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!\3ST"ACT 

This work i s concern0.d vI i th th8 apr>l ica tion of si r;nal ~ 

. 
analvsis techniques and comp~ter method~ to the studv of 

• 

hu~an vestibular and ontokinctic n'lsta~mus. Tt i" com~rised 

of essentiallv two narts. 
/ 

In ~he first part the rhyth~ic naturc of t~e occ~rrencc 

Ù 
of~th~ sacccrdic comnonents durin~ nyst~~~us is an~lvz~j in tcrms 

of the intcrvals bet'lcen s'icc~des. The techni~uc or point nrocess 

ùnalysis is used. Tt is found that there is a strikin~ ~imil~ri~y 
(' 

hetINeen the int(~rval statjst,ics of the hm t'Ipes Gf nvsta(-.:mu,;, 

and· thcl'c is' .a.,characteristic chanr';c in the rhvthm of nvstè1f,lTI1JS 
;" t' 

r \Vith intensitv. 

.. 

The secol)d nart is concerned !··i th the studv 0: the 
\' 

::lCcha'nis'n 0: opto}~inetic nV!?tc1p;:nU::3 \lith emnhA.-;i-:; on, (1) the 

retinal contrii)utior1" (2) tIle e~fC'cts of voliticHI and (j) so:-:e 
~ 

conside~d1i~ns on the vdliditv oi c12ssifvin~ ontokinetic 

] i ter'atur (~ • 

...... ~ - ... 
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1 :iTRJ) :JUCT l Oi-J' 

TyDes of nv~ta;m~s consiJcr~d in this th~sis are 
~ ~ 

involu:ltarv c.,'e m0v'.:ffil"lnts rcsllltirtr; frœa .-,ti"1uL1tion of cith~[ 

i.nvoluntarv :lic}: (or SclCC-id~) ~n the opp'J;i "t(! cJircs-::i0n to 

• COmDfJ;lent ln the -::;'Dosit,_ :1i~'~stjon i"- ~,lllf:J ~·I..:! ',,]'.l:d: cor::;"J(".nen: 
• 
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nvs tal"1US unc1cr ·t-Jr..'J'1,1tC stirlUlcltion or the p:fèsencc of <;pon-

conJ.itions. :!ore r",'centlv, t'ier~ h.1s becn él sLron?, dcsire to 

C; D p ci '/ phi e "1. e s 

o 

llo'.}cv.·r, .:'ro'-;1 f'u~li"';hed work or. \'e'~tib1Jldr and ODLo­

<> 

L::nctic n'/std.l;f'"lS, i:.: is t1D;:)arent that th(~ mnchanis'Tl of the> 510'0/ 

C0~1;'·:mcnt is cc,nsJ.dcrab1v :)(~t ter understood théln t'l'cl.t of the 

S1cc..lc::ic cO"1poncr't. In D::!y't:,c'llë!r', t~c ()CCU1"'r,~n~e of t'le s;lCcadic 
~ , 

lz:lo',m to b·; sC''TI~mrr-rân<T6;:n,-bût the !'él. tt're 

P3St wo~L f~rt'1er :'nriicates that 

r::' crea t deél1 'flore i s known about the pâ th\.Jàvs of the ves t ibulaY' 

nysta~mus ec~~ared with thcse of n Il S t a r, 'TI us, 
.-

that the~e eA~~t several ~n~csclv~j eontroversies c0~eerning th2 

l'1eenanism of c"t:o,,:in~tiC' nystagoTlus. Ihe stwi',' of the cccu:renc~ 
o 

')~ tne Sd"Céldi:: ::C';;l~oncnts dlJrirlr:; .-:'1sta;:;rnus, and the enqulry inti) 



Il 

sorne aspedts of the mechanism of optokinetic 'nystagmus consti tute 

two principal themes of this thesis. 

It is use fuI to consider briefly the factors which appear 

to have contributed ta a better understanding of the vestibular 

system compared with the vjsual-oculomotor system. In the past 15 

years, special attention has been placed on the vestibular 

system study mainly because of the spacé exploration programs. 

Vestibular nyst~gmus has been widely.used as an objective measure 

of vestibular response resulting in its increased understanding. 

Furthermore, the basic vestibulo-oéular reflex,involves a , , 

compar~tivelY simple pathway which is~hYlogeneticallY very'~ld 
and does not have great variation in different species. Thus, 

mope direct inference to man can be made from animal experime~ts. 

" At present, the mechanism of the saccadic component in vestibular 

nystagmus is ~till not weIl understood, but considerable knowledge 

has been gained on the slow component. 

In the visual-oculomotor- system, 'the evolutionary process 

of increasing encephalisation among higher animaIs seems to have 

resulted in different visual-oculomotor pathways in different 

animaIs. This makes it difficult to make direct inferences to 

man from animal experimental results. Oculomotor ?ystem research 

is further complicated by voluntary and involuntary ~~~ movements. 

Mo~t of the~asic research 50 far has emphasised voluntary move-

ments, both saccades and smooth pursuits. Although the physical 

characteristics of these eye movemeftts and the overall operating 

characteristic of the'voluntary vieuaI tracking system are now 

/ 



p 

.c< 

4 

'q~itc \l(;ll ~;r.,j~r~>tood, ::'18i1" n(~uri1-1 D,Ü 11',!ù/'3 r·_'~-iln, to he. 

" 

~ 

t 0 t ~ t~ C lin i cal e n "..11 r 0 n:,:'" nt, and ël:> cl r t f r 0 r:1 ' the . 11 ne (' r ta 1 n t V cf 

its neural p~th~av~ it is 
~ 

D.:1rts of the r~~in.l '..,,,i\.-::; 

cO;',-:olicatcd gr 'Jolit1.on r1nd thè different 
. 

c,m 88 oDtokincticall'l stü1ULlted. 

!J>.' ~-:;ev'3rcll rJi'-f,~rent t\'nes 0: oDto~,inetic Tlvst"a,"IlUS hav(~ been pro-

~oseJ in the li~crature. 

In this t~esis th~ technique of noint nroccss analvsis 

to an::ll"zi~ th·:-> or:~'lI'l'cnce of the sr1cearjj c eOT~onents 

'·,hic~ caen !loir.t co~rc"Jor:ds to the position in tl::'c -it which Ithe 
1 

sacC'aJic ,»~,D01îCnt occùr3: 1\ c"'ta1"aete1"istic Drltrerf't of variJtion 
'~"'\. 

III t:-:.e 2ta.tisticc: of int8r-sr1,::cr1 rlic irltervdl~ is dt?!;onst;ratcd 

~1u l t ~ '­
.~ 

. " 
'''odal interv.:1l ,jist1"i~>l..!tion ceeurs -'·ln.j8r"'ccY'tdj~ conditlons ëlnd 

tnis rev'::dls a sj ~nif:'(>l.nt feOdtu1"e of the nv')tq.;~;nus, rhythm 

~enerd~in~ mechanis~. 
.' 

The second th~m~ oi th:s thesis lS the st~dv of sdme 
o 0 

aSDects of the oDto}:in'2tic ':l'lJL-1f'''lUS mechanism, ':n Da~iculaI' .. ,~ 

the effect of volition, 'anc1 contribution to opto.',<in·~t ic nystar,mu::; 

from di:r-e:-cnt parts p: t:1e r'2tina. The experi"l,:,ntal reslJl-cs 
~ 

:;é'/eral authors nr.'i t l 1if, ::''-'rJl~S ~('I the 
" 

; .. 
classifications o~ JDto~~netlc 



technique 0: noiiit prOC'2SS i1:1a.l':sis 15 dcscrihcd i.n "',,,,,t'?r 2 

"ter:ni nolor,v\ s ta. t i s t ical :-'lC2S urcs ùn,j ~roceclures which are la ter 

us-ed in the thcs is . 
1 

Cha;Jter 3 conCè!"ns vestib'l'lar n'l~ta.?)1111S. Introductory 

IT'ùtcria.13 "ilnj critical rev'ic~:s.(jlr-c rJc.scribcd in ~ectio:1 3.1. 

Section 3.2 ônùlvses tne ~nt~!"-s.1C2·1dic interval c~aracterist~cs 
\ 

ti 
of vestibùldr nVD·ta~rl\ls. ::;~ction 3.3 (jescr-ibes .:} c;t<'c'1astic model 

the r0s11~ts witJ1 the clin.i.~.>ll dnrj c:y"};rir.:cntal r Fc!s1l1ts. '\ltholl~h 

the rr;sults si'1li!la~~(j " . .J~r~ hd:-:cd Of'! t,!)S~ of vcsti~.jl("l.r n·JGt.3~r"\~:, 
....... 

J 

i t b·~ca'1e clear la ter t!li1 t th~ ~o~el could he readilv ap~lied 

a Iso to o;->to}: inc t::'~ nvs ta ~ffiUS . 

;:Ohe "1ù.jor co"tri~'lt.iOn.S of this thesis are !)resented in 

( 
J --, 

In Appendix 1, a useful cO:1tribut;'on to instr'lffie:ntation 
• 

ln nystagmus recordinr; is ècscri~è. The nv:::;ta~r:1us \1aVefOrffi is , 

idealised and J1t}IP~aticallv.for~,t!latcd. A method. 15 introduced 



o 

r 

6. 

l_ 

ta es'tir:1élte the ne!"'centc1~e :-'ar''1cn::'c rO' . .."er transmi Lted for a 

civen bandwiJt~ of r~~crrlin~. 7he thcoretical Drediction ~~s 

confir;r;ed !Jv a digi LaI ,~:l::-'..Ite!"' sDectraI c1nalvsis of cl. clinical 

record. " 

Finally, A~pendices 2,3 and 4 d~3cribe hack~reund 

materials for the thesis. 

o 

, 

'. 
o •• 
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2.1 
" 

!\ p01nt 11rocess 1s D seql:~!1Ce o~' eve'!ts occurrln::1; 

in tl,::c or sr~ce. ':h8 eve!1ts e!"e ilS ur:ed to 'oc indistln--;uishable 

except for their tl~~ cr space o~ occu~rence. ~ro~ a st~tistlcul 

l'olnt of vie',;, th,~ only poi~!'c processes of 1 nterest 3.'!"e those 

,';':1cr. exhilJU at least so:rc èe;:ree of ra!1~lo~.r.<::ss in thclr 

Ccc'.1~rence. and these are called stoch'lst le point processes. 

~yplcql ex~-ples are the e~isslon of particles fro~ a radioacttve 

sour~?, the p,qsslnçr; of vchicles at 3. point on the rond, the 

seri~[ of f~11ures of n co~puter9 the arrivaI of patients at 

ay> e '"'":er~~~>lC? ~,~ ' .. ;art'"'le ~ ~, or t "'e occurrence of i"'pulses ln 

so~e nerve fl~ers. A point rrocess ~qy 3180 be derived from a 

cor..ti'1'JCUS ,,""lvefC:T1"l, sHah as tne, cccl)rrenc~ of j>;avefor'Tl :!l?.ximn., 
. .., 

or the axis or thrcshold crossin~s of a Signal. l'he occurrence 

of saccadic co~po~ents in a nystRg~us recording ls another 

ey.a~ple whlch will Ge analysed ln this thesls. 

~he ana lys il: 0:' po:'. nt proeesses ca dtfferent 

leve 18 de pe~·id-P.1~ U}.'O"1 thr. p'-l!' pose cf the in 

Invest1::;ator rücrht bE: Intr~ypsted ln obtalnlnss sorr.e c~venlent 

sta t ist ica 1 rara~etp.rs FiS a l'!'e3.n~ of' da ta r):duct ion to describe, 

cO'11pare, or classi:y the processes. Another :nlp;ht l·mnt to study 

the nature 'of the proc'?ss ~eneratJng the seque1"d~. rhat 18, 
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8 

to find out whether the process ls truly·random w1th'successlve 

events lndependently generated, and lf so by what probablllty 

law these events are l1kely to be governed, and lf not, then o . 

what are the correlat1ons ~mong the events. Examples of these 

uses 1n g~neral are g1ven by Cox and Lewls (1966). Many 

biological applioations. oan be lound in Moore et al (1965). 

~ 

2.2 BASIC CONCEP1'S AND TERMINOLOGY 

In general, two types of statlstlcs are ava1lable to 

des~rlbe a polnt pro~ess (Cox and LeWi~~ 1966; s\y~rS/1970). 
, -' 

The stud1es of the times between events leads to lnterval 

stat1stlcs, and the study of' the occurrence of events as a . 
~ 

function of time (times to events) leads to event 'statistlos 

.f 

" 

They are equlvalent only ln thelr complete descrlptlons of the 

\ polnt prooess, and lf a statlstical analysls is based only on 
. (. , 

flrst and second order propertles, the two sets of statlstlcs' 

provide d1fferent lnformation about the process. The followlng 

description Wil~~~e based on lnterval S~iOS, and the 

useful ~vent sta,t1stical measure, nËimty the expeotat1on 

dens1ty w1ll be oalculated~rom interval data. 
.. 

The lntervals between events of a stochastio point 

process are regarded as being drawn, not neèessar11y 1ndependentlJ 

from a population whioh obeys some probabillty distribut1on-
~ 

such as a Poisson, Gaussian, or Gamma distribution. If that 
, .... / 

. ..: 

1 
1 , ,­- .' 
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distr1butlon, together with aIl lts parameters such as me an , 

varlanoe and aIl hlgher moments do ~t vary with tlme of 

observatlon, the stochastlc polnt prooe~ ls statlonary. If the 

distrlbutlon ltself, or any of lts parameters varles wlth tlme. 

then the prooess ls non-statlonary. For example, ln neural splke 

processes, n6n-statlonarlty ooul~ reBult from a change ln 

f1ring rate oaused by st1mulation or any other disturbanoes. 

A non-statlonary prooess ls often ~ess wlth a trend. 

~h~nvestlgat1on' of statlonar1ty i~ usu4llY the first step of 

analys1s because the major1ty of statlstloal methods are based 
) 

on the assumption of stat1onarlty. ConfuBing oonoluslons may , J 

result if the effeotsof non-statlonarlty are not taken lnto 

aecount. 

order-dependenoe between sucoesslve lntervals ls a 

very lmportant cons1derat1on ln polnt process analysis. ~he 

questlon often asked lsl Has each lnterval been 1ndepend~ntly~drawn, 

ln a statlstlca1 'sense, trem the prob8bl11ty d~strlbQt1on of 

the proo~s, or have the ~eceedlng lnterva1s, affeoted the .. 
lengths of the fol1owlng lntervals ? If t~e latter ls the case, 

1.. •. 
li 

the pOlnt process sequence ls said to be order-dependent or 
" 
serlally correlated or non-reeurrent, Otherwlse, lt ls sa1d to 

be order-lnde~ndent,(serlal1y unoorrelated, reourrent). 

If the pro,cess ls found to be stat10nary and a1so 

order-lndependent, 1t 18 oa11ed a renewa~ prooess. Thls term 

orlg1nated durlng the early development of po1nt prooess analys18 

for the study of oomponent replaoement in industrial.planta 



1 0 

(Cox, 1962), ~he ~ttr~ctlvc fentur~ of a re~c~~l ~rOc8S3 18 that 

the in~erval distribution co~pletely chnr2cterlzes ~he process, 

The order dep~ndence between the i~ter-saccad1c intervals of 

a spo~tnneous nystagmus recording Hl11 be eX.1.::Jined 1~ som~ 
1 

detail ~~ this thesls, 

"lhen suc~ess 1 ve lnter'lclls are not '\.ndependent, then rlUC!1 

~ore co~plic~ted descriptions are needed', the elaborate stati3tJCBl 

!!1ea::mres Hhich arc reQuired fo1- a reasonably cOr:l.p]ete description 

~av the~sclves be too co~pllcated to a~alyse or co~pute, and 

their practi?al utillty beCO'TleS questionaolc, ,Thus, in practlse, 

ana~y~is ls often Il~ited ta e few Iow order stntlstlcs. 

2 .3 ~ 

r~t e~ch event of a ~olr.t process be re~resented 

by en l-p~lse o~c~r~in~ et a ~osltian in 'tl~e corresponding 

~o ~~ ~~ show~ i~ ~1g.2.1, 

I~ 
to t. V) t- t4 .1. '- JJ 

: i,::;. 2.1 

This can be ~athe~3ti~ally re~r~sented by 

N, 
f(t) = L~(t-tk) 

k=o 

t s 
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where 6 (t) is defined as: 6 (t) =, for t ::: 0; ô (t) ::: 0 

for t f o. N is the total number of events in\a record. Sorne 

useful statistical measures of the process will be described 

below. 

The Intervali HlstOgram of the lntervals between 

su06esslve events oan be wrltten as 

where T la the lnterval d~ratlon and I(T) serves ~B a flnlte 

sample estlmator of the probabl11ty dena1ty funot1on of the 

lntervala between successive events. I(T) ls of paramount 

1mportanoe ln oharaoterlz1ng the polnt prooess. 

In practloe, T ls asslgned dlscrete tlme dunatlon Tb = b ~ 

where b= 1, 2, 3 •.•• ~, and Il = Tbtl - Tb determlnes the resolutlon 

of the lnterval hlstogram. Tb lB often referred to as the bln b • 

AlI lnterval measured between Tb+l and Tb la oounted ln bln b. 

The total number of oounts in bln b.are added together to 

glve the helght of ~he-bth bar ln a hlstogram. It Sh~ld be 

notlced that the tlm~ order1ng of the 1ntervals la neoessar111 

lost ln an lnterv.al h1stogram. Int~rval hls'tograms of h1gher 

orders ma,y a1so be oonstruoted. Thls w1ll he à1soussed later 

wlth the expeotatlon denslty. 
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plot of 

the three-dl~~~slo~al jol~t l~t~rvAl hlsto~ra~. Che Joint 

l~terval hlsto~ra~ between two succesGlve tl~e intervals 

can be wrltten as 

N 
I(T

1
,T2 ) :: Lc5(t

k 
-tk -T )Htk-t

k 
-T) 

k =2 -1 -2 1 -1 l 

where I(:1,r2) serves as a flnlte sa~ple esti~ator of the 

rrob8.bl11ty denslty luY}c~lolî whl~h descrlbes the I=robabl11ty , 

of findl"'l'"; an i~terv6.1 T: foll(Ylléd by al! lnterv::\l 'r2' rhp. 

de f l!'lit 10n of a 1'1 ;'2 pair be tiole~n ad jaçent 1rl terva 1s ls , 

illustrated ln ~-lg.2.2 

T~ 

Fig. 2.2 

In pract1ce, the jo1nt lnterval h1stogra~ 1s often called 

a scatter diagram. rhe abscissa represents the duration of 
f 

Tl' whl1e the ordln~te r~presents T2' Thus each point on the 

dlagra~ represents a pair of adjacent inter~als. In an 

oscilloscope displ~y. the point 1s produced by lntens1fying 
c 

the correSl'o'1dt>1"; c'i1crd1nllte position. 
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( tms or re~llrr'\.n.-: t i""~ !",'1.t t:~lr.S in t~:? l'1terval sequence. 

!. or eX"\":1ple, i r ther~, ~s a te'1ùency for short i'1tervals to 

be fol1owed by lon~ lrytervnls, the dlspl3V will 8how.n cluster 
y • 

ln the upper left re~lon. If the 'tendency ls for lo~g intervals 

" 
ta b~ fol1owed by short one~, the display will show a cluster 

1'1 "Ch'~ lower ri'sht r~!:Çion. t;'n over8.11 up\'nrd' trend of 45 0 

1~Jlc8t~s Dositive correlatio'1 betwee'1 successive intervals; . \ . ' 

tt..,'l. t 18 ,1' ~'"~9rt: l'1t:ervq ls tend to be follo\tled by short ones, 
,,-.., 't" ". 

and lonG ones by lo~~ O'1es. If successive l'1te~vals are 

indepe'1dcnt. the joint ir.ter-rll 'llstosrar:l wll:!. he sy'r.'netrlc 

abcut a'~4So linp.~ tnrongh the orla:1r:. Thi~ syr:l""0try test 18 

a '1ec(.!ssary but !'lot sufflcte~t conditi~l fo-r stat1.stlcal 

" 
i'1dApe'1dc'1ce of s~Gcesstve lntervals. 

