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INTROWCTION 

Wlil!:RE THERE IS MUCH DESIRE TO LEARN 

THERE OF NECESSITY WILL BE MUCH 

ARGUING 1 MUCH WRITING AH> MA.NY 

OPINIONSs Fœ OPINION IN GOOO MEN 

IS BUT KNOWLEDGB IN THB MAKING 

--- A. speech of John Milton, 1644 

& disturbed. minci will seek a solution. The d.esire to leam 

the How•s, Whatta and. Whyts of a probl.em. prcmpted. the author to 

search for an answer to this problem. 

In recent yeara an increasing number of patients presenting ves

tibular s;ym.ptoms, particularly postural vertigo, after head. injury 

has been observed.. Various opinions have been expressed. regard.ing 

the frequency of occurrence of vestibular S1JD.pto:m.s, the types of 

positional nystagmus and. the probable sites of lesiona resulting 

from head. trauma. However, there has been no uniformity of opinion. 

The purpose of the present investigation is to study the effects 

of head. injur,y on vestibular tunction. 
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Qhapter I 

.A:Il&toJIV' and. Fb.ysiology of the Labyrinth 

I. âl&tOJIIY of the Labyr.inth and. Its Central 
Pathway• 

A. The Intemal Ear 

The intemal ear is encasecl within a compl.e:x holloweà. out 

space w.ithin the petrous portiœ of the temporal bone. It con

sista of three main parte : the otic or membranous labyr:i.nth, a. 

à.eri vative of the ectodarm; the periotic labyrinth and. the otic 

capsule or the osHous labyr.l.nth, à.eriveà. from the mesoà.erm. The 

structures of the intemal ear can be brie!ly' tabulateà. in the 

tollowing outlinelJ5• 

1. Otic (Membranous) Labyr.inth. This is lineà. with ectoà.er

ma.l epithelium. and. oontains enà.olym}il. 

a. Parts 'Within the periotic vestibule (perlotic ci stem) • 

1) The saccule and. its macula. 

2) The utricle and its ma.cula • 

.3) The utricular duct. 

4) The saccular cluct. 

5) The endolym.}ilatic (otic) duct within the vestibular 

aqueà.uct. 

6) The à.uctus reuniens. 

b. Parts within the periotic semicircular canals. 

1) The otic ssmicircul.ar du.cts (posterior, anterior, and. 

lateral or horizontal) and. their ampullae. 

c. Parts within the cochlear periotic space. 

1) Scala m.eclia. or cochlear à.uct. 
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a) Otic epithelium of the veatibular (Reissnerts) mam-

brane. 

b) Glands of Shambaugh. 

o) Organ of G.orti 

(1) ~eotorial membrane 

(2) Huscbketa teeth of the limbus 

(3) Epithelium ot the internal spiral sulcus 

(4) llipithelium of the e:x.temal spiral sulcu.s 

(S) InDer hair cella 

(6) Irmer pUlar cell.s 

(7) Tunnel of Corti 

(8) Outer pjJlar cella 

(9) Space of Muel 

(10) Cella ot Deitera 

(11) Outer hair celle 

(12) Celle of Hensen 

(13) Cells of Bottcher 

(14) Cells ot Glaudius 

d) Qul-cie-aac of the scala media. 

2. The Periotic Iabyrinth. 

a. The vestibule (periotic cistem) 

1) .&ppendages of the periotic l.abyrinth 

a) Short vestibular extension around the endolym.Jba-

tic (otic) duct. 

b) Fissula ante fenestraœ. 

c) Fossula post fenestraœ. 

d) Cul .. de-sac ot scala tympani 
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b. The semicircular canals (posterior, anterior, lateral). 

c. Cochlea 

1) Scala vestibuli 

2) Scala tympani 

a) Periotic (pe~phatic) duct 

3) Basilar membrane excluding the otic epithelium. 

4) Vestibular or Reissner•s membrane excluàing the otic 

epithelium. 

a) Connective tissue of the limbus. 

b) Spiral ligament. 

c) The lining or the scala vestibuli and scala tym.pani. 

d) Stria vascularls excluding the lin:ing epithelium. 

3. The Otic Capsule (Osaeous Labyrl.nth). 

a. Modiolus 

1) Osseoue spiral lamina. 

2) Secondar,y osseous spiral lamina. 

3) Osseous spiral septa betwen the turns of the coch1ea. 

b. Fenestrae 

1) Vestibular fenestra (oval window) 

2) Cochlear fenestra (round wi.ndow) 

c. Other open:ings 

1) I.ntemal acoustic meatus 

2) Vestibular aqueduct 

3) Cochlear aqueduct 

L The Membranous Labyr.i.nth. 

The membranous or otic labyrlnth is a system of spaces and 

tubes 1ined with epithelium and filled wi.th a cl.ear fiuid, endo-

l.ym}il or otic fluid (see Fig. 1). The m.embranous labyrinth ia 
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for the most part surrounded by the periotic labyrinth and its su:p

porting connective tissue. Both the membranous and the peri.otic 

labyrinth lie within the bony or osseous labyr:inth but are separa-

ted from its wall by the internal periosteum. 

a 

COCHLEAR 
DUCT -

Fig. 1 

S<1.micir-cular> ducts: 

The Membranous Labyrinth 
(from Bast and Anson) 

The main parts of the membranous or otic labyrinth are : three 

semici.rcular ducts and their ampullae, the utricle, the saccule, the 

cochlear duct, and the endolymJ:hatic (otic) duct and sac. Smaller 

connecting channels are : the utricular duct, the saccular duct and 

the ductus reuniens. 

The semicircular ducts, posterior, anterior and lateral, open into 

the utricle by five orifices. Each duct has a dilated end, the am-

pull.a;. The enlargement presents, on its oonvex side, a transverse 
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groove (sulcus ampullaris) where the ampullary nerve entera, and a 

sickle-shaped ledge (crista ampullaris) projects into the lumen. 

The utriale is a somewhat tubular vesiale, lodged in an ellip

tica.l recess or the vestibule, fixed to the wall by connective tis

sue and by fi bers of the utricular nerve. The nerve fibers terminate 

in a plaqœlike, ovoid, thickening on the fioor and part of the an

terior surface of the ut ri ale. 

'l'he saccule is a vesicle or flattened oval fom., which lies in 

a spherical recess of the vestibule, attached thereto by connective 

tissue and fi bers of the saccular portion of the acoustic nerve. The 

nerve terminates in the macula which lies in the medial wall of the 

saccule. 

The cochlear du ct begins as a blind sac (cul-de-sac of the scala 

media), lodged in the cochlear recess at the floor of the vestibule. 

The cochlea.r duct or scala media continues througb the canal of the 

cochlea in spiral form to end blindly at the tip or the apical turn. 

The cochlear duct partia.lly separates the two peril1lJI.Jbatic (perie

tic) scalae from each other; one of these, near Reissnerts membrane 

is the scala vestibuli; the other nea.r the basil.ar membrane is the 

scala tympani. In the apical turn of the cochlea, the cochlear duct, 

becoming flattenod, extends beyond the hamulus of the spiral lamina.. 

'l'he blind end projects into the capsular cavity of the apical tum, 

there tald.ng part. in the formation of the helicotrema. 

The otic or endolymphatic duct, 'Which for its greater extent lies 

within a bony canal, the vestibular aqueduct, is surrounded directl.T 

by the periosteum and not by the periotic labyr.inth. The distal end 
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of the enclol.ymJha,tic duct. c:ommunicates with the endolym}ilatic 

sac which lies outside of the otic capsule between the two J.a.. 

yers of the dura. A.t the inner end of the vestibular aqueduct. 

the endolymJha,tic duct enters the vestibule 'Where it mdtes with 

the utricular and the aaccular ducts in a Y-shaped fcrmation. 

The ductus reuniens unites the saccule to the cochlear duct. 

c. Functional Anatomy of the Vestibular Sense Organe of the Laby

rinth. 

1. Semicircular Duct.s (ordinarily ref'erred to as canals) and 

Cristae. 

The semicircular ducts are arranged in three pairs, the 

posterior, the anterior and the lateral or horizontal, each 

pair J.ying in a plane approx:imately at right angles to the 

others (see Fig. 2). The dilated ends or ampullae of the 

two ducts in each pair are at opposite end.s. Accelerative, 

rotatory move:œnt of the head in any plane causes a f'luid 

movement in the ducts or canals by virtue of the inert:ia of 

the contained fluid - endolym.}il. The effect is greatest 

in the pair of ducts closest to the plane of rotation but 

is rarely, if' ever, limited to a single pair. The move

ment of' the f'luid is toward the ampulla, or ampullopetal, 

in one duct or canal and. away from. the ampul.la, or am.pullo

fugal, in the opposite duct or canal of any pair. 

kch semicircular duet is oonnected wi th the utriele at 

both ends, the sm.all ends of the posterior and the an:lierior 

semicircular ducts being fused to form. a common cŒlllection 

( comnon crus) wi th the utricle. The dilated end or am.pulla 
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The planes of the semicircula.r canals. 
(from Lindsay and Perlman) 

of each duct contains : (1) a transverse ridge or crest, the 

crista, on the outer wall of which are the incoming nerves; 

(2) the sensory cells; and (3) the cupula with its supporti.ng 

structure. 

The crista ampullaris develops at the site of the entrance 

of the ampullary nerve, a branch of the vestibular nerve. The 

crista ampullaris is a ridgelike, elevated fold of neuroepi-

thelium, containing the sensory cella \'bi.ch bear bristJ.e-like 

hairs at their free margina, and the supporting cells. This 

sensory organ beoomes el.evated into a mound of acellular jel-

ly-like mass, the cupula {see Fig. 3). In general, the plane 

of each crista lies at a right angle to the plane of each semi-
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circular duct near the latter•& point of entrance into the utri-

cle. The posterior crista lies on the anter:i,.or wall chiefly, but 

slightly on the inferi.or and medial wa.lls of the posteri.or ampul-

la. The anterior crista lies on the anterior and slightly on the 

ventro-lateral walls of the anterior amp~. The lateral cris-

ta lies on the anterior wall and slightly on the superior wall of 

the lateral ampul~. 

Wall of 
.SQ.m1C. 

du ct 
\ 

\ 

Fig. 3 The crista of an ampulla. 
(from Bast and Anson) 

The cri.sta seems to be concerned with detecting those changes 

in the position of the head 'Which are due to rotatory movements. 

Any rotatory movement of the head along the plane of a semicir-

cular duct would cause an inertial flow of the fluid aerees the 
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criatal ridge and thus stimul.ate the sensoey mechanism of the 

criata. Since the right and lett cristae of the lateral semi• 

ai.rcular ducts lie in the asme plane, they seem. to work toge

ther in lateral rotation, but. in an a:nt.agoniet.i.c m.anner. For 

the vertical semicircular ducts a similar positional relation

ehip e.x:i8ts between the lett poaterior and the right anterior 

d.ucts, or the righ.t posterior and the left anterior ducta. 

2. The Utricle, the Saccule and Their Maculae (otolithic Organe). 

The anatOIQ' of the utricle a.Di the saccule have been des

cribed. The sensoey end. organ& of the utricle and the saccule 

are the ma.cu.l.a.e. The m.a.culae dewlop trœ. the llning epith..., 

lium which overlies the area.s lilere the saccula.r and the utri

cul.ar nervea enter the wall of the saccule and utricle. In 

these zones the epithelium beoomes modified into a oomplex 

paeudostra.titied layer. Two types of cells are present, the 

sensory cella 'Which bea.r bristJ.e-like haire a.t their free mar

gin, and the supporting cells. The latter cells secrete &'. 

gelatinous substance whicb. forme a. cu.shion-like membrane, the 

otolit.hic Dl.fabrane, which overlies the m.odified epitheliua 

and bea.rs superi'icia.l calcareous deposits, the otoconia or 

otolith. The macula of the utricle is essentia.lly horizontal 

facing upwards. The macula.e oi' the right and lett utricles 

lie in es"ntia.l.ly the sam.e plane. With any movem.ent, they 

should be etim:ul.ated alike. The macu.la of the saccule is 

essentiall;r vertical tacing outlllll'ds. The exact relation 

betwen the sensory celle 8lld gela.tinous mass is not clear

ly understood. Consequently, the m.echani• of stim.ulation 

remains obscure. The otolithic organe respond directly to 
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the force of linear acceleration, e.g., force of gravit7, cen-

trifugal force, straight line acceleration in elevator, train 

or swing. In the absence of motion, the foree of gravit y will 

have a sustained effect on the otolith
87• 

Do. Circulation of the Endolymph or Otio Fluid, 

The origin and circulation of the endolymph or otie fiuid haa 

not been settl.ed with certainty 166• Guild58(1927) suggested that 

the probable origin of the endolymph is in the stria vascularis. 

It flow toward the basal end of the eochlear duct, from thia 

through the oanalis reuni ens into the saccule, fran the saccule 

through the saccul&r duct into the endol.ym]:hatic duct and. the en

dolym.phatic sac where absorption takes place. The endolym]:h is 

supposed to l.eave the membranoua lab)rrinth br passing through the 

wall of the pars intermedia of the endolym.}:batic sac into numerous 

sma.ll blood vessels of this region, 

Sham.baughl45(1908) attributed the formation of the otie fiuid 

to some glandular structures occupying the deeper part of the sul

œs e:x:t:.emus of the cochlear duct. The endolym}:b is formed by' 

secretion of these glands alli not by filtration from the vessels. 

The work of Aû..dred, Hallpike and JAdod(l940) on the osmotic pres

sure of the end.olym}:b supports the position of Shamba.ugh that the 

endol.ymph is form.ed br secretion, 

The site ot absorption is li.kewise disputed, Li.ndsal4(1947) 

has produced. evidence that the vascular portion of the sac may 

not be the only area from lilich endolym.ph can be absorbed; appar-

ent destruction of this area in monke3"S failed. to increase the 

endolym}:batic pressure, 
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At the junction of the utricular duct and the u:tricle there 

ia a valve-like fold of the wall referred to as the utriculo-en

doly.mphatic valve15(192S). Sast16(1934) suggested that it is 

ao placed that a sudden pressure diaturbance in the utricle would 

close the valve and thus prevent endol1Jilph frœ fiowing out into 

the endol.ym.phatic duct.. He indicated that the usual now of the 

endolym.ph is frœ the utricular duct into the utricle, but that 

a slow movement in the opposite direction should be possible. 

E. Blood Supply of the Labyrinth. 

l. A.:rterial Supply. 

The chief artery of the intemal ear is the internal audi

tory artery, usuall.y given aa a branch of the basilar artery 

in about 17% of cases or as a branch of the anterior inferior 

cerebellar a.rtery71 in the remaining 83% of cases. The inter

nal auditory artery accompanies the seventh and the eight 

aranial nerves through the internal auditory meatus. Its 

main branches nm in the inner periosteum of the bony laby ... 

rinth, and through the trabeculae betwen the membranous and 

the bo!l1' labyrinthe are distributed to the :msbranous laby

rinth (see Fig. 4). There are apparently no anastomoses bet-

ween the vessels. 

A.ccording to Shambaughl46(l923) the intemal auditory artery 

t;ypically gives off the posterior vestibular (or vestibulo-co

cblear) artery 'Which supplies the macula of the saccu.lus, the 

ampulla aDd the entire length of the posterior canal, the cœ

mon crus and adjacent posterior portion of the horizontal canal, 

and frequ.entl.y, a branch to the base of the cocblea. A\.t'ter 
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' 1 , 
1 
1 
1 
1 

Anterior \ 
vestibular a. -----~v 

Fig. 4. Arterial Supply of the Labyrinth. 
(from Hollinshead) 

giving off its posterior vestibular branch the internal audi-

tory artery them divides into the artery of the cochlea and 

the anterior veatibular arter,y. This latter artery supplies 

the macula of the utricle and the anterior portions of the 

anterior and horizontal canals, in'Cluding the cristae. 

2. Veins. 

Shambaugh described only two veina as draining the labyrinth, 

one running by way of the cochlear aquedu ct and the other, by 

way of the vestibular aqueduct. He stated that the vein of the 

cochlear aqueduct drains the entire cochlea and part of the ves-

tibular apparatus, including tœ maculae of the saccule and 

utricle and the cristae of the anterior and hori20ntal canals, 
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whUe the vein of the vestibular aqueduct drains only a limited 

area, nanely, the rema.inder of the anterior and horizontal can-

als, and the posterior cenal including its crista. 

The vein of the cochlea.r aqueduct. joins the inf'erior petro

sal sinus or the bulb of' the intemal jugular vein1 while the 

vein of' the vestibular aqueduct joins the superior petrosal 

sinus. 

F • Acoustic Nerve, The Vestibular Division. 

1. Special Somatic A.fferent, Proprioceptive Component. 

The vestibular nerve functions in the maintenance of' equili-

brium. It is theref'ore proprioceptive. The major f'ibers of' 

the vestibular nerve are said to be of' a special somatic af

ferent type33. 

The neurone of' the first order for the vestibular nerve have 

as their cella of origin the vestibular ganglion {Scarpat s gan

glion) in the lateral end of' the interna! auditory meat us. In 

this ganglion each part of' the labyrinth has a def'inite loca

lizationS7. The dendrites of' these cells terminate in relation 

with the hair cells of' the crista ampullaris of ea.ch semicircu

lar canal, the macula sacculi and the macula utrieuli. The 

axons of these cella forms tm vestibular nerve proper. The 

vestibular nerve occupies the posterior part of' the intemal 

auditory meatus 1 associated wi th the eochlear di vision of' the 

acoustic nerve, from which it is incompletely separated; the 

vestibular fibers lie ventral to the cochlear .fibers. Peri-

pherally, the vestibular nerve di vides into two di visions, a 
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superior and an inferior; the superior division of the nerve 

is said to be distributed to the ampullae of the horizcntal 

and anterior canals 1 and the maculae of oo th the utricle and 

the saccule. The inferior division of the nerve is distribu-

ted largely to the macula of the saccule and to the posterior 

ampulla (by a separate branch of the inferior division); it 

usually gives also a small division (Oort t s nerve) to anas-

tomose with the cochlear nerve (see Fig . 5) . .Another small 

anastomosing bundle of fibers was described by Hardy in 19341 

known as the cochleosaccular branch Which is closely related 

to the saccular nerve . The central processes from the vesti-

bular ganglion pass medially and forward to enter the medulla 

Divisions of (~~~~~=:: 
vestibulor n. 

Fig . 5. Schema of the innervation of the 
labyrinth . (from Hardy) 
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oblongata m.edially and ce}:halad to the cochlear nerve. They 

enter chiefly at the inner aspect of the restiform. body and 

terminate in the vestibular nuclei. 

Lorente de No89 (193.3) in his study on the anatomy of the 

eighth nerve divided the vestibular nerve into five groups : 

Group I and II ccntain fibe re from the semicircular canals ; 

Group IV fibers from the utricular macula; Group V, fibers 

from the saccular macula; it bas not been determined whether 

Group III contains fibers from the central part of the cristae 

or from the utricular macula. 

2. Efferent Component of the Vestibular Nerve. 

Petroff125(1955) gave the most oonvincing evidence of the 

presence of efferent fibers. He found that fine fibers in 

the vestibular rami disappeared followi.ng midline cuts in the 

floor of the fourth VE!Iltricl.e or eighth nerve section. The 

existence in the vestibular neuroepithelium. of nene endings 

possessing the properties of efferent fibers has been demons• 

trated. by Wersall163 in 1956 and by Dohlma.n, Farkashid;y and 

Salonna4° in 1958. 

Oorts121(191S) described the vestibulo-cochlear bundle which 

is associated with the saccular ramus to the cochlear nerve. 

He m.entioned that it could oonceivably carry the sympathetic 

fibers to the oochlea. He wa.s not able to determine the peri-

pheral extension of these fibers. 

Hardy64(19.34) described the cochleo-saccular anastomosis or 

bundle. She observed only a portion of its peripheral exten

sion. It is present in about 4CJI, of cases. She believed that 
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this represented a true branch of the cochlear division, which 

supported the oontention that the saccule has an auditory func-

tion. 

Rasmussen1321 l33(1946) demonstrated that the so-called olivary 

peduncular fibers ultimately arrive in the cochlea via Oort•s ves-

tibulo-cochlear anastomosis. He termed it the superior olivo-co-

chlear fascicle. The morphological features of its neurons are 

suggestive of an autonomie function. He stressed the intima te 

relationship of Oort• s and Hardy' s bundles1 and thought that both 

may have similar functional fi bers. 

Gacek52(1960) demonstrated the efferent vestibular fibers which 

accompany more or lesa the efferent cochlear fibers in the vesti-

bular nerve trunk as far as the saccular ganglion at which point 

they diverge at almost right angle to each other {see Fig. 6). 

Fig. 6. Diagram of the vestibular efferent fib6rs. 
(from Ga.cek) 
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Rasmussen131{1940) counted the nerve fibers in 37 vestibul.ar 

nervea from. persona 'With normal labyrinthine functicn. Appar

ent}7, a no:nnal vestibula.r nerve oontained frœ 14,200 to 241 000 

fibers, averaging 181 500 fibers. 

G. Vestibula.r Nuclei and Central Vest ibula.r Pa. th ways. 

1. Vestibular Nuclei. 

a. The Major Vestibula.r Nuclei. 

The vestibular nuclei lie in the area acoustica in the 

brain stem near the floor of the fourth ventriele, medial 

to the inferior cerebellar ped.uncle, extending cephalocau

dally from the caudal third of the rhomboid fossa to a point 

above the genu of the facial nerve148• 

The major vestibular nucl.ei are : a. superior {nucleus of 

von Bechterew) 1 a medial (principal, triangular or nucleus 

of Schwalbe), ~teral (nucleus of Deiterts) and an inferior 

( descending or spinal) vestibula.r nucl.ei57' l'JO. :Srodal and 

Panpeiano20 in 1957 have described these nuclei in detail 

in their stud.y- of the wstibular nuclei in the cat. A des-

cription of the cytoarchi.tecture and the topography of the 

vestibular nuclei is beyond the scope of this pa.per. The 

reader ~11 please refer to the pa.per of Brodal md Pom-

peia.no on the "Vestibular Nuclei in the Ca.t" in 1957 and 

to Chapter 17 of Broda1 in "Neural. Mechanism of the .ludi-

tory and Vestibular System", edited by Rasmussen and Win

dle, 1960. 

b. The Minor Vestibular Nuclei. 

19 . 
BrodaJ. described certa:in minor vestibular cell groups 
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in the cat - group x, f'ound lateral to the descending vesti

bula.r nucleus,; group z 1 al.most continuous with group x1 exl:iend

ing caud.a.l.J.y to the rostral pole of the nucleus gracilis; group 

f 1 caudoventra.l to the descending nucleus; and the interstitial 

nucleus of Ramon y C.a.jal. The f'unction of these is not known ; 

howver, he postul.ated that these m.inor vestibula.r nuclei might 

have something to do with the integration of the major vestibu

lar nuclei. Cros~3 and her a.ssociates described these as nu

cleus tangentialis. It is of' no known importance in man, but 

it is large in som.e subnamalian to:rms. 

llthough all vestibul.ar nuclei receive vestibular root t'ibers, 

there is considerable evidence that a pattern is projected upon 

these nuclei ~Ch corresponds to the peripberal relationship of 

88, S9( the vestibul.ar fibers. From Lorente de Nots studies 1933; 

1933b) it appears that the t'ibers from the cristae or the semicir

cular ducts (his fiber groups I and II) terminate in the superior 

nucleus, in the lateraJ.most part of' the descending nucleus, and in 

the medial nucleus, 'While they do not end in the nucleus of Dei· 

ter. The vestibular afferents to the nucleus of Deiter (its ven

tral region) are deri ved from the utricula.r macula (group IV) • 

These fibers do not pass to the superior nucleus and apparently' 

not to the medial. nucleus llhile some end in the descending nu

cleus. The fi bers from the saccular macula. (group V) appar to 

pass chie~ to the dorsolateraJ. part of the descending vestibul.ar 

nucleus. Whether the lateral nucleus is supplied only by the utri• 

cul.ar fibers, the superior OIÜJ" by fibers from the cristae, remains 

unsettled, because the orig:l.n of the fibers of group m, 'Which end 
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in the nucleus of Deiter (and presumably also in the medial nu-

cl.eus) could not be definitely established. 

2. Efferent Vestibular Pathways. 

a. Viesti.bulo-cerebellar Connections. 

Secondary, as weil as primary, vestibulo-cerebellar fibers 

have been traced to the nodulus, the flocculus, the adjacent 

part of the uwla, probably the lingula. and the fastigial nu

cleus. The origin of the secondary vestibulo-cerebellar fi

bers, according to the work of Brodal and Torvik21(1957), using 

the modified Gudden method, canes from the ventrolateral part 

of the descending or vestibule-spinal nucleus and to some e~ 

tent from the medial nucleus. Retrograde cellular changes are 

Fig. 7. 

8 

Vestibulo-cerebellar connections . 
(from Crosby et al) 
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found a.lso in the. tangential. nucleus 1 group x and group t. These 

fibers go to the cerebellar nuclei via the interior cerebellar pe

duncle. Crosby et al.3.3 sta.te that impulses from the medial, the 

superior, and perhaps the inferior vestibular nuclei (from only 

the medial and the inferior in the cat) are projected over the 

vestibulo-cerebella.r fibers (see Fig. 7) to the homol&teral noc

culo-nodula.r lobe and to the homol&tera.l and oontralateral fa.sti ... 

gial nuclei. 

b. Medial Longitudinal Fa.sciculus. 

l) Al.scending - vestibulo-mesenceJilalic fibers. 

m. four major vestibular nuclei send fibers to the asean

ding medial longitudinal taaciculus.-,from the superior vestibu-

lar nucleus, ascend.ing fibers enter the homol&teral medial longi

tudinal fasciculus to project to the trochlear and oculomotor nu• 

clei, motor nuclei innerrating the ocular muscles. Fran the ros

tral end of the interior 1 from the medial and from the caudal:most 
22 .32, 130 

parts of the lateral ' vestibular nuclei, fibers cross 

tbe midline and ascend in the oontra.lateral medial longitudinal 

tasciculus to term:inate in the abducens nuclea.r complex, motor 

neurone innervating the lateral rectus muscle, and also in the 

sm.aller cella of the paraabducens nucleus. This lattef nucleus, 

which is a reticul&r nuclear group lateral to and partly over

lapping the abducens nucleus, discharges rostralward to the 

contra.lateral medial longitudinal fasciculus to contralateral 

oculœotor nuclear compl.ex. As a result of this, there wU1 be 

a conjugate deviation of the eyes (see Fig. S). The termination 

of the ascending medial longitudinal fasciculus is not definite-
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ly detennined. Fibars have been traced to the interstiti.a1 nu-

cleus of Ramon y Cajal, the nucleus of Darkschewitch and the 

nucleus of the posterior commissure, and some h :ve suggested 

the presence of fibers to the colliculi, the medial geniculate 

body, the red nucleus, certain nuclei of the thalamus and even 

the hypothalamus. 

-Oculomotor nucleus 

Med•ol longllud•nol fasc•culus 

Med•ol longitudinal fosc•culus-

Fig. 8 A.. 

-Spmovest•bulor tract 

A 

V.estibular connections related to eye 
movements . (from Crosby et al) 

2) Uescendi.>1g Medial Longitudmal Fasciculus. 

Fibers from the medial vestibular nuclei and from the des-

cending vestibular nuclei contribute to the descending medial 

longitudinal f asciculus, both contralateral am ipsilateral33 • 

These descending fi.bers can be traced through the cervical cord 

levels. Often they are termed the medial vestibule-spinal tract. 



They terminate in relation to ventral horn motor neurone at cer-

vical levels supplying the nuclei that tum the head and perhaps 

tho se that move the shoulder and the upper extremity. They are 

s:dd not to pass lower than the cervical cord levels ( see Fig. 8 

B) . 

Medial longi ludinol fosciculi 

Cervical cord lever 

'V••Hrolci!Prnl vesrrbulosprnol 
Ira cr 

To more coudai levers - A 

Fig. 8 B. Diagram of descending longitudinal 
f asciculus . (from Crosby et al) 

c. Vestibule-spinal Tract (Ventrolateral Vestibule-spinal Tract) . 

