl'izontal nystagmus with 
the quick component on tlle opel'ated side towal'ds tbe nose. Just 
as with the vel'tical nystagmus this dü'ection is the same fol' any 
position of the animal. A flow of cold water into the right meatus 
is of no influence. Afler the semi-cü'culal' canal of tlle l'ight ear has 
been raid báre, the expel'imentel' states: "Nach Einspritzen \'on 
kaltem Wasser ändert si eb die Richtung und es tritt eine rückweise 
Bewegung nach del' Nase hin auf der operierten (linken) Seite auf." 

This, however, was also the existing dil'ectioJl and opposite to the 
one we can look for in the case of cold-water uystagmus fl'om the 
right ear. Tbe vet'tical nystagmus also points to an imperfect section. 

Experiment 6. 
Section of left acusticus. First vertical, at'tenvards horizontal 

Ilystagmus (on the left, wUh the quick cQmponent towal'ds the nose,) 

1) KUBO INO. Ueber die vom N. acusticus ausgelösten Augenhewegungen (besonders 
bei thermalen Reizungen.) Pflüg. Arch. 114-, (1906) S. 143. 167. 

47* 
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On the l'ight a cold-water flow: Reversion of the nystagmus. In 
ventral position l'ight eye with qllick componen't towal'ds the nose. 
In other position same dil'ection. Here, then, in calorie examinatión 
no influence on the dh'ection of the nystagmus thl'ough change of 
the position of the bead in space. This, no doubt, is anomalous. 
Compensatory eye-positions are no longer distinct. This again indi
cates the deficiency of the expedment. Repeated application of cold 
water in the l'ight ear yields on the l'ight a nystagmus with the 
quick component towat'ds that ear. This nystagmus is not affected 
by the position of the head in space. 

The appearance of a nystagmus towards the douched ear on 
cold-water flow is the l'everse of what is normally observed, 
and also the reverse of what was seen aftel' the first washing. The 
imperfection of the experiment is aJso seen in the absence of any 
influence of the position of the head in space. 

In oUI' fit'st communication it has been shown that in cats the 
spontaneous nystagmus aftel' uniJateral extil'pation of the labyrinth, 
with different positions of the head in space, varies in nature and 
frequency, but not in direction. In OUI' investigation of the cold
water nystagmus in normal animals and in animals aftel' unilateral 
extii'pation of the labyrinth, on the contrary, a considerabie diffel'
ence in the direction of the nystagmus with different positions of 
the head in space, has been demonstrated. It also appeared from 
subsequent experiments with rabbits that with them the case was 
fundamentally the same. Slig'ht variations in the diredion of the 
spontarieous nrstagmus aftel' unilateral extirpation of the labyl'Ïnth, 
ho wever, do manifest themselvell here, when the position of the 
head is varied, in consequence of the compensatory eye-positions. 
to be discussed later on, whereby the pI ace of insel'tion of the 
eye-muscles in the orbita is altered. In the first communication evi
dence was also adduced to show that BARTEI,S'S cOJlception of the 
origin of the calorie nystagmus cannot be correct. 

In the present ill\'estigation we purpose to ascertain whether 

additional data can be collected to support the theol'y of B~n~NY, 
who ascribes the calorie nystagmus to endolymph-streams. 
There are plenty ot' indications in the literature j to our know
led ge an extensive experimental investigation has not been perfol'
med as yet. 

DoubtIess, • the first question that arises is, whether douching of 
the meatns with cold~, resp. warm-water through the tympanum 
will engender such cooling down, resp. wat'ming of the labyrinth
wall thai endolymph strearns are possible. 
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The result of a similar investigation cal'ried on 1) together with 
PI'of, MAGNUS, was published in GRAEFE'S Al'chiv" and led to the 
following concl usion : 

"Bei Katzen, bei denen die Sympatbicusbahnen zum Auge durch 
das Mittelohr verlaufen, tritt bei Ausspritzen des äusseren Gehör
ganges mit kaltem Wasser eine Sympathicnslähmung am Auge auf, 
die sich VOl' allem im Vortreten der Nickbaut äussert. Sie bel:uht 
auf einer Rältepal'ese del' genannten Bahnen. Dadlll"ch ist der Beweis 
geliefert dass beim Auslösen des kalorischen Nystagmus mit kaltem 
Wasser die Wand des Mittelohl'es übel' dem Labyrinth sich nach
weisbar abkühlt." 