It m11st be nOTJed that;-' as ln the ordinary lYJ.terval 

'blsto.:;ra':l, t l'":e in'- C!''T' ltit))l ls los~ ln such a plct unless the 

order ln whicr. ~ Jolr.t ~nter'l31 nlstogram ls fl11ed ls observed. 
) 

'-lot of Ro .... a'1rl ~Ol'l·I'''''l ;'eans of the scatter dlagra.m 

provi1es a~other rethod of ~~s~i~~ lndepe~dence of guccesslve 

intervals. Each colu'Tln' or row of the scatter d iA.gral1 represents 

a co~ditlonal lnterval hls~c~rR~. ~he statlstical independence 
, , 

'or:"'Succes~lve -lrft.ervals rè'qulres that the prob':l.billty denstty 

-of aIl the l~tervals preceoded or succee1ed by an lnterval of 

a pFirticular durat10n bp. i'1d':?pendent of th~ duratlon of that 

lnterval. Thus, th~ tes~ or 1ndepende~ce 18 reducea to the 

l . 
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problem of cOljrR.rin~ the cond 1 t lo>1Rl l'1tervàl histo .. .:;ram represented 

by the rows and columns of the scntter d:l!":!r~ram. It ls known 

that 

same 

two probabillty de~sltles are 

~enn.varlance, and aIl hl~ 
the SUITe lf they have the 

mOI"'Pl1 ts. In the case here, the 

colu~n and row menns represent the means of the correspondlng 

cond i t 10nal i'nterval hlstop;rams, l':md for t~ese hl stosrar'ls to 
, 

remaln 1'dentlcal, lt ls essentlal th~t thelr means must be the 

same. fhus, fo~ statlst~caI'lndependence, the row and coluwn 

means shouJd fall on two stral~ht 11ne~ par~11el to the coordlnate 

axes. A~aln, thls ls a neccssary but not a sufflclent condition. 

Thp~Serlal Correl~";T:l.!! ls El plot of t~e seriaI correllltlon 

copfficipnts as,~ function of o~jer or l~g.The ser~al correlation , 

coefflcleri~ ls deflned as .. 

---L N-j _ _ 
(I~-j)E(T. -T) (T .. -T) 

~ i=l 1 I+J f{J 

= J , ~T 

.-..1--" - 2 
(N-l)}:(T.-T) 

. 1 1 
1= 

\ 

i8 the serlaI corre] '1 t 10'1 coeff le le!1,t of order j 

J = . j' ••••• -1,0,],,: ...... is the ordcr or lag 

The values of th8 sertal correlatlon coefflcl~~ts range 
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of the correlntlo~ between i~tervals. If ~ll thA ln~e~vals were 

independent, then the coe~fieie~ts o~ aIl orders would be zero. 

A co~stan~ vqlu~ of the eoeffieie~ts usually l~dicates a ]on~ 

t'ffrm trend 1~ the i~terval data. 

The serlRl ~orrelo~ram may also show char~et~rlst1c 

Datter~s whleh could lrdlcRtp the natHre of departure from 

"C- '~ndepe'1denCe 8."T]I)~g the Intervals. rhls has been dC'!lonstrated 

'Fr,orke1 et 0.1 (19',7) usln~ dnt .. rra" co,·~",ter stmulated 

neuro Y1Fl,1 spl'.{e trains ".,lth 1movm ch!3.racterlstlcs. 'rhey fOUTld 

thnt cyclte v:lri'l.tions in flrln.,<; rate produced a dar~ped. oscillatlon 

ln tne .seriaI correlo.o;ra~ .. \lternntion betHeen 10"1::; 8.nd 'shcr~ 

inte~vals resul~ed in ~erslste'1t alternatlo~ in sl~n of the 

coefficient. Irre3ulnr bursts of spl~es are charact p rlzed 

by ne7~tlve 8er191 correlatio'1 coefficients for 10w arder, 

foll0· .. red hy 011.Sh~ly positive and tneYl zero co""::.'el:'ltion c0eff-

icl>::nts. 

!:'he r··qv">ctation J:.~~~~ E( r) !èpeclfie2 the p r ot)abl1tty 

of encounterlng Rny event qS a funetton of tlme after 'a glven 

event. Since any ~v~~t encounter~d must be elther the flrst, 

seco~d, th1rd event after the event at tl~e zero, the expectatlon 

de'1stty 15 ac 1;11ally the 8~i'n of the 1i."lterval h1stC';-ra'lls of aIl 

ordcrs. 'rYlUS 

~ 

E(r) = L: Ik1T) 
k::l 

Cl 
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i':~er~ 'k(T) 18 tè;~ l"l~erv[J.I hlstorra:1' of k th 0rden' the. ~irst 

ord~r lnt~rval l~ the t1~e clqpsed fro~ en 8v~nt to th~ next 

o~tw!."'e'î [l!1 eve!1t nnd the seco!1d follm'~inc: evcnt. An ~1 t"}Q order-

interval is the su~ of n conscautive first order intcrvals 

a'îd ls spqn~ei by (n+1) cO'îsecutlve events 

~lven a sequ~nce of lntervnl d~te, a co~puter 

co~s~ructio'î of the exc~ct3tlo~ density 13 don~ by for81~g 

'r·~n2~p m2+" + '4 
..1.' ........ "3 ,J "J ~ ....... , r t-'r +o'" + l' rn t-I' +'l'L t r -1 2 ~ J ·4' i. 2 ~ j ~ 5· .. ··· .. 

up ~o '1 s~lected upper crder. 'l'he~e intervStls are then 

collactèd i~~o tl~~ oins of incre~cntal width ta co~pile the 

hlsto~rq~s of 11ff3rent orders whlch are added toge~her 

to for~ t~~ expectatlon denslty. Instead o~ domb\nlng the~ to 

;Jrorjuce tl1e cxpect.atlon densl:y, so:ne authors use the h1gher 

ordc .... lnterval h13tograTJls dlrectly for ans.lysls (,focticc"': et al 

1962, 3ayers 1970): 

A use fuI role of the expe2~atlon denslty ls to resolve 

'" an event sequence into one or more sep"'irate perlod1c or qua'sl-

perlodlc cO"1ponents whlch rrlg;ht be present. Ir. neural ~lke 

traln ar.alysis, a plot of the splke lnterval h1stogram reveal~ng 

Folss::Jn-ll 1.:<::: d .. :.;t:;lb~ltlon ':}'3.y lead one to falsely conelude 

" 
th~t the process ls that of Polsson and ls ther~fbre conpletelt 

1 ~~ • 

ra!1do~; however, Rn exa~1natlon of the expectat10n denslty of the ~ 

sequence mey reveal perlodlc components~ su~~estlng that the. 

sequence l"lay be t~le pool~d result of sever.ai splke trains 

. , 
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ineludino; so:",e ~'lith 1":riollic firi"1,Q' (t.-::n .:oor:'-·r p",d ;cuver, 

The p:-Yind of OCC1Jrre'--1C~ "": '-Y not ShON un in th~ interval 

hlsto~r::t""'î at aIl d'Je to the'splitti:1.~ o~ 1ntel'Vllls' a.S!'i 

r~sult of the pçoli'îC; pl"ocess. "'or eXr1;:r1p., in Loe~:'11 

electrcc3.rdio,-rri1.'n rcco:-dil1>;S, the :oeto.l .:1 pen.:{, besides 

be1n17 bl:ried "lorI'! or less in rr.usclc 'no~;,e' Rctivities, 18 

a1so o'Qsc'l'red bv tn.~ :"'l1.tenvll ~'i"'; complp.x. '''he expectat1 rm 

~ 966) • 

dens\ty f~"1ctlo"1 has b~9n used to resolve tbe sep'rat? co~pon~nt3 

(t.en ":OOD~Y1, 1967). 

Tt s(lould he poin-:ed out ths.t the expectCltjon nenstty 

is Actu"lly an élJ.to-corre1:J.t1on of .... he ever.t seqllenc.e. It 1s 

~oTetl". cailed the nuLo.rrrelntlon 1 

it Shculd he precisely called the event 

(0Ilycrs. 1970). There ls "'!'tch CO"1f'us~O:1 thls and the 

se1'lal corîelo.:;r-'l.'J. ~'he evpnt autoeorrelatio. R fun,ctton of 

ti'1e, ~"hile the seri"-ll correlo~l'fl~ i8 '1. f~nctlo~ ~,~ ~S(~'-1~;t>Ylce 
nu~ber, whlch ls an inte3er, of tte ln~ervals. The twt 
fune t ions D~ed not correspond a t a 11. ;<'or eXé11Tpl_e, a pAce 

'lla'~er cell ~hat Cires Olt ner.rly unifor~J ~ntervals 1'1111 hitve 

a stroYl~ly osc111atlng autocorrelation, where8s the serl~l 

correlo;;r"1rrl !''F'y be.positive, neg3.t1ve, oscillatory or zero 

depeDdlng O~ tb~ order-dependence or tMe process. 

---

o 
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ln usln~ ~oin~ proc~s~ an~lysis, tho invcsti~~to" 

'1 

ls o~tCl'1 fRccd \':it~ 0NO baq lc q'\l~st~ons, n"1..:n~J.v, whrtt r:'''t:;tt;l~n 

ëltect to' :,:~e fro':1 t,r1~ d:: ferent 
~ ..... 

S 1.1 SI': r; ':: ,:> Cl t 0 'J~ con+-~J lned , 

wit~ll'1 e~~8ri~~~tal da~a. then iL ls of tel'! ~c~2~hle to 

has b~e~ use~ by Ferirel et .., 1 ,( .1.< ct r-() .,,? 1- r> ,. 
(~ ,.. '--- , 1. ~ "'- .,; "-'" ~ 

.Ir.. as:-;essi"',:, ,:he s12,niflca'îce of V·.:-2J1.+--\ons in the 

1 ~ the sa ",pIe d l~:tr l b1J.U .. on J,f the 

3t~~lstics 18 ~no,m, then standard statistic~l ~ethods bt 

t~;"'~'Î: si"f1iflca"1ce can 'oe used. ,On the other hand, the, 

s8.-:rle à 18tr 1 Cll'c ions are often not 1{no1'y), a:'ld other "lore 
'1' '\ 
~ . 

e''''~'':I :(.'ü '!:·~'choJs !lave t.0 ce u:;ed. :1ere asaln co::.puter rrtdel 
,/' 

r, lÜ~S ''''ay be useful: with the use of non-parcl:'l1ctrlc statist!cs 

.;~ ~xperl~e'îtal results can be tested ag~lnst the model' 

r~sults. 

In tes~ln;z: the slgnlflcance of the .order-depeMence 

amon~ da.ta, one usef,ll approach woula ,be to subject the 

-, 



\ 
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Rnv order-~ecg~dc~ce n~onr t~e sa-~les a~rl th~n con~erts the 
l v... .. 

11-

r~co-:~;llted 2tZl-tlstlc:ll ''1casu~es r-rovlde tr.~ cl)::trol cases l::l 

stn.tlsttc31 flllct'..!atiO!1: a cO"1veY"'_~Èr.t visual co'tparlson l.a.n then 

be i'.rlde l:ith re~)Ults rrO'} tr~ correspo~dln~ 'ln~nuffl~d data. 

-·'lr:,1l1y, 1t ls noted trl~t there, ls a lclc~{ of 

11"11"e1'5,11 rtnd po;:e1'ful statistlcal "":.~asures. -'or E'xa::ple, the 

results fro~ the scatter dia~~a~, and 1ts- row and Gol~~n ~e9ns 

plots enc~ Lrovlde n necess3r~ bu~ ~0t s~fficlent test for 

order-derendcrce; the seriaI correlo~ra~ and to so~e cxtent 

th'3 e:xpectatio~ rJ.cnslty, !"'ust be used to sllpr:Lc:.-ent tr-~ rlflà]!"/-;. 

:urt~cr, the sen31t~vlty of a statlstical ~~asure 

de p~ndel'!-: • .' or exa'1ple Fer'ee) et al (1967) sho·.;~rj 

variatlo;1 ln the !r.ean 1r.teY"val·ln a 

"':~Y' 1)-:) t"'l"O~~~~. 
tr 

that 

wh1ch 
< 

D.rtses froT!! a G~usslan prccess wlth a narrc'~ c:;;,rc9.d, ;.ras 

r(;flccted qùite clearly Itl the seriaI corre::.ùr:T'J.':;. ·:o-..'ever, 

D"~(j)cess, ~h~ ser1aI ccrrclcG~a;n h'lrdly shm,ed a~::! d '\.ffcrcnce . 
fTO~ that of the original process wltho~t the v~yiatlon. 

l'r. the other han0., the sa~e aut?hors snowed that the expecte.tl0!1 

d.ens ! ty was !!lore sens 1 t 1 ve ta cha.nge in a Poisson' proces!;:' than 

the seri?l correloèra~. AlI these'polnL to the ~act that 

each stat1stlcal :-t~:;i'>ure !Jlay contrtbute a p'lrt of the entire 
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plcture abo'Ut the process snd r.m.ny d1.fferer:t ",,:ca~ures must be llsed 
, 

1 to analyse a process to obtaln a better understandirig . ..., 

,-' , . 
1 

1 

.., 

" 

, . 

.' 
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3. ~ l 

(~ef. n'odal et al (l962), Cutercrld-:-e (1969)) 

~-l;e b~!lv~'1.t:yrinth is a syste·:-: of cav1ti~~ e.nd c~nals in 

th!? retr\olJs.rort1o!'1 0: e3.ch te'l!,oral -none. rt ccr,ta1.ns a clear 

fl 'üd, th~' ""rUv-ph. ~~"~ireè 1" the -rCrllY-ë l , 1S'3 .e~b""~ous 
ID.:.\vrirth cO'!81stl'1l"; O:~ thr~~] p'l~ts, cochl'e,'1, ':e~tlh'Jla, E.nd 

/ 

sc'''icircular C~!léÜS. AlI p3.rts 0: the ë:8-:-brar.om: .1p.bvrJnt.h arc 

:'he coc~lp'~ 1s 1::he se,,:sory cr--::?~ of tht; c.uiitory sy~tem 

;';h i 1"ê! t!~e ves-::; 1 bule rt:Jd se~ 1~ i rc'J lar c'1.nals c o'1 t n in T"!ce ptors 

of tJ..:e v~stlblll8.r syste--: (:-'l~. J.:'): 2he vest ibule conslsts of 

tr"le utric1e nr..:l th~ saccule. ). s'":,~ll ratch of se;,scry eplth~llu:n 

G·J.ll~d the "'.9.ct:la i~; found o~ the '·ril1 of the utricle nnd also 

0'1 tn~ l'mIl of t'1e S8.CC1Jl~. ?!'ojectin~ rrc'!1·th~ n;::.cula surf\ce 

are o:olit:hic rcce;::tors, ~.rhich are cilla cove~ed \oJlth a~f 

jel1yli':e substa~ce e'"'loedà1YJs crystals of calclu-r;. carbonate 

(otoconla). l'he otollthlc receptors respond to ~avity and l1near 

;II 
acceleration, o~in~ esp~cia.lly se!1s1tlve ta ta"1?;eiltiaI she3.:'irJ~ .. . 
foree'3 because t:-:e ot ocor.ia are !:lore der.se than the surrour;d i!1 ~ 
. . 

end olY"lph. In t he Si1C~·Ulê, the -:ac ula 1s o'!'lp.nted in the 

sag;lttal plqYJe, anrl the c1.JialTè àlrected latera11y. In the ut!'lcle 

the "":lC'.lla lies in the horizontal plar:e with the cil1a d1rected 
.. 

) 
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SUP. CANAL 

o 

SEMI-DIAGRAMATIC DRAWING OF THE HUMAN VESHBULAR 

APPARATUS (From M. Hardy, Anat. Rec., 59:412,1934 

- --"" ~~ -, 

" 
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ut''I!ard. In ooth lcc'itlons, tr,e ~'lc1118'e are prolo'1..-;ed sllghtly 

o~tn the cur~ed surfnce of thelr Te~pectlve Tcceptacles, 

bath p~olon~~tlons beln~ predo~ln~ntly dtrected ln the frontal 

plane. fnus, rf,acular surfaces are provldcd for each of the 

three planes of space. 

rhe tl1ree sern1e lrcular canals Ile ln t hree planes 
l' 

8pproxlTately ortho~onal to each other, wlth ths lateral-

(or horlzo~tal) se~lclrcular canqls tl1ted bac~wards ln 
4 

-of the s~ull. ~ach canal descrlbes about two-ttlrds of a 

clrcle a~d ter~lnates on an enlarg3d portlon of the ~uct 
, , 
è~lied,the,,~p~lla. ~he a~pull~ contains two structures, 

,4'-

tne c'.JDula. *2n" 1 ts base, the crls ta. ·fhc cupula 
.... 

contalninp; sensory cll1a projected fro:n the crlsta,' ls a { , 

gelatlnoùs structure 'I:hlch aets as 2. fluld-tl.;ht elastlc 

villve acroc's the path of caYlal endoly:nph. Vlhen the 'canal 

ls subjected to angular acceleratlon, the ln~rtial reaetton 

of the endolympi;1-moves the cupula whlch ln turn stlmulates 
\ ' . 

the sensory cll1a of ,the crlsta. rhe two sets of se~l-
/ 

circular c9.nals orj each slde of the .head sense anguler 
1 -

head ~ovement in/the' three dl~ens1onal space. 
/' 

.ohe pril1la ry afferent neurons from the crlstae and 

~~culae co~blne to form the vestibular po~t1on of the 

el€;hth nerYp.. rhey enter the 1nternal aud1tory meatus 

wlth1n wh1ch 1s located the ves~1bùlar ganglion. Axons 

of the ganglion pass through the lnternal audltory c~nal 

an1 reach the UPP~r medulla. Vost of these flbers end ln 
~ 

four vest1bular nucle1 which are clustered in the lateral 

part of the floor of the fourch ventr.lcle. Afferents from 
1 
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thp. se':J.ici.ccul8.l' C:1:!'""11.1S te~:n1:îate in sur-ertor, rredial 
, 

Rrd t;lferi01" -estibul:1r oucle1 \·;r)il~ the r:1q~'llnr afferents 

cO!':Y1ect the lateral and infer10r vestibular nucle_l. Sorne 

pril'f.8.ry aff .... ere'1t f1bers are d1stributed to the vestibula 

portion of the cerebellu~. III addition ta the afferent flbers, 

there are also efferen~ ftbers ln the vcsttbular nerve. 

Extensive references are clted by Outertridge (1969). 

~~o~ the v~stibular nuclei, ~he lateral vestibulo-

spinal tract '"escends (ur.crnssed) from the lateral 

vestibular nucleus: the ~edia1 tract (wlth bath crossed 

and uncrossed fihers) descends ~ainly from the med1al and 
, 

spinal vest1bular nucle1. n'le vestib1l1ar nucle1 a1so have . , 

extensive reclprocal~(c6n~ectloris w1th th~ cerèbellurn. 

rhe vestibulo-spinsl and vesttbulo~cerebel1ar connections 

are responsib:e for postural coordination. rhe precise 

nature and termin8.tlo~ o~ ascend1ng fibers fro~ the 

vestlbular r.ucl~l ls not completely 1{nown. HO\'Tt'ver, 1t' ls 

belleved thst the T.ajority 0: ascend1ng fiters travel ln 

the.rr:ed1allong1tudlnal fasclculus (~rodal et al, t962). 

t COnnect1ons to the thalamus (Carpenter and Stromlnger, 1965: 

Dè"s.ctV::e.et' al, 1971) and the cortex (Kornhuber and da Bonseca., 

1964: Schwarz et Rl.1971) have been reported. Connect1ons 

from vestibular to oculomotor nuclei }~ve been extensively . , 

investlgated, part1c~1~rly ln connectlon w1th horizontal 

conjugate eye movements. rhls will be descrlbed ln the 

next sectlon together wlth a consideration of the mechants~' 
p 

of nystagmus. 