Brodal
19 

employing the modified Gudden method in cats showed 

by retrograde cellular degeneration of the vestibular nuclei af-

ter sectioning the spinal cord, that changes \'fere mainly confined 

to the nucleus of Deiters on the site of the lesion. He was able 

to demonstrate a somatotopical pattern in the origin of the ves-

tibulo-spinal fibers from the l ateral vestibular nucleus (Deitezi 



by sectioning the cord at different levels. However1 
this does 

not indicate that axons fran ether vestibular nuclei do not con-

tribute to the vestibule-spinal tract. This tract ends in rela-

tion to the motor neurons at various spinal cerd levels. It is 

believed to reach the lumbar and perhaps sacral cord levels in 

the cat. It i s a part of t he neuron a rcs concerned 'With main-

taining the normal position of the body. If the vestibular gan-

glion or the vestibular reet i s destroyed, the animal falls to-

ward the side of the destruction. If the l ateral vestibular nu-

cleus or the ventrolateral vestibule-spinal tract is destroyed
1 

then there is a deviation of the boey to\·zard the opposite side. 

d. Vestibulo-reticular Connection. 

Solivotory nucle•lexcessive sol•voh~ 

Dorsal efferent nudeus-

Gray at fasciculus solitarius--

Fig. 9. Di ram of the vestibulo-reticular 
connections . from Crosby et al 
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The medial vestibular nucleus has connectic:ns with the ipsila

teral and contralateral retieular grey formation of the brain stem 

and through this reticular grey formation with the dorsal efferent 

nucleus of the vagus. The connections with the reticular grey for

mation of the brain stem also make possible retieulo-spinal dis

charges in response to vestibular stimulations (see Fig. 9). This 

aceounts for the vegetative sym.ptams 'When the vestibular system 

is stimulated. 

e. Vestibular Projeetic:n to Thalamus and Cortex. 

Secondar;y vestibul.ar projections tot he thalamus and to the cor

tex undoubtedly exia1;, but their anatom.ical pathways and location 

have not been definitely documented. 

Physiological evidence for the projection of vestibular impulses 

to the thalamus in the neighbomood of the medial genieulate nu

cleus111 and demonstration of a cortical vestibular center near 

the auditory cortex have been satisfactory. 

Anderson and Gemandt5(l954) in their stud.y on cats came to 

the conclusion tha.t the vestibular projection to the cortex is 

principally contralateral, and it has been possible to demnstrate 

a specifie localization in the cerebral cortex for the particular 

sensory end organs. Cortical responses to stiaula.tion of the 

vestibular nerve branches ooneerned are evoked from an area com.-

prising the anterior ectosylvian gyros and a narrow strip of the 

posterior bank of the suprasylvian gyrus. Still.ula.tions of the 

nerve from the utriele evoke responses particularly from. the dor

sal part of this are a. Below and anterior tot he latter focus, 



responses to stimulation of the nerve from the lateral crista. are 

recorded, and above it the cortical projection of the nerve trau. 

the anterior crista is found. These responsive areas are not on-

ly contiguous but to a considerable extent overlapping. 

Penfield and Rasmussen124(l950) 1 b;r the method of ela ctrical 

st~ulation of the areas of the cerebral cortex in a patient un

dergoing surgery under local anesthesia, concluded that movement 

of the ltilole body in space is represented in the first temporal 

convolution. They added that ill-defined dizziness is caused b7 

stimulation elselllh.ere in the hemisphere, especiall;r in the subcor

tical area.s and that occasionaUy illusions of movements are eli-

cited from the parietal cortex. 

Penfield
123

(1957) in reviewing a1l his cases of craniotomies 

with electrica.l stimulation of the cortex of conscious patients 

concluded tha.t the pathway of the vestibular sensations makes a 

detour frcn the thalamus out to the cortex wbere the velltibular 

area is nexli to the auditory area in the superior temporal con-

volution of both sides. From there the pa.thway proba.bl.;r returns 

to the higher brain stem where it enters the centrence:lilalic in-

tegrating system. Rem.oval of the superior t•poral. convolution 

on either side is followed b;y no obvi.ous defect of vestibula.r 

function. 

3 • .A.fferent Vestibular Pa.thways. 

a. Cerebello-vestibula.r Connection. 

Among the fibers fran the cerebellum to the vestibula.r nu~ 

clei two components have to be distinguished1 na.mely, those 

coming from the cerebellar cortex md those from the cerebel-



lar nuclei. Fibers from the vermis of the anterior lobe, the 

pyramis and uvula have been traced chiefly to the homolateral 

lateral vestibular nucleus; some appear to reach the superior 

nucleus. Fi bers from the flocculus end in the superior and 

lateral nucJ..ei. Fibers from the nodulus supply all four ves-

tibular nuclei. Fibers from the fastigial nucleu.s supply the 

entire territory of the vestibular nuclei; fibers from the 

rostral third of the fastigial nucleus supply chiefly the homo• 

lateral or ipsilateral vestibular nucJ..ei; fibers from the cau-

dal third of the fastigial nucleus supply the contralateral 

vestibular nuc1e119 • 

b. Medial Longitudinal Fasciculus. 

The afferents to the vestibular nuclei descmding from higher 

levels of the brain have a restricted area of term.ination127 • 

They end in the medial vesti bular nucleus. They are foun.d to 

descend in the medial longitudinal fasciculus. 

There is no evidence obtamed for fibers oomin.g from the 

cerebral cortex, the basal ganglia or the colliculi. 

c. Reticular Connection. 

The reti cular formation of the mesence}:halon doe s not send 

fibers to the vestibular nuclei. The medullary and pontine 

reticular formation may oontribute fibers to the vestibular 

nuclei139: 

d.. Spino-vestibular Connection. 

The spinovestibular fibers ascend 'With those of the dorsal 

spinocerebellar tract and end in the caud.almost part of the 



descending vestibular nucleus and medial vestibular nucleus, 

but have their chief sites of termination in the lateral ves-

tibular nucleua and in t.he groups x atd z; in a sanatotopical 
126 

pa ttern. They cona from levels below X, • 

II. Pbysio1ogy of the Vestibular 
Sl!lnse Organs of the Labyrinth. 

A. Function of tho &micireular Ducts (Canals). 

The sense of equilibrium or orientation in spa.co depends on 

impulses from the labyrinthe, from the retinae or eyes and fran 

the muscl.es atld joints, tho so-called kinesthetic sensation. 

101 
McNalli (1947) sta.ted 1'Wherea.s maintenance of equilibrium is 

an incidenta.l function of the ocular mechanism and the kinesthe-

tic m.echanism, it is tho main function of the vestibule or the 

labyri:nth •"' 

Although the vestibula.r part of the la.byrinth, the semi.circu-

la.r cana.ls and vestibule were known and describod by the anatomist, 

Fallopio, in 1561, their function wa.s not rea.lizod until the nine

teenth century. :Barany (1922) pointed out that. Purkinje in 1B25 

reported the presence of nystagmus of the oyes and dizziness in 

persans who were subjected to rotation. Flourens, a physiologist, 

operated on the semicircular canals of pigeons aDd found that in

jury of a semicircular canal caused twitching movements of the 

head aDd eyes in the plane of that canal. Meniere in 1B60 found. 

that severe dizzi.ne ss is frequently associated with deaf'ness, and 

he suggested the possibility that lesions of the semicircular 

canals might be responsible for the dizziness. He found h0010ITha.-

gic eJO.t.date in the la.byrinth. 



Goltz· in 1870 lilas the first to realize that the fmction of the 

labyrinth was the maintenance of equilibrium. 

The experimenta and observations of Mach in Prague, Breuer in 

Vien.na, and Crum. Brown in Edinburgh in 1873-1874 led each indivi

dua.l.ly to the theory that stimulation of the semi.ci.rcular canal is 

brought about by movement. of the endol.ymph aotivating the hair celle 

in the ampulla. Later, :Mach modified his theory to a mere pressure 

effect beoause he could not d.emonstrate gross movement of the fluid 

in the semici.rcular canals. He arrived at the conclusion that angu

lar acceleration stimulates the six ampullae of the semicircular ce

nals, mi ch are arranged in opposite pairs. However, he could not 

express any opinion as to the receptors for positional, or gravita.

tional, stimulation. (McNally and Stuart103 ,1942) 

Kwald in 1892 e:xperimented with thermal, ele ctrical and mechanical 

stimulation of the canals. He made an ingenious experiment on a semi

circular canal of the pigecn in which he sealed off the distal part 

with a lead plug and inserted a };l'leumatic ham.er between it and the 

am.pulla. In this wa:y- he could exert positive and negative pressure 

wi thin the membranous labyrinth to change the flow of the endolymph 

in the canal. Movements of the head and eyas took pl.a.ce in the plane 

of the canal stim.ulated. He concluded thi*h in the hori:ïtl ntal canal 

of the pigeon, movement of end.ol.ymph towards the ampulla ( am.pullo

petal) oaused the greater stimulus and movement away from the ampul

la ( ampullo-fugal) caused a le aser stimulus • In the vertical canals, 

the condition was the reverse of the horiZDntal canal. Further, he 

concluded that men the horisœtal canal or the vertical oanals were 

ma.x:lJDall.;y stimulated, the re resulted a slow movenant of the eJe s to-
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ward the opposite ear and a quick }ilaae of nystagmus to its own side. 

When the semicl.rcular canals were minimally stimulated, the quick 

J:hase of nystagmus was towa.rd the opposite ear. 'Jhese find:ings have 

since been known aa "BwaJ.dls Laws"'• The former (stimulation of the 
~ 

semicircular canal resulta in head and eye movements in the plane 

of the canal stimulated) becomes EwaJ.dts First Law, and the latter 

0Ewal.dts Second Law"• 
96 

The validity of EwaJ.dts Second Law has been refuted. Maxwell 
. lCf/ 

(192.3) 1 McNal.ly' md Tait (1925) and othera found. that a semi-

circular canal in the fish and the frog responds to stimulation 

only in one direction and that is, in the direction of the maxi.mal 

stimulus for the canal. McNall..y, Stuart;, Jamieson and Ga.ulton104 

(1948) carried out calorie tests (alternate hot and cold at 440C 

and .30°0) in one hundred and one subjects (adults) in the face-up 

and face-down positions. They concluded that cold stimulation 

( cold water at 7° below body temperature) is a greater labyrinthine 

stimulus than hot water at 7° above body temperature; the horizontal 

canal in man is more responsive to calorie stimulation in the face• 

up position than it is in the face-down position; Ewa.ld's Second Law 

is diaproved if the calorie test is carried out in the face-up 

position, but if it is done in the facs-down position, Ewaldt s ls.w 

is confirm.ed. Hallpike59(1961) reported that since 1941 he together 

with Fitzgerald and Cawthorne have observed that a cold stimulus 

elicited a greater labyrinthine response than did a hot stimulus 

( em.ploying the usual. Fitzgerald and Hallpike altemate cold and 



hot stimulation) in normal subjects. This 1s against Ewaldls Law. 

However, if one of the labyrinthe was destroyed1 "Ewaldls effect" 

was observed in the remaining labyrinthe They attributed this to 

two mechanism.s: the elimination of certain tonus action after the 

destruction of one of the labyrinths, leaving the opposite tonus 

action unopposed1 causing at first spontaneous nystagmus to the 

unaffected side and a preponderance to the same side of evoked 

nystagmus; and second, the presence of a dual cupular mechanism, 

one for the tonie or resting discharge (action potential.) and the 

other for the modulation of this resting discharge. They stated 

that since Ewald opened into the canal. and packed its lumen w.ith 

lead or ama.lgam., the resting discharge from the cupula must have 

been inevitably reduced. When Ewal.d then applied his hammer to 

the canal, the resting discharge being alreaqy reduced, could not 

be reduced much further. Violent stimulation could still, howeve.r1 

evoke a considerable inerease in the response, and it did. Because 

of this evidence and the lack of proper electrophysiological study 

by Ewald, Hallpike f'avored the repea.l. of BwaJ.dt s 2nd l.aw. During 

the Proceedings of the International S11Upo&ium on Problems in 

Otoneurology in Mq, 1960, Ewaldls 2nd law was e:xtensively discussedq 

Opinions from leading authorities varied. However 1 the concensus of 

opinion suggested, on the basie of clinical observations and by 

electrophysiological studies, that Ewald's 2nd law is not valid in 

man. 

Kubo in 1906 noted that the labyrinth of fish responded to thermal 

changes. He noted that the horizontal canals are more responsive than 
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the vertical canals and tbat heat is more effective than is cold. 

l!liarany {1908) outlined the clinical importance of e.xamining the 

vestibular apparat.us. He pointed out that the clinical rotation 

test resulted from the experimente of many investigators, chiefly 

those of James and Kriedl (189.3-1906) aiJd of Wanner. Barany then 

developed the calorie test as a m.ethod of etimulating one labyrinth 

at a tim.e as eompared to the rotation test 'Which affects both. He 

found that if a normal ear is irrigated w.ith water above or below 

body temperature, nystagmus resulta. In analyzing the phenomenon 

he eoncluded that the nystagmus is the result of vestibular stimu-

lation and that the semici.rcular canals are sti.mulated beoause of 

change of temperature in the endolym}il. This causes a ri se or fall 

of the endolym.}il, depending on whether the irrigating fluid is warm 

or cold. He stated that this new test is of value in the earl.y de-

tection of labyrinthine disease, either acute or chronio, suppura

tive or non-suppurative {McNally and Stuart
103

, 1942). 

Kobrak (1920.192.3) described a modification of Baranyts calorie 

stimulation of the labyrinth, 'Which he oalled a minimal. or threshold 

stimulation. He advocated the use of a small quantity of water, about 

10 cc. at a temperature of about Z?°C., in contradistinction to the 

large quantities used heretofore. The advantages he claimed for his 

modification are that the examiner can better gage the irritabili ty 

of the labyrinthine mechanism., while at the same time the discomfort. 

of the patient is greatl.y reduced. He considered at seme length the 

mechanism of stimulaticn, whether the temperature difference affected 

the blood suppl.y of the labyrinth or the endolym}il. He e.x:pressed a 

preference for the former vieJ-0.3 • 
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Maxwell (1923) experiment.ed on the dog!ish. He exposed ali the 

semici rcular canals and sti.mulated their amwJJ.ae, indi vidual.ly and 

in pairs. He foWld that the stimulation of an am.pulla elici ted the 

sam.e eye and fine movements as did a tilt or rotation in the plane of 

the same canal. Stimulation of the rjght anterior semicircular canal 

caused the right eye to move up and the left eye to move down. He 

theo removed ali the am.pullae and rotated his an:i.m.al.s &round horizon-

tal and vertical axes. He noted that there was no reaction to turning 

about a vertical axis but that tuming about. any horizontal axis eli-

cited reactions which were practically normal. By removing the remain

der of the labyrinth, he eliminated any compensatory reactions. He 

concluded that all canpensatory movements except those in response to 

rotation in the horizcntal plane oan in the absence of the ampulla.e be 

brought about through the action of some ether part. of the labyrinth. 

de Kleijn34(1923) pointed out the different methode to study the 

function of the la.byr.i.nth in relation to the labyrinthine reflexes in 

posture. He suggeated that by extirpatic:n of the semicircular canals 

alone or of the otoliths alone, reflexes arisi.ng from the ext.irpated 

part of the lab;yr.inth would be lack:ing and the reflexes arising fran 

the rema.ining part woul.d be present. He cl.assified the different lœ-

byrinthine reflexes accord:ing to "Whether or not the reflexes resul.ted 

from the stimulation of the cristae of the semicircular canals or the 

maculae of the utricles. 

La.byrinthine reflexes : 

1. Reflexes respond:ing to movement (reflexes of the semicircular 

canals). 

a. Rotatory reactions and after reactions (with nystagmus) 
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1) on head 

2) on eyea 

b. Progressive reactions 

1) lift reaction 

2) toe-spreading reflex 

3) springing reflex 

2. Reflexes resulting from position (tonie la.byrinthine reflexes, 

reflexes of the otolithe) 

a. Tonie labyrinthine refle:xes on body musculature 

bo La.byrinthine trightingt reflexes 

c. Compensa tory eye positions. 

Magnus9J(l926) made complete analysis of the labyrinthine and non-

labyrinthine reflexes. 
99, 106,108, 155, 156 ) 

HcNally and Taitts (1925-1933 classic ablation 

experimenta on frogs (ablation of individual am.pulla of the semicircu

lar canals) sho-wed, by systematic exam:ination of the de-ampul.lated 

animal to gravity, centrifuga! force, linear acceleration, and angular 

acceleration about va.rious axas, tbat (1) the semicircular canals are 

not involved in static reactions to gravity or centrifugal force, nor 

does their absence entail forced positions; (2) the horimntal semicir

cular c~ respond on1y to a.ngular acceleration; (3) any vertical 

semicircular canal responds to angula.r acceleration in its own plane 

either in a positive or in a negative direction; (4) effective stimu-

lation of one of the horizontal semicircular canals brings the muscu-

lature on both sides of the body into play; {5) effective stimulation 

of each nrtical semicircular canal is mainly concemed with the mus

culature of its a. sid.e; ( 6) the four vertical. semieircular canals 
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t'orm a functional group distinct fran the horizontal semicircular ca

nals; (7) any lesion of a single vertical semicircula.r canal is apt 

to affect the ultimate stationary posture of ihe frog; (8) the labyrinth 

is intimately concerned -with the cmntrol of the muscle tone, posture 

and movement, the semicircular canals and the utricl.es all being eaw 

sential to normal progressive movement and to nonœ.l resting posture; 

(9) the vertical semicircular canals and the utricl.es are both sti.mu-

lated by any sudden tilting lD.()vements and their reactions bei.ng OP-

posi tely directed, the one e.xerting a modifying and controlling in

fluence upon the other; and (10) each set of the semicircular canals 

in the f'rog responds to tum:ing in one direction only. 

Steinhaussen (1927-1935) devised a method whereby the ampulla of &' 

semicircular canal ca.n be e.xamined in a living animal. He experimented 

with different animale and tried the effects of various dyes. He suc-

ceeded in bringing the dit ferent structures 'Withi.n the ampulla into 

contrast. He was able to m.ake a window in the ampulla and photograph 

"'the movement of the cu pula. From his microscopie etudies and moving 
'-JI 

picture photographe, he was able to prove that the cupula is a rela-

tivel.y large structure, tha.t it is attached to the top of the cristal 

ridge and that it extends to, am is in close contact with, the re ... 

maining circumf'erence of the amp1lla.ry wall. He was able to study the 

retum movements of the cupula after it had been displaced. He studitJd 

the reactions of the cupula dur.i.ng sudden and prolonged turning and 

during calorie stimulation. In the pike, he definitely proved tha.t 

movement of the cupula in only one direction acts as a stiJilulus and. 

elicits compensatory reactions. He also observed a de.finite relation 

betwen the duration of post-rotatory nystagmus, or a.fter-nystagmus, 



and the return of the cupula from a deflected to its resting position. 

During electrical stimulation of the labyrinth, he did not observe 

any movement of the cupula. He assumed therefore that electrical 

stimulation affects the nerves directl.y". He confi:rmed the resulte 

of Ewaldts experimente, ~ich showed that the direction of the 

endolymph movement for maximal stimulation differa in the horizontal 

and the vertical canals (McNal.l.y" and Stuart, 1942) • 

Ross137 (1936) recorded action potentials from individua.l nerve 

fibers in the anterior and posterior branch of the eighth nerve. He 

found that the labyrinthine recept.ors could be divided into two 

groups, the first responding to crude mechanical vibrations and the 

second respond:ing to gross tilting moveœnts but not to vibration. 

The latter group may be divided into two rarts, the first is a gravity 

group responding to simple tilting movements and to linear acceleration, 

the main receptor being the ôricular macula. The second of this group 

is the rotation group proper, members of which are stimula ted by rotatow

accelera.tion. This group containa the three semicircular canals. 

Lowenstein and Sand92(1940) perfor.œed electro~siological ~sis 

of the activity in the a.m.pul.lae of the three semicircular canals of 

thornback ray. They sholied that there is a spontaneous discharge of 

sensory impulses from each ampulla men the labyrinth is at rest. 

During angular d:isplacement in the appropriate direction the discharge 

of impulses is increa.sed or inhibited. They found that the horizontal 

canal responds to rotation about the vertical prima.r,y axis and is not 

affected by rotations about the two horizontal primary a.Ds; the 

anterior and the posterior vertical semicircular canals reaponds to 
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rotation abœt a.ll thrae primary axes. During rot.ation about the ho• 

zontal longitudinal axis (tilting Kl.dewise) the four vertical canals 

are lP.t.~ral.ly synergie and du.rlng rotation about the horizcntal trans

verse a.x:l.s they are transversely synergie. During rotation about the 

vertical axis the four vertical canals are d:iagonally synergie • They 

also observed the occurrence of an after-discharge following inhibi-

tory rotation, wnich was in agreement with Steinhaussents observations 

on the physical properties of the cupula in the pike, in that the du-

ration of the discharge on stopping rotation conform.ed to tœ time re-

quired for the cupula to retum to its nonnal position. 

The experimenta of Cawtborne, Fitzgerald and Hallpike27 (1942) on 

Wlilateral labyrinthectomy subjects was in favor of bi-di.rectional 

fun ct ion of the semicircular canal in con tradistinction to ot.hers mo 

-were in favor of Wli-dilrectional function of the semicircular canals. 

Dohlma.n.38(1944) injeoted Ch:i.na-ink through a. glass capillary into 

the sanicircular duct and observed clearly the deformation of the cu-

pula. The cupula; moved in a. semicircle like radius occluding the lu

man so well that it scarcely let any of the endolymJb or the ink pas s 

through. This confinned the findings of Steinhaussen. 

Adrian
1(1943) was the first t®.se a higher mammal, the cat, for re

oording the discharge following vary.ing stimulation of the labyrinth. 

The activity was recorded from the vestibular nuclei. The resulta 

obtained have not shown any marked difference between the vestibular 

appa.ratus of the cat and that of tl:le frog or the fish. He could also 

differentiate two main types of discha.rge in the single unit, gravity 

controlled and rotation controlled. 

Van Egmond, Green and Jongkees 43(1949) from an experimental basie 
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stated that the semicircular canal 'With ita cupula-endol.ymph ffYS• 

tem is best considered as a tor sion pendulum with a high degree of 

damping. There is always a slight lea.k (not a tight fitting cupula) 

between the cupula and ampulla, 'Whi.ch causes deviations from the 

theoretical behaviour described by the solution of the differentia! 

e<:p.ation of the torsion pendulum. It is possible to calculate the 

movements of the cupula, taking the leak into account, and the re-

sults then correspond to those obtained from insensitive subjects. 

Their calculations show that the semieircular canal acta as an 11im-

pulsa:n.eter11 • For physiological movements it is the most appropriate 

instrument, comparable to a fiu:xmeter used for measurement of e1ec

tric charges. It nonnally causes after sensation after turning. 

They attributed this to the restoration of the cupu.la whi.ch has been 

driven in the opposite direction. The process of restoration begins 

immediately after the deformation. 

B:. Function of the Otolithic Organs. 

1. The Ut ri. ole. 

Breuer (1874-1891) was the f'irst to distingui sh between the 

f'unction of' the semicircular canals, on the one hand., ani tha t of 
. ''.~ 

the otoliths, on the other. He suggested tha t the .âtimul.us for 

the otolithic organ was l.inear acceleration. 

In 1875, Mach described the sensation produced. by linear acce

leration in man. Kriedl
80

(1893) succe~ded in substituting iron 

f'illings for sand in the otolithe of the prawn, and then applying 

magnetic force. He demonstrated marked disturbance of' the animalts 

equilibrium. 

Ma.xweu96
(1923) succeeded in moving the otolith directly in 
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.fish and noted counter rolling of the eyes 'Wi th no nystagmus comparable 

to that seen in tipping. 

Magnus and de Kleyn94(192.3) investigated the whole subject of poe-

tural reflexes including those from the otolithic orga.ns. They divided 

ail these into : (1) tonie labyrinthine reflexes on the body, limbe and 

neck; (2) oompensatory e;ye position reflexes; and (3) righting reflexes. 

161 
Versteeghts (1927) exper.i.ment in severing the nerve to the utricle 

in the rabbit demnstrated that the utricle was the site of origin of 

those static reflexes previously attributed to both the utricle and the 

saccule. 

McNally and Tait107(1925) thoroughly stud.ied the otolithic .function 

of the frog by selective ablation of the nerve supply to the various 

.functional unite. They .found that in unilateral utricular injury, there 

is apparent loss of muscular tone on that aide; in bilateral utrieular 

injury, the forced position is symmetrical and all gravity responses on 

the tilt table are absent. They came to the oonclusion that the utri-

cl.e is the apparatus .for static equilibrium, the most important gravity 

organ in the labyrinth. Tait and McNa.l:a.;-08(19.3.3) and Ross137(1936) all 

indicated that the utricles are not stimulated by rotation about a ver-

tical axis. 

According to fait and McNally156(1934) the reflexes initiated by oto-

lithic stimulation are d.esigned to produce canpensating movements of 

tœ body and limbs in order to right the head and body when it is dis-

placed. On exposure to linear acceleration outward.s as in a centrifuge, 

the utricle of a frog initia tes reflex muscular m:>venents that prod.uce 

a leaning of the animal toward.s the center of rotation. A slow tilt 

also initiates compensatory reflexes from the utricular otolith to 



maintain the head and trunk level. Tait and McNally concluded that 

the organs of the labyrinth concerned in reflex adaptation of bodily 

posture to the field of gravity are the utricuJar maculae. They 

also stated that the reflsxes from the vertical sf.lllicircular canals 

of the frog tend to oppose tm reactions from the utricle1 as mani ... 

fested by tilting the animal. 

Summary. The utricular macula is an organ of static equilibrium. 

It is affected by any change of position of the head -- response to 

gravity. It is also affected by any~teady force acting upon the 

anima.l in a direction other than the pull of gravi ty, su ch as cen-

trifugal ferce. The utricle influences the tcne of the muscles of 

all four limbs symnetrically. It affects. the tone of the muscles 

of the opposite side of the neck. It is also the seat of origin 

of the labyrinthme righting reflexes end labyrinthine conpense

tory eye positions9S. 

2. The Saccule • 

McNally and Tait
106

(1925) nnd Versteegh (1927) were smong the 

f'irst to perform experimenta b7 sectioning the nerve to the sac-

cule and they- found no disturbances to the equilibriu.m. 

11 Ashcroft and Hallpike (1934) made electrical recordmgs of sin-

gle nerve-fiber preparations fran the saccule of tœ f'rog and showed 

that the saccule does not respond to movement but to vibration. 

Their fmding was confirmed by ledoux in 1949. 

Otada· and Shizu
122

(1960) made e.xperiiœnts in rabbits by sec-

tioning the saccular nerve. They ooncluded from their experilœntal 

resulta tha t the compensa tory deviation of the eyeballs is one of 

the functi ons of the sa ecule. 



4l 

c. Mode of Hair Cell Stilnula.tion. 

The con ventional explanation of hair cell stimulation is depen

dent upon the bend:lng or a. pulling of the hairs of the smsor.r cells. 

The mechanism of such an action is quite obscure. 

Wersall164(1961) stated " The receptor cells in the seruo ry epi-

thelia of the labyrinth are mechanical transducers with ability to 

transform mechanical anergy into electrical impulses. The manner 

in W:lich energy is transformed from the endolymph to the hair cells 

is of considerable interest. '.lrhe forces acting on the receptors 

apparently stimulate the hair celle through tm hair bundle pro-

truding from the top of each hair cell. These bundles ccnta:ln up 

to around 70 sensory haire, most of which are of sterociliar type. 

According to Vilstrup and Jansen
162

(196l) both the cochlea and 

the vestibular labyrinth are stimulated by mechanical energy. ThiB 

type of energy is transformed into electrical energy. How does the 

transformation take place? These authors atated that the site of 

energy transformation must be in the regions of tm sensor.r hairs 

of the labyrinth. A.cid mucopol1'saccharides are present in the 

huma.n cupula. These are ex:tremel.T high molecular substances, the 

potassium salta of which when dissolved in water fcrm viscous solu ... 

tions or gelatinous substances. With proteine, tœy form canpotmds. 

Because of physicochemical properties of these acid mucopolfsaccha-

rides, displacement of such a fluid might be accompanied b.1 a genera-

tion of chemo-electric potentiaJ.. This was proven experimental.ly. 