We now pass on to report the results of our new experiments 
on the eold-water nystagmus in rabbits. 

Our reason for selecting rabbits, while our pl'evious experiments 
were chiefly carried out with cats, is the following: 

Fil'st, in rabbits we seldom meet witl! rotatol'y nystagmus, of 
which the directiQn is always diffictllt to indicate. It is encountered 
in eats. The principal reason, howeveJ', is that in our experimenta
tion we made use of an inquiry into the compensatory eye-positions, 
whieh have been cRrefuJly determined for the rabbit in conjunction 
with v. D. HOEVE '), but are difficult of determination for the cat. 

Teclmique of OU1' rnethod. 

A rabbit was suspended on an operation-board, and the head fixed 
firmly in a Ozel'mak-clamp. Now in order to be able to bring the 
animal in any given position in space, the following contl'ivance 
was made (Fig. 1). The opel'ation-board p-q-r-s is fixed to a wooden 
frame P-Q-R-S in sueh a way that the board p-q-l'-S can rotate on 
the axis U-T, while the frame P-Q-R-S is again fixed to a seeond 
frame A-B-C-D, so that both P-Q-R-S and p-q-r-s can l'oLate on the 
axis V-Wo A protractor is attached to P-Q·R-S, as well as to A-B-C-D, 
so that the degree of the rotation can be noted exactly in every 
direction. Now when the animal has been tied to the board in 
"enti'al position, a rotation on the axis V-W causes the animal to 
l'otate on its bi-temporal axis, When moving the board round the 
aria U-T the animal turns on its occipico-c.audaL axis. Wlten linal1y 

1) A, DE KLllllJN und R. MAGNUS. Sympathicuslähmung durch Abkühlung des 
Mittelohres heim Ausspritzen des Gehörganges der Katze mit kaltem Wasser. 
Graefe's Archiv Bd. 96. (1918) S, 368. 

2) J. V. D. HOEVhl und A. DE KLEIJN, Tonische LahYl'inthl'eflexe auC die Augen. 
Ptlüg. Arcb. Bq. )69. (1917) S. 241, 

I 
I 

I 
I 
1\ 

Ir 

,I 
"{ 
11' 

)

11 

I I~ 
1
I 
,I 



- 7 -

718 

the board p-q-r-s is fit'st revolved 900 about U-T, so that the animal 
is in lateml position, and when in this position the board is tUl'lled 
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about the axis VMW, the animal will l'evolve about its dorso-ventJ'al 
axis, A combination of rotations round the axes U-T aud VMW 
enables us to bl'Ïng tbe anima) in any given position in space. In 
all of them the dil'ection of the ny8tagmus consequent on a cold
water flow could be detel'mined. In the following expositions the 
rotations in the different directions are deseribed: 

Rotation 1. 
Animal in venh'al position, mouth-fisSUl'e hOl'izontal. Rotation of 

the animal on its bi-temporal axis. Direetion of l'otation . head down, 
tail up. 

Rotation 11. 
Animal in ventral position, mouthfissllre hOl'izontal. Rotation of 

the animal on its oeeipito-eaudal axis. Dil'eetion of rotation : douehed 
ear downwal'ds, 

Rotation Ijl. 
Anima) in lateral position wlth irl'igated ear downwards, mOllth-

"-
fissllre vel·tiea!. Dil'eetion of l'otation: head down, Jail up. 
, In these experimenis the direction of the nystagmus eonseqnent 
on a eold-water ü'l'lgation, was detet'mined 37 times for every 
l'otation of 3600

• The f!rst detet'mlllation was always made at the 
normal position of that rotation ; so e. g. at l'otation I: the animal 
in ventral position, mouth-fissure horizontal. Aftel' this, while the ear 
was constantly being douched, the animal was moved every time 
100 in the given direction and the dÎl'ection of the nystagmus was 
noted. At the 37th àetermination the animal had eome round again 
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to its original positiol1. Then the last determination served for a 
COIJtl'oI·estimation. A short interval aftel' ever)' rotation of 10° was 
requil'ed befOl'e eaeh 1'eadmg, to preclude the possibility of a nystagmus, 
resp. deviation brought about by tbe rotation itself. 

The irrigation of the 1'igltt meatus took place from a height of 
1,5 m., the eold-water used was of a temperatul'e of ± 12° C. 
For every position in space, aftel' it had continued for some time, 
the direetion of the nybtagmus was valued and the direction of the 
rapid component was marked down. (Figs 2, 3, and 4 not corrected). 