,. 
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3·1.2 ~he Vestlb~10-:cul~r Reflex Arc ---- -------------- ---- ---------

rhe sl~plest form of neural Teflex ~rc consists 
,., 

of two neurons, the sensory afferent and the motor eff~Tent 

(Lorente de ':0, 1933). However, ln most reflex RTCS, the 

connec~~ ~etween the afferent and the efferent ls relayed 

by one o~re 1~ternvnc1Rl neurons. In certaln reflex 

rnechqn1s~s, 1n add1t1on to lnternunc1al chalns, there 18 

a special group of conneetlng neurons between the sensory 

termlnat10n nucleus and the motor neurons, 

wor~s as 9 funetlonal unit (Lorente de No, 1933, Sze 

1950) '---~ 

The vestibulo-oeular reflex arc compr13es at least 

t-,.J'O kinds of clrcuits (SzentagotiIBi,1950, 1964; 13rodal c,t aJ, 

:962). rhe ele~entary three neuron arcs were descrlbed by 

Szentagotha1. rhe 1ntern~nelal neuron Iles ln the medial 

longitudlnRI fasc1culu~, whieh relays the afferent s1gnals 

fro~ the vestlbular nuclei to th~ oeulomotor, troehlea, 

and abducens nuclei. Szentagothai lnferred from exper1mentnl 

observatlons that the elementary three neuron arc establlshed 

the predominant correlat1on between a given crista of the 

seml-e1rcul~r canals and two of the s1x extra-ocular muscles 

in each eye. rhe cr1sta of the super10r semlclrcular duot 

has a predom1nnnt c'onnect1on with the. lps11aterll.l superlor 

1 rectus and the contralateral 1nferior oblique: t'he cr1sta 

of the poste-r1or duct w1th the ,ipsllateral super10r 'obl1que 

and the contralateral lnferlor rectus: the crlsta of the 

horizontal duct wlth the lpsl1ateral m'edial rectus and the 

contralateral lateral rectus. 



26 
Ses ide s the 0113 le three -ncuron c.re. Loren te de l'J 0 

t 
had dernonstr~ted earller that numernus Internunclnl 

path'tl3.:V s passed thr-ou~h the retlcular formation. l'he exact 

connectlons are not known but ~hey most probably tnvolve 

chalns or even groups of neurons (Lorente de No, 1933: 

D~Slng and Schaefer 1? 57, 1958: Gernandt, 1964). Lorente 

de '\0 proposed that the rh..vth:-il1c bursts of l!T1pulses to th~ 

extra7"ocular "TIuscles, whlch produce the saecadlc components 

durll"cç nystagrms, orl~lnated ,fro'1l thls ar.ea.' The different ~ 

views on the anato~ical crlgin of this rhythmlc aetlvlty 
o 

Kill be con3ldered ln the next sectlon. 

rhere are also vestlbulo-ocular path~ays thro~gh the 

eerebellum as ls evldent fro~ the flbers branchlng from the 

prl~ary vestibular nerve to enter the cerebellum and the 

eqctensive ree l'Procal connectlons between the vestlbular 

nuclel and the cerebellum~ Reports on ce~ebellar 1nfluence 

of eye move~ent have been glven by Cohen et'al (1965). 

Sollewi jn (1970) and Kornhuber (1971). 

).1.) ",-'s1:l-rvey and :Jiscussion 0'" the !':echantsTTI of Ve5tlbular 

l'he mechanlsm of vestlbular nystagmus has been a 

subject of extenslve study. It 15 nON wel~ establlshed that 

the slow component 1s Inltlated from the labyrlnth whl1e 
• 

the s::~ccadic component is entlrely central. r·he elementary 

three-neuron arc via ,the medial lon~! tudlnal fasclculons 

descrlbed by Szentagotha1 forms the basic skeleton pathway 
. 

for the slow component. In addition, Lo~ente de No (1933) 

demonstraten. that the retlcular forrnatlor. also ccntalned 

pathways mcdlating the slow comnonent. The or1g1n and ., 
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path'l'lays of tne sacc::td.ie cï!;-npanent, on the .othe-r hand, n.re 

still not weIl un~erstood, and before considenln~ different 

vlews on this subject. the bastc mech':lnlsrn for t~c ~lOW -compone""lt during horizontal vestlbular nysta~us based on 

the elel!lentary thre;e-neuron arc will be descrlbed. 

With reference to Figure 3.2, a ~lo~~w13e rotation 

t. of the head causes the endolymph of Othe lef~ lateral 

seclclrcnlar canal to ! low toward the amoulla (ampullo-petal 

flow) and the endoly 

canal to flow away.f 

i'hese in turn 

nerve to 

cf the ri~ht la~eral semlclrcular 

the ampulla (ampullo-fu~al flow). 

firlnb rate of the 1eft vest1bular 

, in the r1~ht; vest i bular nervè 

1966), rhe change in flrlng ls relayed to the oculomotor 

and abducens nerves causlng conju~ate cornpensatory eye 

movernent ln a counter-c1ockwlse dlrec~lon which serves the 

functlon of r-et1na1 1r.:age stab111zatlon.- The angular ., \ 

velocltY,of thls cOl!lpensatory eye movement ls 'appro:'{lmatel~ '\ 

proportlonal to the anBular veloe1ty of the head over the 

fre~uency range of head rotation from 0.1 to 5 Her~ (Jones 
" 

and r.l1sum, 1965: outerbrldge, 1969). 'Nlls slow cornponent 

of' eye movement ,1s Interrupted by a rapld saccadle component 

in the opposite direction, and the two eomponents repeat cl 

1 

themselves, resultlng ln ocular nystagmus. 'rhe vlews 

concernlng the s8ccadlc component are consldered bëlow. 

Ev1dence scems to suggest that the saccadle eomponent 

1s medlated ma1nly via a ~ore compllcated pathway than the 

/ 
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Ccuntcr-clock::ise rota.tian of eye 

(slow component of ;~ystagmu5) 

Vestibular 

Vestibular 

Lateral 

canals 

C locl<w i se rotation 
of head 

fig. 1.2 Ba~ic nechanism of 
v,=stibular nystagmus 

28 

( • 

Lateral rectus \ 

t1 
Abduce DS -RfUC leus . 

( 

/ 



\ 

I~ 
V 

29 
el~·r'>.1tFlr~r t~-ree-~c;~ron arc. Tt ·~r'1.S f01.lnd that certtl.t:1 

,1rug intox:ic'ltion, sll~h as ether (\'CIntyrel 19:>9) or 

barbiturat~ ('~llth'lnson and 3ergman, 1958: ~neljVod, 1962) 
o 

converted nystagmus into tonie deviatlon of the eyes ln 

the dtreet10n of the slow eomponent d~rin~ vestlbular 

8tillulat~n. l'he ~vl9.tion 0: the eyes would last for a 

period of ti"TIe in \lhieh nystag,mus Nould norm'1.l1y oeeur 

if drugs were not glven. rhe Interpretation of thls was 
~ 

th9.t tonie eye devlation was 'nystagmus' without the 

saecadle eOTponents, and sinee drugs actin3 on the nervous 

system generally have a relative speelficlty of arens, 

that Is, aff~~g sorne areas or neuron systems more 

profoundly ~n othcr sreas or neuron syste~s, the flnding 

of selective abolition of the :~ccadie eornpo~ent by drug 

suSgcsted a di3ruption of the more eomplex vestibulo-

oeular pathways presu'11ably through the retieular forltlatlon. 

~ore direct evldence was provided by Barany (1907, elted 

by Lorente de No), who observed ln a pat lent wl th a les 10n 

in the pons close to the abdueens nucleus that the saecadle 

eo:nponents ln nystagmus as weIl as volllntary eye movements 

were absent. In experlments Lore~te de No (1933 ) Indueed 

extensive lesions ln the retlcular formatlon of rabbtts, and 

upon vestlbular stimulation he found tonie eye devlation 
-1\ ) 

in the dlrectton o~ the slow eomponent for ~he same duration 
1" 

as the nystagmus produced in normal animaIs. 

l'he anatom1eal location ~inn.t1ng the ,1ii.eural 

si~nals for the saceadic eOt:lpol~ts durlng nystaglDUS has b~en 

for a long t i~e a. subject of eontroversy. The old' proposaI 
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, ' 

t-r' .7~pr0r1 by :,'ro~'l toc P l't t 'J(" S i ç'n~ ls fro~1 the cxtri'. - oc:llrtr 

'~'l::: rrl~~~ duyi>-:" tr,': ;' 10"'" cO"":~!O:1-:"'lt ~':i';(''1 t)1P e:;~ turne'o, I1S 

, 
fP,T',W' r'()ssl'h1f.1 fro· r the ~lid-r('\~ltlo'1 \o;ps stroY'if,ly con-

pl 'lce the eye s fnrthe-r 

, , 

b:/ i-;~o!"rJoce.,;p::1v<:! 81~'1~~ls Iro"" the ey.tr~-ncu1A.r :>1usclAs. 

spcc~dlc co~pore'1~s l'1cluded leve1s ~bove the ocu1o~otor . - . 
:1\Jcl p 1 'l'1rl b-:]m; the vestibn1ar nuclel (Lor~l'1te de "0, 1933), 

J 

192~, clt-:d by ipl~~e1 A.'1d F~1ce, 1931: Joh1~an, 1038), and 

tre 0C 1üo"'01:or n'xIe1 (C;p1é'iel, 1929. clted by :-';ple,se1 and 

?rlc(~, 1939). '2he re--:'li'1i .... ~ 1~'1re~olved are:1.S Are the vestlbu1ar 

nucl~i and the retlcu1ar for~atlon. 

'~he 1'1A.ol1ity of_ the re,rPilnln~ f")~cha"!11srn ta produce 
" 

S8.cc n.J le corrpo:1e'1ts ln r.ys·t;:tg.-:;U3 13ft;er leslo'1s ln the rcttcula.r 

for~atlo'1 led :'orcr,te de ':0 (1933, p. 28'5: 1939, p. 236) to 

CO'1c~ude ~hRt tne l~pulse ~ctlvlty 



-, 
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cre"lt:~d'~n'~he -re3tibular nucl~i WrlS a COl'lstant one, and 

t~~t the rhyth~ center ~~8t be loc~ted ln thp retlcu1ar 

for~3tlon. rhe lRCk of sophistlcated equip~pht ln those 

days to perforrn lntrncelhllar c:.cperlment3 must have forced 

Lorente de ~~ 0 to re 1y on E<;ross e xpr,r lr::ental observations. 

In proposinr:; n nCttjrD.l l"lechantsm in the retlcular formf\tlon 

for ~eneratln~ the saccadlc cOD90nent~ of nysta~~us 
1 • 
, ' 

Lorente de iJo (1938) stated a'nonE" other th'.nS?;s, that :the 

l'1'[)u1se actlvlty ln the vestibular nuc1el WOlS Il constant 

o:1e; th~ relaxrlt10n of tne n,sonist (the extra-ocular musclA 

whlch cantrBcts dur1n~ the slow nystasmus co~ponent) ls not 

attrlb~tRble to 8:1 active lnhlbitory process but on!y to a 

la~'-:: of exclt8.tory l:J.pulses (Lorente de }';o, 193Jb); the-
J -... 

turnin~ points ln cne antabonlst Gre not synchronlsed 

wlth those of the agonls~ (Larente de ~o, 1935). The -latter 

W8S taken to s~~~cst th~t ln generatlng the sRccadlc impulses 

to the antagœ113t, there was a tlme delay circult throu~h . 

the retlcular formatlon. On the other hand, Sple~el and Prlce(1939) 

polnted out that :orente de ~o's ex~erlmental ~esults were 

\obt~lned durlng the Rcute stage aft~r the operat1on. In 

Splege1's' own experlments,: res'Jlts s1ï111ar to t;,ose obtalned 

by Larente de no w~re'" obtal!1eü soon a:ter le810n was lnduced 

ln the ret1cular formation, but after a few days, nystagmus 

w1th saccadlc components returned. Sple~el stated that 

the saccad1c ~o~ponents of nystagmus ~ust be orlg1nating 

ln the vestloular nuq1el • 
o 

10=' 

tiare recentl v, Lachmann and Bergmann (1961) 
~.~ 

r~corded r~'ythrrllc actlvltleR ln the vestlbular f1uclel 1) 
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~:\ 
s'\r):chroniscd ~;it~l nyst~-';''ilc ey1J~ver,:eYlts. '},h'~y felt tl1at 

NO -
th~ vesti8ul'l.r nuclei PlustZ:~t le8.st in }),!3.rt, h8 respor.1s1ble 

for the l'lySt3.="'1lC r:-1yth!"". c:ab~ (1965),' hO'Jlc'.rer, round 
\) j 

tr.a':; t!lC 18s1ons lr.duced on di fferent vêstlbular nuclei 
l 

reduced t~e speed of the slow ~o~ponent 

$peed of the s:lccad lc, wher<>as srtccad iè 
e 

bU: did not R.lteytfie 

co~ponent~ ~hi~ retur~ed 

one or t~o w~e~s afL~r extensl~e 17S10~S in the Teticular 

~or'T''l.tloY1 11- er,e seldo"l norTal in speed~ frequency 8.>:rj a r1 plitude." 

- ,~S:.1')e SU!='!:ÔTts tre theory th'1.t(, the- saccadic co,;poneYlt :nust be 
j , 

f lntra-

and eztra-cellul~r recordins was reoorted 

.jh1l'loda (1972 ). In add1 t ion t 0 rcq.01:"d 1no; rhyt. 'Tl 

in vestibvlar nucleus "le Ilror.S synchyonised 1'l1th rhythlltc 
u~ 

oculay :.:otOY'1eliro!:s ùur ln,;; ny s t~r:r,"1US, they also found act 1 ve 
, ....... ~ 
.r • 

lnhi~,1. t ton fyo:n tr.e vps ~:;.1 bu lar nucleus neurons ta the ocula:r 
- ~-' 

",otor"eurons. ,'nrther, the l"-hibl~tfatlon of th_ 

. as;onis ts and the ~,nta::;on..1sts oceurred al "10S t s 1rnul tane ously • 

~ .~~eda et al refutcd LoreYlte de ;:0'8 as5'U'T:Dtlon desc:!"'ibed 
iè'", •• 

If '~r 

earlier and 8upp~rte'd the proposa] th'at the l1ystagrnic rhythm 
-

ori::;lnated i!1 the vestibular nucle!. ~'hey hYPci thes1zed that 
" 

!'1utual inhibitions of the vestlbular nuclei on. ,the- t~o sides " 

. of the orain, reported by I~dp~~d 3rodal (1966) and e;r11er 

yorkers, rr1.gh'c lead to the rhYt~~ P~Oduct ion t'\.oSllch a ~echanls\m 
;/ 4.:1 .' 

had been su~~ested to be respons1ble for rhyth'Tll~-~ctivltles 

in ~any other blo1o~1.ca: systems; an_electronlc ~odel simulation 
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sj",:l.lp.r r,"s'llts to '3xpé:ri'c:~r.':'1.l ~i!:dln~s. 
'>. 

c:;Rr~"icteris-::ic ~~ttcrn of \'3.~ül.tlon ln tl-:8 rhytn"": of ""est1u71ar 

').;.d or·tor:il"lec1c nystc:l;--;-:--us dC'~.o~lstr3.ted 'Jy the 2nalysis rpc.1Jl~s 

of thts thcsls. ~hls question will be furthcr jls~ussed ln 

section 5.1. 

:-lnrl1.n~s ar:d con ':rovcrs laJ. 

clal'"'!S 'T"y point to the po~s~:-;:l1ty th",t ln re3.11ty ::l 'TIGre 

l~ply t~qt th~ v~stlbuln~ nuclel ~re the ~~nera~ln; center. 

:t 12 poss1bl~ thqt the rhyth~'ls a resu~t of ~odulatlon 

o~icrln'3.tin~ else ... :heTe. ::::r::'nh'lb~r and da :Oflseca (~9Si}) reported. 

npurons 1~ tn~ ve~tlbular cortex show1n; ~odula:lc~ )~ disch~rGa 
\ 

1. '1 "~e 'rhyth"'1 of vestlcular nystp.g1ms. l'he !T.odulat10YJ àlsappt'!ared 
-! ~ ,', \ 

, \' . 
-: ... h~1" th~ eyes &·re ~losed. :;'urtner\, rnod:ü;1.tlon of firlr.g rate 

.> • 

in the E.:fere'1': fthers rJr' ve..::i~lbular nerves befare saccadic 

eye mcve~3nts ~RS ~epGrted ty jlch~ans (!972), who fou~d that 

~rp~~xt7ately lC~ o~ the u~~ts recorded fro~ the perlPheral 

ve~tioulqr nerve of r~l~~ed. ~~a~~es~hetlzed rabblts and 

~ol~~lst iisplayed a c~aracterls~ic ~odulatlon o~ their rest1ng . 
,j' "ischar~e beç-inl':1!"':g .10.0/11 

le1() ~1l11seccnds before 

• C'r-e io-"e:r'~":.t or ':he E/st' phas~ of ~ystag:nus."'· 
a saccadlc 

It ls di ff,1cul t to accept th~ view t.he. t th~ vestlbular 

,1", 

.' 
\ 
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Y1uclet alo!;e orl"i,:qtè-+':'}:e :rhyth:nlc p..ctlvlty al-,d the retlcul::H~ , 

fonn.tlon servss onl.v as ct path-:-::1.y trans1ilttlnc-; the actlvl':-y to 

th~ oculo':lotor n~lClc'l (a Dossltl1ity prGpos~d by :"aed3. er. al. 
- ~ 

1972). Tt \8 l-:e Il" '.r:no'rm t. h'ù n-{s taP"'"!'us 1s s tronsly af fected c, 

by arousal level of the subject (Collins, 1962; Cra~rton, 1964), 

and it ls 9.1so o:-ene,rally ~mm'm that the ret!.cular for'l1ation 'ts 
, 

closely assoclateJ ..rlth ·ayous8.l (~en:ry ','ord :iosp1tal Symposium, 
, . 

:958; ";uyton, :0'::6). In collec"tin',c" nyst8.::rr;lu::; records for. th!s 

thesls,it · .... 8.8 fr:equently observed that 'J1ent:nl .!1ctlVlty of the 

subJect:s cleG.rly altereè t'-1e rhythn: of bot}: ïest'i.bular and 

outo':inetic nysta;-:-::us (see section 4.2.]). If the retlcular . , ' 

:cri'.'1t.loYJ sCT·rep,..".Qr,.ly as.a pathway, 't tll'7,!l'" !1ftec-:' tr~ '1'a911~ud.e 
, 

':.' , 

to alter the rhyth~. 

Tt 18 possible that the vestibuln.r !i'1'~J,el &:'d. the ratle:" 
~ 

ular forr:cation are ee.cn capa~le of ..-ener,"'lt1!'1>'" C";, i'ideperdent 

rhyth:'1, and ..... hen they are ~orl!1ected tOf.1;ethe-r to funct ion as a 

unit, thelr indlvidual rh:/th::'1 wilLbe entralned (or s:;-nchror.ised) 

to a CO"2:non rrly~hl"l. P. ;ooè exa:r.pl~ :'or the concept 18 that in 

the heart the slnus node and the atrio-ventrlcular node are 

each capable of lnlrtiàtln~ an lndependent rhvthrn of contraction. 
C;.' al!!' 

rj>-lever., the hflA.rt as a whole bea ts Et t a coœ:non s'Cable rhythm. 

Sl'TJulatlon of the1r 1nteraction by a system of coupled electronic 
r '. 

rela~atlon oscl1~~tors was carr1ed out by Roberge and ~adeau 

(1966, 196'7). ~hey found tnat a steady state of synchronl'5ed 

. 
cV?-
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rhythT ~as ~chiev~d wlth a frequency lnter~~dlate bctween 

the free-rurl''11'1P" -r8.tes of the two oscillators and detcrnlned 

by the relative e~ounts of direct an1 feedbac~ coupling. 
"-

\ ' 
Several experfl"1~ntal results were explair.ed in ter~s of thls 

\ 
r:Jode 1. 