Lownetein
91

(1961) likel'.i.se agreed tmt the hair cells of the 

labyrinth are a transducer for mechanicaJ. stimuli. However, "What 

happens electro-physiologically at or in the hair celle before, 

during and after defor.mation of the hair processes, according to the 



author, is not known. He postulated the existence ot a potEiltial 

bound.ary between the cupula and the hair eells. Cupula displacement 

leads to changes in the potential -- depolarization or hyperpolari

zation, aecording to the direeticn of the cupula displacement towards 

or a.way from the ut:.ricle respeetivel.y. 



Çbapter II 

Etfects of Stimulation of the Yestibular Sense 
Orga.ns of the Labyr:inth 

'.Vhe clinical evaluation of the vestibular sense organe of the laby

rinth is mainl.y determined by the stimulation of the semicircular ca-

nals. There is a widespread effect on the whole bodT meeha.nism on 

stimulating the se semicircul&r canals. The vestibular portion of the 

labyrinth together with the eye and proprioceptive mechanism from the 

muscles, joints, tendon and body' surfaces are concerned with the main

tenance of equilibrium. or orientation of the body in spa ce. Of' ail the se, 

the most important is the l&byrinth. The effeots of labyrinthine stimu

lation are manifested by eystagmus, alteration in the pl.ttern or the bo-

dy musculature, changes in the autonomie nervous system, am subjective 

sensation of tuming or f'alling (vertigo). For the most part, however, 

iml clinical pra.ctice the observations of labyrinthine reactions are ree

tricted to eye movexœnts - nystagmus. Exceptions to this are the occa .. 

sional testing of past painting of the anns, the recording of the sensa

tion of dizziness, the presence of pallor and perspiration, and, very 

rarel.y, blood. pressure etudies (McNally and stuart1o6, 195.3) • 

.&. NTsta.gmus. 

1. Def:inition. Nystagmus is a rhythmic to and fro movement of the 

eyes. There is usœlly a. slow motion in one direction (slow }:hase 

or slow CX>mpalent) and a quick recoil (quick }:hase or fast com

ponent) in the opposite direction. 

2. Classification. 

a. As to origin of the nystagmus. 

1) Peripheral La.byrlnth:ine Nystagmus. 

Labyrinthine nystagmus is usua.lly of the horizontal ro-



tatory type, of small amplitude, moderate freqœncy am of short du ... 

ration; the eye movements are associa.ted. In this type of nystagmus, 

the slow phase is the prima.ry movement and the quick Jhase, secondary. 

This is seen in diseases of the inner ear or the vestibular nerve. 

During the stage of labyr.inthine irritation the fast component is to 

the side of the lesion. As soon as the labyrinth has been overcome 

by disease, the quick phase or fast component is toward the healthy 

sid.e ani is produced by the unopposed healthy labyrinth. This se

cond stage will not last more th an a few 'Weeks, so tha t a. spon\a:aeoua 

nystagmus of labyr:in thine origin is relati vely of short duration and 

is usuaLly accampanied by vertigo and hearing changes. 

Fixation of gaze has an inhibiting affect, while gaze in the direc

tion of the quick component increasee the intensity of the nystagmus. 

2) Oc'lùar Nystagmus • 

Ocula.r nystagmus is usually of long duration. It tends to be ir

regular and may be cha.racterized by to-and-fro oscillation rather 

than by slow and fast components. Ocular nystagmus is generally hOM 

rizontal in cheracter; there is usually an associated eye lesion. 

The following types of ocular nystagmus may be differentiated : 

a) Nystagmus of the Blind. This is characterized by both wandering 

and to-and-fro movements. There are not sufficient retinal stimu

li to allow fixation. 

b) Nystagmus in Amblyopia. This has a di.stinguishing features of 

pendular moveœnt which ie dœ to fiJœ.tion that resulte from con

genital defect with deficient central vision. 

c) Miner' s Nystagmus. This may develop in people wi th good vision 

after prolonged e.x.posure to darkness, as in the case of coal miners. 

d) Heredi tary Nystagmus. This is familial and is associated with 
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amblyopia. 

e) Musculoparetic N,ystagm.us. 'llbis mq appaar in the presence of 

paresis of an eye muscle on looking to the side of the paresie. 

~is is due to the inab:Uity of the paretic muscle to maintain 

the lateral fixation position. 

t) Gaze Nystagmus (Deviational N,ystagmus1 Nystagmus or Bccentric 

Fixation or Fixation Nystagmus, End Position Nystagmus). Gaze 

nystagmus is present in 6f:JI, of normal subjects (when the eyes 

are directed toward an object in the extreme lateral position). 

Unilateral ga-ze nystagmus is usually pathological. 

g) Opto-kinetic Nystagmus. Optokinetic or optomotor nystagmus is a 

reflex response excited by movement of images across the retina. 

It occurs during movement of either the subject or the environment 

or both; this is exemplU'ied lllhen the subject is rotated or looks 

out of the window of a rapidly moving conveyance1 or ~en the en

vironment moves rapidly past the subject, as a train passing the 

ldndow, tor example, nystagmus of this form is actually an oculo

cerebral. reflex • 

.3) Central Nystagmus. 

Central nystagmus is due to a disturbaœe of the central vestibu

lar nuclei or the ir se condary pathwaya. It is tairly constant and 

may be or long duration. It may be horizœtal., vertical or diagonal 

in direction. The eye movement may be dissociated. There are usual.

ly other signe of intracranial involvemEnt to assist in the d.iagno

sis. This type of nystagmus is s:imilar to ocular nystagmus in the 

direction ot gaze, in that the quick movement is primary and the slow 

phase of the nystagmus is secondary. 



b. As to Intensity ot the Nystagmus. 

The intensity of a nystagmus of vestibula.r origin ha{) been graded 

asto (byJlexander} 1 

1} lst degree - when the nystagmus is onl3" visible during gaze in 

the direction of the fast component. 

2} 2nd degree - lilen the nystagmus is present or visible on the 

prime.ry position or forward gaze • 

.3) .3rd degree .,._ when the nystagmus is present or visible also in 

the direction of the slow component. 

Ch Other Classifications. 

1) Spontaneou.s N;ystagmus. 

This should be restricted to a nystagmus which occurs 'Without 

any apparent provokation. It may be caused by disease or irrita-

tion of any of the structures normall.y concemed in the production 

of nystagmus. 

2) Provocation ~stagm.us. 
50 

This type ot nystagmus was described by Frenzel in 1955 • 

By this is meant nystagmus present after repaated posturing of 

the head, or nystagmus ind:uced by the stimulation ot neuro-otolo-

gical investigation such as results fran calorie or rotation testa. 

.3) Positional ~tagmus. 

Positional nystagmus is defined as a spontaneous nystagmus, 

which is not con stant13" present, but develops W'len tbe head takes 

a certain position in •s-ce5.3, 120• It aar be tonie or transitory, 

and it is .t'requently associated with dizziness. 

a} Types of Positional ~stagmus120 • 

(l) Direction-changing positional nysta@illus. 

This is characterized by the nystagmus changing direction 
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in different, most o.ften opposite, position o.f the head. (Nylents 

Type I Positional NYstagmus) 

(2) Direction-.fixed positional nystagmus. 

This is recognized by the nystagmus always in the same direc-

tion -when it arises regardless o.f changes of position of the head. 

(Nylents Type II Positional Nystagmus) 

(3) Irregular positional nystagmus. 

This designates that nystagmus 'Which is characterized by varia -

tions in its behaviour. (Nylents Type ni or Transitory Form o.f 

Positional NYstagmus) 

Type n is .found in both periJiteral. and central disorders. Types 

I and lli indicate a central disorder lihen no labyrinthine fistula is 

119 
present • 

b) Classification o.f Positional Nystagmus. 

Specto~52(1961) classi.fied positiona.l nystagmus as per.ipheral or 

central type according to its characteristics. 

(1) Peripheral Type. 

PeripheraJ. type of positiona:) nystagmus is .far more .frequent 

than the central type (about 9QC o.f all incidence) • It is charac-

terized by the presence of a latent period, a hori20ntal and rotSJ!-

tory type of nystagmus, \lhl.ch is easily .fatigable, usually disap

pea.rs in 5-30 seconds, and a non-reproducibillty (not re-producea

ble) within a short period o.f time. It is usually associated with 

vertigo. 

(2) Central Type. 

Central type o.f positional nystagmus is characterized by the 

absence o.f any latent period (it appears as soon as the head is 

placed in that critical position) 1 continuation (prolonged) of 
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the nystagmus as long ae the head is in that position, and re-ap-

pearance of the nystagmus everytime the position is resumed. The 

associated vertigo is s1:i.ght or absent. 

c) Mechanism of Positional Nystagmus. 

Barany (1906-1921) wa.s the first to make a close study of posi-

tiona1 nystagmus as an oto-neuro1ogica1 e,mptcm. He was the first 

to engage in resea.rch into positiona1 nystagmus in connecticn 'With 
12 

alcoho1 (B.ergstedt, 1961). 

Barany regarded the cause of positicna1 nystagmus to be a patho-

1ogically functioning vestibular apparat us, the phenomenon possibly 

arising in the oto1ithic organ but he 1eft open the possibi1ity of 

its arising exc1usive1y inthe central nervous system. 

N,y1en, from 1922 onwards, has carried out studies on the princi• 

ples ot classification and the clinical aspect of the patho1ogical 

oto-ne~~logical phenomenon of positional nystagmus (Bergstedt
17

, 

118 120 
1961). Ny1en ' (19.31, 1950) stated 11Positional nystagmus must 

be considered to be one of the surest, most objective and most easily 

demonstrated signs of disturbance in the hum.an vestibular system."' 

He stated further "The probabi1ity is that both the peripheral and 

the central systems are cepable of giving rise to positional nystag-

mus."' In the explanation of the occurrence of positional nystagmus, 

he said that the phenomenon origi.nates from the semicircular canals 

via disturbances in the otolithic organ. Ny1en (1950) maintained. 

that the pathogenesis of positional nystagmus c8n be explained uni-

fonnly by the assum.ption of pathologically altered tonus either in 

the entire vestibula.r system or in parts of it. Moreover, it can 

arise in connection with changes in circulation, intracranial pres-

sure, thranbosis, hyper-or hypotonia, arteriosclerosis, etc. With 
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peripheral affections it is conceivable that positional l'lTStagmus arises 

through deficient interplq of the otolithe and the cupulae. With cen

tral affections# his opinion is that morbid changes disturb the flow of 

stimuli from the two normal labyr.inths to the vestibular cent ers. Under 

these conditions a. central too.us difference arises "tJlicb can in tum 

lead to positicnal nystagmus. The central point in N;ylents cœception 

is that nystagmus is dependent on di sturbed tonus ccnditions in the ves-

tibular canters. 

ne Veese36 (1952) pointed out the lS:ck of distinction between posi-

tional IlTStagm.us and postural vertigo. He stated "Binee we know fran 

e:xperim.ental work tha.t specifie :in jury. to the otolith membrane oan pro

du. ce positional nystagmus, that postural vertigo and positional nystag-

mus both occur in 'YlP'ious dy'sfunctions of the central nervous system, and. 

tbat there are no hard and. fast rules by wb.icb we can interpret postural 

vertigo and positional nystagmus# I am. convmced we are still in a di

lemma. I do not believe tha.t the deroonstration of positiona.l nystagmus 

and its accompanying vertigo has been of real value in maldng a diagno

sis. It is 1lf3' opinion that eliciting postural. vertigo .and positional 

IlTStagmus by positional tests merely indicates that a reaction has been 

induced in som.e portion of the sta.kinetic system. lle do not know e.xactly 

wb.ere or lily the reaction is producedn. 

Lindsa.y85(1951) pointed out the different methode of doing postural 

testin.g and oommented on the head ha.ng:l.ng position. He stated that in 

the head hanging position, oo.e intro<hlces possible factors of tension on 

the neck muscles and circulatol'7 interference. He added that an opto-

kinetic nystagmus is always visible during the change in position. He 

demonstrated the f'requency of postural vertigo atd posi tional l'lTStagmus 

in certain diseases of' both central and peri}:heral loca.liza.tion. He also 
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pointed out that head trauma. is a conmon cause of postural dizziness in 

the subsequent months. 1tYpe I positional nystagmus is the most frequent 

tom and suggests a disturbance in the vicinit;y of the vestibular nuclei. 

The pathogenesis of the peri}ileral. t;ype of positi.onal nysta@]lus in in

nammatory œnditions ma;y be due to PJ.;ysico-ochem.ical or pha.rmacological. 

cllanges in the labyrinthine fiuid. Central t;rpe of positional nystœgmus 

ma,;y be produced by lesions of various parts of the central vestibular 

s;ystem. He stated tha.t the vestibular centers, primarily the nuclei, 

ma.;y be considered ae normall;y in a state of equilibrium. He agreed with 

Nylen that the presence of a diseased state affect:ing one side or both 

aides unequall;y might result in an abnormal resp:>nsa to a normal peri ... 

pheral stimulus. 

Jongkees75(1949) carried out experimenta in ra.bbits and concluded 

that direction-cha.nging positional nystagmus may be caused b;y damage 

to the pars inferior la.byrlnthi, even though the function of the semi ... 

circula:.r canals appea.rs normal. He a.lso showed tha.t vertical positionail.. 

nystagmus ma.y be caused b;y lesions of the peripheral lab;yrinth. 

Cawthorne25{1954) gave a synopsis of hi~ views about positional nystag-

mus. He carried out the practiotù. tests in the sitting and supine posi-

tions wi.th the head baak, as well as to one or the other side. His fin-

ding is that increasing the num.ber of possible positions produces little 

further infomation. He does not diseuse the u.usal mecbania of posi-

tional n;ystagmus. 

Gerlings53(194S) reported a. series of peri}heral labyrinthine diseases 

with positional nystagmus. He stated that positional nystagmus of peri

pheral origin occurs and is var;y important in the diagnosis of labyrinthi ... 

tis. He added that the most frequent form. in his series is the so-ocalled 

dire ation-changing po si ti onal nystagmus. 
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Lindsay and Hemenway (1956) presented a group of cases with pos-

tura.l vertigo due to unilateral partial losa of vestib'Ular fu.nction aa 

a result of vascular accidents. Histopathology revealed occlusion (throm

bosis) of the vestibular artery, degeneration of Scarpats ganglion and 

superior division of the vestibular nerve (nerve to the utricle, the ho

rizontal canal and the anterior canal). They conmented that positional 

ny'Stagmus, if constant in direatiœ, tends to indicate a. lesion in the 

contralateral sid.e. They pointed out that the a.ssumption that the oto-

liths were responsible bas some objecticns -- failure to produce nystag

mus on physiological stimulation of the otolithic organ. 

Citron and Hallpike31(1956) reported cases of poeitional nystagmus 

of the "lbenign pa.roxys:m.al tTPSn' and they believed that the pathological 

basie is to be found in a.n orgànic lesion of the otoll thic appara.tus 

l'v'ithin the la.byrin th ( utricle) • 

Ca.wth.orne and Hallpike29(1957) described a. similar case or benioon 

paroxysmal nystagmus and pa.thologica.l changes in the utricular macula·. 

However, it was found out later that more pathological changes were 

present in the central nervous system of this case 'Whieh co'Uld. account 

for the po si tional nystagmus • 

150 ltahle (1956) presented etudies on sixteen cases of paroxysmal 

positional nystagmus. It seemed to him that the otollthic apparatus 

and its connections were mvolved. 

McNa.J.J.;(LOO, 102(1944, 1956) stated ltlJ:f' the otolithe are not signaling 

when the head is a.t rest or is held stead.y in one position, &nT othel" part 

of the labyrinth might be equally responsible for a positional nystag-

mus", in other words, the otolithic organe have no connection with posi

tional nystagmus. He added further that the re are no con.f'irm.ed experi-



52 

ments reported to prove tha.t stimulation of the utricle produces nysta.g-

mus. 

Ascha.n, Bergstedt, Drettner, Nylen and Stahle10(1957) have studied 

positional nystagmus in man using an electrically driven table. The in-

vestigation indicated tha.t in persistent forms of positional. nystagmus 

the position of the head wa.s the determin:ing factor. In trana~t017 and 

transitional forms, on the other hënd, movemmts of the head a.lso play 

a significant part :in the releasing mechanism. Vith both forms of nys-

tagmus the authors maintained that it is conceivable that the influence 

of gravity and linear aeceleration on the otolithic organ can give rise 

to nystagmus • 

MOrimoto114(1955) atated "~though the canal organ is not stimulated 

in an abnonnal position, yet in a. nonnal state the otolith system has a 

controlling effect, like brake, upon the canal sYStem, and if the balance 

of such an interaction bas been broken, then the canal system is spon

taneously charged to elicit a nystagmus. In other words, the position(:l 

nystagmus should be due to a disharmony of the interaction between the 

canal and the otolith system, and the degree of imbalance is under the 

threshold in a norma. 1 head position, ~ile it is above the threshold in 

an abnormal position, 80 that a nystagmus may appear." 

Fernandez, Lindsay and Al.zate47(1960) reported that destruction of 

the nodulus of the cerebellum in cats resulted in nystagmus in certain 

positions of the head. Bilateral coca.ine anesthesia. of the labyrinth 

caused temporary cessation, \'bile destruction of the labyrinthe produced 

a complete cessation of this positional nystagmus. 

Fernandez, Lindsay and Alzate45, 46(1959) carried out experimente in 

cats for positional nystagmus. When one of the utricul.ar nerves was sec-
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tioned, spontaneous nystagmus to the unaffected ear developed, followed 

in 24 hours later by direction-changing positional nystagmus and later 

by a benign paroxysmal type of positicnal nystagmus. .A:J..l these disap-

peared in seven daye. Unilateral labyrinthectomy gi ves rise to spon

taneous nystagmus for 3 daye and is not followed by postural nystagmus. 

These observations support the theory that a lesion in the otolithic 

organ may be accompanied by postural nystagmus. 

Bergstedt17(1961) carried out extensive studies on positional nys

tagmus in a human centrifuge on normal healthy subjects before and after 

alcohol intoxication and. on subjects with labyrinthine diseases. He 

found spontaneous or positional nystagmus in 20-30.' of the normal heal

thy subjects. He came to the oonclusion that the intensity of the posi-

tio:nal nystagmus stands in relation to variaticns in the strength or 

direction of the gravitational field. This relation shows so mali<:ed a. 

connection and so strong an agreement with known facts of the function 

of the otolithic organ that this organ can be reasonably considered to 

be the primary release mechanism for positional nystagmus. 

Cawthome and Hinchcliffe3°(1961) reported 6 cases of subtentoria.l 

lesions (metastatic carcinoma) 'Wi th obvious manifestation of the so-called 

central type of positional nystagmus. 

Spectorl52{1961) described the characteristics of the peripheral type 

and the cmtral type of positional nystagmus • He stated that positional 

nystagmus is usually overlooked in the routine exa:mination. He added 

that in head traumas positional. nystagmus and postural vertigo may be 

the only signs of organic pathologie cmnge. Usually, injuries to the 

head cause the direction-fixed peripheral type of nystagmus and vertigo, 

not the central type. 
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60 
Hallpike md Pfaltz (1961) stated that positionaJ. nystagmus seeir..ed 

to follow and might be the only·recognizable sequela of a head injury. 

Schukneàlt142(1961) stated that a benign paroxysmal type of posi-

tional vertigo is a conmon symptom in the post-concussion syndrome 

(head trauma). The attack is usually elici ted men the affected 

ear is undennost in the test position. He tried to explain this 

by the gravitational eff'ects of the loose statoconia (macula of 

the utri.clle) following head blows or injuries on the cupula of the 

posterior canal am.pulla. The hypothesis assumes that the stato-

conia ooœ to have a close relationship to the cupula. of the posterior 

canal vtlen the head is turned over; the downward movement of the 

statoconia creates a sharp def'lection of the cupula (empullo

petal deflectian). 
144. 

Seiferth (quoted by Nylen) statcd that positional nystagmus is 

constantly present after skull trê.um.a. He added that a direc-

tion-cha.."lging or irregular types of positional. nystagmus, indi-

cating central tra'Wlla, are very common. He pointed out that 

under all circumstances a posture-test should be included in 

a neurological examination in cronection ildth cranial injury, 

more especially as the symptom is now usually considered to 

be an expression of more or less serious damage in the vicini-

ty of the vestibula.r nuclei in the brain stem, and is seldom 

thought to depend on a so-called conunotio labyrinthidis. 

3• Mechanism of Labyrinthine Nystagmus. 

Vestibular nystagmus is a to-and-f'ro zoovement of' the eyes \dth 

a slow shifting of the eye s in one direction, the slow }base or 

slow component of the nystagmus, and a quick retum to the center, 
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the quick phase or fast component of the nystagmus. The slow phase is 

due quite certainly to stimulation of the vestibular arcs. There are 

various opinions as to '\that produces the quick phase. This will be 

discussed later. 

The work of Szentagothai154(1950) on doge and cats by employing aJ. 

modified Ewald' s technique to determine the vestibu.lo-ocular reflex arc 

is very interest:ing. He completely agreed with Ewald that the eff'ect

i veness of the artificial movement of fluid was found to depend largely 

on its direction. The current toward the ampulla was effective in the 

horimntal canal, and the current a-way from the am.pulla was effective 

in the vertical canals. The current in the opposite direction had no 

resulta in most cases. 

His findi.ngs were : 

a. Posterior semicircular d.uct. An artificial current away from the 

ampulla yielded contractive rasponse of the superior oblique mus

cle (a.ction of the muscle is to depress and abduct the eyeball) 

on the ipsilateral eye and of the inferior rectus on the contra ... 

lateral eye. Inhibition could occur in several muscles - but 

most frequently in the superior rectus and :inferior oblique mus

cles on both aides. 

b. Anterior semicircular duct. Currents away from the ampulla eli

cit contractions of ipsilateral superior rectus muscle and the 

contralateral inferior oblique muscle (action of this muscle is 

to elevate and adduct the eyeball). Inhibition could occur in 

several muscles, most frequently in the inferior rectus and su

perier obliqua muscles on beth sides. 

c. Horizontal semicircular duct. The response to currents towa.rds 

the ampulla was a contraction of the contralateral lateral rectus 
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and of the ipsUateral. medial. rectus. Inhibition was most fre

quently found in the respective antagonist. 

d. Response after transaction of the medial (posterior) longitudinal 

fasciculus. The posterior longitudinal fasciculus was transected 

in orcier to destrey the three-ne.uron connections between the 

labyrinth and e.xtra-ocular muscles. The reticular substance reo

mained intact. Atter complote transaction of the posterior longi

tudinal fasciculUiil 1 contractive responses of these muscles wre 

not produced; inhibitory responses were less affected or di41 not 

change at all. 

e. Responses after large transverse lesions of the pons, leaving the 

posterior longitudinal fasciculus intact. By this procedure, the 

ty-pical oontracti ve responses to the fiow of end.ozym}:h oould al

ways be elicited. '!he reciprocal inhibition of the antagonist 

generally disappeared. 

These resulta point out to the fact that the typical contra.ctive res

penses to appropriate currents are mainly produced by way of the posterior 

or medial longitudinal ta.sciculus and that no other vestibulo-ocular 

pa.thways are needed to bring thsn forth. All other responses seem to 

be abolished; inhibitory ones are especially affected by transaction 

of the reticular pathways. 

Lorente de No90(1933) demcnstrated (besides this three ... neuron vesti

bulo-ocular arc) numerous arcs, most of them crossed through the reti

cular formation, by way of which the impulses from any labyrinthine re

ceptor may be brought into connection with any one of the extra-ocular 

muscles. 

Spiegel and Sommer148(1944) explained the conjugate deviation of 

both eyes ~en each labyrinth is stimu:la ted by cold and hot water by 
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the crossed and the uncrossed fibers of the medial or posterior long~ 

tudinal fasciculus. Vith cold water the uncrossed fibers will be stimu

lated, md with hot water the crossed fibers will be stimulated. 

Ordinarily, the direction of the nystagmus is usually designated by 

its fast compone nt. This is due to the fa ct that the quick }:hase of 

the nystagmus is the one most rea.d.ily detectable clinica.lly. A.ctually, 

the quick ];hase of the nystagmus is not, strictly speaking, labyrinthine. 

Spiegel and Price147(1939) pttt forth several theories in an attempt 

to loca.lize the origin of the fast canponent of the nystagmus. They 

worked on cats to prove the theor;y. 

a. The cerebral theory. This theory assumes that tbe central ner'f;>US 

system above the mid brain is the origin of the fast component. The 

cerebral theor.y is refuted by the failure of the elimination of 

the prosencephalon and the diencephalon to prevent the appearance 

of nystagmus on l.a.byrinthine stimulation. 

b. Theories assuming that the origin of the rhythm is in parts of the 

vestibulo-ocular reflex arc. The re are numerous theories in this 

group: 

(1) The propriooeptor theory : This assumes tha.t the rhyt.bmic re

action is due to proprioceptive impulses from the ocular mus

cles. This theory is refuted by the production of nystagmus 

men the proprioceptors have been pa.ralyzed by the injection 

of procaine hydrochloride into the oculnr muscles. 

(2) The ocular muscle nucl.ei theory : This locates the origin 

of the rhythm in the nuclei of the motor nerves to the ocul.ar 

muscl.es. This theory is refuted by the failure of the intemal 

rectus muscle, ~~ervated by the opposite third (oculomotor) 

nucl.eus, to oontract rl:zy'thmically on labyrinthine stimulation, 
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wh en only one oeulomotor nucleus rEI!la ins conne eted -dth the 

vestibular nuclei. 'llhis shoW& tha.t the mutua.l connections of 

the two oeulomotor nuclei are una.ble to produce the rhythm. 

(.3) 'm'le labyrinthine theory : This attempta to localize the ori

gin of the rhythm in the labyrinth. This theory is also re

futed by the failure of eli.'llination of both labyrinthe to pre .. 

vent nystagmus of central origine 

(4) The reticular substance theo:ry t This loca.lize the origin of 

the rhythm in the substantia reticularis. This theocy is re

futed because destruction of the reticular substance f'ails to 

prevent nystagmus on la.byrinthine stimulations. 

(5) The vestibular nuclei theory. This a.ttempts to loca.lize the 

mythm in the vestibular nuclei. Since all other poesibilities 

a.re excluded, it remains that the vestibular nuclei are the 

most possible origin of the fast component of the nystagmus. 

B. Labyr.inthine Falling Reactions md Past Pointing. 

Falling usually accanpanies labyrinthine nystagmus, lobich is asso

ciated with pronounced vertigo. 'llhe direction of fa.lling in peri ... 

pberal laby:r:i.nthine nystagmus is opposite to the direction of the 

nystagmus, i.e., it is in the same direction as the slow com.ponent, 

am changes direction '\ihen the position of the head is changed. This 

is a:. eompensatory reaction to labyrinthine st1mulation. This is 

also true with past painting 'Which is a.lways in the direction of the 

slow phase of the nystagmus. Physiologi.cally, the labyrinth is sti ... 

mulated by movement and normaJ.ly these compensatory reactions serve 

a useful purpose in adjust:ing the individua.lls balance. When the 

stimulation of the labyr.inth is due to disease or to the calorie 

test these compensatory reactions are called forth to adjust far an 
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apparent movement, m.d the result may actuall.y be upsetting to the 

individual. 

Q. Vegetative S;ymptoms. 

Stimulation of the vestibW.ar apparatus elicits a series of vege

tative manifestations --- pallor, perspiration (cold sweats), nausea, 

vomiting, bradycardia or tachycardie. and .alteration of the blood pres-

sure. 

Through the reticular gray :forne.tion, connections between the ves

tibular nuclei (specifically, the media.l vestibular nucleus) and the 

autonomie nervous system and between the fonner and the motor neurone 

responsible for the act or vomitins are established. Thue visceral 

refle:œs are elicited by vestibl.Ù.ar stimulation (see Fig. 9, Chapter 

I, page 24) • 

Vertigo and dizziness are words used to describe a very common 

symptan. It is sometim.es very difficult to interpret 'What is meant 

by the pa.tient 'When he says he is dizzy (McNa.lly and Stuart, 195.3). 