This method does not yield pel'fectly reliable data; for a correct 
detel'mination of the dn'ection one might res01't to cinematogl'aphic 
photos from which to deeide on the direction. However, tbis was 
impracticable for a large number of determinations. Still, from what 
follows hel'e we may infer that OUl' method of valuation of the 
direction of tbe nystagmus yieJded useful results. 

In figs. 2-4 
~ = Direction 
.;;-= 

" - t= " 

t= ,. 

of the quick component of the nyst. towards the nose 
""" " "" towards the temporal 
",," " "" upwardsl'elativetothe 

orbita 

" " " " " 
" downwards. 

Fig. 2-4 (not corrected) gives the mean of 5 experiments. 
Now, however, the qnestion dses: what influence is exerted on 

the nystagmus by the above-mentioned tonIC eye-reflexes, occurring 
iJl the eye-museles (compensatory eye-positions) with different positions 
of the head in space. On p. 246 of V. D. HOEVIl:'S research, mentioned 
aboye, a curve is given of the rotatory movements. 

With (he aid of this curve the directions of the calorie nystagmus 
found, were now corrected as follows 

We assume that douching with cold water, with the head in 
nOl'mal positioJl, engenders an absolutely horizontal nystagmus with 
the qmek component towards the nose. Now, when the position of 
the head changes from the normal into another position in space, 
so that a rotatory movement of the eyes ensuE'S, e.g. of 45° with 
the upper cOL'nea-pole towards tbe temporal, the insertion-points of 
the eye-muscles, notably of the Mm. internus and extern us, wil! 
also be rhanged hy this rotatory movement, and the same contrac
tions and relaxations of these two eye-muscles, which caused with 
the norm al position an hOl'izontal nystagmus, wiJl bring about a 
nystagmus of quite a different direction, viz. about 4:5° anteriol'ly 
npwards. 

So fOl' instanee if an hOl'izontal nystagmus appeal's at the normal 

• 
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Rotation 1 (nO correctiOn). 
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position and at another position of the head in space, with a rotatory 

Rot~tion JIl (no correction). 
OD os 

~~ ~,~, 
witk correction 

• ~':'~ 

~,~~ , ., 
Fig. 4. 

movement of 45° with the uppel' comea-pole towal'ds the temporal, 
a nystagmus of 75° anteriody upwal'ds, the cOI'l'ection is 75°_45°=30°. 

T!te c01'rected di1'ection, tlte1'ef01'e, is tltat di1'ection ofthe nystagmus 
t!tat would be found, ij the eyes We1'e only unde1' t!te injluence of 
the labY1'intlt·stimulant consequent on the douching, and if t!tere we1'e 
no compensato1'y e,lle-positions. 

Figs 2-4 illnstmte our l'esults before and aftel' eorl'ection. 

RES ULTS. 

As stated above, it had already been detected by BÁR~NY, HOFER, 

and others that the direction of tbe nystagmus in man varies with 
different position of the head in space. This result was borne out 
by oU!' expel'ience. 

Wben examining a rabbit, first in ventral position and subsequently 
wUh its head hanging downwal'ds, we found a diifel'ence of 180° 
in the direction of the nystagmus, 
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At Ont we . " pposed Ihll, whell e.g. th .. " y.tag",", or tb .. lert 
eye 011 dOllching Ihe lert ,.eal'" " 'u dir«loo IIII len ... rly "pwanll 
in "elltral pueilion, end posttrior ly .. downwards witl, Ihe head dOWII, 
Ihe .... would be " " jnlermedi/llfl poSilioli in wh id, there would ~ 
110 II)"Stag""'. " t /lIl. 111 oltler word~ , ir the nJMng uw I in "elllrtli 
posilioll Is owing 10 /lil ""II,.1IlO·rug,,1 81re"", in th .. ho,i7.Ollllll $emi .. 
ei",,,IM eau/ll, IUt<! tbe 11)""11(11111$ wilh Ihe 11lI8.d do\~n 10 a.n 
I'I.ml,,,lIo-l,*'.1 Ol ....... , , ...... _0 .. 1<1 be nO difl"erene<> i .. Ihe level er 
"mpull& /llId or Ihal portio .. or Ibe temici...,,,i1 ... eanlll Ih,,1 i. cooled 
down bI Ihe douche .IId Ihe II)".I ~g"'"1 wOIIld O'Ol'lIlquelllly n(14 
.Pl'ear. Thi. pro.ed nOl 10 bil Ihe eMe. 1" .. oe. in Ib i. relUlOllillg Ihe 
po8IIil>ilily I,as been elimi '"'I.led or a" inUuence or Ihe rold wl ler 011 
Ihe I)"II'ph'lll"Mu'lI ill the "tonical $emi.eireulllr Cllllal,. 