'l'he role of the cerebe'llu'1\ in the saccadlc component 

s:':eneratlo:l shou::'d. perh3.ps De ::lore elos~ly ir1vestlp;ated. 

jrom his experi~e~ts ~n cerebellectc~ised rabblts, Collew1jn 

(l970) concluded that the c~reèellu~ was indispensable for 

corre c t rrop;ral'ttn~ of tt'-e sacc'ld i c co~ponen,ts in oPt",O'':1 netic 

nvstav~us of that ani~al. It 1s quite probable that ~~e 

rhvth~ic ~ener'ltio~ in the.retlc~laT fo~~~~lor 1s >'lot local\sed 

"-in 8. s'"":"'.1l1 ares, bll~ èlstrih'Jted over::l rc["ion so th'3.t arpusal 

and CC1n~lectio'lS ~ro"r! other inputs such R'S cortical il"1fluonces ' 

and v1sll'l1-oculor:1otor paUmays 'TIA.y moo.ify the rhyth~. The idea 

thnt ~~lttple rhvth~lc areas are entrained to produce the result-, -
ant l"1ysta~~us rhyth~ is very attr8.ctive ~hen It 18 consldered 

• 
that a con~on contraI ~echanlsm Lay exlst to serve both 

vestibular and opto~inetic ~ystag~us. It wl~l be de~onstrated 

ln thls thesls that there are strt~lng sl~llRrtties ln the 

lnter-~accadlc l~terval statlstics of vestlbular and optoklnetlc 
.../'-\ 

nystag""'1us. These l~ i:nd inds p!'ovlde a pm'lerful suppor-t l~r the 

hypothesls of a co~~on gener~tlng ~echanlsm. 

A cha~2.c:terlstlc pat.tern of 9hnnge in the nystacmtc 

:~}@yth"1 shown by thls thesis rnay l'lIse be us~d to ald neuro­

,physiolo~lcal exp8rl~e~ts i'1 determlnlng the ana~omical are as 

\ 
.. 
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Hhtch élre lnvQl'/ec tn the rhyth rl1c l!en~r3.tlon ... 'or eXélFlple. 

in the experi~ents by ~aeda et al (1972), it w0uld be lnfor~atlve 

ta observe the e~fect on Thyth~ie actlvitl~s reeorded fro~ the 

vestibular nucl~l 'l'Then lesions of v'lrious stze are lntroduce1 

lnto tbe retlcular form3.tion. Conversely, the effect n:ay be 

observed ,f-rO',1 the Tet icular f OT'TIat ion wheY1 les ionG are introd.uced 

in the vesttbul,qr nuele 1 or the cereb~llU:1l. It ls ~'l1portant 

that t~e obs8rvatlon shouli he ~ade not Just ort th~ presence 

or A.lJsence of the saccadic cO':lponents, -O'..lt also on th~ de'.riatlon 

.' 
ln the saceadlc rhythll "fl len eornpared wlth the nOTr:l8.l eharaeterlsttc 

rA.ttern of chan~e. Any area whlch causes R devlatio~ ln the 

cl-}nracterlsttc chan'.';e must be re.;arded as an l"1tegral part o~ 

~he rhythm ~~neratin~ Œechanis~. 

:3.1.4 '.'e t hod8 (')f Ind uc t'1(: 'lest i bu ln!' t:ystl1g:nus 

Vestibul3.r nystaGmus '3.re cO~'TIo!11y induced by rotatory, 

calorie and ~alvRnlc stimulations. Rotation of the he ad ls the 

r:10st l'latural form of stl:nulA.tlon, -semleircular canals èn bath 

sides of the head are s~mu~tan~ously stlmulated and the rn~chanism 
-

of nyst8.g'Jus production hlls been descrlbed in the p!eceeding 

sec t ion. Ga Ivan lc and cal orle 3tl ';lU lat lons ar,e Iess na tural 

but have th~ advantage that se~lclrcular canals ~n each ear 

can be separately stimulated. Galvanlc st1mulat1on 15 pro~uced 

by f-l'lSS lng n!1 el~ctric currept through the lnner ear .by means 
1 

of sk1n elect;rod~s. Eoweve:-, 1 ts mechanism G nct yet weIl 
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understood, and 30~~ rescp-rch 1s concen~rated ln thls areR , 

(',:e133 and Tole, 1971: CO.8.tes 1971). 

Calorie st1.mulat1on has been l'lidely used in the cllnlcal 

e~vlron~ent, where nystag~us recordlng ls referred to as E~~ 

{~l<:!ctronyst[lr;'TIO~iraphy) .. ~esronses froll separately stlrnulated 
,0 

ears are co,,::pared to yield di'J.p;nostic inforT:latlon. Calor1c 

s~i~uIR~lon ts produced by water or air lrri~ation into the 

ear cana 1 . L'he te,-,:,pE'ra ture c ~a!'lge c onduc ted into the ~e~l c lrcular 
\ 

c~nals causes flow o:;the endoly~ph whlch 

ln turn defl~cts the ~p~la reccptors. In a c11nlcal tes~ the 

pqtlent nç)"rn-:8.11y lies suplne ,-;1 th the he'3.d tl1ted JO degrees 

above t~e horizon t~us brln?lng the plane of the lateral semt­

clrcul'J.r canal~ito a vertical position. If the rnlddle ear ls 

1rrl~ated with cold water, ~h~ coollng will res~lt ln B down~arj 

cO!1~Jectlcn.. ct.rrrent ln the endolY'TIph (a"llpullopetal flow), wh1ch , 

will lnduce hvstag~us with the slow cO"llponent ln the dlrect10n 

\ of the en~oly~ph ~otlon, or the saccadlc component beating 

towards the unirri~ated ear. 5y convention, nystag~us direction 

ls deflned ln the direction of the saccadlc co~po~ent. Thu3, 

cold wa~er lrrigation to the left ear results ln a rlght beating 

nysta::;!'1Us. If hot water ls used ln the sar.Je ear, e'l1dol~f!Ilphat1c 
.......... ~ ... .):1,."l~ .. __ {"',. __ 

.!"~_' " ", f ;lm; anQ .11ence nystag"1'Js d 1rect 10n w111 be reversed. 
'l"..l .. 

Cenerally, nystag"!lus ln the-- horizontal, vertical, 

d1a~onal or circular directlon can be lnduced, dependtng on wh1ch 

• sernicircul~r canal 0r ~oups of se~lc~rcular canals ar~ st1mulated • 
) 

In thls thes1s, only the horizontal nystagmus wlll be consldered. 
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~our type~ of nystag~~s in the hcrizontal position 

wlll be ,nc~uded, n~~ely, spontancous, positlonnl, calorio, ~nd 

alcohol le nys ta.:.~rrlUS. Only cal oric nysta~llus as lntro11lce3 aoove 

ls def1nlte-'y of vestibu'lar ori~lni, the orlgins of the other 

three types qre not Sllre. 3pontqneous and posltional nystag~us 
1 

are usually c9.'ls~d, oy pathblor:lcal conditions and th~ir inclusion 

j here under the cate[ory of vestlbulqr nysta~~us 18 because the 

pqtlents fro~ who~ the records were obtalned were suspected of 
., 

/ 

ve~tlblJl~r lesior.s, but the final dl9.~nosls has 7lot been confirrncd. 

;lcoholic nvsta7~uS ls Induced by consu~,tlon of Rlcohol, and the 

site of alcoholic actIon ln the ce~tral ncrVOUd syste~ ls not 

cle~rly u~derstood, althOUf,h it has becn reported thRt bl1~tcral 

la byr lnthec to"y res'.ll ted in b~s~n t ion of alcoh01lc nys t~g'TIUS 

(·oney, Johnson and Corlett, 1965). 

rhe advantage offered by sppntaneous,posltional an~ 

aldotolic nysta~~us ls that relatively long recordln~s '~aq: . 

be ~ade whloh are deslrable for statlstlcal analysls. 

" 1 
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3 '02 INTER-SACCADIC INTERVAL ANALYSIS OF VESTIBULAR 

NYSTAGMUS 

3.2.1 Introduc,tion 

/ 

Vestibu1ar nystagmus recording has been wid~ly used 

both in the research laboratories and clinical diagnosis. 

The main parameters of interest were frequency and duration 

of nystagmus, and the speed of the slow component. Recently, 

emphasis has been placed on the speed of the slow component 

because its mechanism is now quite weIl understood:(frequehcy 
( l 

and duration are still used by sorne clinicians when nystagmus 

39 

is not recorded but directly observed). In contrast to the slow 

component, the study of the saccadic component during nystagmus 

'has lagged. The occurrence of the saccadic components during 

nystagmus has been described in the literature as rhythm~c 

or periodic, and it is generally agreed.that a certain degree 

of randomness exists in the time of their occurrence, however 

the random propertie5 have 50 far not been studied in depth. 

The study of random occurrence of events require 

special techniques. The ~efinite onset of each"saccadio/ 

component makes a nystagmus recording weIl suited to be converted 

into a point process, in which each point corresponds to the 

position in time at which the saccadic compone nt oceurs • 

", 
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l he techn tq iles of po1!~t process ana lys 1::; ~"'!Ù ·1 ts n ppllca tl on 

to neuronll.l research h[-lv~ bE'cn revietl.'ed ln chRptcr 2. In the . 
wor': to oe de~crl"l-)ed ln thts chapter, nysts.!3:!'1US t'ecot"dlngs 

, 

were con'rel'ted in~o point procE'sses and the lr stoehast te 

properties were nnR]yse1 with the use of digital computers. 

So~e prel~~in~ry graphlcal displ~ys of the gross 

eh~r~ete~ls~lcs of the inter-sacendle l~tervals of e spont-

.A.'1E'OUS nyst3.~!1.113.frecorr::. arc presented 1:1. ;.;cetlon 3.2.4, Rnd 

,,:,::)othesis that ~uch an, lnterval sequence was generated by 

A. i/01SS0~1 p'ocess was tested and the :results rejecteè. the 

hypo .. thesis. 

A technl~ue usin~ dof displays on a co~presse~scalE' 

W:lS ~otmd to present a sensitive vlsual depict10n of tn€ 

varlatlo~s of lnter-snccadlc lnte~val pattern and thls resulted 

in the f~l1dtYlg of 2_ phenOde:10!i of r.mlti-modal ini;erval , 

histo~ra:lS 1 n l'!.lr.y records. Tne t"esul ts led to the eor.31de"!:.:J.+:~D.1. 

ln p~etiQn J.) of a possib1~ eyp]anatlon of thts phenomen~n 

as r~sultlng frc~ ~ sl~ple lrt~rac~ion between the basic 

p~vs101og1enl processes of n~~~al excitation and inhlbition. 

3.2.2 

AlI I!ys tag.nus record lnGs !.n thls thes ls l'Tere done by 

the elect;ro-cc'~11oiÇaphy (ZOG) l!letho-i (Shackel, 1967). 

-nteT.porally placed Ag-Agel ski!'! eleetrodes (B~c'.{:r.an type 3~OJ) 
. 

having an eleetrode are-:l of about 8 mrn2 each were nsed fo!' the 

record ing. Electrc;:e J"!! 11 was applled bet'ofeen the electrodt" 

• 1.';:. 

\ 



) 

-e 

<11 

and t~e skin. ~he 31~nal fro~ the electrode.n~pllfled byan 

A.. C. C oupled di fferent ln l a';1pllfler .. rl th a three -3E'èoni t lme 

constAnt, except for ex~erl~ents descrlbed in section 4.3 
fi ' 

v;here n D,: C. coupled ampll~'ler was used. The ct lfferent la l 

a~~llfla~ (8urr-grown, type 3061/25) hR71~~ 8 dlfferentlal 

input i~ped?nce of about 50 mega-oh~s and the h1gh-(requency 
" 

b','ndw~dth ii~S s~t at 20 ;-:Z. fhls bandwlJth l'ras found to be 
. 

srt':13fRctoY'Y :';r:-t,iï b)r a theoretlcal:llr.d dle:lr:~l co:nputer spectral 

8'18.j'Jsis of l!y:]t;8.;;:"lUS sl;;-nals descrlbed. ln Appendlx 1. Followlng 

r-tr,')lL~lv':1:1aî.., Si;;"'1~18 '\Ilere recorded on an "'\ tspe recorder 

(Ee~le~t f~ck~rd ~0del 39!73) hnvlng a ba~dwidth of 0 to 62 5 H~. 

Co'::puter an:.:tlysis Hns l[l"::;~r pe .... for'Tled on th~ playbac'.< s1gnal 
~ 

3.2.3 CO""'.J~lter ':e8.:,·';re·>.~: of Inter-saccadlc Intervals -----,,---
( 

, 
'l'wo ta oeasure the lnter-saccadtc 

i>1t;er.,p-ls of nysta.~"1'!US records. ,In one r:!lethod the detect10n 

of the onset of a ~accadic component was done by a digital 

C~"TIpu~er w}ll~ P. in the other the onse+; of e saccadic component 

Wéi'S '/lsu8.r-ty deter:r.1.np.d a.nd mAnually marked berore mf3asurement 

b '· L~ 

In the flrst ~er.hod, the tape recorded nystagmus 

record was d1ffeTeutl~ted ny an anal03u~ dlfferent1ator . 
resultln,s in a series of sharp p'Jlses cor~spondlng to eacp , 

sac::adlc -component (:'1t. ).3) The dlfferer.t1a~e'i signal W!lS 

• 
fed lnto an analogue input char..nel of the LINC-3 cO!'lputer, 
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orir;in,ll 
E~~::; 

. ,.'---------~- -----~---\ .. 
i 

- r-

! ; -3. r1 l',lstable 
_-__ ""--___________ ,_I __ ~__''__~'J ___ !_~_/_ th ce s ho l d 0 

1M ........ ·....-Jt'· ...... ...,~ .......... JV' .:r" .... "..,..('r"' .... ''''"~..4<i~'....-J~<i''?·..u'.'·i'''·'i·~ 1---- di f f <:!re n t i.:t :=ed 
SNG 

rie. 3.3 Comnuter aetermi~ation of sacc~dic occurrence timcs 

3.4 

fl-,SéC. 
14 -1 

Time 
~q ..... <JO .. , .... .,. ............ go, ... _ ~. ~ .... ,'";~~ ... ~'\..1 

, , \' . . , 
expélnc.::".l -u()r~? '-!"la ... 

t'"'i" 
A.l.J 

'l' 4 1 ~hlanu,ll 
marJ.:ings "ta be 
sensf>'.! "'J'{ nhoto· 
el.-:cn'ic reader: 

~Qnual ~~termination of saccadic occurrence times 
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ilhich di,ütized andldispln.yed the s1gnal on the LP!CSCO?E. 

An ad justable threshold leve}"'J'laS also TiJonttored on the dlsplay 

U'1g. J.J) and when the dlfferentiated signal, rose abcve the 

threshold level, the computep would r~cagntze the occurrence 

of a saccadic cooponent. 

The co~puter then measured the consecutive intervals 

Tl, T2' r)". as ShO~: ,in Pi~. ).). l'he 't'e-:301tJtlon of the inter,val 

meas tlrément was one~ milllsecond. The m,easured lnterval sequence 

was stored on T.agnetic data tape. 8efore an~lysis, the lnterval 

da~a was plotted out on a CALCOYP digital pIotter, with tlme 

scales !'1atched to the orip;inpl nystag""llls record1ng on a strlp 

chl3.rt so that the two coul(1 be compared to det.ect any errors in 

the ~e~sure~ent (see Fig. ).5). 
'" 

In cases of lo\'! lntens l ty ny.stagmtt'S,;..~ the saccadlc 

co~ponents after dlfferentiation did not always>rise above 

" noise level. fhls would resu1t in error in the cooputer recog-

ni t 10,1 of ~he saccadlc components. In ~,uch cases the nystagmu3 

1'eoo:-1 iY}~'; .... :':!rc traced out on strip charts wi th expanded t1me 

SC'l :"es 9.!'",d I~l'i.:> co-rrAsponding saccad te components marked by 

visuc.l 1:-:.zpection' as shown ln fig. ).4. The marked str1.p chart 

was rU:1 t.nrou /::;l'1 a chart drive on which a photo-electrlc sensor 

was ~nst~lled to detect the occurrence-of Q mark. Each detectlon 
~ 

ot a marJ-:- 'resnlte:i in a. pulse output from the photo-electr1~ 

sehsor which was fed lnto the LnJC-8 cO"lputer to slgnlfy (the 

occurrence of a sa,ccadlc component. fne success 1 ve ln tervals 

between pulses were Measureo in the sa'l1e munner as before. 

"" , Again, t~~ data was checked agalnst the stTlp chart marklng 
t 
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, 
bef ore H1'FlIy s if:. i'n,; ln t ervD.ls ,,;ere ;:p.Plsured be t~<18en sRccad le 

. 1 

cO"1~)onents in the d l-rec t iO:1 oppos i te to the slo~ co:nponent, 
~,~ "" 

\...·1 

and oceD.sional sacc<l.d\"s \.Yl the sa:",e d ireetion as the slow 

eo~pone~t were lanored. ~ecords annlysed were sel~cted from 

recordln~s in which snccadic co~ponents could bc una~blguously 

observed. 

3. 2.4 

.:,vpothes ls 

In an3.1~r <; ine; the point proce ss :- œ~ th~) f ir3t t>trne, 

:;rA.phie:1.1 ';1etncds are eon'l(.nlent for flnjln~ C11Jlc'JÜy the 

~ross features of tJ,ie datA. and also in su,;;;-esti~,,:; n;ore for'l1al 

~ethods of analysls Iater. !our ~ra~hical d~~pl~ys vere used 

i~ the preli~i~ary eXD.~l~a~lo~ cf t~e Inter-snce3dlc lntervals 
. . 

derlved fro~ n~sta~~rus recorol~~3. ~~~~ples of these graphicsl 

-::: lsplays of lntervals obtalned [ro",; s:;>ontnr:eol:s nystagn:us 

records are sno\'m ln r'1 E=;ures J. 5 through :3.8. (':hls pFl t lent 

.. 'as f'us'Dected te h?ve a labyrlnthlne lesion) • 
. 
:-i~. ).5 13 a display of the actual point process 

derlved fro~ the nyst.ar.:;":ms record. It gtves an overall view of 

the f-requency of the cccurrence of the saccad le cO:I!ponents. 

In ~lg. J.6 A the relatJve interval duration re~resented 
, 

by the vertical leng~,Df the bar was plotted agalnst the 

1.nterval sequence nU"!!b~r. This plot aids in the detectlon of 
1 

resularlty a~d trends of th~ lnterval. In Fig ).6 ]O~~ intervals 
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'3.re observed to occur 0l11y occas10na.l1y, and no st..o--ni'fJcant 

trends are evtdent. 'lg J. 7 1s a plot of thé - tota 1 nU'11ber of, 

snccades (ordlnate) occurri~g in the ti~e from the be~lnn1ng 

of the process (absciss3.). A.t €'a~h saccade, the plot jt.l"nps 

'. 
o~e unlt upH3.rds • .'\1'1 1~portant l'roperty 1s that the slope of a 

11ne jolni~~ a~y two poir~s 0~ ~n~ plot ~ives the aver~~e nu~~er 

0:' events per unit tir.lc for thC"tt rerio(L 'l'he plot in r'lg. ).7 

S hOHS th~ t the avera;;:c nu ""':bcr 0 r eve~lts 'l':as s lir~nt ly hlp;her a t, 

tr.e be;.~i>min~; Ol~ the rpcord but there see'TIed to be j"10 sigti.iflcflnt 

c ham"'Çe 1!1 the rest cf the record. 

3.8 (a) sho\·;s,_t~e lnterval hlstor:.ca:n l'lhtch 
.",. ~ -- -- ------_. 

esti'11ates the probQbi11ty of OCC'lrre~ce of a p8rtlélllar interval 

durat1o~ b8tween saccades. 
tr't r! 