It is the result of a confiicting infonnation fran the sense organs 

concemed with equilibrium. This confusion in conaciousness gives 

rise to the sensation of dizzire ss or vertigo. The sensation of 

dizziness or vertigo varies in different individuals. Some indivi-

duala 'Will feel a rotato:ry typ3 of dizziness, others a feeling of 

falling, and still others a feel:ing of going to faint, a swimming 

sensation or feeling of weakne~s. The sensation of tuming following 

labyrinthine stimulation is usually in the direction of the quick 

phase of the nystagmus (McNally and Stuart106, 195.3) • 

The definite pathwa.y of vertigo is not yet determined. Several 

authors -were of the opinion that the pathwa.y for vertigo is via the 
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vermis of the cerebellum before it is projected to the cerebral cor-

72 tex through the superior cerebellar peduncle. However, Hydman {19.39) 

stated "!I am not convinced that the pa.thways mediating vertigo and 

past pointing course onl.y through the vermis of the cerebellum. I 

have removed a solid astrocyt:.om.a from the vermis in 2 cases in which 

there are complete or almost total destruction of the vermis and 

certainly injury to the roof nuclei. The la.byrinthine functional 

tests wete norma.lly perfonœd wi.th respect to past pointing and the 

presence of vertigo, before and after the operation. 11 

Penfield123(1957) in reviewing over 700 cases of craniotomies un-

der local anesthesia concluded that the pathway of vestibular sens~ 

tiens makes a detour from the thalamus out to the cortex where the 

vestibular area is next to tm aud.i tory area. in the superior tem-

pora.l convolution of both sides. He quoted Gerebtzoff that the 

vestibulocerebral pa.thway passed upwards in the medial or posterior 

longitudinal fasciculus of the ipsilateral side. 
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Cahpt.er ni 

CLINICJ.L MI'IBODS OF TESTING THE VESTIBUIAR WYRINTH 

A • Rotation Test. 

Rotation test is one of the first labyrinthine tests. This was 

systematized and popularized as a clinical test by Barany. He de

signed a special chair for carrying out the test. This rotating 

chair is so designed thRt it can be stopped suddenly. The positive 

acceleration is usually disregarded and the subjectts after rotation 

reaction is observed. The head of the subject is placed in different 

positions depending on which of the semicircular canals are to be 

stimulated. The subjectr s eyes should be closed dur.ing the rotation 

to prevent any optokmetic or optcmotor effects. The usual speed of 

the rotation is ten turns in twenty seconds. The objecticn to this 

test is that individual labyrinth cannot be properly evaluated. 

B. Cupulometry. 

Van Egmond, Groen ani Jongkees42(194S) developed another method 

of rotation test ltlh.ich they termed cupulometry. They objected to 

Baranyts rotation test for two reasons : (1) Baranyts rotation test 

applies too seve:J.~e a sti..'llulus to the labyr:in.th, and (2) tœ stimula .... 

tion is too canplex. These authors a.dvocated the use of slower ro-

tation starting at a subthreshold level of stimulation and gradually 

increasing the rate of rotation but never over 90 degrees per second. 

During the test, extraneous stimuli are excluded as much as possible. 

These authors believed that by using minimal stimuli they are able 

to study the actual defiections of the cupula.. The after-turning 

sensa,tions of the subject arxi the after-nysta.gmus were recorded 

separately on a graph, "Which they called a cupulogram. 
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€:.. Electrioal Stimulation - Galvanic Test. 

If a galvanic current flows transversely through the skull, the 

electrodes being placed on the m.a.stoid processes or in the extemaJ. 

auditory mes,tuses (binaural stimulation), there appeara, under a 

current from 1 to 2 mi.lliampe res, rolling of the eye balla in the 

direction of the anode 1 and under a current of fran 2 to 4 milli

amperes, horizontal-rotatory nystagmus with the fast component in 

the direction of the cathode. On reversal of the direction of the 

current, tœ direction of the nystagmus is also reversed. When the 

current stops, the nystagmus may continue in the same direction as 

during the flow of current, or it m~q beat in the opposite direction. 

On monauraù. stimulation -- l'fi.th the stimulating electrode on the mas-

toid process, the diffuse electrode anywhere on the body -- the thres-

hold values ma y be much higher, up to 10 mi.lliamperes. The nystagmus 

beats toward the side of the stimulated ear if the cathode is applied 

to the mastoid process 1 and away fran this si de on anodic stinnùation. 

J.teclulnism of Galvanic Stimulation. 'J!here are three possibilities : 

the ga1v8Ilic current may be acting upon (1) the labyrintb, (2) the 

central nervous system, or (3) the Scarpats ~lion of the vestibular 

nerve. Different authors have observed that on galvanic stimulation 

of the labyrinth, there is no deflection of the cupula. Bilateral 

sectioning of the eighth nerves prevents the galvanic reaction in man, 

therefore, the galvanic current is not acting on the central nervous 

system. Thus, it implies tha.t the galvanic curre:n:t acta on the peri

pheral vestibular neuron - S_carpa,1 s ganglion148 • 

D. Pistula Test. 

Fistula test is applied clinica.lly to determine any presence of 

erosion through the bony wall of the labyrinth in any suppurating 
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middle esr disease or to determine the pa.tency of an artificial. laby

rinthine fistula at'ter a fenestraticn operation. Fistula test is car

ried out with the Siegells Sp;lculum or with the Politzer bulb and 

olive tip. 11hen air is forced into the middle ear, and there ise a 

fistula-. through the beny wall of the labyri.nth, the patient will eJD

perience a sudden onset of dizziness, at3sociated with nystagmus. This 

is known as a positive fistula. test. If the fistula test is negative, 

it does not mean that there is no fistula. present; the fistula may 

be completely obstru.cted by cholesteatoma or granulation tissue, or 

the labyrlnth may be dead as a result of the disease process end 

therefore not reacting. 

E. Calorie 'l'est. 

Baraqy developed the calorie test in 190S through his keen obser

vation in patients after syr.inging the ears for cerumen. 'llhese pao-. 

tients developed dizziness and nystag}llus. After muoh investigation 

and consideration, he came to the conclusion that the labyrinth is 

stimulated by a difference of temperature between the body end the 

water being used, either hot or cold. He applied the maas irriga

tion technic (maas calorlc test) by employing about. 200 cc of water 

for ea.ch irrigation using either cold or hot wa.ter. As a rule, nys

ta.gmua mCiif be elicited if the temperature of the water is only a few 

degrees below or a.bove tha.t of the body. 

The position of the head is of great impQrtance. If mass irrigm

tion is a.pplied, the patient • s head is usu()ly held in the upri€tlt 

position, so that an endolymph flow is produced in the horimntal 

semicircular CBil&l and a.lso in the vertical semicircular canaJ.s, a. 

rotatory-horimntal nystagn.us resulta. If the head is inclined 30° 

•orwards ao that the horimntal canals are exactl7 horia:mtal, the 
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backwards, the horizontal canals are now vertical, horizontal 

nystagm:us resulta. When the head is inclined 90° forward so that 

the ampulla lies in the interior position, cold water irrigation 

is followed by a nystagmus to the same side; i.e., the endolymph 

flow is now reversed in direction with respect to the ampulla. 

This nystagmus is beat seen in a mirror held in front of the patient's 

face. This is also the observation of lfcNa.lly, Stuart, Jamieson, 

104· 
and Gaulton (1948). 

Unlike the rotation test, the ~loric test has the advantage of 

evalua ting the làbyrinths indi vidually • 

In 1923 Kobrak :i.ntroduced the idea of using a sma.ll quantity of 

solution just sufficiently above or below body tempera.ture to cause 

a mild labyrinthine reaction but below the stage of nausea and vomit:i.ng. 

This is also known as Kobrak' s miniTD.al calorie test. There followed a. 

host of modifications of Kobrakts minimal calorie test. 

Mclally and Stuart
106

(1953) advocate a very practical minimal calorie 

test mich can be applied conveniently in the office. They advocate the 

use of 3 cc of ice water (ice water has a constant temperature) 

introduced into the ear with a Luer' s syringe and an 18-20 gauge needle 

for a period of 20 seconds. The discomfort in this procedure is 

negligible. The reaction :?..fter the stimule.tion is usually minimal. 

Cawthorne, Fitzgerald and Hallpike
27

' 49 (1942) described an alternate 

hot and cold calorie test for the horizontal canals. The test is 

carried out alternately with cold water at 30°C {7 degrees below body 

temperature) and hot water at 44°C {7 degrees above body temperature) 
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with an interval of 5 minutes betllleen eaeh. irrigation. Eight ounces 

of fluid is delivered througb a nozzle of 4 mm. caliber, fran a can 

elevated 2 feet above the patientts head; this permits S ounces of 

water to flood the ear canal in 40 seconds. The duration of the nys-

tagmus is recorded from the time the water starts to flow. The latent 

period is incl uded in the duration of nystagmus. The patient lies on 

his back, with the head elevated 30 degrees, to place the horizontal 

canal in a vertical plane. '.rhe examiner can compare the duration of 

nystagmus by both hot and cold stimulation and can demonstrate direc

tional preponderance (nystagmusbereitschaft). 

Glorig and Fowle~4(1947) modified the above test, suggesting that 

thermos jugs be used as the source of the irrigating fluid and that a 

thermometer should be inserted in the apparatus near the nozzle so 

that it migbt be possible to record more accurately the temperature of 

the water entering the ear canal. 

C.old Air Test. Dundas Grant employed a stream of cold air for the 

calorie test i.Tl cases of dry perforated ear drum. This method is used 

to prevent reactivation of quiescent suppurative middle ear disease. 

Dundas Grant•s instrument consista of a simple coiled copper tube co

vered with cloth mesh. One end of this tube is to be i..'"lserted into 

the ear canal, llld on the other end a compressed air mechanism is at

tached. Ethyl chloride is sprayed on the cloth covering and serves 

to cool the air which passes through the tube. 

1. Mechanism of Calorie Nystagmus. 

Barany in 1908 analyzed the mechanism of the calorie stimula.tion 

of the lAbyrinth and came to the conclusion that the vestibular rea ... 

ponse is a result of the change of tenperature in the endolymph1 

Which causes a rise or fall of the endolymph depending on whether 
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the irrigating fluid is warm. or cold.. 

J ongkees 77 (194S, b) in revd.ewing the li te rature on the me chanism 

of calorie stimulation agreed with Barany that a convection current 

(the result of change of temperature of the end.olymph) in the endo-

l.ym.Iil causes the stimulation of the sensoey end organ thraugh the 

deflection of the cupula. 

Dohlman•s experimente have sho'Wn that a considerable amount of 

the temperature stimulus is used up to overcozœ the heat resistance 

of the air and bone surrounding the membranous labyrinth. The laby-

r.i.nth itsel.t will respond to a change of temperature of as little as 

0.1 to 0.2 of a degree. He a.lso round tha.t the latent period of 

the reaction is decreased a~cording to the difference between the 

temperature of the stimulus ani the temperature of tœ body'. The 

intens:ity of the reaction varies 'With the length of time the stimu-

lus is applied to the labyrmth. Dohlman also found that the less 

a pa.rticular membranous canal is separated by bone from the middle 

ear, the more it is affected by the temperature change in the ex ... 

tema.l ear canal. The horizontal semicircular canal is most affeeted, 

the anterior vertical next, and the posterior vertical canal is least 

affected by the temperature change (McNall.Jr, Stuart, Jamieson and 

Gaulton, 1948). 

Cawthome am Cobb26{1954) reoorded the temperature changes in 

the l.abyr.i.n th induced by calorie stimulation in the canal. of the 

cadaver and of living beings respectively. They found that there 

is a temperature change of 0.8°0 in the horioontal canal when the 

wa.ter in the external ear canal is 7°C a.bOTe boey temperature. When 

the stimulus is 7°0 below body' temperature, the mean !all within the 

semicircul.ar canal was o.6~c. 
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Arslan6(1955) in reviewing the methodology for the stimulation 

of the vestibular apparatus stated that there are several factors 

which deterntine the Jilysical variation of the thennic st:imulation 

of the vestibular apparatus. These factors are : (l) temperature 

of water; (2) quantity of wa.ter,; (3) velocity of irrigation; (4) 

site of tympanic surface on which the jet of water is directed; 

(5) aize and JXleumatizaticn of the bony bridge between the tym.

panum. and the extemal wall of the lateral semicircular canal; and 

(6) velocity of the blood stream. Not all these factors have the 

aame modifying power in eliciting a }ilysical variation in the st:imu- , 

lation process, but all play an :important role. There are factors 

wmich one can modify as to their values, like temperature, quantity 

of wa.ter, velocity of irrigaticn, and site of tym.panic surface ; 

however, there are other factors whioh one is not able to modify and 

fer V>lhich one must attempt to find the way tc minimize their power 

of influence on the meohanism of tœ stimulation. He added further 

that the temperature is transmi tted by bony tissue six times t'aster 

than by air, and this fact explains the importance of the thickness 

and JXleumatization of the bony bridge between the t1JD.panic annulus 

and the lateral canal. The air!illed middle aar cavity has there

f'ore very little importance. 

2. La:ws of Ihterpretation of the Direction of Nystagmus. 

The two "EwaJ.dts Ia:ws" have been described in Chapter I. The 

interpretation of the clinical findings following labyrinthine 

stimulation can be based upon the se rules. 

3. DirectionaJ. Preponderance. 

Directional preponderance (nystagmusbereitschaft) is a ter.m used 

to designate a phenomenon occurring after indue ed alterna te hot and 
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cold calorie stimulations of the labyr:in ths, whereby the right-bea.t

ing nystagmus or the left-beating nystagmus is very much prolonged. 

If the right...beating nystagmus is prolonged, it is known alS a direc

tional preponderance to the right; and if the left-beat:ing nystagmus 

is prolonged, it is known as a directional preponderance to the left. 

This :P'lenornenon was described by Dusser de Ba:renne and de Kleyn 

in 1923. They termed this "nystagmusbereitschaft" • 

Fitzgerald and Hallpike49 (1942) called this phenomenon, directional 

preponderance, which was fotmd in a seriee of temporal lobe lesions. 

The directional preponderance with optic fi.x.œtion is to the side of 

the lesion. They used only the duration of the nystagmus (40 seconds 

difference) as the criterion for the directional preponderance. Caw

thorne, Fitzgerald and Hallpike27' 28(1942) reported that directional 

preponderance occurred in 21 per cent of 100 cases of Menierets syn

drome. They attributed this to an utricular lesion (paresie); the 

directional preponderance be:ing opposite to the diseased utricle. 

In la.byrinthectoiey cases, the directiona.l preponderance observed is 

t o the side of the heal th y labyrinth. 

Jongkees77(1948) examined a series of 125 normal subjects and re

ported 1';% of this series had directional preponderance to one or the 

other side. He used ~ difference in duration of the nystagmus as 

the criterion for directional preponderance. 

105 McNally, Stuart., McKercher and Lockhart (1949) did not find 

directiona.l preponderance of any diagnostic significance in a series 

of 200 cases of vertigo. 

Kirsten and Preber81(1954) employed encephalographie etudies and 

calorie tests in 68 cases with va.rious cerebral. lesions. Di:rectiona.l 
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preponderance was f'ound in :tf1 cases. They came to the conclusion 

that directional ponderance has no localizing value in a cerebral 

lesion. 

Hamersma
63(1957) employed electronystagmographic etudies in a 

series of' normal sUbjects. He round directional preponderance in 

55% of' the subjects. He a:r:plied the 20$ rule of' Jongkees in the 

interpretation of' the records. 

Stahle
151(195S) employing eleatronystagmographic etudies f'ound 

directiona.l preponderance in 29 out of' 35 cases of peripheral la.by

rinthine diseases (~nierets disease, vestibular neuronitis, etc.). 

Lesions of the central vestibular system likewise showed directional 

preponderance. He used 60 seconds difference in duration as a cri-

terion for the directional preponderance. He stated that duration 

of the nystagmus alone could not be used to evaluate directional 

preponderance in peripheral. labyrinthine lesions; however, it was 

adequate for the evaluation of directional preponderance of central 

origin. 

8andberg and Zilstorf'f-Pedersen138(1961) carried out calorie 

tests in a series of subjects with unilatefal temporal lobe lesions. 

They em.ployed the technique used by Cl:armichael, Dix ani Hallpike ( 

1954) with optic fixation maintained, and confirmed the occurrence 

of directional preponderance to the side of the lesion. 

Carmichael, Dix and Hallpike24(1961) repea.ted. calorie tests in 

10 cases of temporal lobe lesions with optic fixation and w::l.lmout 

optic fixation. They found. that with optic fi:x.a.tion the directionaa. 

preponderance is to the side of the lesion, l'ilereas without optic 

fixation the directional preponderance is reversed in direction or 

absent. 
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Summar,y. Direotional preponderance is observed in normal 8Ubjects, 

in labyrinthine diseases, and in intracranial lesions, especially su

pratentorial lesions. The exacl. mechanism. of it s production is not 

yet determined. 

4. Habituation. 

The term ''habituation" is used when a behavioral event tends to 

disappear wben the stimulus is presented repeatedly. The characteris

tics or the phenomenon are sim:i.lar to, al.though not identical to, 

those of leaming. The locus of the process is in the central ner-

vous system, but. the neurophysiological. bases underly:ing it are un

kno\Cl (Fema.ndez and Schmidt48, 1962). The tenn "habituation": is 

used to indicate the Jhenomenon of progressive reduation of the nys

tagmic response (response decline) to either repetitive rotatory or 

calorie tests. 
115 61 

The investigations of Mowrer (1934) md Halstead (1935) sn}ila-

sized three characteristics of the phenomenon : acquisition, reten-

tion, and transfer. ~àquisitian11; stands for the progressive decre

ment of the nystagmic response. "Retention" is used to indicate the 

persistence of the habituation by the neural process; without reten-

tion, acquisition can not occur. The tenn tttransfer•t indicates that 

a nystagmus habituated in one direction by repetitive stimulation of 

one ear e::xhibits similar charaateristics \'ben elicited in the same 

direction b;r adecpate stimulatioo of the opposite ear. lema:ndez 

and Schmidt48(1962) stated "The !act that transfer occurs is impor... 

· tant for supporting the notion that habituation is not due to adap-

tation or fa tique of the periJheral. sense organe, but to some mechanism 

located in the central nervous system. 
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MOst of the investigators postulated that habituation was a central 

nervous system phenomenon. The experimental e'rldence of Ha1stea.d, Ya

eorzynski and Fearing62(1937) suggested strongly that the process is 

partially associated with functional changes in the cerebellum. 

Ma.Ca.be97 (1960) observed that in figure skaters not only the vestibu-

lo-ocular reflex arc is suppressed but a1so the postural reflexes. The 

suppression is central and not peripheral. 

68 
The work of Henriksson, Kohut and Femandez (1961) on cats demons .. 

trated well all the oharacteristics of the phenomenon of habituation. 

They a.greed \\rith Mowrer and others that habituation is not due to fatique 

or adaptation of the vestibular receptors but it is due to a central pro-

cess, the nature end locus of which were not yet known. 

Fernandez and Schmidt4C(l962) .tudied 11ha.bitua.tion"· in cats and demons-

tra.ted a. response decline of al1 parameters of nystagmus. It is often 

found that amplitude and duration may or may not be affected. The e,e

speed of the slow :P;la.se, the frequency and the total. number of beats 

are consistently reduoed with repetitive stimulation. The locus of ha

bituation wa.s aJ.so studied. Unilateral and bilateral ablation of the 

temporal lobes did not have any effect on habituation. Hemi-decorticar-

tion and total ablation of the neocortex did not interfere with habitua:-

tian. Extensive lesions in the midbrain likewise did not interfere with 

the acquisition or retention of habituation. Ablation of the nodulus 

resulted in rete.rded acquisition of habituation until the animal compen-

sated from the cerebellar deficiency. They oonclud.ed that the locus of 

habituation is in the structures operating the vestibulo-ocular reflex 

arc, that is, the vestibula.r nuc.lei and reticular formation. 
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Chapter r:l 

llYSTAGMOGRAPHY 

A. Brief SUrvey of Nystagmogra.plic Methode. 

!he demonstration of the presence or absence of spontaneous nystagmus 

is of valuable clinical importance. Induced nystagmus by the differ-

ent clinica.l methods of labyrinthine stimulation can give valuable 

diagnostic data. In ali kinds of nystagmus the movements of the eyes 

may be so rapid that the examiner has difficulty in studying the de-

tails of frequency, duration, amplitude and the speed of the slow cœ

ponent. He may therefore be unable to clearly visualize the course 

of the reaction. These are the reasons behind the developnent of the 

different methode of recording nystagmus. 

There are three fundamental methods by which eye movements can be 

objectively recorded (Duke-Elder 41, 193S). These three methods are: 

(1) mechanical, (2) optical, and (3) electrical. 

1. MechanicaJ. Method. 

Berlin 
18 

(1891) was the first to make attempt.s to record nys-

tagmus. He succeeded in tracing a curve on a watch glass by 

means of a "pin"' attached to an ivory shell fitted onto the cor-

ne a. 

1Buys
23(1924) described a J.neumographic method for recording 

the movements of nystagmus • He allowed the comea of the moving 

eye to act upon a membrane whereby the pressure in a closed &ir-

filled system increased and decreased with the movement of the 

eyes. By registering the variation in the pressure in the sys ... 

tem he obtained a good mea.sure of the movement of the eyes. 
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The mechanical. method is not being used anym.ore. It has been 

supplanted by the ether two methode. 

2. Optical Method. 

Dodge and Cline37 (1901) photographed the light refiex thrown 

back by the corne a and could thereby record nystagmus. 

Dohlman.39 (1925) used mechanica.l and optica.l principles in corn.w 

bination. With the aid of a miiTor attached to the cornea by means 

of a rubber sucker he was able to record the movemert. of nystagmus. 

Torok and Guillemin158(1951) described an optical-electrical me-

thod. 'l!hey utilized the difference in the intensity of refiex:ion 

from the soler& and iris for registering the movements of nystagmus 

with a photocell. 

3. Elect.rical Method of Recording Nystagmus - Blectronystagmoeraphy. 

This method of record:ing the nystagmus has been gaining ground 

in the lest few years. rt is also known as electro-oculoe;ra.j)hy. 

rt is based on the difference of potentials between the cornea and 

the retina. Clorneoretinal potentia.l wa.s discovered by duBois-Rey

mond in 1849. The corne a is positive in relation to the re tina, of 

the eyeball llbich is negative. 

'.Uhe standing potential, although originating in the eye 1 :ts not 

limited to it but spreads outwards into the adjacent tissues. If 

the electrodes are placed just nasal and temporal to the palpebral 

fissure, each electrode is approximately equidistant from the posi

tive cor.neal pole and the negative posterior pole of the eyeball. 

The net effect, assuming that the sUITound:ing tissues conduct uni-

fonnly, is that no potential from the eye is mea.sured. If the eye 

should be tur.ned inward, say as far as it can go, the nasal ele<>o 
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trode will be much nearer the positive comeal pole than the negative 

posterior pole. On the ether ha.nd, the temporal electrode will be 

much nearer the negative posterior pole than the positive corneaJ. 

pole. Hence, the nasal electrode will be positive and the temporal 

electrode nega.ti ve • Theref' ore, the great er the angle of lateral 

rotation of' the eye from its straight-ahead position (primar.y posi

tion of' the eye), the greater will be the component of' the standing 

potential which is picked up. 

DewarJ5(1877) first observed that eye.movement could give changes 

:in potential in human eyes. 

Schott140(1922) with the aid of a string galvanometer first suc-

ceeded in recording the difference of potential during eye movements. 

Meyers110(1929) used an electrocardiogra.Jh to study the movements 

of' the nystagmus. He regarded the potentials as action potentials 

from the ocular muscles. 

Jacobson7S(l930) was the first to use a vacuum tube amplifier in 

taking the electro-oculogram. He believed that he was record:ing the 

action potentials from the e:x:traocular muscles. 

Mowrer, Ruch and. Miller116(1936) were the first to suggest that 

the potential.s recorded in the angles of the eye were :related to the 

corneo-:retinal potential difference. 'Jrhey also found that the dif-

terence in potentia.l between the angles of the eye increased with 

the deviation of the eye. They used a D.C. amplifier and a ballistic 

galvanometer e.nd led off the potentials 'With silver chloride elec-

trodes in isotonie saline. 

Hoffman, Wellman and earmiehae17°(1939) showed that the greatest 

voltage was recorded when the potentials were led off bi temporally • 
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Milesll2(19.39) measured potential differences with ocular devia--

tions of .30 degrees in either direction and foun1 variatil"'.lS cf 0.3 • 

2.5 millivolts for each eye. He also found tha.t on induction of 

~otional states, changes in potentials can oocur rapidly and some-

t:imes reach a leval of several millivolts because of psychogalvanic 

renex. 

Glorig and Mauro55(1950) recorded especially calorie nystagmus 

by me<ms of an amplifier and a;. portable electrocardiograph. 

Marg95(1951) gave a detail review of eleotro-oculography and 

suggested that it could be used not only for the recordi.T"J.g of nystag-

:mus but also in other fields of research -• visual research and neuro-

psychiatrie research. 

Hertz and Riskaer69 (195.3) used an A..C. amplifier with three chan-

nels, 'Which -were connected to three pans of an electro-encephalograph. 

In this wa:y they recorded the ho ri :cD ntal and vertical movements of 

both eyes. 

lUectronysta.gmography has since been extensively used and \'Jidely 

adopted in different otologie centers in conjunction with posture 

testing, calorie and rotatory stimulations for various labyrinthine 

and oto-neurological conditions. It randers a better assessment of 

the labyrinthine function. 

In general, the apparatus used for electronystagmography is either 

a modified electrocardiograph or electroencephalograph 'With A .• C. or 

n.c. pre-amplifiera. 

B. !he Principle of Electronystagmography. 

The principle of electronystagmography has been described. It is 

based on the difference of potential between the comea and the postericr 

pole of the eyeball (see Fig. 10). Rotation of the eye in one or the 
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ether direction gi.ves displacement to the potential, and this 

::ts recorded via the amplifier and the writing syste..'Il . 

0 0 0 

Fig. 10. Diagra.m.atic representation of the 
difference of corneo-retinal potentials. 

C. The Elraluation of the Magnitude of Nystagmus (Duration and 

Intensity of Nystagmus) Followi.ng ealoric Stimulations with 

Electronystagmograpny. 

The calorie reaction should be assessed or evaluated with regard 

to its duration and three ether characteristics of nystagmus ---

number of beats, total amplitude of the nystagmus and maximum eye

speed in the slow phase of nystagmus (maximum intensity). The 

latter three characteristics of the reaction are grouped as 

1tintensity"·· Maximum intensity r efera only to the maximum eye-speed 

of the slow phase of nystagmus. 
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1. Duration of :Nystagmus. 

The du.ration of the qatagmus is the conventional method of 

eval.uating the nystagaw.s. The duration of a response may be 

d.etermined either b7 simple observation of the D75t~, witb 

or ld.thout Prenze1ts spectacles, or b7 nysta.graograpl'J1'. The 

dur&tion ot a reaction is intluenced b7 fixation. rn electro

qatagmograph)", llhi.ch permits recording of nystagmus in darkness 

or wi th the subjectts qes cl.osed, the durations obtained are 

greater than oonventional. method (stahle151, 1958). P:Ltzgera1d 

and Hal.l.pike49 
1 lÏlo used simple observation, reported a mean 

duration ot about 120 seconds tor the cold-water reaction. Kanriks

san 
67 

(1956) reported • d.uration ot about 155 seconds in nystag

mogra}ily with open e:y9s in a dark roan. St;ahle149(1956) found 

the mean duration ot 177 seconds it the recording was clone wi~ 

the subjectts e,yes shut. 

Hittemaier113 (c:poted by' St;ah1e) found that the duration varied 

onl3 to a minor degree with temperature variations between 1700 

and 4~C, llhereas the nUIIlber of beata and. the total. amplitude 

cl.early retlected the magnitude of the stimulus. Behan? (1955) 

d.emonstrated that the speed. of the slow Jbase ot the nystagmus ia 

considerabl7 more sensitive than is the dlll"ation to t.perature 

variations. Henriksson 67 (1956) s;yr.inged. mastoid cavities atter 

radical. operations. 'Ille duration ot the re sul ting n,.stagmu.s was 

the same as tbat elia:L ted from the nomal aide, but the max1mum 

qe speed. was appreciabl7 greater. 

Mitte:naa.ierl..JJ found. in a tew cases tbat the duration gave no 

indication of a lab;yrinthine lesion wb:l.cb. was primaril.T retlected 

in the total nuaiber of beats and the total amplitude. Similar 
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9 
findings wre reported b;y .behan, Bergstedt and st&hl.e (19.56). 

!he innexibilit;y of the duration ot nystagmus to t..perature 

variations was attributed b;y Henriksson 67 to the tim.e taken tor 

the blood now through the temporal bone to restore the tempera-

ture to normal a.tter oalorization. 