Coillidering Ihal. a1l1l0ogh lliso Ihe ,·e.li~1I1 c,,,,al, maJ' rome ililO 
I'lay. Ihe boriumlal NIn/lI~ I\re 011 IIoCCOIIII I of Iheir I\lIalomie 10<:11' 
lioll, "' .... 1 Uj>08fld 10 Ihe i,,!h.ence or 1he cold water, il eould be 
all1ieipated 011 the IlTOII "d lO' B"'u~ I '. Iheory UIAI in the , ... ",.ilio ll 
from aml'"lIo-lug.1 10 ""' l'ullo-l",t.1 .,rea", in lI'e honWlltal ca'lAIl. 
tbe..., would e1irt 11. .h"'rI lOne in wbiet.. ",irb a IIiKhl ~arialion 

in II'e [IOIiliOll ol 11,., loeaol , " rnarked change in tbe direcliOU or 
Ihe IIJIIII(II"" w(luld "'"nilest ilsell IIbrll ,,!IJ. T he eritic.1 I'oillt lil 
which "eilher ."'pullo·,,,glll , rlOr ""'I,lIl1o' l>etal 81 rtHlll18 o<:cu r ' in Ihe 
h",,·i ..... ntlll CllnRls. 80 Ih81 only 8111l1l"'8 in Ihe ,·" .. tirlll cllrI.l, CIl" 
e:o:erl an itln""n"" here. rt!eei.ee • r,, 11 discoMiorl below. 

No'" whell looking liL 110ft l"Orre<.:led ftgll,""", whieh ilh.el.ate the 
meen _uil or 011. ul'flri,.enlf will, tbe lIflyel"lll rotaliOl'., the 
rollo"'ing obHrvaliottl can ~ ,nade : 

lt. UOI<,tiim J. Doud!~ of Ik "'igltt Mr. 

06"rrxlliM ,..iyht ~!f4. Wit l> IIJe a.li.nlll on \'entr.1 IloO<Ii liurl the 
"J"IIg""" is IlIIleriorly U",,"rdt . 1\1 20" (i.e. head 20" below the 
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boriumw I).ane) Ihe d'reclio" ia sri ll rhe same : al 30" a .Iight 
deviation begin,; a. M)" ir is mud, mo~ prouomtced. Al 80" Ihe 
direelion of II,e "ylragmu, d"viate.! .. mueJ, AI! 1350 from rl,,, ini lial 
poeition tmd al UlO" the clrllng<l of di'6<"lio" of rlre ny~r"l\""" or 
180" h .. lJeeu complered. Somerhi,,@: like d,i . O<"C"1"8 berween rhe 
potirioll of 1700 a"d ~7(),>. 

ObRrmlu". Ifjl fy4. t'"ndamentlllll tl,e &lIrne .. rigbl eyo. 

b. HOla/wil I I. l:Nuc!t, .. / ";gltl fa'. 
(}Ó_lum I'jl eyt: A fIIdd," d,all81l iu 11'0 direelioll o( 11'0 

nJ8t.agmuy ,akei pl_ here betWH" 140" and 150". Wl,; le 11,e 
"lllagrn"l 111 1400 "'O.eII !,06Ieriorly·upwardl. al 150" il i. 1I1rflAdy 
a"le ,·jocl)" n!'wllrdl. A ei ",ilar mBrkp.d d'R"ge of ol i""'lioll i. olMe,,'ed 
be\lveCIl 310" IIlrd nO", tlre di reNion being respect;l"ely IImeriorl.,· 
dowllwardl a"d tlown .. ard •. 