'~h8 C01:1l):ned. ove-ra 11 if.'lpress ions from these p;raphlc<? l 

dlsplavs was that th~ saccad1c co~ponents occurred ln a ra~her 

r3.!':do 'J ~'J.,:ner. Snort l~tervals tended to preootnittate et the 
~'------. 

b~-:::~»,,~!;"'" of t hA record but no ot~er s1[!Y11fica:nt trcnd--cou1d 

'rhe lnterval histogram ln :12:. 3. R (a) S,hO\'lS a 

~ 1 3~ar~ p~a~ near ~h? :n~~test intervals, ~nd a rapid, followed 

poss1blllty of an ~xro~~ntinl tall. 

The next co~sJ1e~atlon 18 what StOCh3Stlc ~rocess coul~ 

pos3ibly ~ener~te s~ch l~~~rvals? The slmplest st0chRStic 

r~ocess of all ls the ?ol.5son '~roc'3s s (3ee Appcrd lx 2). C:-üy .. 
. 

one para':.eter~ the '!leQ.n rate of occ~rrEY!ce, 18 n'3eJel to àescrlb'3 
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(a) 

512 s~-IPles 

.. 

1 sec. 

(h) Data f,rom a different suhject._ (l.:sed in Appencix 3) -
~ ~, 3g-B# samo!es 

fig. 3.8 IT)terv:ll h'i:;tor,rams 
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Ordinate = 
= in--::erval dl!T'ation 
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or-- occurrence 
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ro co:rr~l[1tions 0:' trends' in the inter'.!,,! s';qu~~ncc.;, n"';d the 
' .. 

interv~lls ~ust be exponentla 11y dl s tri tu ted. ~,r l'{e t-ra lns 

S"<-isf'y n 1-o1"so-n )1y»ot .... ps~· (r;ri.('~·ith.,,;~11o.J t'''~Y_', ~St/r". 'VO"', ~J.'-" ,,_ L C - .) • .! 1." '- , ~".. _ ~ 'c; _ - _ - " '"' 

dif.,pla'ls of the ir.ter saC:cp-dic in,::ervals, a test of 1;h~ ~oisson 

hypothesis for the uncierlyinn: "'sch8.nis":1s se(!, cd rè[130ns.ble. 

0;' stor::'L;::e. was ru!". on an L~" 3CO/75 'Tlod-::l ~n-:'JUl,'.:r. rh'? ... ' 
{I 

" ~'he coocluslon ·::as\that.the- foisso'!'1 h:l1~ot!;esL:; t:!1S s::r'~'1s1y 

r~jec:t.~d:, .. ~nQ, a..1trend in, th~ dat-:. ~laS indlcated ciV::::-i: ~_·t~sl!12' the 

display n::ethods USine; ~he Lr:.C-':< d11:';1tal CO"'1:_)T~r '.:""::'1" ::lev~lop~rl 

1: 0 eX.'l"'lne rrore close ly the pù ttertl of trend s ar.d other 
\ 

vaT i2t;lol'lS in i"'+:erval cr.e.racterlstlcs. ['his Kill bl3 'h-scrtLed 

1!1 the next sect1on. 

3.2.5 

'<:ost cf the statistlcnl ~~asure!:: fqr f'C'lnt procesE 

A.nalysls B2 Gescribed ln section 2 . ., '1re oased or. the 83S'..!~pt1o!1 

of a stai:lùnar:v process. Contu21?1S con~1_u31.ons '"'!:>"y ar~ce if they 

"" 'r Ij..~ __ 

. ~ . ... .' , 
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" 
1lSêd to ::mal:rsc d.'tta l':lth trends l':hose Ylrtt'l..lre is rot 

t'!":àerstCJcrJ. ':'he dPtectlon of 'a 1'leak trend by the stD.tistical 

tpst in t:r'.e preceedtnr..; section éalls for a ~ore reveallng , 
\ 

ctna17s1s '""lethod to eyar:::lne the t"o.tterr: of trer.d. 'rhis 1s 

~nrt~cul~rly important in analysln~ rcnordo of p0Gttlo~al 

and calorie nvst8 r;P'US whlch are 'accoT.panled by s-cron:;s tre~ds. 

ln th1s section t\'10 additlonal techn-lques of anf1~ysls 1,:111 t.e 

In,t r oducer; a 'co'""lpresscd' display of the 

El d igi;ttl l~ilter ta sD6o~h ~he lnterval hi,sto;:-rn"-'s whlch were 

oe c!îO\'M that an interestlnp: phenc1"'lenon 0:' ... J l ': :..-·r:(t~al lnte~val 

hlsto;::;rA.":1S viElS d8tected. Selected records 1':111 oe ns"'d to 

tllustrate thls phen0:-:1enOL1 in four types of nystag'TIU3 • 

. of an in~erval by the vertical position' of a CO'':' '~n\ t~,.; Lr.C:~~üF'2:, 

(an oscillof'core displa1' on the Lr::c-8 co:tpu .e!~), :\r;d by 

displayin~ the sequence of lntervàls in a co:nr-~essc'l space, the 

variatlon patterns of the lnter-saccadlc i~tèrvals were more 
~ . 

clearly shown. This 18°,illustrated. in Fig. J.~J(a), ~1h1ëh WllS 

"plotted fro~ dAta used in the :'o~~r ;;:raphical displays ln the 

preceedlng section~ here the tendency for shorter lnter~ali to 

OCC'.lr more frequently at the beginning o!" the r-ecord 1:; shown 

more clèarly. ~'urther, th~ dots have a tendency to cluste!" 1 

int6 tNC IG.yers, esp3cially in the le'ft haIt' of the photo; '\ 
\ 
\ 

thls re~mlted in ~,ulti-l'1odal inteTval hlstogra:r.s to be , desc!"_1\bej 
.\ ' 

...... 
l ' 

\ 

/ 
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1 sec 
(h) Inter~al historvarn 
of left'!lost 251) s'lTTIplp-s 
of' ~~ll. 3.9 (a) 

Fig.3.9 Data from sponTaneous nystagmus 

. . . 

( n) i e '11) e :1 t , "1 rJ l " ;~ J ri V 0 T 

r11Jr'ltlo Y
) 370:-: t'~pl"'" 

. . '. . . . . .. 
' . 

Left side . ~ (' CJ II r:Ù1 t j a l cl i ST) <1 V S 

, , 

A ~SC i s S l :: SCf") Il 'nce num~er 

2 sec 
Left'nost h 5 sa:>lpl<;)s 

,.1111111111111111111111111111111111111, , 
1 -' 'p_, 

c.. J .v 
21~ht~nst Ils sRTrl~s 

(h) Interval ~istor,ra~s 
of s~~mcnt('d data 
of Fig.3.10(a) 

Ordin~t~= rcJat ve time duration 
Right sid~: Tntcrv~l histo~.~m~ 

A~s""i.c;sa :: intel v·ïl duratjon 
Orctin~tc= rc]~tJve fr~~ucncv 

Fi~.3.]O DQta from nositional nvsta~mu~ 

/ 

\ 

J. 
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1ntervals below. It should be noted that the dot d1splay of 

ls based on the s&me pr1nolple as the bar dlsplay 

but the substltutlon of the dots for bars and the 

1n F1g. 3.6, ~ 
oOtnpreaslo~ 1 

l ' 
of the horizontal soale produce a muoh more 1nformatlve dlsplay./ 

, 1 

For example, the layer'1ng 

ln a bar dlaplay. 

effect is not so readlly;observable 

~ 
Fig. 3.10(8) shows 

,. .-
th. result from another patient 

~ .. ~ .,t>-

havlng a posltlonal nystagmu;. T~ Poslt10nal nystagmus was 

suspected to be due to a prey oua braln trauma affeeting the 
. . 

vestlbular:~~ptèm. The trend 
'f: _ , . 

espeolally at the beg1nnlng 0 

that the nystagmus lfas qulte 

~ thls reoord la qu1te pronounced 

the record. It reflects the faot 

when the head waa flrst 
\ 

turned to the 30 rlght posltl0 , but gradua'lly'settled to a 
1 

\ 

lower frequenoy. The correspon 1ng nystagmus record 
1 

was /observed 
" 

to show a oorrespondlng deollne \ln lntensi ty. 
" . . 

'1 Because of trends, the 1nterval sequenoe was segmented.1 

lnto portlons wlthln whlch trends were relatlvely small. \ 

The lnterval hlstogram of these segmented data were computed 
"f 

and smoothed by ~ dlg1tal filter functlon to reduoe the effeot 
.... 

of statlstlcal var~atlon hefor~the hlstogram was plotted. 

The smoothlng funotlon used was in the form. 

bn' 

where bnt ~s the smoothed value of the nth bln 

bn 18 the unsmoothèd value of the nth bin 
çr) 

bn-l 18 the unsmoothed value of (n - l)th bin 

, .. 

\ 
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1 

bn-d' ls the unsï100th value of th~ (n +-1) tr. bln 
. 

rh'e p!"()!";ertles of ~uch El. fur.ctlon have been op.scrlhcd by 

~11cock qnd 11rsner (1969). rh~ resultin~ s~oothed i~terval 

è~ls-+':;O~T:l:n of the let',t half (2 ~6 f:3.'nples,) of :~i~. 3.9 ('-1.) is shO\~'11 

ln T"lg. J. 9(b): a distinct trl-'!!OdE'.l hlsto3"i'1r:1 \;as revealed. 

Fig. J.l0(b) contalns the'ITlulti-r:!odlll histo;çD.llS of 

the see;rr.ented data fror;}-~thc posltiona1 nystagmus r~~ordlng. 

Jr. all these histo~rams, the lôcatlon of the hl~h crne~ ~odes 

on the ti~e &x~s are approxl~nte1y lntegra1 ~ultiple3 0: t~~ 

10(;3 t 1 or. of the bas lc œode. FurthermoTe, \,rhsn t h~re H~S a 3'~ l'O1!,~ 

ar.1 the hlgr.~r order r:1odes appeared to lnc:.. ... f'a3e pro!Jo-r~lonqtely. 

l'he !TIultl-r:!Oùal pheno!!len,n are reflected Dy the ~l'OSS 1Ilyel'll • .g 
e 

ef:ect ln the ~~quentlal d1sp1ay of i~terval duratlcnc (11g8. 

J.9(a) and ).10(a». Fig. ).11 t3 a~o~her record f~o~ R p~tlent 

suspected of a cen~Lal leslon in :r.f' 'TestiD'lll1r p~n·,tmy. 'ihla 

large saccadlc tntervals. 

It 13 ~lear fro~ thcs~ records t~a~ if th0 entirc recori 

·~ithout seg~entation of data were use~ ~G plot the 1nterval 
,-' 

. h1stOPT31lS, multl-!T!odal~ty ~;ou1d :--0 rnasked 
-q 

Dy trend.s. 

Fig. ).12 WI1S ootRined ~rD~ th~ r~~ults of ~n lndudod 

alcohollc po:.lc10na) nvsta>rT.Us. 'J'he ~t:.hjectJ who 'N'=l~h~d 150 
" 

pounds t W2.S tcsted, Rn!) fou'1d. te b~ !ree from sponta~eous, 
~ , 

posltionRl oY ~~ze nysta~~vs b~fo~e tne ~x~er1~~nt. Six ~tmces 

of 80-,' proof\':'lsky was irtj'l;';:, -::y .... \.-.E. i>ui)je~t .:1 thln threc 'ntnutp-s. 

\ 

\ 
\ 
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.111111111111111. ,,11111111 \" •• II! 1· 
2 sec 

• Left~ost 70 sample3 

2 sec 
~1ddle 220 sa~ples 

.':Jec 
Rleht:!'ost 222 srt~ples 

,,71g. 3.11 Data froT. spont8.neo1.~s 

(b) I~tervql hlstogra~ 
of seg~ented dat~ 

nystagrall, 
.r 

. , 
...... . ~ 

. ' . 
. . 

• .' ... . . .. . . . . , '. ... (, 
••••••• : ••• !. '. \. 
·v·· ... ·• =~"" ... ' ., . 

(a) (~pall('ntlnl djspl~y of lrt~!'vA.l dllY'8tlo'1 
135 sil.7.plcs 

\ , 

'; '. 1 r 

('/) Intcrval histogram 
(ordinate seille 
eXDanded) 

" > 
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He then layon a couch and JO minutes Inter, hcCtè -turnlnF, to 

Jeft and r1ght s1de resulted in l~~t and rl~ht beatln~ nY8tn~mus 

whlch were recorded. and anal)rsed. ;:ystag!'!1us wns not 30 1~1~'?!'!3C 

as that found in the above cll~ical case of spontaneous and 
-

posltlon~l nyscRg~us, and pcrhaps a Iflr~er dos~~e of alcohol 
" 

a selected se~:nent of the rccord1n~ l-Thel'e Pl1llt1-11odallty efrect 

,';as Jbserved. 

In calorie nystaS:1:1s, àue tG !3 r&pld cltal1~e 1-:1. lnt":n.slty 

of the nys~a~~us, the ~ulti-~odal ,heno~ena ln ln~erval ~lstrib-
;f). ' 

u~i:'Y1 could only be seen st the r~s:~:mir:i: anrl c;r.d (lf the 

to ~t 7-~ient sllspected of 'l cent'!'Rl l"!slon. 

a t th ce.:;;lnnlne of the f lrst threc rc-enrds 

'l'he 

can 

Inyerln.-; effe(~t 

c] early be 

- . 
obsl~r~:~d, '..r'he ~op lay('rs are ~ t a r-'P~()xlm!1tt.~ 1:, t~ii~e th·"! \"Jrt tcn 1 

alsUmce of t.he ~ottorn la: r c'4, ?1g. 3. ilj. shm·Ts trlC ~f!Slllts from 

two colà wat0r ~rri.?atlons to 3. r,orÎ~al subject. 1'hc Ë'~lbject was 

.-
the begin!lin~ and end of the records a-r'a 

cbserved. 

3.2.6 Dis,cussions .' , 

In the preceed lng section, et :'ort.4 ",ere concentrateJ 

on· illustra t 1ng- the occurrence of ~,LJ1 t l-:ncd.al h1stot;rum, and 

w~re ~sed. Thercfcre. st~te~~nts concernlng 

" 
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<, • 

the frcq \~ency of oécvrrence and ,var la t lons ln the resul- ts 
" < 

arc presented here~~~" 

Df rive patients examlned for spontaneous nystag~us, 
,--

~Il product:d 'wItl-iodal lnt,t:r-saccadic lnten'al nistor;rams 

in aIl or parts of the records. ~he t~o cases presented in the 

preceeding section were entire re'cords from two pc'1.ticnt.s. 

In the other three, multi-:nodnlity occur~'ed only ln parts 

of the records, and in the rer::.'linder, the interval histograrn 
\ 

usu?lly showed 'lo'1~ tail' \'li th a Nide soread towŒd::; the longer 

interval. 

One patier.t .. !aS exa"1i'1ed for positional nystagmus: 

The result shmm ln the preceedin,~ section .. T8S the entire record 

fro~ one position of tht: head (JOR). In eight ot~er ~osltlüns, 

~ultl~~odnllty was occasio~a1ly observed fro~ the dot-dlsplays 

but the records were not long enou~h for me2r.lngfu1 hlstogra~ 

plots. 

'1"'10 r,or"lal subjects l'lere used in experiments in alcoholic 

nystap:;~us. f'ysta..:;:nus lntens 1 ty l'TaS lOi'l and freq uent J.y interrupted 

bv rando:'! eye movcllents. ::ul t i-modali ty l'las, obser'ved in ~hort 

segm~nts, about one-tenth of the long exper1mental reco~ds. 

Other places j:.rcduced long ta11ed lnterval h1stogra!Tls. 
~ , ~ t 

l'he phenomena of le.yerlng in the dots at the beg1nnrng 

and so~et1nes also at the end of calor1c records were observed 

,:';1n results frore. th..ree patients :?mo::-,~ ten patients exar~ined. 

It \'1'111 be de:10nstrated in the re-rnln 1e!" of thls t:hes1s 

that sy~metrlc ~ono-~odal lnterva1 hlstO~4am, lon~-tal1~d 

/ 
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.e lr.terval histo;;r3:1 and IT!ultl-::-:odal ln:,erval , :listosrar!:. each 

ce.n oceur in bot Ou, ye st 1 bUJ.ar and opto}{ lnet le nys t8.,::~"US, and. 
, -

the 9'br.d itloYls und.er whleh on~ interval hlstot:!;rar:l eharC;es l,nto 

'another will be exa~lned by a stoetastie model ln the next 

soctlo~ a~d by the opto~lnetle nysta~~us experl~ents in the 

next ehapter. 

J 

o 

J 

, 
,. .;-

"\,. 

'. 

) 

:. 
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J.J ,'" L, ~-1 T. ".~1·!.\L A",î.L'(SI') " j ':::0 '1'.\"T.;( :::l 0:- l~:':lULê'~~ 
,i 

• 
J.J.: In~,rorJ'lct 10n 

'l'Iî"\.S section Si~rVêS t·V!O pUTpo:;e~. ~\-,,~ ::toch~stlc 

o"bt8ined il1 :r.r, r.:rSViOllS seeLlor:. w'll be t"'1..1' ':",e-.' '1."'l.lyseà. and, 

se~erntlon of toc inter-saccadic i~~~r~el seouene~ will be 

co:",p3.red. 

~he :rodel to be ccnsi1erf:c1 jn th<::: follo·.:l!1~~ ~':lll concern 

onl)t the il1.ter-s3.ccndic lntervel c:-JAr!1cterlstlrs r1v:'i:'1~ ny3t9,":;TIUS. 

'~'he bas le TeC! uire:nent of th~ r:::x~e l is tr.n'" 1 t sho1!ld havE' the 

cG.pn1)lllty of :::roduclns tne "lult1-'-;:;dnl !ns'"'1"1'11 ài:'ltributio71 

rr:odss :hould 'oe at multl.ple i' ~e -,T:>~ vD2.n8 -3 Ol' the bastc ".ode. 

Such an ln~p.rvs.] dlstribu on Y:o.s te~;1 f01.1nd ::0 exist in "1'1ny 

I-07r;10 and. Vierrrsteln (~96L!.) 1'ount: bi-r;-.odc.l lnterval h~stobra~s 

!'or spl'.J:"es of spont3.neousJy activA l~'l'llscal r;eurons. i-!erz, 

r:'reutzfeldt and ;"uster (964) foul1.d bl a':d trl-~:odal sp1koe 

lnterval hlstc'-;1\'l:r:s f!'omlC'clls in th~ Vis~lc.l syste;n. :3ishop, 
~ 

Levie!.: .and .:11 i.l~.-o:s (',"Ci S~j.) fCU(1d fOl' a class of gcnlculatc 

'body '1eurO:1S a spt;·.e i:1:erval hl st(1.~-r '1.~1 IÜlit6!-j Sho-.·:ecl up to 



1 

• l' 

60 

r}1'~f,à'TltmOn y:as n TC SU). t of lntcrac t ion bct·,recn nxc 1 tn tory and 

ln!1::bitoyy a:'ferents. Tncv propos~d th3t there l:as a s1ngl e 

excltntory Afferent f1her fOT~1nr a sy~Rrsc w1th t~e ~enicula~e 

nCllrOl1S, and that there \':cre aIs 0 one or !rore if1h i b 1 tory f 1bcrs 

~)rescnt. ~'he ::enlculatc neuron to:8.S assl111ed to tTl~Ser whencver 

an 1~pu1se arrived nlon~ the excit~tori ~iber. provt~ed that It 
; 

\-;3.'8 not bJ oc :"-ed by an i':r~JU 13e arr 1 v1 n:: ';"alonz an "lnhl bi'tory . -, 

fE.p~. -::- the i-r,pulse nrri'Jak 0: the exci':atory <1t'ferent were 

:ya!1~lC:'. t, :Jcn th':! tra in of outpu~ i 'lirulses fra'T\ tne senic1l1ute , 
neUTon ';:0111d 

~ 

contain lnterva1s ~lhlch ,..;ere the su:.! 0: vary ln~ 

rre,,:::;")pr~ o{' adjacent tnte:rval::; iH the c.x.citr>tory afferent, 

~ultl-~odql interval distributions. ~lth oo~nuter 

~sl'T'llrt,tlcn, they df>~onst:'!).ted 'that this p!1eDO"-:en0'1 OCC'.lrl~e1.. 

oUbsequ:;n t 1y. ten :":ooper. and Jeuver (: :ifi 5) :'O"!''1U ~él r,eà the :'10ne l 

è.er:slty fU~lct10n for t~e output. !:he concept of ':111'3 ""odel i~ 

adapted here for the saccadic co~po~ent generatfon. r 
It TTIust se ellpnaslzed th8.t the" T,'JC] el :J.scJ ~:er~ 1~ n0t 

.{}, 

'neant to represent the actu3.1 structurt:;! of th~ r'3,3.1 ~vstem. 