2. tb.e Total Jlumber ot lileats. 

!he total nUDlber of beats of JVBt&gm.us can easil3 be d.eterm.ined 

b;y n;ystagœogra.J,:lh7. Bowver, it can also be detel"JDined, though 

vith di:tticu.lt;y, b;y visual assessment. The total num.ber of beata 

per unit of time is kno'ND. aa the freqœncy of tœ n;yst&glllU.S. 

Jongkees 76(1949) atated that .trequeney is too 'ftriable to be of 

signi.ticance in the evaluation of the intensit7 of nystagmus. 

%orokl.57 (1961) m.easured the .trecpenc;y of the nystagmus during 

a lo-seconc:l period at its maxhaal response 1 ldû.cb. he te:rmed the 

culmination lilenom.enon, to asaess the vestibular sensitivit;y. 

This culmination phenomenon 'ftried onlJ" slightJ.T in normal sub

jects; however, it migh.t 'ftey extrem.ely md.er pathologie conditions • 

.ln electronic denee wa.s constructed b7 'loroll59 (1962) to compute 

the trequenc7. He call.ed it a trequenc;y meter. 

3. The Total. Japlitude of Jq'stagmu.s. 

'l'he total amplitude of the nystagmus is the SUDl of all the 

amplitudes ot the fast ccmponent of ea.ch 1lJ'IStagDnls. It is 

upressed in degrees of eyeball rotation151• 'fhe total am.plltude, 

howwr, is ext:.rem.ely variable; normal.l;y it varies between 1000° 

0 
and. 4.500 1 and. most ot the clinical cases .tall within these 

liad.ts (St.ahle151, 19.58) • Kitterma.ier et alllJ considered tbe 

total am.plitud.e to be the beat indica.tor of labyrinthine tunction. 
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He preferred to express the magnitude of the reaction b;r the 

total amplitude and. the total number of beats. .Uohan et a1
9 

also found the total amplitude quite variable. 

4. The Hsximn111. Jl1e-speed of the Slow Phase of llystap.us (Jfax:haal 

Intensit;r). 

B1Q'8 (1924) and DohJman (1925) showed tbat the speed of the 

eye in the slow ]ilase of Jl1'Stagmus is a direct expression of the 

cupal.ar deviation and mAT be taken as a. measure of the labyrinthin.e 
66 

function (Henrik:sson 1 1955). Henr:iksson (1955) devised an elec-

trical derivation m.ethod for the computation or anal;rsis of the 

maximal speed of the slow ]ilase of the Jl1'8ta.gm.us. 

stah1e149 (1956) stated that the eye-speed varies during the 

course of a response 1 and in orcier to establish a satisfactor;y 

expression for it1 it has been suggested that the maximum. e,e

speed be em.ployed. This is te:nœd as tbe llflaxima] intensitTt1 

lihich denotes the mean e;re-speed d.uring a lO..Second period at 

the peak of the reaction. !he mean eye-speed of the slow phase 

is obtained b;r dividing the sum of the total amplitudes in a. 

lO.se<X>nd period b;r the time, and is expx-.ssed1 taldng the cali-

bration into consideration1 in degrees per second. 

The studies of Stahle151(1958) in a series of 104 Jl1'8tagm.o

graphic investigations (normal subjects1 patients li th labyTi.nthine 

diseases, a:D.d patients ldth various intracranial lesions) showd 

that calorie reaction sboul.d be assesseci w.ith regard to it.s dura

tian and œe of the three intensit7 factors (number of beats, 

total am.pl.itude1 and maximal intensit;r). He stateci that this is 

necessary be cause in peri]ileral lesions the duration cannot allf81'S 
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be relied upon to re!lect djm1nished labyrintbine tunction1 

llhereas it is plainJ.T rewal.ed by the intensity (number ot 

beats, total amplitude, and maximal intensity), lllb.ich is 

theref'ore ot greater diagnostic signif'icance in auch cases. 

Be added that the number ot beats, the total amplitude, and 

the ma:ximal intensity give largely similar resulta. The 

investigations can there!ore be sim.pl1f'ied by estimating 

only one of these three intensity factors. 

D. Clinical J.ssessment (lllectronystagmograpl:lT) ot the Galoric 

Reaction (.Utema.te Bot am Cold Labyrinthine Stinmlation) • 

The clinical a.ssessment of' tba calorie reaction should be 

based on 1 

1. Difference of' lU.ghtjLe.f't Yestibular Sensitiv:lty. 

The values of the magnitude ot nystagmus evaluated from the 

duration and the intensity (number ot beats, total amplitude 

and maximal speed of the slow phase) resulting from cold and 

hot stimulations of the rigb.t and the lef't labyrinthe are 

sUIIIII.ed up individu&~. The difference between the magnitudes 

of' response from the rigbt labyrinth and !rom the lett lab7-

rinth can be obtained, i.e., (rigbt hot .; right cold) .. (lef't 

hot .; le.tt cold). The sensitivity of the individual lab;r

rinths can then be properly assessed. 

2. Difference betwen Bight-beating Nysta.gm.us and Le.f't-beating 

Nystagmus • 

The magnitudes of response from. hot stimulation of the right 

l.abyrinth and the cold st:imula.tion of the left labyrinth minus: 

the magnitudes of response !rom hot stimulation of the lett 

labyrinth and cold stimulation of the r.ight lab;yrinth, i.e., 
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(right hot .;. lett cold.) • (lett hot 1- right cold.) 1 gi ves the 

d.if'ference ot the right;,-beat:ing nystagmus and the lett-bea.ting 

nystagmus. This gives a proper evaluation of the presence of 

a crossed. aaymmetry of the vestibular aensitivity or d.irectional 

prepond.erance. 

a.ahle151(1958) sta.ted. that calorie d.irectional prepond.erance 

is olten found. in cases with peripb.era.l vestibular disea.ses, and 

is usua.lly' associa.ted. wit.h diminished. vestibul&r sensitivity. 

lt is coœonly reflected. in both dura.tion am intensity. In cases 

with central lesions the duration seems to refiect directiona.l 

preponderance more CODID.onl.T than does the intensity. He &lso 

empbasized that if the el.ectronysta.gmograpb.ic findings are to 

be of œ:Dmal usefulness, they should be correlated with the 

clinical data. 
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Chapter V 

iBB .IFF.BICT OF HIW> INJURI ON VESTIBULAR Ftm::TION 

:&e'View ot Literature 

In recent yeare increasing attention hu been devoted to the 

vestibul.o-cochl.ear sym.ptoms !ollowing head injuries, commonl7 knom 

as post-coneu.ssional s,ndrome. !he common S1Jilptoms are : dizziness, 

pa.rticul.arly postural dizziness, hearing loss, and headache. 

Bhesel.34(1906) md Barany-1.3(1907) were the !irst to point out 

that vest.ibular distu.rbances very often occurred a.fter head traumas 

( quoted by Lange and Kornhuber, 1957) • Ba.ra.IQ" pointed out that a 

sudd.en bend:ing backwards or turning of tœ head might in seme post

traumatic patients give rise to nystagmus with vertigo, lasting for 

30 seconds. He attributed this to either a peri}:heral or a central 

lesion ot the vestibular system. However, in 1921., Ba.ran;y14 stated 

that the cause migb.t be due to damage of the otolithic organe, s:ince 

he was able to demonstrate that it ll&s the position ot the head in 

spa. ce and not the act.ual tu.ming, i.e., a static and not a cQnam:ic 

e!fect, that prod:u.ced the vertigo. 
160 

Trotter (1924) postulated the presence ot diffuse punctate 

hemorrhages in the central nervous system for the protracted and 

troublesome post-traumatic Bl'lllptoms. 

}f,fgindll7 (1933) found 47% of head injury cases bad vestibular 

symptoms; tbese patients were examined within 3 months after the 

in jury. Koc:t?
9 

(1933) reported 49% of head injury cases with vesti-

bular s;ymptoms. 

Seiferthl44(1936) stated that positicnal117stagmus was consta.ntly 

present a.fter skull trauma.. He add.ed that a direction-changing or 
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was TarT common. He pointed out that under aJJ. circumstancea a. 

posture test should be included in a neurological examination in 

connection with cranial injury. He attributed the cause to the 

damage in the vici.nity of the vestibular nuclei in the brain stem. 

and. not to labyrinthine concussion. 

Ixl a reasonably large series of head. trauma cases, AJ.e:.œ.ncler and. 

Sdloll3(1938) founcl that 2,3% of these cases caaplaiœd of Testibular 

disturbance mcllS% bad hearing im.pairment. !he sewrity of the 

symptoms increasecl with the se verity of the injurr. !b.ey stated 

that ! of these cases ful.q reoovered w.l.thout anr subsequent caa

plaints. 

SymmondslS3(1942) attributed the cause of dizziness following 

head. injuries to a defect of vasomotor ccntrol resulting from medul-

lary concussion. 

Friedman, Brenner am DennT-Brown
51

(1945) in a. series of 200 

cases of head injuries stated that dizziness following head injury 

wa.s always intermittent in dlaracter. kch attack was of variable 

duration, usuaJ.l1" lasting for a few minutes. The severity and 

frequency of the vertiginous attacks wre lik:ewise qui te variable. 

The outstanding precipitating factor was change in posture, lbether 

sud.den or otherwise. In this series 51$ presented dizzinesa immediate

ly or shortly after the traUJII8.. In 51$ of cases dizziness disappearecl 

within 12 hours atter the injurr. It the clizziœss should persist 

for longer than 12 hours, there was a high incidence of prolonged 

dizziœss. They added that direct, damage to the boill' labyrinth by 

a cranial fracture was an obvious possible cause of prolonged wsti-

bular disorders; howver, it was remarkable that l<ilen the re was clear 
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tound. little support tor the thes:is that post-traumat.ic dizziness 

was d.erived from. the labyrinthine trauma. However, the7 expreesed 

the opinion that it was diffic:ult to exclude the possibilitT of 

labyrinthine concu.ssiœ. Th.e7 stated. that laby"rinthine concu.ssion 

should. e:xhibi t the ch&racteristics of concussion of other nervous 

structures, nam.eJ.7, an initial maximal disturbance ot function fol-

lowed. by' progressive lessening of the disord.ers. A tilt table was 

used. for the positiona.J. testing to exclud.e vasomotor changes, and 

the;r concluded. tha.t vasomotor disord.er or instability foll.owing head. 

trauma was not the cause of d.izziness as suggested b7 others. 'fhe7 

came to the conclusiœ that :1n cases ot prolonged. dizziness (more 

tha.n 2 months) both physical trauma a.D.d pBTchological factors played. 

an :important role. 'fhere was little evidence to support tha.t post

traumatic d.izziness ws related to damage to the vestibular end-

organe. 

Bvans and Scheinkeitlt·(l945) did histologie studies of the brain. 

following head trauma. fb.ey classified the degrees ot closed. brain 

injur,y into t cerebral concussion, cerebral ed.ema, cerebral ccntusion, 

intracranial hematoma, cerebral laceration, massive infarction of the 

cerebral lobes 1 and la ter atrophie changes. 'fhe7 stated that cerebral 

concussion wa.s a purely physiologie state, not accompanied. by demons

trable histological changee, and it was interpreted as a tempor1117 

arrest of neuronal function, causing loss ot cœsciousness and. :1nter-

terence with brain. stem. activitT. TheT could not demon.strate a:D.Y' 

fun.ctional vascul.ar changes histologicaii.J3' to account for the concept, 

that lt.f'unctional vascu.l&r changes• were the und.erlying mechanism for 

the post-traumat.ic sym.ptau.s. 
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Jasper, Iersbœan and El.vidge 73(1945) stressed the point that 

elect;roenc.ptalography' was a sasitive indicator ot the existence 

of damaged nervous tissue follow.ing injU1'7 to the head. The degree 

of abnormalities shom b7 the electroencepbalogram. varied according 

to the severit7 of the injUJ."'1. In milder torms of injU1"7, the re 

might be minimal electroencephalographic changes or normal tracings. 

!he abnorma.lities might be generalized or focal. Electroencephalo

graphy' might also serve to localize the site of injur.r to the cerebral 

tissue. They- emphasized that electroencephalographf should be done 

ld.thin 24-48 houra after the injU1'71 because the elect;roence}ilalogram. 

migb.t return to normal within 24 houra. Jasper and Penfield74(1943) 

did repeat electroencephalographT in a series of 86 cases of chronic 

epileptic patients following head injuries and showed that in 90.% 

of these cases the abnormalities wre not altered. 

Schuknec:htl4l(l950) reported 17 cases of hearing loss following 

head injuries. He divided the cases into 3 groups : (l) hearing losa. 

with longitudinal fracture of the petrous temporal bone, (2) hearing 

losa with transverse fracture of the petrous temporal bane, and (.3) 

hearing loss without 81J'1' roentgenological evidence of fracture. In 

the longitudinal fracture of the petrous temporal bene, the hearing 

loss is a combined conducti ve hearing losa and neuro-sensor;y (perce poo 

tive) hearing loss. The conductive element wa.s attributed to injur.v 

to the middle ear structures which vas u~ reversible either 

completely or partialll'• In transverse fracture of the petrous tSJDooo 

poral bane, a total hearing loss and total loss of vestibular function 

were observed, if' the fracture line extended through the laby'rinth. 

In the 3rd group, the hearing losa was neuro-sensoey t7P8 and was 

most severe for the high tones, particularly the 4000 eps freqœnCJ'• 



He added that this t7P& of hear:ing loss was i'requentl.y sean in the 

ear opposite to the side of' the petrous temporal bone fracture. 

IJndsay85 (1951) pointed out that head trauma was recognized as 

a comaon cause of' dizziness in subsequent DI.Oilths. The dizzine sa llfaa., 

chara.cteristical.l.y postural and varied in severity. 'l'he most frequent 

type of position&l nystaglnus elicited by' the postural tests was the 

direction-cha:nging nystagmus 'Which suggested a. disturbance in the 

'Vicinity of' the vestibular nuclei. 

Gordon56(1954) stressed the occurrence of' the so-called benign 

par~smal type of' positional nystagmus and vertigo i'ollowing head 

injuries. He assoc:iated this to the damage of' the otolitbic organe • 

.&ndersen, Japsen and ltristian.sen 4(1954) in a seriea; of' 64 patients 

with head injuries (employing the Fitzgerald-Hallpike technique of' 

calorie test) i'ound that 4t$ of' these patients showd directional 

preponderance to the ai'i'ected side of' injur;r. They atated 0Direc

tional preponderance has been previousl.y described by many :investi

gators as a sign of' frequent occurrence in truamatic brain lesions, 

and a great importance is attached to this sign as a .ma:ni.testation 

of' an orgaaic brain lesion.tt They add.ed f'urther that it was claimed 

that unilateral cortical lesions were accompa.nied by ipsilateral 

directional preponderance 1 ltlhereas the direction of' preponderance 

in bulbar lesions was to the opposite sid.e. How:ver, their inves

tigation see.med to oon.firm the former assum.ption but could not prove 

or disprove the latter viev. 

Aschan8(1955) rei'eiTed to the sequelae of head injuries as ence;Pla-

1opathia traumatica (trauma.tic encephalopathy). .&.ccord:ing to him 

the diagnostic problem in these cases was to determine wbether the 

patient' s complainte wre of organic or of psychogenic origin 1 



especial.J3 when insuranee assesSII.ent of the condition was coneerned. 

In a series of l02 cases of head injuries and another series of non

traumatie psychiatrie eases, he did complete ot.o-neuro1ogi cal etudies 

lddch incl.ud.ed audiogr8lU, postural tests, cu.pulograms and. calorie 

examina.t ions ( using the Fitzgerald.-Hallpike method) with elect,ro

Dl'stagm.ograpnc recordin&s and elect-rOEIIleepb.alogras. Geœral.J.T, 

the head. injured patienta wre eam:l ned at 1eaet a m.onth or more 

aft.er the injurr. He f'ound that 50-56% of' the head. injury cases 

showd a.bnomal. or pathological e1ect,roencepuüograus (.BIG) and 

41.-47/. of' the non-tra'IJIIatie psychiatrie cases showd patho1ogical 

BIDs. Holi8Ver 1 ?tJI, of the head injury cases ld. th patho1ogical Bms 

gave abnormal. veatibular findings 1 làereas on.l..7 2J$ of' the non-trau

matie cases àlowd certain abnorma1 vestibtù.ar f'indings. In the 

series of' the head injury cases 5~ showed abnormal. or pa.tho1ogical 

vestibula.r f'indings. 'Ille Jl18ta~us present vas otten of' the posi

tional type.; this was regarded. as pa.tho1ogical. !he coch1ear 81JD.p

toms wre dependent on the nature of the injur;y 1 i.e. 1 whether the 

temporal bones were af'fected. He came to the conclusion that the 

cœabination of' a pa.t.hological DG and a patbo1ogical vastibula.r 

statua ahould be of' diagnostic value in the evaluation of the 

di.sease atate in encepbaJ.opa.thia traumatica.. 

Harrison65(1956) investigated a series of' 123 casas of' positional 

nystagmus. In l04 out of' the 12.3 casas, the positional nystagmus was 

of the benign par~ typa (as claf'inad by Dix. and Hallpike). In 

l.9 of' the l04 cases (1.8.~) uhibiting the positional tqstagnms of 

the benign paroqsmal type, there was a clear histor.r of head injur.r • 

.ÂDIOng these 19 head injury cases, 7 had fractures of the sk:ull. In 

a.nother series of' l.08 head injUI7 cases, he founcl 15% with positional 



D;TStagmws ot the benign parœ;yamal type. He obserwd. that the rapid. 

}:hase of tbe ~agm.us wu directed. toward.s the affected. ear lÎlen 

the latter was undernea.th in the postural tests. ~· nystap.us 

increased. rapic:ll71 associated with vertigo, and died awq w.:lthin 

a minute w.:lth relief of 'ftrtigo. On sitting up there might be a 

bu.rst ot ~ta.gmus, opposite in direction to that observed in the 

supine positian. On repetition the eystagœic response w.s either 

redu.ced or abolisbed. altogether. He concluded that the ~tagmus 

as a.n irritative phenomenon arising fraa a lesion ot the otolith 

syst811l, towards lÎlicb là:len undermost, IQ"Stagmuk as d.irected. 

· Sdlulmecbt and DavisonW(l956) classified. head injury cases 

w.:lth auditor;r and vestibular symptoms into : (1) longitudinal frac

ture of the t•poral bone, (2) transverse fracture of the temporal 

bone, and (.3) labyrinth:i.ne concussion. Longitudinal fracture of the 

temporal bone constitutes 8qC of all temporal bone fractures and 

coomonl.y occurs from blows to the parietal and temporal regions. 

Characteristicall7 1 the fracture line tra'ftrses the annulus t1JD.pani

cu.s, creating a laceration ot the t1Dlpanic membrane and. bleeding from. 

the ear. l'acial wa.kness or pa.ralysis occurs in less than 2~ of 

cases and. usuaJ.l7 is temporar;r. Cerebrospinal otorrhea occurs in 

same cases. Subluxation of the incud.ostapedia l joint occura in 

som.e cases. Hearing loss is ot the cCildu.ctive t7P8 w.:lth occasional 

high-tone perceptive losa. Vertiginous attacks m.q persist for a. 

period of days or m.onthe atter the inju.r.Y. 

Transverse fracture of the temporal bene usual.ly resulte from 

blows to the occiput. The fracture occurs perpendicul.a.r to the 

long axis of the petrous pyram:i.d a.nd. traverses the vestibule of the 

inner ear, cauing extensive destruction of the membranous labyrinth 



and usu.al:q complete l.oss of cochl.ea.r and vestibul.ar f'unctions. 

Severe vertigo ms.7 persiat tor a f'ew days and spontaneous IV"stag

mus to the opposite ea.r mq last for montbs. In about 50,C of cases, 

the facial. nerva is lacerated1 am the resultant facial pals7 sane

ti.mes is pel'IDallent. Bl.eeding from the ear is rare; h-.otl'Jilp&nUIIl is 

a frequent finding. c:erebrospinal fl.uid U'3' contmue to till the 

middle ear atter the blood is absorbed. Seme cases of incomplete 

losa of the vestibular and auditor.y f'u:nctions following transverse 

fracture of the temporal bona are observed. 

S.clluknecb.t and Davi.son described labyrint.hine concussion as percep

tive deatness and vertigo resulting fran head injU17 without fracture 

of' the bon7 labyrinthine capsule. The7 stated t.hat labyrinthine con

cussion wa.s CODmOnly seen 1 (l) in the ear of a longitudinal temporal 

bone fracture, (2) in the ear opposite a temporal bone fracture, and 

(3) in head injury without any ev.i.dence of skull fracture. They 

added tbat to produce labyrinthine concussion a head injur.ymust be 

sewre enough to cause losa of' consciousness. b hearing losa is 

severe at. tor the hi.gh f'requencies and the peak losa is usual.l1' at 

4CX)() cp1. Loudness recruitment is cbaracteristically present &Dd 

supports the Q)ncept that damage is to the sense organ. The verti

ginous attacks are of the postural type 1 and. po si tional D7stagm.us 

DUIIf' peraist for months atter the injury. Positional. qstagm.us follo,._ 

ing head injury ms:r occur independentl.T of the hearing loss; usuall;r 

it is characterized b;y transient attacks of vertigo ani Jl1St&gm.US 

vhen certain head positions are assumed. 'Dle underlying pa.thological 

change responsibla f'or the positiœal D7Stagmus is thought to be 

inju.ry to the otol.ithic organs. 
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.&nimaJ experimenta (cats) wre used bT Schuknecht and Darlson 

to demonstrate the pa.tbological changes in the labyrinth af'ter head 

blow. 

Preber and Silfverskiold128(1957) investigated a series of 42 

cases of positional vertigo f'ollowing head injury with complete 

oto-neurological ex•nination (ap., sku1l »orqs1 otoscow, audio

metr;r, posture tests, calorie tests and cupW.ometr,y ld.th electro

nystagmography') and f'ound that lS cases bad parooc;rsma.l type of 

positional nystagmus. 'J!hey stated that in one-third. of' the case• 

of' parœcysmal. positionaJ. nystagmus both calorie and rotational 

tests showed a so-called central Testibular tonus difference, lllhich 

suggested a central origin of tbe nystagmus. 

1filha.gen165(l960) in a series of 60 cases of' post-traumatic head 

injur,y showd that 3~ of' these cases bad vestibular s)'mptoms. .m 
of these latter cases showed pa.thological or abnormal vestibular 

findings. .lbout 5~ showed central tonus difference (central dis

turbance of' the vestibular system) llhich was suggestive of a central 

origi.n for the vestibular s)'mptcms. 

Lange é()ld Kornhuber82(l96l.) stated tha.t positional nystagmus 

and postural vertigo wre the usual SJDlptoms f'ollo"Wing head tr&U~~UJ;. 

In the acute Jila.se of tra'U11l&1 often the central type of po si tional 

nystagmus was f ound; howver 1 this did not last long. Usual.ly 1 there 

was caaplete recovery. They e.xpl.ained the central t;rpe of positional 

nystagmus in the acute Jtue of trauma. b;r the contusion or ed-.a of 

the brain stem. Prolonged appearance of positional nystagmus and 

postural vertigo w.s due to a peri:P'1erallaby"rinthine lesion as a 

sequela of the trauma. Us~ 1 the position-changing positional 
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n;rstagmus and postural vertigo was obsened in a fairq large aeriea, 

of head injur.y cases. !he positionalrqstapm8 wa'S transitory. The 

fast caaponent vas directed towards the undemeath ea.r on postural 

tests, alld cha.nged in direction on sitting up position. They found. 

f:ÂJ-Tfl, of spontaneous or po si tional ny"Stagm:as alter trauaa to be 

due to peripberal labyrinthine lesions. Directional preponderance 

vas observed in l'/% of cases,; howanr, there were no correlation 

betwen the directional. preponderance and the aide of the brain 

lesion alter the trauma. 
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Chapter VI 

PR&SENT INV'&STIGa\TION 

THE EFFECT OF HEAD INJURY ON VESTIBULAR FU:OOTION 

I. Methode. 

The methode of investigation include (l) a complete neuro

logical examination, {2) roentgenological examination of the 

skull, {3) roentgenological examination of the cervical spine 

in some cases, (4) electroence}ilalograJily (sane cases), and 

(5) an oto-neurologica.l examination : an ear, nose and throali 

exarnination, audianetric studiea, and vestibular tests lilich 

include testing tor spontaneous nystagmus, postural tests, and 

calorie tests (modified Fitzgerald-Hallpike method) with 

electronystagmograJ:hY, the subjectts eyes cl.osed to eliminate 

inhibiting factors. 

A. Description of the .&.pparatus. 

1. Recording ~uipnent. 

À. Model 5 Grass four-channel Polygra}Xl Machine with P l 

low level AC pre-aœplifiers with a pen writing oscillograph 

is used for the recording of the nystagmus (see Figs. 11 A 

and B). The original built-in AC pre-amplifiera have a 

time ccnstant of o.s second. S~cial. capacitors are inserted 

to give a time constant of 4.5 seconds. 

For the nysta.gmograph ordinary DG pa.J:Sr is used, and the 

paper speed is set at 15 mm. p:~r second. Channels 2 and 4 

are used for recording the horizontal and the vertical nystag

mus respectively. &n electronic tim.ei' is connected to channel 

1 to mark the beginning and the end of the stimulus. An 

attempt bas been made to utilize the channel 3 to record the 
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Fig. 11 A. Mode1 5 Grass Po1ygraph Machine. 

Fig. 11 B. 'l!he four channe1s of the machine. 
A sample of nystagmçgraph is demonstrated. 
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beg:inuing and the eud of vert.igo; however, this has not been verr 

succesatul, because most ot the subjects tail to press the but;ton 

'When the;y get d.izz;y. 

1!be pre-amplifier seusitivit;r is usual.l1' set at o.o; m.v per cm. 

Bowver, this set ting depends on the calibration of the machine • 

It a 10° dmation of the e;yes caused. a de.tlection ot the peu more 

than 2 ems., a 1esser sensitivit;y o.t 0.1 m.v per cm. is needed. 

Pollowing the usual routine, the polarit;y of the oscillogra}il 

recording the nystagmus is such that the eye deviation to the rigb.t 

produces a detlection in the upward direction, and the e;ye deviation 

to the 1ett in the downwarà. direction(see Pigs. 12 A and B). Si mil arly 1 

in the vert.ical channel, upward and dolill:ward. deviations ot the eye 

prod.uce a detlection of the pen upwa.rds and. domward.s respectively. 

i i ,; 
! 1 

! 

Fig. 12 A. Krata.p.ograph shO!ing the el! detlection 
to the rigb!;. 
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Fig. 12 B. Nrsta.gmograph showmg the eye 

deflection to the left. 
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2. Calibration of Eye D.eviation. 

The calibration is carried out by getting the subject to look 

alternately at a cross-bar wi th flashing lighte 1 in both horizontal 

and vertical planes 10° apart 1 at a distance of 1.5 meters fran 

the eye. C..alibration is usually done before the start of the calorie 

test and at the end of the calorie test, both the right and the left 

sides of the horizontal plane, and then upward and downward on the 

ver ti cal plane ( see Fig. 13) • 

Fig. 13. Calibration of a 10° angular deviation 
of the e;ye in the horizrotal plane. 

3. A.pparatus for the &pplication of Thermie Stimulus. 

!Wc water baths (Haake Thennostat Model F) are used for the 

application of the thermie stimulus ( see Fig. 14) • One is set at 

30°0 and the other at 44°C. Water is continuously circulating 
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through outlet and inlet rubber tubings. A.t the end a Y-tube 

connection is used, and a small rubber tube is connected to 

the third l:imb of the y .. tube. At the tip of the rubber tube 

is fixed a nozzle of such a size that the amount of wa.ter 

ejected by the pump of the water bath i.e 250 cc in 40 seconds. 

The them.o-regulator of the water bath is set to insure that 

the water ejected at the nozzle tip is at the required tem-

perature. This thermostatic control is frequently checked for 

accuracy. The body temperature of the subject is not taken 

into account in regulat:ing the thermostat, as it would not 

make much difference in the overall resulta of the four tests. 

APPARATUS roR CALORIC 

IRRIGATION 

T . THERMOSTAT 
H. HEATER 
P . PUMP 

Fig. 14. Diagramatic representation of the 
wa.ter bath. 
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B. Procedure • 

.Ill subjects are tested with their eyes closed in a quiet, 

aemi-darkened rocm in the following procedures. 