06#1"1KIIi .. " right liJf : lI ere il i. lew ~J 10 say ",bere lI'e 
change of di...,...,ioll tak", 1,1ACt'. P,..umably allO belweell 140" a"d 
150" .nd belween 300" .IId 330". Thar iu rh;~ cue tl,e curve dill"en 
(ro", .11 II,e olhen mlly be ,~p.ained bI II'e facl tI,.1 the pl"OCejll 

of Ihe e~rerime"l11 a~er"Ketl rep.--"ted bI thi. curve. W&8 ury 
;.regula. ill ."0 OUI of n"e eMelt. which oould IIOt but be of 
g~1 ;"nuence.:", the mea" curve. Thert'l wu "0 5;.ch ir reg .. la.ily 
wirh ti, .. lefl eye of .1,_ 1Il1i"'lIt8 (whieh WM eXR",ined 011 anolto ... 

dal)· 

c. U,m,IMm I I I. lÀJuck .. j tM riglt' " ... 
Qbunalw.. Itl' '!Jf. ve.)" grul cbange of direclioll is fo,,,111 

belween MI" alld 7Cf' and a 5tt:Ond d'.IIgt' betweelI 210" and 230". 
Uós""",til1ll rif/AI '!It. Very great ehallga belW&ell oiO" alld 60" 

all(1 a socond bemeen ~2()" ""tl 240". 
After IhOl above fac .. I,ad bee" IISCOlrlain&\l, Ihe criticat poilOt "&8 

fi,. 6. 
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de.e.mine<! fo' rhe Yan01l1 ror/lrionl, i.e . • I,e poin t "' w~ieh Ihe 
Ioorizon.al ~mîcircul ... clln'" hu reaclle<! ill oPlimal l'OrÎlOfltali., 
alld coIIM:qucII'" t>O or .. ardl)' "liJ llreaml can uil! ill .bis canal 
after doud,ing the mearue. Tlril de.ermina.io" was perfo.med wilh 
.lre aid of 11 model ill WftI ') fo,merlJ made of Ihe MI", icircular 
cllual, of I rabbil, whid, conrri""n." 'V&S ar rangOO •• fler Ihe indi. 
elll ioll' of DI Unr.rT /llId K08TU ' ), &0 '" 10 alTord In uacl in, ilaHOrt 
" f Ih~i. " Rr" ... 1 I .... ili"" i" ,10 ....... bbi" . ok"l!. 

1'10,9 Walt 10 Ihe followi"g 0 1T6I'1, 

WiIII Ihe I ni","1 in "0111 •• 1 l_i l;(1II .. ilh ho, iw "',,1 moulb.AuOI re 
Wil . .'S) 1100 leyel of Ihe I mf'"lIa of Ihe horizon18.1 aemidrcnlBr 
ca".1 i8 highe r Ihlln Ihe CB"al il .... l(, &0 Ihll' Rn a ml'ulla. fupl enda. 
I)'mplo-&Irea", will ace". 0 11 a cold.water dOll et,e of Ihe meillu •. 

Wirl. roration I I~e horizonlal c ... ,al i. IIl'pro%ilOlllel)' horizontal 
al 40" Wi~. 6). 

\V iii. rotll.iQn 11 Ibe Ioo,;zollial '""al ie al)pro~ imalel, horizon .. l 
at 150" (Fig. 7). 

\V iII> I'OlAlion III rhe ho.iwOI'" ca,,"1 ;1 af'proKimatel J hçrizontal 
al 117° Wig_ 8). 

In ftgUrel' 2- 4 these pointa lire indiealed with CI'OMH. AI a 
glallee tt may he _" llollt " ",w'hli c~(ftl.1e iu /he tlyllagtlu .. occllr, 
II! Ihe w"!J I""C~ w,~v! ,hf ,..,,·holl/(,I clI/1II1 j, " II/,l"iu:ima/tly ~o,i:(ilIIIII. 

Whan taki ng i,,'O aceo .. ,,1 Ih~ co"aiderable indiyiduill v " .i ~ lions 

in Iht posilio" of Ihe Mlmieircul~ r ea n RI~ in var;oua a"imlll~ of rJ,. 
I&mll species, IInd \Vhen 111110 eon~id6ring 11'11 fact Iha! ç nr _ul ls 
"1\'1 based "po" llo~ obteryt.lio" of lIve di lferenl IInimllls, ",hile Ilte 
corn!e!ion for Ilo. eom""n$alor)' eJe (lOi'Iilio"5 lUI \Veil as IMI da .. 

Vil. 7. 

') H. M. PK Bmu .... and A. Ol Ku.... Uober dm S ... "" Mr OIoli' ...... 
_br ...... heim KaJli""b..,. PnO, . ..... h. 8<1. 16:1. tl~16) S. MI. 