( 

The possible cO"1"plexlty of the nyst8;~~US -::~ch8.r::s''1 h8.s bl"er: _ 

dlSGusGe~ ln sect10~ J.1.J, a~d.the saçcad1c co~~o~~nt whlch 

:.. 964) ls onlv repln~~~ by 
1'''' ... 

a si~~le l~Dulsc here. The rUToose of - Y,~ 

S'.3;~ i: ~h~ ovepa,ll 11F;!1avior of the 
l) 

nystag'TIic SaCCar10S ~l)lllrJ b~ s:,:ple lned in te::rms of the s}.mple 

. " 
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exc i t" tory 8.!"ld tr.lli b i tory 
. . 

proc~sses. 
,.. 

In ordf'r ta COIDar~ th~ :ï()'d~l m~d 'ex;)~rlï'e-rlt~l 
1 • • 

reSt.1ts in ~ str1nç--è:.t '"':an"1~r, all·'~uti::;tlC;l~-~èa_::Jrres~ c1~sr-rlbed 

ln section 2. J "i)lus the sequent!al dlsplrlys of' the lnterval - ~ 

". 

.. 

[j 

d'.LTatlon ~'lere used to analyse Fir:d cO'~pare th~ .results; 'n addition 

,/ 
CO'I}D'3.rlson Hlth 

" 
those of th~ u~shuffled d3ta. 

. . 

- 3.3. 2 

-.,... 
Eh~ -~~el proDosed for th~ ge~eration o~ saccadlc 

1'h~ exc '\.:a tçry 
" . 

1~:)1l1ses are q'J~sl-ps::loitc. l'ne i:1ter\,,3.1s bet' .. feen puJ-ses Clre 1 

r-a-r;"'a d is:rthutlon: 

where 

• 

t ls 

/ 
r » r· r-l 

= """r._~( t~-:-rt~) ..... ) __ 
( r-l) ! 

= cr 

-l'1(t-t ) 
1 

e 

<P 

dura(o: th~ 1~1 ter7al beti'leen 

for t~t 1 

b 

l~p'ttlses 

.1:1" ls thE' 'd'3ad tlme' 0: the ::;8.'"'!"1.'1 process or the ~er10tj 

of th'3 e:{tcrnal~' clock' sl~9"nl (see .section' 3.~.J) 
<0 

m,r arc <l)~rameters 01' the distrlb'J't16n qnd :n/rQ glves the 

':lean rate of the IJ"lp"cllse arrlv~l. -Tt 1~ kne\\rrl th'lt th~ 
" 

~reater the , -
va lue" r, th~ ~ore sy'"':~e~rlc~l 

" r 

• 
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1 

"': 

" 

Exc~tatorv afferent 

pul s e :i nterv,ll-s p;amr.1a dis tri buteà . 

" 

" , 

---t~----~< o--------~~e- L f f Cl"en t 
al 

- - : ~ ~ 

' .. , 
Inhibitorv afferent 

pu Ise ; r. terv,lJ.3 expone ntiall V 0 9i s tril,u ted. 
(~/ r 

, 
ro;> 

3.16 

, 
• , 

fi;. 3.15 The stochastic mod~l, 
.,;"" -

" 
.. 

1 
1 :} 

: III . . .,. . 
q,J 

~1ode of::( S'Ina ptie ac~ipn; o~ the 
inpulse series :'1 1 inhibi tëd by 
resultin~ in imD~lse series e 

.. 

'al 
, 
~2 

e 

nroD03ed model 
j ;;j;>{ll s'e se~ i~f. , 
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is"the disTr~hu~ion a~out its ,n~n and the s~~lle~ lS iJs 

var i '1 n c e ()( ~ 1 ~ J r111 a il d S tua r -<-, l 'J 6 7 ) • 

The lnhlbir.ory 1'npul.s es 'lre rtrrl~linf" in a ra~dc .... ,.,r~nner 

... hlch const i tutes a FoiS'sor. p::-ocess. L'he 1nter'J'ClIs bpt. ... Teen pulses 

are ind~'pendent of each other and Rre dls tributed accordtn~ 

to the exponential distrib~tion: 

n 

f( t) 
-/.l( t-t 2 ) 

for , :: /.le t>t
2 '\j -, 

~c '""" J 

-"'", ... 
"0 for. t~t 2 :: 

where t ls ~hc interval durntlon between pulses 

t2 1s the 'dead ti~e' for the Fois~on proccss, or the 

period of the efLern~l Gloc~ sl~nal (see section ).).)) 

jJ. is th#:Jean rate ,of }-o1s~nn impulse arrivaI. 

~ ~he 's'Y!1aptlc interaction' ls such th:!t every eXGltatoI'Y 

l'0pulse provol_~s 0n output i'~!)"_llse, pro7tded it has not been , 

bloe1-:cd by nr. L,::i'uit.ory -i~~pulse cccurrlng et sorne tiJ11e 
n 

sinee the last ey;clt'lto~y iT!pulse. If there are two (or ~ore) 

lnhlbitory l~pulses ~ithout an'excltato~y l~pulse, cinly o~e 

sL;Dsequent excl tatory 1'TIpulsE' ls lnhlb1 ted. This action· 1s 

111u'strated in ;''1g. 3 • ..16. 

).). J 
.ç 

CJ""'puter Sl"':l'l}at;lon of t;he ':oriel 

rhe -:lodel ,:as s1rcu18ted 0n a hy'o:-ld 

nOi~~" ~.:enera t~s ('J'l"!'r- -j-:-Ct'" 

-' 

j 



e. 

-. " 
. , 

64 

. 
p"eY\er'ÜOT ls,al'..'''lYs ':1t one or thp- other of 1ts st?ble states 

(~ 5 volts) 8.nd~lf{e state ch8n:;;es are npproYl"""ltely Folsson 

dlstrlbuted. ~he rate of state ctanges caY\ b~ ~ontlnuously altered 

b\V Rn external cloc 1( sl~'1n.l. The outpllts of tr.ese Yjolse p:e'1erato!'s 

\ ... ere dH f erentlnt:ed and cO'1d itlm;ed to .c':lve Il pulse of 10 'Tll111-

s<>co'1ds 10'10', C~e outrut '1"1.:13 direc-cly used as thefnhihltory 

invut-" l'he :"'1~-!a distrlbuted excttatory 1Jl11ses t'fith p'1rl3."!etAî r 

tb,= other noise P"8'18rator befoTE~ an 8xcltatory pulse was e"11 :teè 

tl-)e r1l1es sP"cif1ed in 'thp-... nrevious sectlo'1 (see ··l~. 3.1(,). • • r 
" ' 

''0 

Tl-)~ d h'ltql C0':',})llter sp.rved to detect 'Nhen a le~it!.rr:at,e out-

put l~c1]lse occurred. The intervals b~twee'" CO!1secutlve o'.Jtput 
G 

iT'1pulse.s were subsequently '1eRsured bj' the co,,;puter .qnd d lsp)ay.::d 

0'" the LI"r;:-)CÛ~~ ln s·':CJ.1!8t'tlfll order. Thus th~ teï1porl3.1 patte!'n 

of the sl~ulated lntpr-saccadlG lnterval could be observed 

oY'\-llne. :1.ny c:--!':ln.·~ ln lnp'lt pararneter-s <las reflected l"1:l~dbtely 

by the lnter?~l rllsplay. At any tl~~j the s1mu19tlon process 
.. " 

" coulc1 be lnterrupted to céilculRte R.nd dlspl~y the lnte!'val 

hls1:0JJTa'T' of the acc1i"1ulA.ted lntl'?rval d!?ta fro"n the '11('n~l. 

Durlnç- sl"1ull3.tion, ttE: input ra'ral1eters P, 'YI, r 

were first estlI'jFlt~. and then !"eflned by trlEll J'lnd error 

~ ad just...,e'ît to sl:!J1Jlate t'he !"xpE>rl"!le!":tal r-eS~llts. Gbsl'?rvatlons 

wpte based on the sequentl111 dlsplA.y of l!"!tF:r'lE.:"- dllr&tlon and 

/ 
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lYllmt precesses 0"1 the results 'Oye sr:o;.;n h: -'t·~.J.17. :1~.3.17(q) 

Sr.Oi"S the ir:t~rv(11 hl~tor.:;ra':1 of the r'",!l""''::1 dl.3crlb'l~ed excH-

of :::\llses ,,;as :3 p.;r second. ['!je "'1enn rate,,· of th0 lY'lhlhltol'Y 

lnpl~ .... ms se':; at zero (Le. J'l0 i"l}li~it.OTV pU~S~8). In t-'l,cç. 

3 '7'('b' +-re l",PT'''~pt-(:>T'''' or t't'.c p'Trltl":,,"'Y l"1'qt- ",pc~ nf).r. cl,;~Y''''''r:(:, 
• .!. 1 b j. . .. . ... l, , • '" • _ ./. J '" c , • v • 

r-

\ 'lon::-- t:q,ll' iY1 t!j~ lnter7a: hl~t,C['~'-i"" !'~s1Jl~p.d. In ;"lr:s • 

. '. 
J.17(~). th[~ p~~T';>""eters or t}-.~ C),:cit~tbr::-~!'ipl~t're,":qinl3d un-

. d 1-
pr0r~ lAce • 

\, 

,,1..s. r J.17(d) :J~d 
! 

1 \ 

( 

(e) S~O~ ~he effect or narrowin~ 

ex~er'lal cloc~ 31S~'1.1). ~tth no i'l~lbi~0ry input, ~1~. J.17(d) 

h''.'l~~ set to hq?e a -e}lYI l'l':t+:e of 0.5 pPr second. distinct b1-

~ \ 

""0-1·3.1 lr::~n ~J. r.isto,,:ra·~ rIElS obtlltned (;'i~.J.17(e)). 

r:d 
~.... --..- / 
~~.tL '1'" 



/ 

1 

m=21 
r=7 
~=O 

0ec 

m=21 
r= 7 
U=O.5 

(ë) 1 1 , 

~ 

m=60 
r=20 
lJ=O 

l Sec 

m=60 
r= 20 
11=0.5 

, f:.ach l1isto~ram has 100 samnIes 

[ffects of chan~inr, model input 
par~eters bn output nuIse intcrval 
histo~rams. (See text) 
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, 
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•• 

1 
'. 

d~lPlld 1n-;; on th~ "Fl.te 0: tne inh,1bltory l~p~lt 8.ncl tbe 
.tJ 

spread or variance Of lhe cxcltato~y input. The folloKlng 
~, 

section describes atte~pts~~qde to sl~ulatc so~~ of the 

c11r.ical resnl':.s obt8.i'îeâ 11 the prev1ollé) section. 

f 
\ 

).3.4 'y.r:~·"'1~.0ntql qnd '.'od~l ~~sllits 
~_. -------- -------<t---

results shm:"!1 i'1 the prevlous, sl?ction. These tnclud3 

67 

'S pon~a 'le ous, "lIe oho1 tc and ca l oric n~rstR?;r~us. fhe exper1men ta 1 

and sl'TIul8.réd slJoYltllneous nystag'TIU8\)resu~ts \\~re analvzeçt 

end cO'TIp8.reci for six diMferent sté;ttlstlcal 'ncasures. The 
4 

theory and 'TIethods of calculatlng th~se stat1stlcal Measures 

are described in Sect10n 2.). 

------
" 

L 
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,;ljn:-;t':l':P~)l:~ ,T','St'1~'-~'JS. "'1::-. J.~3(~) 13 Ct Jl~ulated 
--~--- -_._-----_._-~--

cl1nlcal ;--esult sl10Hn in ~'li;. J.1R(a). (~i6' ).2.8(a) i8 the 

83m~ a~l~ir,. J.9 ln the rrevious Eect1o~, re-lnserteà here 

" . 
for convent~nce). Data of ~ig. ~.:~(b) was ob~alne~ from the 

~ 
~odcl wlth a n~an rate of J per seco~d n~d the pararneter 

J :: .14 for tile exc1 tatory g8.ï}'l3. proces~. The lnnP)i t0Ty process 

h2·i a !":ean rate of 0.5 per seco'1d. :'he s1 "'1ulat1on \'IaS T'ln for 

~lve ~1~utes. In t~e lart two ~lnutes, tne ~e~n rate of th8 

Sf:coyjd. ':tGC'1tl·.)r. 1s drawn ta the ~r::HS si-nl1'lrity tetF(~en t'rt:: 
iJ 

"::;-:0 reslllts, E.sp~cially the cllls':f.!_~lY' - :ê<fect ~t thf' 1eft :~nc1 

ln other stat1st1cal ~enSUTes. 
., 

are the lnterval hlstGgr8.~3 of 1 
t~c lef't h~nd hal v"cs of :'1>;s. 3. jP (a) and (") resre,,~~ 1 v,,~~··· , 

.:3~111larlt~es ::Jet11eer' the tHa hlst00"a'f.s arc~ qulte clear. F'i;;. ,.19 

throu~h 3.22 3re fvrther an~lyses o~ the S3~e full 512 data 

samples dtsolayed in ~1g. 3.18. 

1: 1 ~ s. 3 . 1 9 ( a) a TI d ( b) are t 1-. ~ S CEl t ter d 19.?;r am s b e t;ore en 
.r,) ~ . ~ . 

a'l jacen t i~.ter~la lf" f or the.c 11n lea: é."1~ .:;111'11[1. ted da tp .... T:i1.e.ol 

a.re very si"1i lar and both S;10W a sY'r:r-:etry Rbout tlle 45 degree 
'. '1 

'11ne indlca~,i~g reasor.'lble lnde}::endè'il beti.'een adjacent 
'\ 0 l "'> 
\ ' ~,< : - '. . '''''''''. -. .." ",." , 

lnte~vals. rhere 'ls '1 c&~ce~tratlo~ 0 pol~ts 1~ the lower 

) left \and cc:-ner slgnlfyln~ tr.e baSl~/ rr.od.e J: the l'1L-:=rval 
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, . 
.. .... . .. " .. 

.. ~ .,... ...."":,.. .. ..... .... ~ ..... ,. :. 
.... . ":. ~:-;."""' .. , •.... ~" : '.' ,1.':.' :........ ~.:':~ 

.. .., .. # ... \,. .... ~,. ..... ,~ ."11" .. '\"" 
.~."fJIC.~.,,1 ~.;. .... '. , ; ..... _'" ,,. .... l," ,.; .",.. .-.j...... .. ~_ .. 

_...u.UULUJJ.WLUJ.LU.IJ.W,.wllllt !II h. 

l '~ee 
, 

(8.) ~3et!u~lîtt:tl rjlsplay O' l'1tervrtl. 
A 

(c) Inter7ql ~jstn~­
raTTJ of le ft '''ost ? 5r~, 
S!1TTlpl~s of (8.) 

(li ) 

dUT8.tl0'1 
.1' 

• 

. ~ . 
, . • . .. ~ .. 

') r; 11: r '1 j- i ~ , rl ~ <' '," ~ V n f' '''1 t ~ r-'? l 
1 'lr:t 1 _~('I"'l 

(d) Int~rvql hlsto~rp~ 

of Ipjt~ost n~ 256 
Sr-l.·rplr>~ of (1:) 

Left side ~equ~nti~l disnlavs 
ktsci~sa = sequence numb~r 
Ordinate= relativ0. time duration 

Ri~ht side: Int~rval histo~ra~s 
Ah<!,..';~~~ = interval duratio'n 
Ordfnate= reJùtivp. fr~quencv 

riR.3.~8 ~imulation of sDon1an p us nysta~mus 

f 
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rip,. 3.l8(e) 

\ 
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,', 
/ 

l~ 

Amolitude distribution of saccadic 
comoonents ~easured from strio c~art 
records ef clinical snontaneous 
nysta~mus,. the inter-saccadic inter­
val characteristj c·,of which is shoun 
in Figs. 3.18(a) and (è). This fi~ure 
will be needed for the discussion in 
section 3. J. 5. 

/ 

, 
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CLINICAL DATA' 

~". '.: ... ~ 

.,.' '. 

(a) Scatter diap,ram 
between adjacent intervals 

(c) Rows and colu~ns ~eans of (a) 
(scale contracted) 

. " 
, " . , . " 

'\" ' 

"~; " 1 ,.4 ,(" .. -~.~ ).. ,', t. ' 
r.: .. ~·"'V~" ' 

~PIULATED DATA 

, 
, -. 

... 
(h) Scatter diapram 
hetwGen adjacent intcrva13 

('d) Rows and col U'1ns mcaIlS of (b) 
(scale contractea) 

.. 

Abscissa and ordinate = relative interval duration 

.. ~ 

{ 

Fi~.3.l9 ~c~~ter riia~rams 

. , 

(furt1lf'r andl"'~is -'lnd C0"1I)arC;0n 
o~ cl}"",;".}l and ~i"llllatcd 

spontaneous nvstéli1ilUS) 

.. 
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\ 
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The tendency for the points tü cluster pa\alled to 

the two axes, formin~ the lettcr 
, , . 

L , revea l ~ ,ln lmnortant 

characteristic of the generatin~ ~echanism, namely that wheneve~ 

lonp, intervals occur, thev tena to be preceeded and succeeded bV 

short intervals. This is ex.Dlaihe r 1 by the fact tl1at inhibi tion 

occurs onlv occasionally. 

Fip,s. 3.19Cc) and (J) are Dlots of the row and column 

Mt'ans correspondini; to Fir;? 3.19(a) and (h) respectivelv. 