1. Application of Bl.ectrodes. 

The subjeali is lying on au examining table with the head 

elevated 30° upwards. !'ive electrodes are applied on each 

subject; two of these are bitem.poral for the recording of 

the horiaontal. deviations of the eyes; two electrodes for 

the recording of the vertical rq'Stagmus are applied, using 

the pupil of the lef't eye as the central point, one above 

the le tt eyebrow and one on the left in.f'raorbital. region; the 

5th electrode is applied. at the midline on the frontal. region 

as the ground electrode (see li&. 15 A and B) • 

The electrodes used are silver dises of' about l cm.. in c:U.a.. 

m.eter and 1.5 mm. in thickness. Bef'ore these electrodes are 

applied the skin is carefully cleaned with soap and. vater and. 

alcohol to rem.ove the grease. Ord.inary li':G elealirode jel.l7 

is ueed to mak.e cœt&ct with the skin. The ehalirodes are 

fi.xed. to the skin with adhesive tape. 

These electrodes are conœcted. through t:insel CO'ftred wires 

to the 2D.d and 4th channels of the Hodel 5 Gra.Dl Polygra}:il 

apparatus for the nyst.a~Pogr&}h. 
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ARRANGEMENT OF ELECTRODES 

RIGHT 

LEFT 

G. GRQ.UND 

H . HORIZONTAL 

V. VERTICAL 

Fig. 15 A.. Diagramatic Arrangement of 
Electrodes. (rram Mehra) 

Fig. 15 B. .&rrangemmt of Electrodes. 
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2. Testing tor Spontaneous lfTstagmus. 

Vith the subjeœts e~s closed in the supine position w:lth 

the head elevated .3()0 t orward.s, an initial ny'Sta.gmograpb. is 

recorded. tor a period ot .30.4.0 second.s. If spontaneous nystag

mus wre present, it would be recorded not onlJ' in the supine 

position but a.J.ao in all the other positions being tested. tor 

posit:ional nystagmus. 

,3. Postural 'Jfèsts. 

A modification ot C&wthornet s postural tests is used.. Vith 

the subjectts eyes cl.osed. and. the electrodes attacb.ed. tor the 

recording ot nystagmus, postural tests are carried. out in the 

tollowing manners 

a. Supine position with the head torwards and elevated ,30° up-

wa.rds. 

b. SUpine position with the head slowly turning to the right. 

c. Supine posi tian with the head sloldy turning to the lett. 

d. Sitting up position witb the head torwards. 

e. Sitting up position with the head slo'lfl7 tu.rning to the 

right. 

t. Sitting up position with the head sloldy turning to the 

lett. 

g. Head.-ha.nging positiœ. (shoulder ot the subject is at the 

edge ot the exami.ning table) with the head torw.rd.s. 

h. Head-hanging position with the head. tuming to the right. 

i. Head-hanging position with the head. tu.nrlng to the left. 

Bach position is maintained for about 20-.30 seconds and. 

occasicma.l.J.Jr longer it necessary. Jefore the procedure, eaoh 

subjeœ is instructed. to tell the examiner the beginn:ing and 
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the end of 81J'3' vert.igo or dizziness 'tèich mq be preseul;, and 

this w.Ul be marked on tbe record. 

!be madn reason for turning the head instead of the subjectts 

body in the lateral position is to prevent the slipping of the 

elect.rodes dur.ing the procedure. l;rJ:y' vascular disturbance ia 

mi.nimized by slow tuming or the head. Subjecta 'With. evidence 

of cervical diseasea are excluded !rem postural tests. Further 

discu.ssion will be giTen in the later part. of this chapter. 

4• Calorie Stimulations. 

In the present atud.y, 11. slight modification of the Fitzgerald

Hallpike method or calorie stim.uJ.ation is em.plo~d. Bach subject 

is stimulated altemately with cold water at 30°G and. hot wa.ter 

at 44 °C for 40 seconds. The water is eject.ed by the pump of 

the water bath (Ha.ake Thermostat Kodel F) through a nozzle 

'tèich allows 250 cc to flow through in 40 seconds. 1'he tempera

ture of the water is controlled by the thermo-regulator of the 

water bath l!lhich is constant. The calorie stimulation is carrisd 

ou:li al.temately in the following order : right cold, left cold, 

right hot, and lett hot. A\t least 10 minu:lies is allowd betwe:n 

each stimulation to a void as mu ch as possible the phenomenon of 

habituation. 

C. lfethods ot .A.nalysis • 

lach subjectrs Jl18tagmogram. is care!ully anal.yzed for the pre

sence of spontaneous nysta.gams or positional. nystagmus and its 

characteristics; the calorie reactions are eva.luated by the tol

lowing param.etersa 

1. Dura. ti on ot Nystagmus. 

The duration of t.be nystagmus is taken from the beginning 
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of the sti.mul.ation to the last Jl1'stagmus beat in the same direc

tion. The duration is expressed in seconds of the calorie 

reaction. 

2. Latent Period. of the Reaction. 

The l.atent period of the reaction is the t.ime (in seconds) 

el.apsed after the beginning of the stimulation to the time of 

onset of the ~agm:us. 

3. Total Humber of N';ystagmus Beats • 

The total number of beats of qstagmus is cowtted from the 

onset of qstagmus to the very last of the qstagmu.s beat during 

eadl stimulation wi.th a hand counter. 

4• 'lotal. Amplitude of the Reaction. 

The total amplitude of the reactiœ is the sUD. of the ampli

tudes of the fast com.ponents of the llTStagm.us beats. This is, 

compu.ted with the aid ot a map measure. The total distance 

indicated by the map measure is then ca:l"rerted into degrees of 

eye rotation or deviation, taking the calibration into considera

tion. 

s. Jfaximal Intensity or JmximDJ. Speed of the Slow Component. 

The maximal intensity or the maximum apeed of the slow 

component of the Jl1'St&gm.us is taken frœ a lO..second period 

at the peak of the response. Taldng the calibration into 

cœ.sideration, the maximal intensity is e:xpressed in degrees 

of eye deviation per seœnd.. 

The method of caleul.ation of the mmmnm speed of the sl.ow 

component is shollll bel.ow : 
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The pen describes an angular movement proportional to the 

potential of the eye. While moving from A. to B, the paper 

moves from C. to D, AC or BD being the length of the pen arm. 

The rate of change of potential is angle alpha/t, t : time in 

seconds expressed in mn. of pa.per movement. 

The calibration relates the change of potential to a 10° 

angu1ar deviation of the eye. The pa.per speed is negligible 

compared to the fast com.ponent of the nystagmus. Thus, the 

change of potential can be expressed m angular deviation of 

the eye. 

n. Discussion of the Method and Analysis. 

A. Errors of Method. 

1. Postural Tests. 

We are aware of the various factors affecting the pro-
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d.uction of positional nystagmus and. vertigo by tuming the 

head. and. by the head.-hanging position during the postural 

tests. '.rhese factors may be briefly enumerated : tension 

on the neck muscles {neck refiexes), vascular interference 

(temporar,y occlusicn of the vertebral arter,y), optokinetic 

nystagmus (this usually occurs with fast turning of the 

head and vith qes open.ed), degenerative diseases of the 

cervical spines, particularly es-c? {the so-called Barre

Lieou s,ndrome) and. possible disturbance of the cervical 

sympathetics. Optokinetic nystagmus is avoided by doing 

the postural tests vith the eyes closed and by changi.ng the 

head position slow:l.y'. However, we have attempted to minimise 

these disturbances as much as possible by ttrning the 

head or changing the head position slowly. Hevertheless, w 

can not eli:minate all these fact.ors. The onJ.T possible solu

tion is doing the postural tests on a posture table. In 

our present series, there was no clinical evidence of degan

erative diseases of the cervical spine. Jfost of the subjects 

belonged to the younger age group. A..t the slightest suspicion 

of cervical trauma, radiological e:xamination of the neck 

including the cervical spj.ne liaS done. 

2. Recording of Positional llystagmus. 

The electronystagmograpbic recording of the positional nys.. 

tagmu.s occasionallT is eut short in some cases., because of 

disoom!'ort and the associated vertigo the patients refused to 

remain in those critical positions. Consequently, in a few 

cases it was difficult to determine whether the positional 

nystagm.us liaS sustained or transi tory. 
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B. Brrors of Anal.ye1a'. 

1. Post-calorie D;ysrhtJ:vmia. 

Post-cal.orie d3S:ri1Ttbmia or dysrhyt.hmia post-calorie nyst.a.g

mus (see Fig. 16) is a pb.enomenon observed dur.ing the procedure 

of calorie stimulation with electronystagmography by the appear

anee of fine tirregular" oscillation of the qes for a certain 

period of time between intervals of regular rhythm of nystagmus. 

This pb.enomenon is observed in normal subjeets am in patients 

with peripheral and/or central disturbanees of the vestibular 

system. 

DYSRHY11U41A OF POIT CALORIC NYSTAGMUS 

Fig. 16. Post-calorie Dzsrhzt;hmia. 

As chan, iergstedt and. Stahle 
9 (1956) st.a.ted that post-calorie 

dy'srhythmia was often seen in cases of sœpeeted cerebral lesions 

and rarely in peripb.eral lesions. 
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Riesco-Hs.cCl.u.re and stroud (1960) attributed this phenauenon 

to cerebellar lesions which disturbed the cerebello-vestibular 

interrelationship. 

In the present stud71 post-calorie dysrtt;,hbnda. wu frequently" 

observed both in tbe healthy' normal subjects and in the post

traumatic cases. This was also the observation of Mehra
109 

(1961) 

and Wong167 (1962). A.fter observing this phenomenon so fre<p.ently" 

both in clinicsl cases and in the present investigation, it is 

rq personal opinion tbat this ]:henomenon mq be a manifestation 

of habituation, because it is frequently manitested towards the 

latter pan ot the calorie stim.ulaticn, pa.rtioularly the hot 

water (44°C,) stimulations. 

Lidvall83 (1961) in bis stucl,y of response decline alter 

repeated calorizations reported that d7srbythmia increased in 

frequeney and in grades as the number of calorisations was 

increased. · 

Post-calorie cV"srhythmia, especially 'Nben it appears over a. 

prolonged. period of time ani occurs at frequent intervals, inter

feres or disru.pt.s the final anal..y'sis ot tbe electronystagm.ogra~ 

in all the parameters. 

2. K,ye Rolling. 

Eye rolling is occasionall;y a problem in doing ele ctron;ystag

m.ograpby with the eyes cl.osed.. It is frequently observed in the 

normal subjects as wall as in the patients witb central or peri

pheral distUl'banoes of the vestibular system. The rolling ot 

the e;yes interferes pa.rticularly vith two parameters of the n;ys

tagm.us, Jl88tly, the amplitude and the maximal intmsity ot the 

JQ'Stagm.us. Ocoasionally, all the parameters - the d.Ul'&tion of 
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the eystagmus., the total num.ber of the nystapna beata, the total 

amplitude, and the maximal intensit7, are a.ffected, especial.J3 in 

..,... ldth constantl)" marked rolling of the e)"es. In sane cases: 

the nystagmws is caapletel)" abolished. U the rolling of the &)'eS 

is toward.s the direction of the fast component of the IQ"sta.gmus, 

the frequency of the nystagmus is observed to be increased., and 

the amplitude and the maximal intensity of the Iq"Stagm;ws are 

invariably affected., and vice versa. The etiology- of this is 

not yet establisbed. 

3. MUscle Potential. 

Jfu.scle potentials are not infrequentl)" re corded in eues of 

m.ultip:Le sclerosis and also during the act. of swallowing. T.b.ese 

muscle potentials may interfere with the regul.ar rbTthm of the 

nystagmus. 

4• Vertical Nystapua. 

The evaluaticn of the vertical IqStagmws is rendered very 

diffiœlt by the blinking of the e)'elids. Yer.r o.t'ten it is 

u:trem.el)" ditficult to ditferentiate betweeu the two on the 

electroeystagmograœ. 

5. lpontaneous Nystagmus. 

SpontaneoUB nyBtagmus appearing on the elect~nystagœogra:fh 

should be ca.refull,y ana.l.yzed with regard to its intensity -

the uplitude., the frequency ani the maximaJ speed of the slow 

caaponent -- in order to eval.uate properly the magnitudes of 

the calorie reactions. However., this lBS not done in the present 

investigation. 

6. Pen Drift. 

Pen dritting is & frequent occurrence in electronystagmogra}ily, 
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espaci~ lib.en intense calorie reactions are encountered., 

in spite or all efforts to eliminate the factors 'Which tdll 

prevent a proper contact between the electrodes and. t:œ sld.n 

or the subject. This pan dri.f'ting, it prolonged., interferes 

to some extent with the proper assessm.ent of the oystagmogram.. 

m. Xaterial.s • 

.l. Controle. 

!he control group is composed of 19 normal healtby- young 

adulte 1 most or them are studant nurses of the Boyal Victoria. 

Hospital. An otoscopic examination, a pure tone audiometrie 

e:xamination, testing for spontaneoue nystagmus, postural 

tests and. calorie tests ( under the same conditions and. pro

cedures previously d.escribed.) with electroDTStagmogra:P'lY 

are performed. on the se subjects. 

B. Patients. 

Host of the patients were admitted. to the Xaltreal Heuro

logical Insti. t ulie after head injuries 1 and. the oto-neurolo

g:i.cal e::mmination wre performed while they were in the 

hospital. Soma of tbue J:S.tients wre seen in the Otolaryn

gology Clinic of the Royal. Victoria. Hospital presenting ves

tibular 11111ptoms atter head. injurlas and were submitted to 

oto-neurological e.xam:lnations. .l. total of lS cases was 

examined.. 'J!b.ese cases will be presented. :ind.ividuaJ.l1'. 

Case N'o. l M.R., 4S yea:rs of age., lèlite, s:ingle., f'emale, 

jobless. She liB& inwlved. in a train accident on lfa;f lS, 

1962. There wu no loss of consciousness. 8he was con

!:ined in a hospit.al for 9 d.ays. Physical examination re-
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vealed sane bruises in the neck and the chest; other Jilysica1 findings 

were essentially negative. Radio1ogical findings were likewise negative. 

T.'WO weeks after the accident, she started to have intermittent tinnitus 

in tœ rigb.t ear and postural vertigo on 1.ying do'Wil on her rigb.t side. 

There was no dizziness in any other position. Her hearing was not 

affected. She was seen in the Otolaryngo1ogy Clinic on the 5th of Jul.y, 

1962. ENI' exami.nation was negative. Audiogram revea1ed slight neuro-

sensory loss, 15 db, in the rigb.t ear and a sudden drop of hearing, 

neuro-ssnsory, at .3000 cpa, 4000 eps. and SOOO CJ::S in the 1eft ear (see 

Fig. 17). lUectronystagmography revealed spontaneous nystagmus to the 
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1eft and a questionab1e sustained positional nystagmus, direction-fixed, 

to the 1eft in the head-hanging position, associated with marked diz-

ziness; al.ternate co1d and hot calorie tests showed marked directional 

preponderance to the 1eft, otherwise both 1abyr:inths appeared intact. 
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Skull x,..ray and x-rq of the intemal audit ory meati wre negative. 

A. complete neurological examination was negative. Serology was like

ld. se negative • 

Case No. 2. R. L., 15 years old, white, single, male , student. 

lihile riding a bicycle on the 23rd of August, 1960, he struck a light 

post and fell. J'ollotdng the trauma he was unconscious for an undeter

m.ined time. He was admitted to the Montreal Neurological Institute 2J 
hours after the accident. Wb.en he was seen, he was conscious but con

.tUsed and disoriented as to tim.e, place and person. He could not re

m.saber the accident. He vomited pro.tUsely se"feral times. Qom.plete 

neurological examina.tions were otherwise negative. Skull x,..ray waa 

negative. Conservative management for closed head injury vas given. 

He was discharged on the 26th of A.ugust, 1960 without any neurological 

deficit except for amnesia for the tim.e of the accident. He first noted 

hearing loss in the rigb.t ear tèl.en he could not hear the telephone on 

the 29th of August, 1960 (6 days after the trauma). He also had inter

mittent tinnitus in the r.i.ght ear and was dizzy intermittent.ly. He was 

first sean in the Otolaryngology Clinic on the lst of September, 1960. 

He denied having m.umps, measles, scarlet fever, etc. There was no 

history of administration of any ototoxi.c agent. lUl.r exam.jnations re

vealed a slightly retracted right tympa.nic membrane, otherwise the fin

dinge were not rem.ai'kable. Minimal calorie tests 'Wl th 3 cc of ice •~ 

ter elicited normal response from the left ear and no response fran 

the right ear. Audiogram revealed norm.al hearing in the left ear and 

no hearing in the right. ear (see Fig. 18). Upon reconmendation fran 

school, he came back to the Otolaryngology Clinic on the 29th of Novem

ber, 1962, i.e., more than 2 ;years and 3 mnths after the accident, for 
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re-evaluation of his hearing. ENr examinations showed practica1ly 

the sam.e findings. lee water calorie tests were repeated; beth 
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labyrinths responded fairly weil. Audiogram reveal.ed still profound 

neuro-sensory hearing loss in the right ear and nonoal hearing in the 

left ear; however, the hearing in the right ear appeared to have 

improved ( see Fig. 19) • Electronystagmography showed moderate 

spontaneous, direction-fixed, nystagmus to the left, moderate to 

marked directional preponderance to the left {see Tables IV - X); 

beth labyrinths were otherwise intact. 
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Case No. 3. L.B., 'è1 years old, single, l'bite, male, rigger. 

He feil from a height of 15 feet on the 31th of May, 1962 and la:nded 

on the right side of his body. He wa.s unconscious for 5 minutes, 

and after that he was confused and restless. His speech wa.s inco-

herent and irrelevant. He was admitted to the Montreal Neurologicaù. 

Institute. On admission, his vital signa were stable. Physical 

examination revealed bruises and contusion over the right fronto-

parietal area, hematoma around the ri.ght orbit, slight bleeding from 

the nose and left ear, right hemotympanum, fracture of the right 

humerus and dislocation of the right shoulder joint. Skull x,.. ray 

revealed extensive fracture running through the right orbit, right 

frontal sinus, right fronto-parietal and right temporal bones. The 

fracture appeared to run through the right side of the middle fossa 
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wi.th clouding of the s}:henoid sinus. Chest x-ray revealed mult iple 

fractures of the ribs of the right hemithorax and contusion of the 

right lung parenchyma. Other neurological findings were normal. An 

emergency tracheotomy was performed. Ali other laboratory findings 

including blood serology wre nonn.al.. C.onservative management was 

given to his skull fractures and cerebral concussion. On the 7th 

hospital day, an open reduction for dislocation and fracture of t he 

r i ght humerus was performed. He improved remarkably well and was 

discharged on the 15th of June, 1962. Since then he has tinnitus, 

intenni.ttent attacks of dizziness ani hearing loss in the right ear. 

He had no history of ear, nose am throat problems prior to the 

accident. There was no history of any ototo.xic d.rugs being adminis

tered. He came to the Otolaryngology Clinic on the 9th of August, 

1962 (more than 2 months after the accident) • ENT examinations 

were not remarkable. lee wa.ter calor ie tests showed no response 
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from. the right laby"rinth and fair]3 normal response from the lett 

lab;yrinth. bdiogram reftaled total hear.ing losa in the right ear 

and fa1rl1' normal hearing in the left ear (see Fig. 20). nectro

~agmograplv' at this time showd marked. spontaneous nystagmus to 

the left; alternate cold and. hot calorie stimulations rewaled no 

response from the right lab;yrinth and fairl.1' no:naal response fran 

the left lab;yrinth (see Tables IV -X.). 

Case l'o. 4. G.R., 40 ;years old, single, llhite, female. Sb.e 

lilaS beaten b;y a man in 195.3 when she was 41 montha pregnant. She 

received severa! severe blows in the jaw, which resulted in sub

sec:pent deformit;y ot the jaw. She was not lm.c:onscious. She had 

no headache or other abnorma.l neurological signs, but si.nce then 

ber hearing in both ears grad.ual.l;y deteriorated. She he.d 

continuous tinnit.us in the lett ear. There vas no vertigo. She 

wa.s waring a hearing aid in her right ee.r since 1955 web helped 

ber ver;y m.uch. She never bad any ear, nose and. throat troubles 

previous3.1'. There lBS no famil;y histor;y of deatness. She had no 

contagious diseases prior to the onset ot the hearing impairment. 

Sb.e never recei ved an;y ototoxic d.rugs. She came to the Otolaryn

golog;y Clinic on the 4th ot October, 1962, c:omplaining of progre .. 

si ve hearing deterioration. m exandnations wre not remarkable. 

lee wa.ter, .3 cc, calorie tests revealed no response from. ber left 

lab;yrinth and markedl1' hypoactive response from the rigbt lab;y

rinth. Aud.iogram revealed total hearing losa in the left ear and 

sewre neuro-sensor;y hearing loss in the right. ear (see Fig. 21.). 

Slectronysta.gmogra}il7 did not rewal an;y spontaneous or positional 
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nystagmus; alternate cold and hot calorie stimulations did not 

elicit any response from her left labyrinth andmarked canal pare

sis of the right la.byrinth (see Tables IV • X). X-ray of the 

skull, mastoidB and internai. auditory œati were normal. Blood 

serology was negative. Neurological examination was negative. 
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Case No. 5. J .G., 19 years old, single, white, male, stud.ent. 

This 19 year-old football player was injured in a foot bali game 
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on the 27th of September, 1962. He was not unconscious but suffered 

a laceration of the left orbital region. He developed slight head-

ache and dizziness with nausea. Dizziness was worse men he lay on 

the left lateral positicn or with the left ear down. He had no 

tinnitus or hearing losa. There was some tender.ness on the left 

side of the neck. He was admitted to the Montreal Neurological 
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Institute on the same date. On examination, his vital signa 1r2re 

stable. He had a laceration on the left orbital region ~th ec~-

mosis of the left eye. The vision was not impa.ired. There wa:a 

slight tenderneas at the back of his neck. He bad marked spontan-

eous nystagmus to the right whi. ch changed direction on turning 

to the right lateral position. There was slight tendency to fall 

to the left. Other neurological findings were normal. X-ray of 

the skull, cervical spines and chast was not remarkable. Cons er-

vative management of the closed head injury was given. Blood aero-

logy was negative. Routine laboratory exa.minations were normal. 

Otolaryngology was consulted. ENI' findings were not remarkable. 

Audiogram revealed a minimal high tcne (1000 eps, 2000 eps, and 

4000 eps) neuro-sensory loss in the left ear and a sll.ght drop 

at 4000 eps in the right ear (see Fig. 22). ElectronystagmograJ:by 
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revealed ma.rked position-changing, unsustained, positional nystagmus 

in the supine position a:od. on sitting up position, associated with 

marked dizziness; alternats cold and hot calorie stim.ula.tions revealed 

normal response from. the right labyrinth and. eypoactive response from. 

the left lab7rinthJ marked directional preponderance to the right waa 

demonstrated. The subsequent course in the hospital was uneventful; 

the spontaneous nystagmus and dizziness graduall.y subsided. Repea.t 

a.udiogram did not show any change in the hearing; SISI test was 

positive for recruitment :tor the 20J0 eps and 4000 eps in the le:tt 

ear. 

Case Ho. 6. J .M., 22 years old, white, single, fem.ale, stud.ent. 

Sbe had a car accident when she wa.s 2 years old., and since than she 

had lost ber hearing in both ears. Prior to the accident, she bad 

good speech. However, her speech deteriorated a:tter the accident. 

lbe bad œntinuous tinnitus in the le:tt ear and occasional episodes 

of tinnitus in the right ear. She never com.plained o:t dizziness 

or disturbance in her balance. She had been attending lip-reading 

training since 10 years of age. Her speech at present was quite 

good although it wa.s monotonous and. high pi tched. She had other

ld.se no ear, nose and throat p.roblem.s. She bad a deform.ed, atro

phie and paretic left am and should.er sinee the accident. She 

wa.s healthy otherwise. There was no history o:t dea:tness in the 

:tam:ily. She never received any ototoxic agent.. She came to the 

Otolaryngology Clinic on November 22, 1962 because o:t her hearing 

problem.. Physieal examination showed a very intelligent, young, 

health;y, white female with atrophie slightly deform.ed left upper 

e:x:trem.ity; other physiea.l :tindiDgs were not rem.arkable. EN'l' exa-
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minations "WBre not remarkable. There was no neurological deficit. 

Her speech was monotonous and high pitched. She had to lip-read 

othend.se she could not understand. lee water calorie tests showed 

min:imal response from both labyrinthe. Audiogram revealed severe 

neuro-sensor,y hearing loss in both ears {see Fig. 23). X-rays 

of the skull and mastoids were normal. ElectronystagmograJ:hY re-

vealed questionable sustained, direction-fixed positional nystag-

mus to the left, associated with ma.rked dizziness, in the supine 

position with the head turning to the left, sitting up position 

with the head turning to the left and in the head-hanging position; 

altemate cold and hot calorie stimulations showed profound bila

teral canal paresis {see Tables IV- X). 
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Case Ho. 7. :S .. G., 32 ;rears old, married, white, ma.le 1 l.aborer. 

This 32 ;rear-old truck driver wa.s work:lng in a chEIBical fert.il.izer 

plant. He wa.s involved in an accident on the 2Sth of Dec•ber, 

1962. A.pparently', a large heap of frozen chemicaJ. fertilizer fell 

on him and buried him up to his neck. He did not lose his cons

ciousness and vas able to free himself in about 10 minutes. Fol

low:i.ng this injur;r he compla.ined of pain in the chest and pain in 

tm mid-thoracic region of the epine. He wa.s take.n to a hospital, 

and w:ithin a few hours he developed difficult;r with his speech, 

dysarthria; he had also difficult;r swa.llowing. He noticed numbness 

of the left am. ..mi ch progressed to a complete hemi-anestœ sia 

'Within 24 hours. He was transferred to Montreal Neurological Ins

titute on the lst of Janua.r.r, 1963. A.t that time a left facial. 

l!Bakness ws report.ed in addition to the bemianesthesia. Ph;rsical 

e:x:amin.a.tion revealed : a.n alert., wll oriented, cooperative, 32 

;year-old male with etable vital signe; subcutaneous emphysema over 

left antero-lateral chast wall; fractured 7th and 8th ribs; multiple 

cœtusions over the anterior and posterior chast wall; tendemess 

over left sid.e of the neck; left pneumothorax.; and slight hemato.ma 

over the 9th and. lOth T-vertebral bodies. Neurol.ogical e:x:amination 

reveal.ed : no evidence of stiff neck; no anosmi.a.; good vision; no 

diplopia; visual fields wre full; !mt were not im.paired; few nystag

moid. jerks on the le ft lateral gue; pupUs were eqaal and reacted 

to li.ght; left peripberal t;rpe of facial wakness; underaetivit;r of 

tbe soft palate on the left; deviation of the tongue to the left; 

diminished strength of the left sterno-mastoid and trapezius muscles; 

drifting and im.pai:rment of tbe left a:rm; diminishe d abdominal reflexes; 



d.owngoing plantars; caaplete bemianesthesia for touch, pinprick as 

well as po si ti on sense aJJd vibra tien sense on the le ft side; and 

gross cerebellar ata.x:ia of the lef't a.zm. and to a lesser degree of 

the lef't leg. An impressiœ of acute compression injur;y of' the chest 

with multiple fractured. ribs and. p:1eumothorax and. multiple brain stem 

contusions vas made • 

Skull -;,.rq did not reveal any evid.ence ot fracture nor signa of' 

intracranial lesion. ;x;..ray of' the cervical spine did. not show any 

evidence of fracture or dislocation. .x-ray of' the thoracic spine 

and. ribs revealed. no evid.ance ot fracture or dislocation of the 

thoracic spine but fracture ot the left 6th and. 7th ribs 11&8 d.emans

trated.. Chest x-ray revealed. a. }Jleumothorax localized. to the lateral, 

inferior and medial aspects of' the lef't base with secondar;y partial 

collapse of the lef't lower lobe. Pneumoencephalogram showd. no obs

truction to cerebro-spinal fluid circulation and no evidence of any 

spaee occupying lesion. Electroencephalogram showed abnor.mality in 

the rigbt centro-tem.poro-parietal regions mich was consistent with 

the existence of' sligbt cerebral damage to this area. 