'j 11. M. PI BUIL'" . DII J. J. J. K",IL Zor BHlimm"", deo St.andeo dtr 
fIot;.."a"," ...... ..... _ia. i... K.~;".b.~.'blldM. ArdL l An.r ...... ,,Il0l 
I'hJSiolop.. A<IaI<>miocloo AbIeiI,,~ •. U~I6) t.9. 
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from Ibe mode! in wu, refer ro an /ln;m,,1 thar does "ot belO!tg 10 
Ibis series, " 81l·iking resell, bl""l"(\ cfln be stared bellvOO" rhe cluu'ges 
of dire<:lion observed lIud those thllt co"ld he anticipaled wili. 
refe...,nce \0 Ilo., model. 

The fact, however, is thar with none of l ila rolAlions 1- [[[ doos 
the hori • .ontal ,,<."nicirenlar c,,,, .. 1 .. Ilain horiuml .. lily. DM Ho~r.1!T lIud 
KOSTga' S re.sear-ehes showed thai the righl horizonta! semicircular 
can,,1 is approximarelJ hori zónta! whcn jhe anim .. 1 IIIrnll from Ihe 
,·cntral poMitio" aoo"r 30" ronnd lhe bi·l~n'l>oral asi8 with the hMd 
down and at Ihe same time ronn<l the fronlo·oeeipil/l.1 IIxi9 aoonl 
7" to 8" wilh the left eye downwllrds. 

We ex .. mined dilferent IInimals i .. rhi a [>Osition, from whi~h it 
appea'·ed rhlll in mosl cases Ihe "Y8U1g"n,s h .. d IlQr dilllll'lleared alto
gelher and ...-o"ld neilher he made 10 disaPllear by appl y ing dilferenl 
va,iarions in rhe rotalinn n)und fhe lIlIid axe_. W e obser'·ed , how. 
e,·e" Ihal Ihe nysto.gmu.s-mnvemenf9 lire ,·er)" 9nlall in Ihi s posilion. 

Onl)" u, IWO cases conld 1100 " y9lo.gnHl8 be made 10 disaPIl6&r 
complelel)", vit. wilh a rollllion lloonl lila bi·lemporlll uis of 87° 
in the nno .. nd ;Jif in lhe nlher rabbit .nd combined with 11. rota· 
lion aboul the fronln-oc-cipilal axi, of 5° in both anima! •. 

T hi. nrges ua 10 ~onclt,de thlll I"t l,o,.i:()IlI(,1 4tmiei,"C,.tar callal 
IHay. a I,rillcil'al pari i .. calorie ,limtli<'li()Il, Ihat, however, in mmt 
Cl\SeS 11100 Ille ,·arlieal eanllis e~ert 110me, Ihou"lt 11 51ll1l\l, inHlIeuce. 
T hi8 inHlIenee, however, WII.8 not sl1elt as 10 .",able liS 10 Illake an 
lIO:'eur>lte alllll.\"8i8 of il (rom Ihe clI'·ves. 

For n poMitil·" $OlnüOl> of the probi .. ", il wOlild tie neees&ll')" to 
dele, mine in olle .. nd Ihe same rab!.>il Ihe nyslag ,nus in varinll9 
jlOSi lion8 of Ihe head in space , Il$ weil &s Ihe compenSlltory e)"e
posilions ;n Ihe said p<l$ition8 .. nd fiHIIlly tlll"Ough microseOI,ic exa· 
minaliOll of Ihe labydmh, to determinc acellral ely It.e 1)O$il;OIl of 
Ih" 8ellli·ci rculllr canal, in Ihat auima!, lifter Ihe meIlood of D. 
BUMI.OM' and Kos"n.w. 
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SUMMARY. 

1. The above experimental results lend impport to the theol'Y of ' 

B~R~NY of the origlll of cold-water nystagmus. The theory of BARTEI,S, 

on the othel' hand, ronflicts with these results. 
2. In the genesis of eold-water nystagmus the eooling down of 

the horizontal semi-eircular eanal plays the ptinripal part; however, 
in the majol'ity of cases some influence (though little) is also to 
be asslgned to the vel·tlcal semicirculi'tl' canals. 

3. Earliel' inquiries by MAGNUS and DE KU:YN have demonsh'ated 
a distinct cooling of the IabYl'inth-walls in cats, on douching the 
meatus with eold water. 

4. Oompensatory eye-positions shonld be taken into account when 
eold-watel' nystagmus with various positions of the head in spa('e is 
obsel'ved. 

1 I, /I. 