The' means lie anproximat!!lv on t,·o straip'ht l-iÏ.nes parallei 

to the coordinate axes, aeain indicating a reasonahle independ-

ence hctween adjacent intervals. 

rir,s. 3.20(a) dnd (h) show the exnectation density 

Dlots. 7he aVDroximate neriodicitv indicates that out of the 

rando!'! intervals, the_?é "ib~d."nreferred interval of ahout 0.35 
~~~~~ ',._0' 0 

record 1ensth. Thi.s statistic,ll findinp; mav seem triviaj in 

view of t~e facT t~at the intcrval histopraMs show peaks at 

this interva~ duration indicatin~: its hi?;her Drobability of occur); 

rence. lIcy • .J8vcr, it is not D0ssible to infpr from the interval 

histo?,pa~ alon,= t~at t.ïis T'Y'cfCI'l'eJ interva,l occurs consistentl'I 

throur)1Ou't the record lcn,;t1, hecélllse infornat ion about t'ïe 

temnoral natt~rn is necessarilv lost in the interval histo~ram. 

ri,~ . 3.21 (a) shows the seria 1 corre lor,rarn of the 

cIinicaI data. Tt is seen th ,t the seriùl corr<:>lation coefficients 

up to an order' 0: G4 fluctudtc .... ;ithin 1.O.][), 1ndicLltinr.; él 

]0..J correlatj()n Dcttleen intcrv,iJ--;. F 1. ,l' • 3.ÎICb) shows 

no significant chaw',e ln the rf~;,ult aft 0 r tiF' sarne set of 

G1 
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CLINICAL DATA 

sec. 

(a) 

SIHULATED DATA 

.5 1.0 1.5 2.02.5 3.0 3.5 

sec. 

(b) 

= tim~ ~hc;r:iSSr1 

0'rdina te = relative-fre~uency 

Fig. "3.20 LXl'ectation ùen:-;i ti~c; 
(furthr>r rlnalvsis rln,J comf'arison 
of clinicaJ. d:'1d si',:ulùtccl 

4.l s pon tancou:; nve:; t ,1 j'PlU:: ) 
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. - .. . . ' .. 

1 .' 

.. 

I~ 

" -• " 
" 

"" " . 
." 

• • 

" 

1.0 

0.5 

• 

." . " " 

-0.5 

-J.O 

1.0 

0.5 

" 1 

tlhscissa 
Jr::lindte 

" , 

• 
• e •• 

a 

= order 

. " . 
1 

. ' . " . " 

.-

.. 
• 

( -

• , . 

= o~~relation coetficiq~t 

1 

__ ~~~L-___ ._~~"·~~_. ___ -+.~.r.~ .. ~._. __ ~.'-._.r. __ .-.-.. -.-~-~ ... ' .-.. .,. ... 
P \. 

~r--·~·L---··-·~r--------··~·A' __ --.~.~~'-Y-----~.~'"~'~."~ 
• •••• 1 •• e. • • 

.1 • 1. • •• ,~ 

(a) 
ri --;. 

oriçin21 Flinical 

-0.5 b 

- 1.0 

3. ::: l 
rj.] t a 

:> ri,! l C (.J r ri' 1 c' • ". l,''l S 

(b) r'aJlllc]();nl',' r;h'J1 i ]0cj c linicdl dei t ,'1 

l' " 
1 

1 • 
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" " ' c linicaÎ data was ràndoml y shuf f\lec! (see section '~2. 4) beror~ 

the seriaI correlo~ra~ was comoilec. This serves as d control 
, ... 

case of independent intervals. , The correl~tion c 

again fluctua te wi Thin the ~o. 15 limi:t~ sug~est io ::> that the 

resu] t ïn Fip,. 

fluctuation. 

3.21(a) could weIl be ascribed to 

, 
\ 

Fig. 3.22(a) and (b) show ~h~ seriaI qorrtlograms,for 

-.. .' 
the simulated ~ata and for the ~orresnondin~ randomly shuffled 

:: 
sequence respectively. Ap,ain theyrtre si~ilar to the clinical 

l' 

results. 

Alcoholic :Jvsta~mus. 'ri~so. 3.23(~) and (d) show an 
, 
" atternnt to exnlain ~~e troughs ~hich ~erc Çound in the main 

\ 

peaks of the interval hi~to~ram of alcoholic nysta~m~s shown 

in fi Po • ' 3. 2 3J c ) . The resuIt~ were simulated hy a wider spread 
o 

p 

Qf th~ ~a~ma distribution of the excitatorv imnulses. In This case 
, -' , 

the parameter r = 6 and the ii'.~an ra'ff= Has 2. 5 l:'1pulse s per second. 

r~us ù ~r.spre"9 ~n thc'e%ciT~torY i~Dulses could ",ive rise 

to t~ou~~s wlthln the maln mod~s. lhe c9~naratively small num~er 

of -s a !Il nIe s Lil S<) con t ib ut e t 0 th i s p f f e ct. 

3.24(b) is a si~ulation of the 

c'J.1oY"ic nyst.1,:rus rl?su] t '3hO'.I[1 j n Fip,. 3.24(a>. The simulation 

'was aëhiev0d 'S'v continUOtl~'1 varVlnl, the innut foramete~s. At 
'--r ~'\ 

ràr:n.a distributed excitatory the 

14 .. > ~nhibit()r-y innùt rate \)as 
/ 

l' per ~e cOllcl. In ,1 pnrOl·.i ra tf' l'" 2 eT' scc~mdc;, t':e i'1ei'l.n ra te' \.,ras 
• , cf). \ ~ \ .. 

increLl~ed rrarjl~d]]'1 to 2 Der c,eCOTIrl \.Jhilp the, inhibitory> 

t • 
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"-1 
-- -f· 

• 0 

• • 

• • 'i 

• 
.. 
. . . 

, 
1 

.. . . 
• , 

• • • • 

-.\ 

.... . ...... . 

" 

• .- .,. 

1.0 

0.5 

. -.. 
• ' /r 

-0.5 

• .. . '-
• 

1.~_) 1 

\LS22.SSd 

'Jrdincltc 

1.0 

0.5 

". 

• 

• 

.. 
' . .... . . ....... 

a 

• • 

. .... 

, ' 

1 ... 

••• C· . 

- . 

----

• •• " . . .' • • 

• 

1 , 
1 

1 

h 
1 

~ 

'" . -. .1 

= arder 
= correlation 

• 

coc'fficicnt 
'1; 

'" ". a. 
•••• •••• • •• e. '... • Il_ •.• _ '·~.-.~ ____ ~'~·~'~.~.~.r. ____ '~. ____ ~~"~'k-__ .-f-'~'-~-1'--~~--~·~·~'~7.r ••• r.--~·~·~~---'.~.~_.~-A.~ak-______ ~~~.~.' .-. . . '. '~..' ' .. ' .... , ..... . . ., 

• .. 

, .. '-" . 

a • 

or· 

-0.5 

) \ 
-1.0 

ri c, ' 3. 22 :'" l' j a l COl"'" 1 0 ,,~;:::;,;~--,-,'J;~: ... -.- . 
:-;imuL . .ii..crJ1datù (1)) l'c1n,jo'nl'l shu[fleJ simulatcd data 

~ 
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EXPERIMENT '\L DATA 

\ 

l sec. 

(a) Seq,uehtial display of interval durùtion 
135 samples 

(c) Interval histogram 

\ 

. 
. . . • • • • 1 

. :~ ...... . .. :,.:; . ' , . . ... ' .. ~ .. 

-, 

SIMULATED DATA 

0' -, 
fI 

~'" .-... .. ....... ~.. . ., .. ~ .... " . :-- .. -: ' . ,1111 1111 lm 111111111111 Il,,11 111111; li! 1"" '" ;,i., 
j 

f 
(b) Sequcnt"ial display of intcrval duration l sec. 

135 ,samples .) 
\,. (d) Interval histogrQ~ 

Lef t side 

Ri p; h t sic' .-, : 

'\ 
Sequential displays· , ' 
A.,",~riSS"i = senu,"nce num1)pr 

Ocdinate= rela-tive time duration 
IntP(;val ~isto~rams 
r.!)\;C\SSEl = int:erval duration 
ord\!:~e= relat ive h-e<luencv 

,'-. 
\ 1Jt't' 

'-t 
3.23, Simula t i.on 0 f alco!101 ic ny star;mus 

\ 

) 
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j 

, 

.h 

r.:<PSRI:li:,JT,'\L DATA 

.... 
.' 

------------------~-----~ 

( ~, ) 

of 

.. 
" 

;- r; Cl U <; n t i a] d i '3 pla y 
i -,::erval duration 

.: l'1UL.\T ~D DAT J\. 

, ' 

:..'., .; !P:~~~::: 
•. y.: .... ~ -.' 

,",v. '. "'_, _ • 

- .,. -. -

(b> '-:~r;uen--::ië:.l dis"!:)l-3.v 
of ~rltervü èuratian 

78 

'. . 

(c) 

. , 
. .. _" 

. . . 

Scattcr di2j1{,i1f1l 

; 

/ 

Fi.:::;. 3.?4 Sir.1ulatio!1 of c·~lcpi·::: nystagmus 

" 
( 
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in'!)11t ~·,a .. S c]"crr::-.. ';.;d to Z0rO, "0 cl':anr~c '/~~; introJuced for th~ 

next :0 SCCO~d3, A~ter th~t, for 

seco'ld 3'~ 'y "ns c'ri"!.r-::-;d to 7: the ;::~an rate of exc i ta tory 

puls~s iUlS decrc.lserJ [~rD..dllally ta one p8r second 

rate of l~~i~l~ory lrput was Incr~D..sed fro~ zero 

s'ecoYld, 

aY1~the :"(>9 n 

ta ,7 ' per 
. 

':rc'1 if', J,24(b) the la~~lni'; cffect 1:1 the dots 

~t t'rie berlnni~~ of the 5i~ulated record ls de~onstrated a~d 

... the ~ross appeqranc~ 'of trends 1,8 si l1i111r to those l.n the . , 

c l1nlcal data. 

J. J. 5 

The i':o~l\ ln this section has uemollstrateJ thot multl­
if 

~ 

~odRl lnterval dtstri~utlcn could be explalned by a -~le~ in 

H.nother possible 

exrlnl'":'1tl0'1 is t:.l·,:~ t'f.le lnhlbltiqn ctoes not actu811y ta~{A p18ce 

" ..... \ -_. ~.-

wer-e' :::.na'Iysed. :his cQncer:t CRn be cnecI{ed DJf ~ol,str1J.ctln2;, the ' 

a .. p,11tude LLst,o~r'l'1 fo!' the saccadlc c')"'~)o!1ents. ~lS. J.1~(e) 

shm's tl," ""CC3.i'l~l ;tUd5 hlsto;cram f~o"1 the record. the ' t' 
1.n~er-sr3.ccc.J...bç. btt::::cvc.] hlsto,sra"l of which 1s ShOW7"l 1: ,iZ. J.18{c 1. 

" It 13 se,:,!, -,l.~t ti'e f':.;tll~Gt soccRdic co':!pO?1,=nt observed was 

, , 

-/ 

f 
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frequency of occurrence at this value is greatly decreased.' 

If follows that the èhance of missing many small saccades both 

by the computer and by vt~ual analysis is very small. 

'. 

,It must Be emphasized that, in the pres~nt model, 

although the excitatory input is represented by a quasi-periodic 
l' 

signal. This 'is not meant ta ind±cate that there is a free 

running stoehastic oscillator in the brain. ln fact is is more 
-

likely' that this' quasi-periodic signal is ..produc~d ~by vestibular 

inputs. Further, the parameters of both excitatory and inhibitory 

inputs such as means and spreads are controlle~ by inputs to the 
" 

system in a determï~istic way. The deterministic element in 
1 • • 

tne model 'ls \nanifested by trends and is clearly demonstrated 
t~r , 

the simula~ion ~f calorie nystagmus in Fig. 3.24. 
• ri 

3.3.6 
e_ 

Summary of Stochastic Prdperti~s of Intev-Saccadic 

Interv'ais 

In a case of spontaneous nystagmus with a weak trend, the 
t 

int~r7saecadic intervals show,insignificant correlation .among 

each other. 'There is a higher probability ofpoccurrence' of a '. -\ basic interval. Long intervals occur intermittently and tend to 

be followed immediately by short int~rvals. These ~ong in~ervals 

\ •• 

. .. 

Il 

have the tendency t~ be at multiple integrâl value of the basic 
" 

interval th us creating a multi-model interval histogram. 

Strong tends exist in positional and calorie 

nystagmus which make it difflcult to int~rpret the stochastlc 

\ 

( , , 
..... "'l":el MiI's,S. J:pau'" W -~....., ....... E."",;_-ro+""IIJIIl; __ l'''''_·#~''I~.'*.\~, "i"'i'."'$*' ... ,$ .... ,."''''.~,..i'w'',,...I'!', .... "''_'!'~ff~~~,""~, .~~I'I' .• "' •. liiI4::r"!'r:I .. .,.,.,(W"'.I'I!"t.".~, ... '"'.~~"Hi""',R1'IIi9"" ,!"I*"'""' .. : 
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prop.erties from the present analysis. However, in view of the 
"'-

fact that the gross,features of spontaneous, alcohol{c and calor~c 

nystagmus have been simulated by the stochasti~ model the general r ~ , 1 

stochastic properties of nystagmus may be described by this model 

which has been mathematical-ly forrnulated and analysed by ten 

Hoopen and Rduver (1965). The mode1 consists of an input of 
, \ 

1 

quasi-periodif excitatory impulses randomly inhibited by a Poisso~ 

process. As àkmonstrated by simulation in Section 3.3.3, the~ 
4' 1 

int~action c~n produce output impulses occurring at intervals 

having different distributions depending on the parameters of 
" 

the _~pu! _Rrocesses. In particular i t may produce a mono-rnodcB. anQ '-~ 

symmetrical, v.Q mono-mo~al but skewed (long-tailed), or a mul.:ti-"': .. '-" <1 

modal interval distribution. 

The pattern of inter-saccad~c intervals and the 

hypothe~es of the model will be further examined using results 

from optokinetic nystagmus in the next ch'apter. 
'- " 

/ 
o / 

-
a. 
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/ 1. 
C:!APT[R, 4 

4.1 r:/TRODUCT ION 

4.1.1 ~ross Anatomv-and of the V isua1 S'Istéii"t' - ~? 

CReL Yarbus '(1967), Ho 

' .. Ja1sh and HO'/t (1!)69) , 

and Pansky (1967),' 

The ratina consists of a cOMp1icated neural j"tructure 
(1 1"""-

"'hic:' 1'3 often : ""!::;arded as 2.n extension of the b~'a:n. hhe brief 
~ 

desc:, i ption belo'"" is a s i71pl i f ied pic ture of the real svs t~TJi. 

There ar~ two types oÏ photo··receptors wi thin the ret"ina, th~ 

rOG\trlJ the cane s. The ,radS are the mos t nurnerou s and are 

csti:nated ta range frol1 ~10 to 130 l1illion in each cyr:.. -They 

are absent fro~ the center region of the retind ~u~tending a , 

visua1 angle 0: one to t\.-10 de8r~cs (Oester:'erii, 1"35; p'olvak, 
.1 • < 

1941; Yarbus, 19p7). Th\ dis~ribution of the rods and co!',es 111.., 

the re_t~n.a is give:1 in Fl,\' 4.1.. The ra:!:; react to lc~' 

'_~7nSitY i~l~mination .:;.nd ar~ known to su~serve t·..;ilighr ùnd 

ni ,t vision. The photosensi tive ~ic:r;)ènts of .th~ Y":ds havre> a 
.--~-..., 

~axi~u~ spectr~l sepsitivitv at a ~avelength of 510 ~~. The: 
, , 

con~ rcceptors nUMber six to seven million in ea~~ cve, and 

are 

rod 

most co~er:u'a ted or. the center of ~r.e .retina tvhi.cn 18 

Jfr~e. ;·rl'y ha J2 ,:.' hi g~er tr.resho1d tü photo-~ xci ta 'tian 
, 

... 

and are kno~n tQ he ~esoonsible for day ri ,.,-h t c 1-:: .:lI' v i ~ ion a!1d 

colaur dct'1:t'r.tina Li -:.'n. 7he con~s cbn'tain three Dhotos~~2itive 

! '" { ... 

-f 
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2000 ,-l--r-l- -J~, J J_>- ~ ~ -~ 1 ! , 1 

'~:JO -~-L ."i~fi' -j /\-t t.~~ ttE1J31 

10UO - -LJ-.-;---=.-'!-~-l- - --J' JIll lJ~ 
,~ 1 ! l' 1 1 1 1 1 .... 5eo -t,-""""-'-""""'-l-- -t-', .-~-' 

o l' 1 '~~':s_L';'_ ,1 1 \'1 
:z ::/ Id :6 ' .. t.: 'f! j 6 , 2 J Z ~ 5" ~ ,1 12 I~ 15 

Fig. 4.1 [)Istrlbu:lcn of ruds and cones ln th~ rctma •. AbscIs~d-the distance (10 mm) !rom 
the mlddlc of the lc.ca cer.;r.il.s (1: C !o\coi.l) .110r.,; :'IC hON7ootai section of tt-.e rl&hl c}e. 
Ordlnale-tre numbcr of ht.ndrcds of roüs anJ ro.es per mm z. The Ilcokcn Ime reprcsents 
rcds and the solld linc concs (G.:stcroc;b. 1935). 

(From Yarbus,1967) 

Table,4·1 Subdl\ 1~lOn of the RClIna mtn ReglOn~ (from Pnlyak. 1 Y41) 

C~lIlral area 
1. F(}lca 

II PalU!ol ca 

III P"rI/olt'a 

Pcnpllcr al li! ,'a 

1 V. "'t'Ur p"l/pller}' 
V ,".fltldle {'t'lll'ha} 
VII ar f't'rIl'ltery 

'VII Dra SCtrtlla 

(c)'.trcmc penphcr») 

• 
\illl ~t'llo", ff'vl 1-

Rctln.d Reglùn 

Thl~ c,'rrc\I'OlHh to a l',t <,r J,pre'\"OIl ,,1 thc rClIna­
\Itn'ou, .. urf,ILe (1!lICIIl,11 Itnlltlllg IO.,'l\lpr,md .1Ild 1'-' 

d thlfllling lo\\,lrù 1 ilL' ",IlL'r "f I.I'CI' ~ tl> 9, Jt Lie 

\amc lime 1.I)a\:; .. n.!.j ",~().ll~ th,,;",r "~'; 1 :; 23/ 
l he Ilearl) tl,1I c:cnrr,d Jr\.,1 ,'1 th, r,)\l'.11 rit "hen: 
la)cr~ 5 tl'-'./ Jrc .llIlHhl ":',C'll 1\ c,llicJ the JOlcola. 
lhcrc arc no blt'oJ \C,,,';' ('u,; 
lA a Ct'II/ral ,,1./11,1 "'trhtn th,' f,,\~():.l tl.,; cOlle;, ha\c 

Appro\1n1.lle 
Outer 

Dlamctcr on 
RClina 

1,500 " 

400 l' 

mJ"l11l1l11 kl1~'th l her.: "r,' no rud\ hue 50-75 " 
Rou;hl) ttr'JJi,lI bo::t <li \\ 'l!th .,.tWllt ~,,~ /1 ln thl\ 
the thld,Il'~',t,i 1.1~ ... r :; Jl,,' Jn"'i'"J tll tn, ~du.: It 
rCI.lIl1~ Ihfl'ul hout Ille Illll,IIn,: ... ' ni tll(' f\:lIll.J' 2,500 l' 
ClrLul..lr bdl:)f ,11';"fll\lllll:L' ""iU:n 1,\\.\) /1. rn~H~,-d P)' '\.." 

the rn'tic~\I\O: rllludinn III tr\lC:~!ll" pC IhL' ;Jn;:llllr,. 
ccII I.ljer IrOlil Jbllut 4 lI:I:' to allllut 1 ccii thld.. 5.500/, 

"i'"r,'>,lm,ill' ""lth 1 ~()O 'l 
\r'f)f{l\IIH.\I~ \ .. Il}. !) ':hIO Il 

Arrr')\.ltn.u~ \I.H.t l 1- j,. HIJd /1 1 !Lr,l:-'t'r.li "'H .. h:) 

A.'rrp" Hlhl!C \\ Il:'"Ji "l ("Il l ,1 1 r 1'.11 \'dl.) 

\pprp'\.lnldh: \\hnh ~,LH) J, \ :t:.n1i'~)r~,1 :>Il· ... ) 

A't'fl),1:11.1u." \~hltn -t,d ;-'1, • Il t ,i "...al 'th:':)· 

{ll'r 1I1~ 'i'\. ... llll "-fl ..... r •. h .. llry'~lC\ d"lUI",:ul"htn",b r':::'Il'm'" 
1\ ln \ Il. 'l,,'I'<':~., ... 114;1 Il ." • 

S,50l) /' 
1';,500 Il 
';O,O~I() II 

(hOflll>ll!.d) 

~-lIUlJO Il 

( h'lrrlOnlJI) 

lh'.. \clhn\ rl!.:rld ... n' .'~II ... ' t l\ JI Iu\,-I\ J:: :~ncr~~r~';ll 
4 ln 9 (hu' p:~t,1\l..dLlttlln , .... \Lf\o ,i'';.lt ln l~~C tl\\'~\' ~\~ 

1111('11\': l'n t~ ,I,,:,c, .111<1 1ll,1~ :'111 (lI tLe 1,1\,.1. anJ 

gr'\"lu..t:I) f,d~, ,'ul ",l,l'I~ Il,hh\t'f It .\ 'h'I':': 10 
• SI'I11C rrcl'.H.lU('I\' nC.lrI) (Ii' 10 It,e 1'.11",1" \ l'l'I)J;'', 

l''~I) 

, 1,lld0 " 