Routine hematologie examination, urinalysis, blood chemistr;y1 blood. 

serology and cerebro-spinal fluid. e:xamination were normal. 

Otolacyngology was consulted. Bxcept fer the above findinga, &m' 

f'inclings were not remarkable. A.udiogram revealed. hearing to be normal 

in the speech range and a sud.d.en drop of hearing at 4@ eps in the 

left ear, about 40 d.b neuro-sensor7 loss, and. a slight drop of' about 

10 db at 4000 eps in the rigb.t ear (see Fig. 24). Electronystagmo

graphy revealed. spmta:neous D;Tstagm.us to thelef't; altemate cold and. 

hot calorie stimulations showed bilateral hyperactiTe labyrinthe with 

ma.rked directic:nal prepond.erance to the lef't (see 'l'ables IV - X). 
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A conservative management was given while he was in the hospital . 

His condition improved remarkably. Dysarthria gradually disappeared; 

left facial wealmess gradually recovered; cerebellar ataxia. disap-

peared; sensation in the f ace was the first to return . He was dis-
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charged on the 27th of Januar,y, 1963. 
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Case No . 8 . c .• R. , 20 years old, single, \'lhite, male, seawaq 

laborer . On the 2nd of Februar,y, 196.3, this 20 year-old male, after 

drinking two bottles of beer in a night club, was struck on tœ jaw, 

feil and hit his head on the paveœnt and was kicked twice in the 

head . He was Wlcons cious for 5 ndnutes. On admissi on to t œ Royal 

Victoria Hospital Emergency Department, he was compl etely amnesie 

and disoriented as to time and place. He compla med of right frontal 

heada che . He had a laceration over the right occipital region 'Which 
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wa.s sutured. He was admitted to the Montreal Neurological. Institute. 

On admission his vital signs were stable but he was stlll confused 

and annesic. Physical exa:m:i.na.tion vas not remarkable. Neurological 

findings were negative. Skull 'ZI-tra:'f was negative. Ml. impression 

of cerebral concussion •s made. Routine hematologie e:um:lna.tion1 

urinal:ysis and blood serology were nomal. Conservative management 

for head injUI7 was given. Bllr exa:m:Jnations were not remaricable. 

Ja1d:iogram revea.led normal hearing in both ears. Blectroeystagmogra

pby done on the 4th and 5th of i'ebruar,y, 1963 revealed transitor.r, 

position-fixed., positiona.l nyBtagmus to the left in the head.-hanging 

position; altemate cold. ani hot calorie stimulations showed bilateral 

hypoactive labyrinthe. 

case No. 9. G. :a., 23 years old., single, lllb.ite, male, machine 

operator. This 23 year-old. male lBS involved in a fight after 

drinldng beer on the 31th of Januar.r, 1963. He wu hit in the face 

and tell to the pavement libere he liaS kicked in the head. He vas 

unconscious for full 10 minutes. When he regained consciousness, 

his sensorium. was clouded; he had nausea, v<llliting and head.acbe. He 

was brougb.t to the Royal Victoria Hospital Bm.ergency Department. Fby

sical eD.JDination revealed normal aDi stable vital signs; contusion 

and abrasion over the rigbt occipital area; blood clots in both nos

trils; swollen lips; and a. 6 x 6 aas. tender, discolored. swelling 

over the rigbt costa-vertebral angle. Other }ily"sical findings wre 

negative. He was admitted. to the Montreal Neurologiœl. Institute. 

Complete neurol<fl-cal e:x:amination wa.s not remarkable. Skull -z,..ray 

revea.led. a hairline fracture running across the mid-portion of the 

right parietal bone latera.l.ly; there was no evid.ence of aey expand.ing 



intra.cranial. lesion. Chest x-ray and ;x,.ray of the neck were not 

remarkable. Routine hematologie e:xandnation, ur:inalysis and blood 

serology wre nonaal.. An impression of cerebral concussion with 

right parietal bone fracture "WS.s made. A conservative management 

for closed head injury wa.s follo-wed. He complained of postural 

vertigo on sitting up on the following day. ENT e:xamination on 

the let of Februar,y, 196.3 was not rem.arkable. Aludiogram revealed 

bilateral normal hear:ing. .ilectronystap.ogr&}Xly revealed unsus

tained, posi tion-fiJœd, posi tional nystagmus to the right in the 

sitting up position and in the head-hanging position; al.temate 

col.d. and hot calorie stimulations showd. profound bilateral. canal 

paresie (see !ables IV • X). 

Case No. 10. H.K., ,36 yea.rs old, single, ~te, male, cleaner. 

He fell from a steep fligbt of stairs on the 29th ot December, 1962. 

He waa unconscious for approxima. te !y one hour. He had been drinking 

prior to the accident. He was admitted to the Montreal Neurological. 

Jnstitute. When he wa.s seen, he wa.s conscious but confused. His 

vital signa were normal and stable. He had a right tronto-parieto

temporal scalp hema.toma ani rie11t periorbital hematome.. He had. 

epistaxis and. rigbt hemotympanum. Asymmetry ot the face was noted 

Wicb wa.s attributed to swelling of the rigbt side of his face. 

Other neurological. findings were negative. X-ray ot the skllll re

vealed right fronto-tem.poral comminuted fractures; anteriorly the 

fracture entered the right frontal. sinus and the ethlooid air cells, 

lllhile posteriorl.1' it entered tbe r.i.ght mastoid; the r.i.ght mastoid 

air cells, the right frontal., ethmoid, sphenoid and maxil.lary" sinuses 

were tota.lly' tilled l1IL th blood and/ or cerebro-spinal fluid, mile the 
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lett pa.ranasal sinuses were pa.rtiall.y filled; the left ma.stoid wa.s 

clear. X-ray of the cervical spine was normal. X-ray of the right 

wrist rewaled a Collets fracture. He also bad a CODIDinuted frac

ture of the left 2nd metacarpa.l bone. Ghest x-ray and x-ray of the 

thoracic spine were no:nual. An impression of head injury with mul

tiple comminuted skull fracture, a right Colle' s fracture and com

minuted fracture of left 2nd metacarpa.l bones was made. Routine hema

tologie examination, uri.nalysis and blood serology wre normal. Blec

troencepbalogram sb:>wd sane depression of cortical activity over 

the le ft hemisphere poster.:l.orly. Conserva ti ve management was given. 

for his head injury. Right peripberal t;rpe of facial paley lBS noted 

on the 2nd hospital day. His hearing in the risht ear lBS noted to 

be down on the lOth hospital day. Otolazyngology vas consulted. lill 

uam.i:nation rewaled. : right hemotympan'UIIl; Weberts test wa.s lateral

ized to the right ear; minimal resid.ual righi# facial paley; no evi

dence of spontaneous nystagmus; nasal findings wre not remarkable; 

other BNT findings were negative. An impression of longitudinal 

fracture of the right petrous temporal bone with invo1vement of the 

rigbt facial nerve was made; the facial paley bas improved considera

bly. A repeat -z,.ray of the parana.sal sin uses and the mastoids on the 

l7th of January, 196.3 revealed residuel mucosal thicken.ing in the 

paranasal sinuses and in the rigbt mastoid air cells; there was no 

air-fluid level. .A.udiogram on the l7th of Januar;y, 196.3 revealed 

slight to moderate conductive hearing loss in both eara, worse in the 

right ear, and a sudden drop of hearing at 4000 eps and 8000 eps of 

neuro-sensory type in both ears (see Fig. 25). llectronystagm.ograpJv 

on the ].5th of January, 196.3 revealed spontaneous nystagmus to the 
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left; alter.nate oold and hot calorie stimulations showed bilateral 

fairly weil functioning labyrinths and marked directional prepon

derance to the left {see Tables IV- X). 
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Fig. 25. 

Case No. 11. P. A., 22 years old, white, femala, nurse. She 

was involved in a car accident on the 9th of February, 1963. She 

struck her head, right side of her jaw and right shoulder. She bad 

only momentary loss of consciousness but complete amnesia about the 

accident. She complained of frontal headache, pain in the ri.ght side 

of her mandible and severe pain in the ri.ght shoulder wi.th limitation 

of movements due to the pain. She was brought to the Royal Victoria 

Hospital Emergency Depa.rtment. On e.xamination her vital signs were 

nonnal and stable. She had an abrasion over the right frontal re-

gion, bruises and tender.ness over the ri.ght aide of the mandible, 
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and pain on movem.ent of the right shoulder; there was no deformity 

of the shoulder. She wa.s admitted to the Montreal Neurological 

Institute. Complete neurological f'indings were negative. An impres

sion of mild cerebral concussiœ was made. X-ra7 of the skull, shoul

der and chest were normal.; there wa.s no ev:kience of fracture. Routine 

hematologie examinatioo., urinalysis and bl.ood serology 111ere normal. 

Conservative management for head injur7 was a.dministered. She had 

a.lwa.ys been in good health. She never had any ear, nose and throa.t 

probl.em. There vere no symptoms referrabl.e to the ear after the 

accident. ENT findings were not remarkabl.e. Audiogram done on the 

13th of February, 196.3 showed bilateral normal hearing. Electranys

tagm.ograJ:hT on the llth of February 1 196.3 revealed unsustained, posi

tion-fiJœd, positiona.l n7Btagmus to the l.eft in the hea.d-hanging posi

tion, associated ld.th marked dizzinesa; repeated electranystagm.ograpby 

on the 1.3th of February, 196.3 (2 days later) failed to elicit arq 

positional nyeta.gmus and vertigo; alternate cold and hot calorie 

stimulations revealed bilateral fairly wll functioning labyrinths 

with marked directional preponderance to the l.eft (see Tables IV -X). 

CaM No. 12. B..C., 16 years old, single, white, male, 1tudent. 

He vas hit by one of his mates with a coca cola bottle in the right 

te:m.poro-occipita.l region on the 16t:.h of February, 196,3. He lost his 

consciowmass immediately, and whc:t he regained his e»nsciousness, he 

lapsed into une»nsciousness. This la.sted for one hour, and he had 

profuse vomiting severa! times. He was admitted to the Montreal 

:Neurological Institute. On admission, he was conscious and full.y 

a.lert. The vital signa were stable and. normal. Pb7sica.l examination 

revea.led : a hem.atoma. in the right tem.poro-occipital region llbich wa.s 

quitle tender and .O.uctuant; multiple smalllacerations of the right 
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pinna; other phy'sical .findings were negative. Complete neurological. 

enmination was negative. X-ray of the sk.ull including the temporal 

bones and of the chest was normal; there was no evid.ence of fracture 

or expanding intracranial lesion. An impression of cerebral concus

sion vas made. Consel"V'ative management for closed head injury was 

followd. He had. no com.pla:ints in the ear since the accident. Bllr 

examinations were negative. .A.udiogram showd bilateral normal. hearing. 

IClectronystagmograJ:by on the 18th of Februar,r, 196.3 revealed unsus

tained, position-fixed1 positional nystagmus to the left in the head

hanging position; alternate cold and hot calorie stimulations sholled 

fairly good responses fran both labyrinths with slight directional 

preponderance to the lett ( see Tables IV - X.) • 

Cue »o. 1.3. .A..s., .39 years olà.1 m.arried, 'White, male. This 

.39 J78ar-old male was involved in an automobile accident on the 14th 

of Decem.ber, 1962. He was throm out of the car atter the cars crashed. 

Howwr, he 168 cœpletely amnesie of the accidmt. He was brought 

home, and the next day he fe1t fine except for dizziness 'Which he dee

cribed. as if he would fall am bad. to grab on to saaethina. On the 

16th of December 1 1962, he developed sewre mid-frontal headache. 

There was no nausea or vœdting. The headache was persistent and 

aggravated 'b7 light. His dizaine as would re cur everytime he tried 

to lift tbings or lilen be lay on his right sid.e with the ey-es 1ooking 

upward.s. He wa.s admitted to the Mcntreal Neurological In.stitute on 

the 19th of December, 1962 upon recommandation by a doctor. On 

admission, pb.Tsical examïnation revealed : B.P. of ll0/70; pulse, 64 

per minute; respiration, 20 per minute; temperature wa.s normal.; in

ability to ait up in bed due to limitation of :flexion of the lum.bo-



sacral spine; other physical findings wre negative. l'eurological 

eJœ.ndnation was negative. A lum.bar puncture showd the pressure 

of the cerebro-spinal flu:id to be normal but the fluid wa.s :xantho

chra:aic; mio.roscopic examination revealed the presence of 4000 rbc/cu 

mm.. a.Dd 250 lice/cu mm; protein and sugar wre normal; Pand7 was 

negative. Skull x,.ra:y did not show aD7 evidence of fracture or any 

evidence of intracranial expanding lesion. X-rays of the chest and 

lumbosacral spine were not rema:dc:abl.e. nectroencephalogram revealed 

minimal depression of electrical activ.i.t;r over the right hemisphere 

'Which could be related t.o risjlt sided sub-dural collection of fluid 

or cortical contusion; howver 1 the signifi eance was uncert.ain and 

could be within normal limita. An im.pression of cranio-cerebral 

trauma w:i.th cerebral concussion ani mild cxmtusion with mbarachnoid 

hemorrhage was made. His subseq1ent course in the hospital was 

uneventful. He was discharged. from the hospital on the 24th of Decem

ber, 1962 slightly im.proved.. He was seen again on the 14th of 

February, 1963. A.t this time he bad no neurologi cal or other com

plainte. The dizz;r spells bad disappeared. about two weks. He never 

bad a.ny ear., nose and. throat trroubles. There -.a no history of 

exposure to intense noise. &N'l' eaminations vere negative. Audio

gram on the 14th of February, 196.3 revealed bilateral sudden drop 

of hearing., neuro-sensor;r type, at ,3000 eps, 4000 eps and 8000 eps 

(see Pig. 26). Speech audiœœtry was normal. Electronystagmography 

on tœ 14th of !ebru.a.r;r, 196.3 revealed. susta.i.œd, position-tixed, 

positional n;rstagmus to the lett a.ssociated w:i.th severe dizziness 

in the hea.d-hangi.ng position; altema.te cold and hot calorie sti.mu.

lations showed marked canal pa.resis of the rigbt la.by'rinth and 
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normal response from the left labyrinth (see Tables IV - X) . 
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Case No . 14. G-.M. , 56 years old, s:ingle, white, female, secretary. 

She was struck by a car on the 8th of January, 1963. She was knocked 

dom and struck her left hip and her head. She was unconscious for a 

few seoonds . Except for pa:in in the lower back and left hip, she had 

no other neurological complainte . She was admitted to the Boyal Vic-

toria. Hospital . On admission, pbysical exam:i.nation revealed : fully 

conscious; oriented; B. P. of 100/68; pulse, 84 per minute; respiration, 

18 per minute; a 3 x 3 ems . fluctuant hematom.a on the occiput with a 

small laceration; tender hematoma over left later al hip with limitation 

of movement of the le ft la g . The re were no abnormal neurologi cal fin-

dings. Other physical findings were negative. X-ray of the skull 
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showà. a soft tiesue swlli.ng over the Yertex of the skull; there 

wa.s no evidence of fracture. X-ray of the pelvis showeà. fractures 

of the super::lor and interior rami of the pubic bone on the lert aide 

with minimal displa.ceœnt; possible fracture through the a.cetabulum. 

ConserYatiw management for the fracture was given by the orthopedie 

surgeon. 

On the jrd. hospital day she d.evelopeà. milà. frontal headache am 

vertigo. She haà. dizz:i.ness when she turned her head quickl.y. There 

was no dizziness on lying do1111 quiet~. She had no nausea. or vomiting. 

Neurosurger,y and Otolaryngology were consulted. Bight Bottle's sign 

and peri-orbital ecchymosis were described. There -were no other neuro

logical deficits. A.ccording to the opinion of the neurosurgeon, the 

Bottle•s sign and the orbital ecchym.osis were suggestive of basal skull 

fracture; howewr, there was no evidence of intracranial lesion. She 

newr had any aar, nose and throat problems prior to the accident. 

She now ha.à. interm:Lttent momentar,y attacks of dizziness wbich usua.J.ly 

disappeared lilen she lay still; she haà. no hearing impa.irment or tin

nitus; ENr find.ings wre not remarkable. A.udiogram revealed no sig

nificant loss of hearing in both ears. Ble ctronystagmography re'Vealed 

spontaneous ny'Stagmus to the left; alternat& cold and hot calorie 

stimulations showed slightily to moderately hy-poacti Ye right la.byrinth 

and normal.J.y functioning left labyrinth and sligb.t directional pre

ponderance to the le.tt (see Tables lV - X). 

Case llo. 15. G.D., 10 yea.rs old, single, white, male, student. 

This 10 Ja&r-old boy .tell wbile he was skating on the ].4th of Peb-
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ruar.r, 1963 and bit his head. Be lllli.S uncan.scious for 10.15 minutes. 

Uter rega.ining can.sciousness, he ha.d complete amnesia. for the acci

dent. Be wa.s brought home, and he started to com.plain of left tem

poral headacbe, photophob~ dizziness and :œ.usea. He vomited several 

times. He was then brougb.t to the Montreal Neurological Institute. 

On admission, his vital signs wre no mal and rema.ined stable. Phy

sical e.xamin.ation revealed a tender hematoma over left parietal area; 

other physical findings were negative. C.omplete neurological e:xamjna

tion failed. to elicit any neurological deficit. He com.pla:ined mucb 

of dizziness, especially on change of position. Be never had a;n:y ear, 

nose and throat problem. There wa.s no t.innitus nor any hearing im.

pairment. kr, no se and throat findings were not re:markable. Skull 

:;r.,.rq did not show any evidence of fracture or any eJqlëUlding intra.

cranial lesion. Chest x-ray wa.s negative. Routine hematologie examina.

tion, urinalysis aDi blood serology were normal. lUectroencephalogram 

revealed mild disturbance in the occipital region mich wa.s stated as 

a comm.on occurrence in children following mild head injury. Â'!ldiogram. 

revealed perfectly normal hearing in both ears. EJ.ectronystagmogra;by 

showed unsusta:ined, position-fixed positional nystagmus to the left 

in the head-hanging position, associa.ted with vertigo; altema.te cold 

and hot calorie stimulations revealed both labyr.inths to be normal. 

Case No. 16. C.:.P., 49 years old, single, white, female 1 nurse. 

She was involved in a car accident on the 9th of February1 1963. Sb.e 

struek ber head, and she wa.s unconscious for 4-5 m:inutes. On regain

ing ber consciousnese she wa.s confused. and amnesie lfith respect to 

the accident and other past events prior to the accident. She was 
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also disoriented as to place and person. She complained of slight 

dizziness and headaclle. She bad no nausea or vomi ting. She l!BS 

brought to the Royal Victori~ Hospital Emergency Departœnt. On 

examination, the vital s:igns l!lere nonnal and remained stable. There 

was sane tenderness over the right zygoma am over the left occipital 

region. Other physical f:indings were not remarkable. She wa.s ad.mitted 

to the Montreal Neurological Institute. Neurological examination was 

negative. An impression of moderately severe cerebral concussion was 

made. X.-ray of the skull and the chast 111as negative. Routine hema-

tologic examinaticn, urinalysis and blood. serology were normal. She 

never had any ear, nose and throat trouble. ENT i:'.ingi.nga were not 

revealing. Audiogram reve ale d a suclden drop of hear:ing at 4000 eps 

am 8000 eps in both eara {see Fig. 27). SlSI test 111as positive for 

recruitment. Electronyatagmogra}ily on the llth of February, 196.3 
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1.3.3 

revealed marked unsustained, position-tbœd, positiœal nystagraua to 

the righ.t associated with marked vertigo in the sitting up position 

with the head tuming to the right and in aU the head-hanging posi

tions. 1llectronystagmograph7 repeated 2 da;va later tailed to elicit 

any more positional :rqstagœ.us and. vert.igo; altemate cold and hot 

calorie stimulations showed a œœally functiming right lab7rinth 

and a hyperactive left labyrinth; the record (nystagm.ograph) of the 

left hot stimulation wa.s not completed because of severe nausea and 

vomiting 'Which occurred about 80 seconds atter stimulation (see 

Tàbles IV - X). 

Case llo. 17. R.B., 19 years old, single, white, male, warehouse

man. This 19 year-old male was involved in an automobile collision 

on the llth of J'ebruary, 196,3. He was tound unconscious. On the trip 

to the hospital he regained consciouaness. He was brought to the Ro

yal Victoria Hospital Bm.ergenc;y Depart:.ment. He bad no neurologi.cal 

complainte. On e:xandna tion, the vital signs were normal. fhere was 

marked swlling of the rig1:d.; eye vith eubconjmctival ecchymosis; eome 

bru.ises on the face wre noted. Other physical findings were not re

mar.kable. Be lBS admitted to the Montreal Neurological Institute. 

Crepitation and tendem.ess of the left frontal area were found. Com

plete neurological examinatim was negative. 8kull ;x,.ra;y revealed a 

simple left frontal vertical fracture which e:x:tended across the post

erior wall of the left frontal sinus and probab~ also into the right 

ethmoid regim; t.be left frontal sinus and the right ethmoid cells 

wre clolldl'; fluid level in the lef't frontal sinus was demonstrated. 

J'racture of the right fronto-zygomatic suture was suspected. Chest 
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»-ra;y wa.s negative. Routine blood and urine examinaticns were normal. 

An impression of left frontal bone fracture vith cerebral concussion 

was made. C.onservative treatment for closed head. inju.r,y wa.s given. 

Audiogram. revealed bilateral normal hearing. .llectronystagmograJ:ÏlY 

revealed occasionaJ. spontaneou.s ~us to the left; alternate cold 

and hot calorie stimulations showed sligbtly hypoactive left labyrinth 

and nor.m.al.ly functioning right labyrinth, and directianal preponderance 

to the lef't ( see Tables IV - X) • 

Case Ho. 18. :a.c., 56 years olà., male, married1 lèdte, elevator 

man. This 56 7ear-old. male slipped and fell on the 2Sth ot Februar,y 1 

1963, hitting his left occipital region. He wa.s unconscious for 

approximately 3 hours. He was brought to the Royal Vici#oria Hospital 

.Emergenq Department and wa.s admitted for observation. On regaining 

consciousness he com.plained of bifrontal headache. His vital signs 

remained stable, and sligb.t bleed.ing wa.s noticed in the lef't ear. 

Physical uaminations and neurological exa.minations were not rem.ark

able. EHr examina. tions revealed blood in the left extemal. auditory 

canal, otherwise the other find.ings were negative. Skull »-ra:y was 

negative fa: fracture. He was discharged on the ne:xt dq'. Sin ce the 

accident he bas been trouëled with some hearing losa in the left ear, 

postura.l vertigo, espscia.ll.Jr on lTing dom on his left sid.e1 on sit

ting or standing up frcm the supine position, and on bending his head 

backwards, and occasional episodes of hea.dache. The re was no amnesia 

or other mental changes. 

He never had any vertigo or any Elfi' troubles prior to the accident. 

He came to the Neurology Clinic on the l.4th of March, 1963 for the 
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above complainte. Repeat examina tien did not reveal any neurological 

deficit. A. repeat skull XJ-ray showed a transverse fracture of the left 

petrous temporal bone extending backwards to the occipital bone. Elec-

troencephalogram. was nonnal. He was referred to the Otolaryngol.ogy 

Clinic. ENI' exam.inations revealed slightly dull tympanic membranes 

without any evidence of perforation; other findings were normal. There 

was no gross evidence of spontaneous nystagmus. There was no stagger-

ing or incoordinaticn. A.udiogram revealed bilateral neuro-sensory hear-

ing loss with an average of l.7 db in the right ear and 25 db in the left 

ear in the speech range, and worse in the higher frequencies, particul&P 

ly the 4000 eps and 8000 eps frequencies (see Fig. 28). SISI test wa.s 

positive for recruitment in both ears. ElectronystagmograJ:hy reveal.ed 

transitory fo:nn of position-fi.x.ed positional nystagmus to the left in 

tœ sitting up position and in the head-hanging position; altemate cold 

and hot calorie stimulations showed marked directional preponderance to 

the left, otherwise both labyrinths -were fairly active (see Tables J!{ -X). 
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IV. Besults. 

A. Control. 

table I 

' 1 ' f 1 t 
t ' Spontaneous t 1 Directional t Pure !'one 1 

• t NY&tapus ~ Positional ll!twua ' Preponcierance • &udiometrx t 
• • to t to t Supine t Sitting up tBe&d-bangipgt. to ' to '· t t. 
a •R:iJùlt • Left •.:ror.tRt.tLt.~lor.tRt.tLt.•.For.•Rt.tLt.• K:1&ht t Lett • Nor. t Abn. t 
r 1 • 1 • • •- 1 1 l 1 1 1 1 • t t 
1 No. ol t 3 1, 3 • 0 • 0 '· 0 '· 0 t 0 1 0 1. 0 ' 0 t 0 •. 4 • 4 t 19 1 0 1 
r cases 1 t 1 1 1 ~ '· 1 ~ ~ 1 ~ t t 1 t 

Legend 1 For. 
Bt. 
Lt. 
Nor. 
Abn. 

: head forwa.rds. 
: head tuming to the right. 
& head tunùng to the le ft. 
~ nor.mal hearing. 
: abnor.mal hearing. 

Tabulation of the Occurrence of Spontaneous N[stapus, Positional llystap.us, Directional 

Preponderance and Hearing fèsts of tœ C.ontrol.a. 

t:; 
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Table n 

t 1 1 • ' 
1 ~ Bd.ght 1 Le.tt. ~ Bistm 1 Le.tt 
' '· &old a 30°C • Cold a 30°e. • Hot. a 44 °C • Hot. s 44 °C 

1 
1 

t t ' 1 • ' ' t Duration 1 Jlean t 176 ' 168 t 163 r 165 ' 
' in • ' ' ' ' 

1 

t §econd.s tSt;d. Deviation 1 22,6 t 23,2 1 27,6 t ZZ,Q 1 

' • • 1 1 1 1 
t Latent. Period r Mean t 22 t Z7 ,8 1 31,J. 1 2.ft17 1 

' in ' • ' 1 ' 
t 

' Seconds ISt;d, D.eviation • 11.4 1 16,0 1 13•.3 t 15,3 
1 1 • 1 1 ' 
t Total Nl:Dber t Mean 1 191 t 178 1 183 t 3)7 

1 

~ ' -.:1 

' 1 of 1 t 1. • 1 1 

1 N.tstaBjl!lU! Beats ISt.cl. Deviation 1 76,2 1 67.0 1 64.7 t 83,9 1 
• 1 t 1 ~ 1 ' • Total Amplitude t Mean t 2332 t 2080 1 2089 t 2377 1 
1 in 1 • 1 1 t ' 1 D.egrees '§t.d. Deviation 1 896 t T/8 t 981 t 11.58 1 

1 r 1 1 1 1 1 

1 Maximal Intenaity 1 Meen r 36,8 t .31,2 • 38,3 t 49,3 1 

1 :in 1 r 1 • 1 1 

' Degrees/Second •std, Deviation t 16,1 ' 13,7 ' 20,7 t 27,5 1 

Tabulation of the Mean am Standard Deviation of the Controls, 



Table ni 

1 1 ' 
1 t V..stibular Sensitivit:r t Unidirectional Sensitivitr • 
• 1 t 1 t ' 

1. t :Rie:ht. t X.tl; '· B.ight-beatin& • Lett-beating t 

t 1 ' ' • 1 1 

' Duration ' lean 1 lltO 1 334 '· 332 t 34l. r 
1 in • 1 1 1 1 t 
1 Seconds ' Std. Deviation 1 29,9 t 28,2 1 4(?.3 t 43 r 
' 1 t t •. ' 1 
t Latent Period • Mean 1 53 t 52 t 59 t 47 t 
1 in 1 ' 1 1 t 1 
1 Seconda t atd. Deviation t 19,3 1 27,5 1 ?:'/,9 t 22.;. t 

' ' t '· 1 t 1 
t T.otal Hœlber t Mean • 374 t 385 t 36J. 1 398 1 
1 of 1 1 t 1 1 1 

t N.ystapus B&ats t std. D.eviation 1 126 1 134 1 1.25 t 151 1 
1 1 ' 1 1 1 1 

• Total Amplitude • Mean 1 4417 t 4457 1 4169 t 47'8 t 

1 in t 1 1 ' t ' 
1 Degrees 1 Std. Deviation t 169.3 1 1669 t 1558 t 1850 t · 
1 t 1 1 1 1 1 

t Ma:rima.J :rntensit;y t Mean 1 75.1 1 80,6 ' 69,5 1 86,2 1 
1 in 1 t 1 • • ' 
1 Degrees/§!cond t Std. Deviation t 33 .5 1 39 .l 1 33 ,6 1 4l.l t 

Tabulation of the Right/Left Testibular Sensitivity and the Unidirectional Sensitivitz 

(Right-beating Nystagmus and Left-beatin& Nystagmus) of the Controla. 

~ 
<» 



B. Head Injur,y Patients. 
Table lV a 

' 1 1 1 1 
1. 1 t Spontane eus Nystae.mus '· Posi t 1ona1 HrstaBJllua 1 
1 ISubjectivet 1 r SU.tdne Position 1 Si.tting-u]) PositiontHead-hanging Position' 
'W'~'W' .. 1 

1 
r 
1 
1 
t' ,. 

r ' • 1 
l' 

1 
t' 

' ' • 
1 

l 
2 

l 
' 
b , 
8 
9 

lO 
ll 
l2 
13 
14 
l 
11) 

t . l' 
18 

t 

1 

'· 1 
1 
1 

~ 
1 

' 1 

' 1 
1 
1 
1 
1 

1 

' 

---.. ---- -- ~·-.j. 1. .. 
.j. ' -,. 

' ... .. 1 -,. 1 .. - 1 .. 
- ' -- '· -
"' 

1 -- 1 ... ,. 
' -- t .. 

.j. t. -
" '· .. 
.j. ' -
" 1 -- 1 -
~ r ... 

Legend 

Note 

-- --- For. tftigh t • Left r lor. t Rimt • Le tt. t i'or. • Bimt • Left t 
1 
1 

' ' ' 1 
1 

• 
1 

'· 1 

1 
1 
1 

' 1 

• • 
: 

.j. ,. 
;. ---,. .. -
" --.. 
" .. 
... 

" -
.; -Il 
L 

• 1 

t 
~ 

~ 
1 

• t 

' ' 1 

• 
t 

• 
• 
1 

.. ... 
--.. ---

- 1 - 1 - 1 ... 1 - ' ... 1.-'TTaL t -- 1 - 1 - 1 ... ' - 1 .. t ... 1 ... - ' - • - ' .. 1 - ' - 1 .. ' -- '· - •• .. 1 .. ' - ' • 1 - ' -
.j.Ib 1 .f.Ib 1 -"Ib ' "lb 1 - 1 -'lb 1 - t -- ~ - t.j.IIbL 1 - ' .. '-'nhL I,J.IlbL 1 -- 1 .. 1 - 1 .. t - ' .. t ... t -- t - 1 .. ' - ' • ' - 1-'TThY. I.J.IIbL - 1 - ' - l,.j.IIbR. I,J.IlbR 1 - t61TbR l.j.IIbll. .. • - 1 - 1 • • - 1 .. '· - • -- 1 - 1 - 1 - 1 .. ' ... 1.4:1ThT. 1 -- 1 - t - 1 - 1 - ' - ~ .J.IlbL '"IIbL - 1 - 1 - 1 - t - 1 - l.f.Ila.L 1.J.IIaL - '· - 1 - 1 - f ... ' .. 1 - 1 -- ' - 1 - 1 ... ' - 1 - '"IIbL 1 -- ' - t ... t.f.IIbR 1-'TTbR t - t.J.IIb& I.J.IIbR. .. • ... • - ' .. ' - • - 1 ... 1 -- 1 ... 1, ... •.J.IIbL t .. '"IlbL l.f.IIbL 1 -

positive or present 
negative or absent 
to the richt 
to the l.eft 

; I : position-cbanging PN 
; II • position-fixed PN 
; a : sustained 
; b = Unsustained 

PN : posi tional nystagmus 
: AU poti.tional nystagmus elicited were associated ldth vertigo. 

• - 1 

1 .. 1 
1 .. 1 
1 - ' 
' - 1 

I.J.IlbL 1 

• .. 1 

' 
a -1 .. 

1 -
' -1 -1 -
1 -
I"IIbL 
t . .J.IIbll 

• -t4TTbT. 

Tabulation to Show the Occurrence of SUbjective Di.zziness, Spontaneous Nrstae;mua &lld. Positional 

NY'sta.emus md Its Characteristics in the Head Jnjured Patients. 
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Table IV b 

t 1 Directional t 
'· 1 Preponderance '· Closed Skull Fractures t Pure Tone 

t t 
1 1 

1 

• 
• Cases r to Right t . to Left ~ Tempora.l Sone t Other Cranial Bona ' J.udiometry t SISI_ 'lest t ESG ' 
1 
1 

1 

' ' 1 
1, 

1 1 .. t .,.. 1 negative ~ neaative 1 slimt P-L 1 not donetnot done 
2 1 - • t/tJ. •. neaative t. negative ~ . profound P-R 1 not donal not dona 
. J r .. t ,j..J. t .J. R trans. t .J. muJ.tiJ)la 1 '1'-R t not dcne t not dene 
4 t • t • 1 neaative t neaative t severe P-R:'l'-LI not cbnet not d.one 
> t ,;. t - 1 negative • negative t sliJùit, P-L t ~ recruii not dona 
) 1 - • • 1 neaative t neaative 1 bU. severe P t not d.one' not dona 
7 t - t j,j, 1 negative 1 negative r slùht P..L t not done • abnor. R 

• ·v ~~ - ,.... ••vp...,....., ,..., ••vn--... ,.. ..,. -"""'• ....,..__ ... ,., ., ~ ... ·-
1-... ... ........ -' "'- • ... .... - .... 
. ' ~ - --n--·- 'i ... r:----- - --- -- --- -----

1 -- - .. ' 1 ... 1 - ... • • - - • .. .... .... • .... - - - , t __ ,.,. (.. 1 .. .. 1 -

......, -; - = '71 - r ... ... ~wow.• ... r AU.~ v.:- y=- ~· - ....... v w.. • ,,.::---·=' ~ ••'-'• '7,..,.._ ~ -~"-:' .. 
1 ....... - rr --o--.... ·- ·-o---·· .. --- _,_...._ ... --- ---t - - - - • - . . . . . • -- • . • - . • 

~ ....,. - -- _.._,.a~-.... ,.,. ·-ca............ --· ·~a= ""''V-- • _._...,_ ._,.,....._- ··"""'- ~·· 
r 14 t • t é t negati va r negative t H t not dcne ~ not done 
t - - • • - . . - . • - - - . • • --· • .. -
• ...- ~. - - .. ...,Q_.V" .... 'I''W' ~a ... ,..,...... ----· ........ ,.,... _...,. __ • r --~ ........ -v• .....,_,..,. --1 - . . . . . . . . . . -- . . . . . 

~ .... 1 . 
1 - 1 • 1 té t f: L trans. a f L-occipital t bil. high ---~ • . r ----- ...... - ----

Legend 1 R . H - no:zmal hear:ing 1 
.. 

t 
t 
1 

• • 
1 

L 
: right s irie 
s left sid.e ; p • perceptive {neuro-sensory') hearing 

Trans. = transverse fracture 
.Longi. : longitudinal fracture 
Becruit= racrui tment 

. 
' . 
' 

c 
'1' 

loss ... conductive haaring loss .. - total heari.ng loss -
Tabulation to Show the Occurrence ot Directional Preponderance, Skull Fractures, C.ochlear Function, 

Recruitm.ent Phenomenon and Electroencetba.J.op:aphic Findings in the Head J:njured Patients. 

t; 



Table V 

t Bight 1 Lef't 1 B.ight t Lef't
0 

1 !est. Sensitivity t Unidirect. Sensitivit;r t 

tC.a.sest C.old.~0°C 1 C:old.a.30°C t Hotc44°C t Hot:44 C 1 Ri&ht t Lef't 'Right-be&tinstLef't-beating t 
1 1 t .3 1 158 ' 192 1 294 1 552 ' 452 1 .3~ ' 654 f 
1 2 1 230 1 176 •. 190 1 170 1 420 ' .346 1 .3 1 400 1 
t 3 t no resp. 1 150 t no resp. 1 1.34 t no resp. 1 284 t ... t - 1 

t 4 • no resp. 1 no resp. 1 lOO 1 no resp. '· lOO 1 no respt - • • t 
• 1 8 ' 28 1 12 1 0 1 10 ' 6S t 00 1 8 1 
t 1 182 1 lOO r no resp. 1 no resp, 1 182 1 100 ·a • t - t 
t 7 t AP t 200 1 185 1 21.0 • 425 t 41.0 t 385 t 450 t 

1 s 1 125 1 200 a 110 • 180 ' 295 • 380 a rzo 1 305 • 
1 9 1 no resp. t 83 1 84 1 58 ' 84 t l4l 1 l7 t 58 ' . 
'. l.O t 170 1 154 1 140 t 174 t 3l.O t 328 t ~4 t 3M r t: 
1 ].].. • 200 1 lSO '· 185 1 190 • 385 1 370 1 3 5 1 l90 t J:.. 
1 l.2 1 200 1 l.6ô 1 l.'lQ ' lSO 1 370 1 .340 1 .330 • 380 '· 
, l3 1 . 1ss • 2os • 121 1 110 , M . ;zs 1 ,~ , 358 . 1 

• :u.. • 130 •. ~ a u6 a 124 • 24 • 2 s 1 2 1 254 1 
' 1g t 210 1 l f 220 • 240 1 930 '· 400 t .380 1 450 • 
1 i .1 166 r 240 1 210 1 vanitin,s 1 376 1 vcmit,t 450 1 vomitins 1 

' 17 1 l6ô 1 92 1 ll.2 1 l.66 t ?12 t ~8 ' 20lt 1 .326 1 
t l.S 1 193 t 95 t 108 1 172 t .301 '7 t 20.3 t 365 t 

Legel'li 1 'lest. : vestibular 
Unidirect. : unidirectional 
resp. : response 

Tabulation of' the Duration of C.aloric Reaction (Nlstapus) in Seoonds of' the Patients, 



Table VI 

1 

'cases•. 
...----· .. --------.. .. ........ ....-----· ------·---g ' 
-. .. llo ... - .... --. 'Il • • ,. • -- -· • • • 1 

1 1 1 

t = .... --:r ... =-~ .. --- - ::.: . ,,_ - !!!' • .c<=z ... Trr - • -- t ... 
1 

1 ,. .. ..,.. ---r:· ....., ·--c=· :zy ~ ---r· m= ... ..,.,. ---r · ~ 
1- .. -- ... '-·- .. -·- ... -·- ..... - -> . ...a. .. --· ... ·--

• • 
~ .,. cC:" _, •-.v • ,.._t'' -v • _...,.t'' ,.,., _, ...,, rf""' 
1 - - --· - --- .. --- - ....... _ .... __ , .. --- ... ,__ - --
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Table II 

1 R:ight. 1 Lett. t Bight t Lett. ..•.. t 
t ' Golda3aPC t Cold:3000 • Hot 1 4400 t Hot a 4400 t 

t 1 ' '· 1 1 1 
1 Duration t Mean. t 160 1 157 1 137 1 158 1 
1 in • f 1 • • • 

' Seconds ' Std, Deviation t 57,5 • 58,9 • 45,8 t 43 t 
1 1 1 ' f 1 1 

1. Latent Period '· Mean 1 27 ,3 • .32.8 1 45 ,6 • 26,8 t 
' in 1 • ~ • 1 1 
t Seconda 1 Std., Deviation t • • - 1. - t • 1 
1 ' 1 1 •. 1. 1 
1 T.otal Humber t. Mean 1 183 t 173 1 146 1 228 t 
1 of • t ~ t 1 1 ~ 
t :tly!tagm.us Beats 1 Std, Deviation 1 155 '· 139 t 102 ' 134 t 
1 1 • 1 t t 1 
t Total Ampli tude t Mean t 26.39 t 2.356 • 1085 t 3130 t 

1 in 1 t t '· ' 1 
t Degrees t std.. Deviation t 2155 1. 1874 ' l..lt47 1 2191 t 
' ~ 1 • 1 1 ' 
1 Ma:x::ime.l Intensity t Mean • .31,8 t 28.4 t 26,.3 1 42,5 t 
1 in 1 1, 1 • t ' 
1 Degrees/Second 1 Std, Deviation t 16,4 t 14,6 '· 17,6 • 19,6 t 

T&bulation of the Mean and Standard Deviation of Calorie Reactions of the Patients. 



Table .X 

t t ' t 
t '· 'festibular Sensitivitz • Unidirection&l Sensitivitz • 
t 1 1 1 Right-beat:ing 1 Left-beat:ing t 
1 t Ril,ht t Left 1 Nrstap.U& 1 NYstagmus 1 
1. t • • t t t 
1 Dura.tion 1 M!an ~ 298 ~ 305 l 294 t 33.9 t 

' in ' 1 ' ' ' ' t Seconds 1 Std. Deviation 1 109 ~ 132 r 89 1 118 r 

' ' '· • ' 1 ' 1 Latent Period • Mean t 67.4 1 57,2 1 71,6 t 48•5 t 

t in '· ' ' 1 ' t 
1 Seconds t Std, Deviation t - ' ... t - t .. t 

~ ' ' ' 1 1 t 
1 ~ot&l Number 1 Mean t .3.30 t. 405 1 320 t @6 t 
t of t • r ~ t t 

t Nzstapus Beats t Std, Deviation ' 223 1 256 ' 247 t 277 ' 
1 1 1 ' ' 1 . ' 
1 Total. Amplituds • Mean 1 4445 t .5524 t 4162 t 58.38 ' 
' in 1 '· ' 1 1 t 
'· Degrees ' std. Deviation t 3144 1 3493 1 3082 1 4457 1 
1 • t 1 1 1 t 
t M'&xima1 Intensit7 1 Mean t 58.1 1 70,9 t 54.8 t 7lu.3 1 

' in 1 • ~ 1 ' 1 
1 Degrees/Second t std, Deviation t 28,4 t 29,8 1 26,8 t .32,0 t 

'.l!&bulation of the Mean and standard Deviation of the Riebt/Left Vestibular Sensitivity a.nd 

the Unidirection&l Sensitivitz ot tJie Patients. 

!; 
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G. C:omparison of the Gra:çhic Representations of the Frequency Distribu
tions of the Magnitudes of C.aloric Reactions of the Controls and the 
Patients (Head Injury Cases). 

1. Dura.tion of Calorie Reaction (Nystagmua). 

12 

Il 

10 

9 

B 

>-
~ 7 
w 
::::> 
0 6 
w 
0::: 
LJ... 5 

4 

3 

2 

~ 
0 0 
z~ 

" a: 

12 

Il 

10 

9 

CONTROL SUBJECTS 

......... .. 
:- ·>-: -::-::- :- <· .· ·.· ·. · .. · .. · .· ·.· 

~~~~~~~~~~~~~~~ ~~~~~~~~~~ 

6666666666666666666666666~ 
w~~m~=~~~~~~~~~~~~~~~~~~~~ 

DURATION OF CALORIC REACTION {NYSTAGMUS) seconds 

Fig. z:;. 

PATIENTS 

g: r r:.r::: 
::::> 
0 6 
w 
0::: 
LJ... 5 

4 

3 

2 

:~ ~:}8 

I::r:h 
• 0 . 0 ••• • 

0 • 0 0 0 0 • 
0 •• ••• 0 • 

• • 0 ••• 0 

~) r:-: ·> <~-:- :-· :- ·>-: -: :-: 

1 .n :~ h -:: ':: ~: ::: ::: :: ::: :: :: :::m : 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:: 6666666666666666666666666 ~ 
~~ <Df'.C0(1)~=~~!~~~~~~N~~~~~~~ro~~ 

~ DU RATION OF CALORIC REACTION {NYSTAGMUS) seconds 

Fig. JO, 



2. Total. Nœnber of Nystegmus Beats. 
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4• Maxima] Intensity (I.wd.mal Slow Speed) of Nystagmus. 
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V. General Discussion. 

A. Statistica.l .lspect. 

The statistical data. of the magnitudes of the calorie reactions 

(the duration of the calorie reactionJ the total number of nystag

m.us beats, the total amplitude of nystagmus and the maximal inten

si tT of nyst&glllUS) of the C:ontro1 Group and the Post-tra'UIII&ti c 

Group (Head Injury Patients) were presented in 'r&bles n, ni, V, 

VI, VII, IDIJ IX and .X. Ordinarily, the an.al.y"sis of the data 

is done by using the standard mathematical technique. However, 

in the present investigation it was felt tbat the standard method 

of aaploying the t~test to determine the significance of differen

ces of meana and confidence limit tecbni<pes to ascertain the pro-

babilit7 of the Post-traumatic Group falling into the Control Group 

classification would have little value because of the small number 

of sampl.es in beth groups. A. graphie analysis of the frequeney 

distributions of the Control Group and the Post-trauma.tic Group 

(see !'igs. 29-.36) waa employed to show the significance of dit-

fe renees betwen the two samples. .Although the resulta were not; 

conclusive, a good indication of striki.ng dit .terence of the dis

tributions of the different parameters of tœ calorie reactions 

(the d.uration of the calorie reaction, tbe total number of nystag

m.us beata, the total amplitude and the ma:x:i.mal intensit7 of nys

tapus) between tbese two groups waa obtained. Genera~, the 

11spread0 of values was veey much greater for tœ Post-traumatic 
' 

Group (Head InjU17 Patients) and very .tew definite maximums could 

be determined. On the other band, it was quite obvious that for 

the Con\.fol Group a definite distribution witb well-defined 

maximums exi.sted. 



B. Diagnostic Aspect. 

1. Control Group. 

152 

The cœtrol group is composed. of 19 healthy normal young a.dults, 

most of th• are student nurses of the Royal Victoria. Hospital. Ou:t 

of the 19 control subjects, 6 haà spontaneous nystagmus shown by 

the electronystagmograJ:h and not by clinical e.xamina.tion; in 3 of 

these, directed to the le ft, and in J to the right (see 1'able I). 

All of these subjects with spontaneous nystagmus bad directional 

preponderance to the direction of the sponta.neous Iq'Stagm.us in a.t 

lea.st 3 parameters of tœ magnitudes of calorie reactions. Only 2 

out of the 13 control su.bjects without any demonstrable spontaneous 

nystasœus showed directional preponderance {see Table I). There

fore, S out of 19 control subjects or 42.1$ of the controle bad. 

directiona.l preponderance 1 and 6 out of 19 or :31.5% had sp<>~."1.taneous 

nystagmus. The direction of the spontaneous eystagm.us œ.d the 

directional preponderance ws equal.l7 di. vided. None of the 19 

control su.bjects bad positional Iq'Stagm.us with vertigo during the 

postural tests. 

The Jongkees ~ rule bas been used in tbt present investigation 

in the evalua ti on of directicnal preponderance. 

2. Head Injur,y Patients. 

1.. large proportion of the present series of head injuries caa

pl.ai.D.ed of vertigo, particularly postural. vertigo, either imm.ed

iately or sautime later after the skull trauma. This is also 

the observation of DJan1' authors as m.entioned in chaptu V. In 

the authorts small series of head trauma cases, 11 out of 18 

or 61.1 % had subjective canplaint of postural dizziness. 



Positional Dl'Stagmus associated tdth vertigo ss a very commoo 

occurrence in head tra1111a. cases. It was pre sent in 11 out ot l8 

cases or 61.1 ~ in the present investigation (see Table IV a) 1 and 

in most of them it was brougbt out in the head-hanging position 

during the postural tests. The most frequ.ent form of the positional 

:nystagm.us elicited in the authorts series as the so-called peri

}:heral type of positional nystagmus, i.e., position-fiJœd, transi ... 

tory po si tional nystagm.us. On1y l out of the 11 cases '14. th posi

tional nystagmus d.emœstrated the central type of positiona.l nys

tagmus (N;ylents Type I poaitional nystagmus)m i.e., position-changing 

positional nystagmus. However, in this particular case tœ positional 

nystagmus wa.s not susta.:illed. in cha.ra.cter. Irregular positional nys

tagmus was not observed in the present series. The presence of 

positional Dl'Stagutus w! th vertigo w.s consid.ered. pathological, re pre

sen ting sane disturbances of the vestibular system, even though the 

calorie reactions should. fa.ll within the nom.a l limita. The non

occurrence of positional nystagmus among the control su.bjects gave 

some support to this assum.ption. It shoul.d be em.}:hasized that 

postural tests are a nmuat• in perform:ing the vestibular tests in 

post-traumatic cases (head injuries) as the positicnal D1'Stagm.us 

might be the only abllormal fin ding present in spite or ne ga ti ve neuro

logical f:indings. This was demonstrated. in sever al cases in this 

series. The timing or performing the postural tests was likewise 

important; postural tests for post-traumatic cases should be carried. 

out as soon as possible 1 preferably tœ f:irst 24 hours att.er the 

injurr if the condition of the patient warrante' auch an exam:ination. 

More information probably woul.d be obtained. in this m.anner. It is 
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appropriate to mention here that 2 of the present series of post

tra.umatic cases demonstrated ma.rked. positic:nal nystagmus with m.a.rked 

d.izziness one day (within 24 hours) after the injur,y, and ldlen re

peated 2 d.ays later, positional nystagmus and vertigo could no longer 

be elicited. 

Spontaneous 117stagm.us (other than positic:nal nystagmus} was demons

trated. in 7 out of 18 cases or 38.$% of the series. On.ly one out of 

7 cases 'With spontaneous D7Stagm:as demanstrated both spontaneous nys

tagmus and positional nystagmus with verl#igo in the head.-hanging 

position. In the latter instance, the nystagmus in the head-hanging 

position wa.s aceentuated. in relation to the frequeney, amplitude and 

the maximal intensity of the nystagmus, and it was assoei&ted 'With 

marked d.izziness. In the other 6 cases, positiona1 nystaguus with 

verl#igo was not demonstrated. 'l'he direction ot the spontaneous 

nystagmus in all these cases was to the le:tt. 

Directional preponderance was present in 11 out of the 18 cases 

or 61.1% in the present investigation; 10 out ot the 11 cases, the 

d.irectional preponderance was to the left, and onl.7 one to the rigbt 

(see 'ltable lVb). Directional preponderance •s sho'Wil in aJ.l the 7 

cases with spontaneous nystagmus, and the direction ot the prepon

derance wa.s in the a-.e direction as the spontaneous nystagmus. 

Directional preponderance was present in 5 out ot the 11 cases wi. th 

posi tional nystagmus, and the direction of the preponderance was 

again towards the direction of the positional nysta.gaus. In case 

No. 5, the positional nystagmus was ot the position-changing type; 

however 1 it was most significant to the right, and the d.irectional 

preponderance was f ound to be directed to the right. In the present 
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investigation I wa.s not able to show a.r:rr correlation between the 

directional preponderance am the aide of the head injur;r ei ther 

by the clinicaJ. findings or b;r the e1ectroenceJhalographic findings. 

Of course, ~ a limited number of these cases bad electroencepha

lographic etudies. 

'l'he resulte or the altemate cold and hot calorie tests ld.. th 

electronyst.agm.ograpby' reveal.ed a wide variation of findings, ranging 

from. no response in seve.ral. cases to extremely hyperactive responses 

(seo 'fables V, VI, VII, Vlii, and l'ige. 29 ... 36) • The calorie react

ions of these cases most d.epended on the seYerity of the labyrlnthine 

da.ma.ge. 

Temporal bono fractures were demonstra.ted radiologicall.y in 3 

cases out of 18 or 16.~ in the series; one ld th longitudinal frac

ture and two w.Lth transverse fractures. One of the 2 transverse 

fractures of the petrous temporal bone "-as incanplete because the 

cochlear and the vestibular functions were retained, although there 

were evidences of disturbance of both di"Visions. The other trans

verse fracture was complete; both coohlear and. vestibular functions 

wre totally lost. In the case of the lmgi"tudinal. fracture of the 

petrous temporal bona' mixed hearing loss am facial palsy were 

demonstrated {see Table lVb). 

The cocblear function after skull traœa varied probabl;r ld th 

"the severity of the injury and the progressive nature or the damage. 

4 out of the 18 cases revealed severe percept! ve or neuro-sensory 

heari:ng loss to total hearing loss. In one of these 4 cases, the 

hearing wa.s slightly improved sanetim.e la ter after the in jury, and 

the vestibular funetion in this particular case lbich wa.s found 
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original 1 y (one wek atter the slo.ùl trauma) to be non-responsi ve 

to calorie stimulations showed. an almost complete recoveq two years 

later. ~ ot these cases without 81J:1' ra.diolog:lcal ev:idsnce of skull 

fractures showed. bilateral higb tone perceptive or neuro-sensory 

hearing loss with the peak at 4000 eps trequeney. SISI test (short 

increment sensitivity index) was perfC&"med in 3 cases l4. th some 

high tone œuro-sensor;r bearing loss alter skull trauma, and aJ.l 3 

cases wre positive for recruitment, ind.icating a peripheral lesion 

(aee Table IVb). 

The site of injuq. The opinions of Tarious au thora dif'fered. 

consid.erabl.y'; aome ascribed the damage atter slcull tralllla to a 

central lesion {at the vlc.inity of the vestibular nucl.ei) whUe 

othera attributed the lesicn to the peripheral end orga.ns. How

ever, up to now there •s no pathological proof to support one 

or the othel· contention. !'rom the present investigation, the 

clinical evidences wre in favor of a peripheral labyrintbine 

lesion for the post-concussiœal symptau; Schuknecht and Davison14.3 

reportied the same f:indings. 

VI. Si:unmary and Cœcl.usion. 

1. Dd.rectional prepond.erance is frequsntly seen in normal healthy 

subjects. It is present in 4,2.5% of the present series. 

2. Spontaneous nystagmus is observed frequently in nom.al heal tb1' 

subjecta. 31.5% of the cœtrol subjects showed. spontaneous 

nystagmus to one or the other direction, and. the d.irectional 

preponderanœ waa all~Qq8 present in these cases. The dinaction 

of the prepond.erance 188 towards the directiœ of the spontaneous 

nystagmus. 
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:;. Directional preponderance is frequently associa.ted with spon

taneous nystagœus. 

4. Positional nystagmus was not observed in the control stlbjects. 

5. Postural vertigo is the most common to occur in patients sut'

fering from head injury. 61$ of the casee in this series 

manifested or ccmpla.ined of postural dizziness imm.ediatel.y or 

som.etime alter the head. trauma.. 

6. Positional. nystagmus assooiated with disziness is a comm.on fin

ding alter head injury. It was present in 6.1% of cases in the 

present stud.y. The most frequent form. wa.s the transi tory, 

direction-fixed positianal nystagmus. 

7. The head-hanging position in the postural tests rea.dil.y actiYatea: 

the positional nystagmus with verl:.igo in these traumatic cases. 

s. Postural tests should alwa.ys be included in vestibular function 

tests. 

9. Positional nystagmus m.q be the on1y abnonn.ality to be found after 

head trauma. 

10. Yestibular disturbances may oecur in head injlJl7 without associa.ted 

cocblear disturbance. Many of the cases canplain sewrely of 

dizziness alter head injur;r when the hearing is perfectly normal. 

11. Spontaneous nystagmus ( other than posi tionaJ. nystagmus) is qui te 

olten observed alter head inju.ry. .38% of this series showed the 

oocurrence of spontane oua nystagmus. 

12. Directiona.l preponderance wa.s present in 61$ of the head injured 

cases. The direction of preponderance was predœdnantJ.y to the 

left (10 out of the ll cases). It is usually in the direction 

of the spontaneous nystagmus or of the positional. nystagmus. 
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1.3 • 'Jhere wa.s no correlation betwen the direction of the prepon

derance and the aide of the injury in these cases. 

14• There wu radiological evidence of petrous temporal. bone frac

ture in lé~.' of the se head injured cases. 

15. Im.pair.rœnt of cochlear f'unction wa.s found in 6J$ of this series. 

The severity or the hea.ring loss varisd. Many of the patients 

showed bilateral high tone neuro-sensor,r hearing losa with the 

peak at 4000 eps frequency. Only .3 cases wre tested fCJl.' recruit

ment and all three were positive. 

16. The responses to the altemate cold and hot calorie stimulations 

showed a w:l.d.e range or variation. The histographic representa

tions of the frequeney distributions of the control subjects and 

the post-traumatio casee \1118re striking]Jr different. 

17. Clinical evidence in the preaent investigation auggests that the 

lesion prod:ucing abnormalities in vestibular ftmction is peri• 

pheral. rather than central. The d.efinite pathology is not yet 

detem:ined. 
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