"\. (I:-I~ ..... \\"l) 

S,GuO l' 
(totJI) 

I~ Rodjrre (lrt {/ 

1 h.: )ll;"'" ,P(l(" n.l'rc, ,tc~dcJ III the h,)r,ll'rll,tI th .. :-t 

ln the \cnl~u' tn~rhlh\t' 
DJ,IIlIl'ler 

• 0 , 
500·!-00 " 

"Î()l',I<:r~rg' (J,lt.l (1'135) l"nl'I,nld hl .1 sn'J:"'I~"'r~-"""'" 

\alllej 

----- - ----------- - ----~ - -----,--
(l'rom ~;.,s7(>tk: and ~tl~c·s,l~G7) 

) 

tom:~pond1l1g 
Angu:~r 

Dlarnctcr -, 
ln E~ tem.ll 

field 

017-0 ~ .. ' 

86° 

190' 

290° 
500' 

10° 

1.7-~ 0-
(1'01).11.) 

10' 
(O~'1ero':l g) 

1 .. -::3' 

/ 

1 l, 
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pigrne:1ts with s;:>ectra1 sen:::itivity r..dX':"J11a dt Wrivclt!n~ths of 
J ~ 4 1), 5 4 0, and 5 9 0 In ~l. 

Since the contribution to o~tokinetic n~std~mus f~o~ 
">. 

difIerent p~rts ?f the retina is a ~aior tonic of This thesis, 

~ /t~'bîi--~h;win~ the subdivision of the retina into reçrions t-h.~;'?à 
on da t a pro 'J i r1 e d b Y ~ 0 l V a k (19 4 l) i sin c 1 u j e d :\n Ta b l e li. l for' 

later reference . In ihe fOllowing, a ~rief description of the ! . . .'. 
visua1 pathway with referen~e to Fi&.4.2 will be ~iven. 

react:ion which in turn ~cnerates .ncrve iT1!,'-lls2s \'h~ C'î 'are r·:>~·a'/cJ 

to t:12 t;ùngli'Jn ciOlls Vla the bipoldr ceUs; e.1C); :-·.n~lion c"?ll 

i 

:r13.y receive sicnais from {,fe,!erùJ.. rad al(4 cone rcÇ?e-ptors. ·\xons . ~ 

~ 

of the Ganglion cells , 
perfordte the scIera] 

ccnver~e towards the on~ic disc~wnere they' 

" coat ~o form the oDtic ner~~. The optie 

nerve f"ibers pass directly to the optic chias;n anterior LO "the 

[), ~i tary gland. A partial' jec\lssation takes place in the chiasm. 
", 

Fibers from the nas.::"l. ha1 f &f cac:1 re t ina cros s \.;hi le those from 
.~ 

the te:;,poral hal: of eac~ t'etina aOpC'o.:lch the chi"isT. and leave i t 
~ 

O~itho~t crossing. Proxi~al io the chias:;, the fibers form.two 

opt ic tracts. 7!1e m2.1 ori ty of t'he ~r-: i:: tract.l fibers 'go" te the
a 

la ter,ll ,seniculate borEes • .)f the t~l,llar:1U:';, uhi le SOTIl~ go to the 0 , 

3UperlGr colliculus, pret~cfal ~rea dnd the reticular formation • 

. ~_~ ___ ~~-=(!lls of the Id terni ~~eniculate r-odies give ri::;e to net~ ~ïbers 

• . I ... hich form the optic radid t ions to the visual cortex in the ... ) 

, -
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\ 1 \',SUAL FIELD 

Optlc N., .. ~f------\ 

Opt,e T,oc' 

LalHo, 
G4inl';ulot. 
Body 

P,otectal __ 
Area 

Opl,. 
Rad,a"on 

CClcoun, 
J:,.sur. 

The VI,Ut) p,tt},\qV On th" n~ht are map' of the YI'lI,il fields wlth areas of 
bhndlle\~ d.lr~(,I1r'd 10 ,ho\\ the ~ fI,'cl~ ot Ililune~ I\l vanOllS locatIOns 

ri~.4.2 T~e Visual Pathway 
(From J.G~TZ, 1966) 

I\reas 0 f t~r:' hUMa.n 
tO Brorlma~r (FroM 

cerebral cortex accbr~ing 
F~nS0n anj Clark, 1959) 

85 
, . 
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occipital lo~e~, and in this rC~lon th~rp ~~ists a ~ierarchy / 

of visual information processi!1i, center~·th,lt serve 'th~_--Lunc.ti~ __ 
.1 

of visual perception. 
1 

4.1.2 The Visual-o~ulon0tor PAthway 

In contras t tQ_~-She 'l i suaI pa th,..:ay, th? centers and 

2fferent pathwavs !rom the cortex ~ivin~ rise to oculomotor 

funFtions are r~t~er Doorlv undcrstoorl. In 3urnarising the 

present knowled~e, an area map of the human cerebral cortex 

accordins to Srodmann as s~""m in fig.4. 3 \H 11 be referred to. 

fror.1 ext1erimental and clinical ev~ (Holmes, 
,/ 

l 9 3 8; ~ 08 i n son, l 9 6 8 ; \, ',1 êl.l s h a r: d fi 0 Y t, ] 9 6&; Fu c ~ s, l 9 7 1; Ho v t 

anJ Jaroff, 1371.), it see~s generally accepteo that the frontal 
, 

eye fields (area 8 of fig. l~. 3) ar+'e associated 'li th voll,mtary-

-
saccadic eve ~ovcmcnts and the occipital eve fields (area 11, 

~ 

18 ~nd 19) with smooth p~rsuit mov~ments. 

BOH' the occipi-tal eye fi-e1tdS cO::1municate wi th the 
, ' 

frontal e~fe -fields is not known. Cie the other hand, fiber,s 
, 

are known ta des~~nd via t~e corticobulbar tract into midbrain 

te gmen tu.m (Crosby, Yoss itJld Henderson, 1352) and mesencephal ic 

reticular formation (Brucher, 1966), Fibers from dl'eaS ,18 ë)nd 19 
.. ..~ .... \ 

,descend. vi~ thJc internaI cor'ticotc-cta.l tract into the tet,mentuffi) \ 
f 

3uperior colliculus, r.1esencep~alic and pontine reticular formation 

(Crosby and Henderson, 1948). The ex~ct int'~ation of these 

descending fibers with the oc~]omotor, trochlear·and abduccns 

nuclei are not clearly undcrstoo&~nd at ?~esent is a 

• 
, , l'i. 

, 
/t 
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"-

intensi \'r:. study. 

cortex 

In lü"C'F ani-;vtls SllC~ ,1S fish, tnerc lS ryo vL,u'11 
1 

, " 1 
and aIl visual c1nrl visudl-oculomotor lullcti(ms are sc::rvc:o 

~'-"' 
1 

\ by the s,ubcortical o~tic tectum. III land anirl,lls SlJch as rahbits, 

plgeons ~ cats, do~~s ,1n l, r,onke'ls, oDtal<: inp t ic n'Istar'";)']::; can he 

elici ted even in ,:c,:ortica ted an imals (~A.dcmé1ker a.nd ter Rraak 

':: sual-oculo;7'totor :""unctic'ns. In human, ;'o ... ,ever, the functional 

The suh j cc t of t:le pa t n",.'c1ys r,over;1Ïn~ t .. invo l ùnta:!'y 

... j).? è:.scussed i:1 th~?\ nc;,: ';ecticl1 in co[)~urlct~:":-I ,,:"!:.'l ,lifferent 

of opto:-':iner1c n',':;t---. .. ":l.'.!.S prODOSC(!~n th,; li::':rdture. 

1 .. 1, .? ~. . 
J'è S ~u::;s 10:1 or. th~ ):îtokineric 

'jvs::a~;;}us 

OI~Cllrs ln d..Qr.""2. ~ D? rson" Wb'~n·.1 part or- the ~ en t ire v isual field 
\ .~ 0 , , 

" of "t~~11t perso~ is ~ovedt or c0nv~rsely, 
~, 

when a Derson is ~oved 

past ~ se~ies o~ stationa~y C::;jRcts, tor a person' 

sitTing ':'n °a r =>.:l'.·H.\ C rY,1::\.) CI!"' ~ ::'us watc,1.i[l:-; 'th~outC;ià2 sCE:nery 

" GO ,L Y cl e " ~ l Cl!, S ~;, i s :: y pc ("' f -0-': U l cl Y' ~l -' s t cl. r, ~I \..i.:; -. _ ~~ : ~ ., t-J as 'J r i ~ i!"l.3 i 1. y 
~ \ . 

C.:lll.~rl "t:,ain r.-;\'ta;::T~ .. éJ-.B'1'::I)ardny (~~~7). /-.s the eyes fi·{A.te anè . , ~ , .. 

this 

. .. . 

lS produced ~.Jhich 

'0 

...... 
:nélnr~t;:r ta. 
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the sdcr:é1tlic cO~:Jon~nt ln the ()f'posi.t~ qir0ction to fixate on 

the next 3cene. 7hese e~e move~~nt Ddttcrns Qccur rcpetit~~cly 

resu1 tin3 in a s ·r.ltoot~-like nysta ;ffiUS )~lavE1for:n. 

The !,}lf~n01i('non of 

/ . 
optokinetic nvsta~mus ~as 

",~'. 
. c. • 

whlle watchlnG a crowd at 
. 1·"1. 

reDo~ted by Pur'-< in j e ( 1825) 

parade. A~oùnJ the turn of the centurv, 
"f 

a 
:3ar~ny (1909) 

firs~ 

realise the i~no~tance o~ this for~ ;f nvsta~~us and to ~tudy \ 

it in nati~nts. 0ther na~es used tv e5r1v ~orker~ to refer ta the 
.' 

53;;;;' Df1eno::;cnon ',lere "opt%r :1,stacmus" (,Çprds, 1:326), 

"oPti~al turnin;; n'lstaç:-mu's" (Oh":'l, 1'322), "opfic nv~ta~mus" 
• J '" 

"fil ,- " 

\ . Î.!' 
(;)odif,e .ln": Fox, 1928; ua r1e:'1aker and t~r Br:B.k, 19~9), "oPtiC~-

~inetic nys ta:;:::ù3" . (~3dewaker and ter Braak, 13'. n) ~1' ~ther 0' 

rne term ODt:OVlnetlC nvst"::;~ïlU3, DroDosed ':Jy BOrrlCJ' 1921) lIas 

a~reej unon at the Inter:1dt':'ona1 

A":1sterdam"in 1~29. 

O l 'h' 1- .... ,4\. plta-'1.l.rilC o~lcal at 

\ 
In recent 1iterature , there apDe<1r l7\allV clcJ.s:3ificat':'o;1s 

of o~toki:1etic nvsta~~us. The types described bv dif~er~nt ~uthors 

are first 1isted ~nd 1atèr 
. ~ . 

explalne'd ln t~ree groups. The types ./ 

. J 
are: followin~, stare, ~nd flx~ted tvpes eleIson and -JSt~r+:, 1962; 

Star~1 1971) ;.l.ook, and stare types .(Roelofs, 1954; Hon:fubid, 

" , 
vo·.mev, :·~:'tcnel1 ~nd ;'lar)/f. 19~,9').? cortica+, dn-:1 sllbcor.tica1 tyPp.s 

\ - ':-}.," , ',. , . .: '.. / ' , 

( ~ a de ïi a k e r and ter 13 r. a a k, 1 9 4 3; cr è ~ -1<1 Y n, 1 9 4 8; '.1 a n nie r, l 9 6 7 ) ; 

foveal anj rétina1 

~ 
types (iloOG, 1967; 

, l.... - • 
, . 

types (ter Braak ,~-l-t~~S) ~ fovea~ "and periY!1era1 
~ 

Dix and Hood, l 9 71). from the s~rvey, i t( is 
v 

aDparent that di ffcrent '(lc'tors were taken riS" a bas~ 5 ~~s:.: 

ification by dif ferent authors. 'l'he principal fa~tors uhich 
-J 

affect optokin.:>t<iè n'"5t;~~;n:s c:nc; "mic'1 m.i~ht be used. .... f"" .1 bt'\':>is 

0::;",. 

1· 
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o 
(1) '1en tal set 

of. the Sola j eet under te st, in part i cular h is volun tapv inf l uence , 

(2) contribution to ortnkinetic nystar;mus fro:n diff.ercmt partY--

of the ~etina, and (3) pathwavs and centers for 8otokinetic , 

nys taGmus in the centra l n~rV0US sys te:n. For convenience, the 

find ines lead ins to the dif f erent c lassi f iCJ.tions of optol< ineti c 

nysta~mus listed above VIi 11 bp. pxplct j ned under these three 

.. '1 t: n t a l ~ e t n f t 1, e S u b j e ct. roll 0 Hi n f;, s tare , fi x a te d , 

and look types are included under this heading. Under ~xDcr{meptal 
> 

01'clini2al conditions, opto'l(inetic nystaGmus is elicited by 

askin,:v the suhj~ct to vic,.., a rotating èrum or movlng belt ·..,rhich 

'l-)as on i ts surf aèe vet't ical blacK s tripes on a whi te back~round. p 

The subject is instructed ei ther to voluntarilv follo,v the rr..ovJ:.np; 
1 :- -

" ,r4<" 

stripes as fdr '13 possil>le wi thout turnin.r.; his hec1d CHcnrubin et 

al, 1368) or to relax his eyes and let involuntarv mechanisms 

ta~e control. In ~~~first c~se, the tracking actions of the eyes 

produce l'ela tively olargè smooth pursui t movement:s followed by /~ 
sêlccades E1 "the opposi"te direc:tion to fixa te on a new targe t. 

Jlcnrubia et al (19G8) callee :-his t'he "look"'type optokinetic 

nysta;:rlUS, and Nelson and Stark (11)52) and Stark ~ 1971) cal1ed 

it tne"followinG" type. fot convênience, the term "voluntary 

followin;:;" will be used in this thesis to refer to eye movements 

produced under this kind of experimen-ral condition. In the 

second case, if the sub~ect rïtains his attention' on the moving 



• 

.. 
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""" s triD~s but r.Llkes no '/00Intùry 1:0 f 0 Il O' . ..J 

r 

rc:flcx action ' . ..Jill cauJk his e';~s to ~ollo-,.·J t~,c 

compara tive1v short distanCe and t6 !"1al<e ::;ar.carl"'~s ln the 
1 ! 

opposite directi.on/ thus D!odllCinr, nvstfmus. This is cal1ed 

the "staro type" both bVe'""U" ia et ~: and :lelson enci St.,~k. 

They rcportcd tnat the '/oluntarv follovling tvnl~ h -'ln l hir,ht'r 

d verap,e tré.1ckinh sDced for a r,iven speci of th!; optokinetic 

• 

sti"'1ulus (th8 r:1Ovill,T stripes) and d1:.;0 couIn tracy: the optokinetic 
.. ~ 

s.timulus to a hir,her snced than starc t'1pe. The "volun1:arv 

followinf"; 'type" 'al'3o hacl larr,cr and f.1ore uniforrn am~li tucJe, and 

\-1.1.:; of lo.-J0r :requcnc'l,and fTlOl'C, re-;ular. 

l'he fixa ted t'lpe vJriS described by 'J~lson anJ Stark: (1962) 

and Stark (1:371). Thev provi:l<:>1 a 3t.ationarv ~oint target 
, j 

superim?03ed on the noving stripe back~1"ound 

te fixa te on the point. Th~y found nys tap;:nus 

and asyd the 

of a ,fraction , 

s1.1.bject 

of a 

d~gr.ee a:-nnlit:.lde and called it t'he fixated tvpe. :lm-Jever, man)! 

other au'thors (Roelofs, 19S4,'J ... mg and Korï1:'u~er, 1964; Hood, 

~ 1967 and others) reported cessation of n'!-sta~mus if a stationary 

{ 

fixatine Doint was provided ir. addition to the moving stimuli, 

and this lS also my cxperlen.ce. 'In the same report', ~è l son and 
" 

- , 

Stark found that the slow corr:Donen: eye velocity of the stare 

t vpe op tokine t ic nvs 1:ar,mu s rema i "le',; f~s s than 5 de ssrees per 

second while the stimulus veloci ty w~s increased from 5 ta over 

4 a degrees per second. Th is aç:,a in is contrary to findin~s of 

mos t other autho~ ThlS ;-J <; 'Ison and S t\lirk' s finding:;:; seem to Qe 
$ 

specidl to their experimentaJ conditions. 
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ùnder the condition of v:)luntdrj f0110'lin?: of 

optokinct-ic stimulus, it s.cerns pr'Obêi~)le tnat the ext~nded 

target followin~ ~ovc~ents are resulting from voluntary 

suppression of the saccadic components and au~~entation of the 

slo\7 co;;:noncnts of the basic reflex. Thi:::; conceot is suggeste,j , . 

by sorne eXPerir:lcntal resul ts of this thesis and i t .will be 

" further discussed in ':hapter 5 Hhcn evirlences are availdble for 

illustration. 

. The cxperimcntal condition which minim~sed voluntarv 

influences'on cye moven~nts produced the so called 'st~re type' 

opTokinc tic nvs tap,'l1us. The ma j ori ty 0 f experir:1ents desc~i !)ed ï fi 

this thcsis wcre conducted t..nder tt-tis condi tion. Eowevèr, the 

term 'stare' Hill' not he uscd since i:t may cOllvev The unintended 

impress ion of inatten ti~e ' ga-Zè'\"":ot> ··on the other 'lhanrl, of 

v61untary G~ppression rpf reflex movements. 

f' . -, 
~:"À ~ .... ~ _ 

Retinal Contribution ta oDtokineti~ nystagmus is the 

bas is fOI' dis t ingui sh in~ fOV91.1, retinal and peri phcral types. 

The retina can he divided functiona/lly into central and pcriphp.raL_:.> 

portions; central vision has been aIs a loose1.y referred to as 
' ... 

foveal vision or maculaI' vision. i1O\.:ever, therc is no general 

agr~e:nent on the extent of these. sl:l:'jivisions of the visllal 

fie Id. S ince an- optokinet iC' s tünulus fT,"'!V be presented so tha t 

the image 

na turally 

stimuli. 

fal~~' o'n different r~gi0ns of the retina. the interest 

aris~s conct"rning the- o::ular response to the different 

;;;, ,., f ~ 
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Dod~c ~hd fox (1928) studied a natient wlth csntr~l 

scotoma, with a 105s o! central vision about 10 degrees ahov~~ 

below and to the temn~ra1 side, and about 15 dc?,rees to the 

/ nasal siJe. JDtokinetic nystdg:ffiUS ~oJas elici~j UDon r.res~ntatiGn 
, of an optoki,nctic Sti'T1U:!.US to the perip::eral '.11.51.0n. Howcver, 

no data was dvailab1e to be cOMpar~d with nystd~~US from c~ntral 

V1S lon, 

~er 3~aak ( 1335) referred tc cortical nvs!a~mus as 

'fovca1 nysta~mu3', and !he subcortical type as 'retina~ nvsta~mus', 

bùt he did not empl1asize these terms in la ter publication,:;. 
,-)10re recent work was donc hy :food (YJ 67), and by Dix 

and Bood (1971) 'who rcported obtainin8 1 u i te ci i:' feren t kinàs 0 f 

optok: ine ~i c ny s ta~mus rro::1 fovea1 and peripheral vis ion, and 

. postulated that the~e were servcd by two scparate and dis tinct 

m~chanisms. In Ho~d's experiment, the subject sat inside a large 

dru~; t~e intericr dru~ wall was of black matenia1 with white , , 

~, 
vertical strip""s at 15 d,egree intervals and the drum could be 

~ade to rotate a: any angu;~r velocity up to i20 degrees peI' 

..-/ " . second. Two eXD0~i~enta~ COna1.tlons were described: (1) Provisidn 

wa~ ~ade for rcod illumination.of the interibr so that the whole 
, -

of t:-.e visual fields ',;as exci ted by the movement of the drum. 

(2) To excludc macular vision, he illuminat~d the interior with 
.... , 

ultra-violet 1ig~t. FJllowing a prolonged period of dark 

adap~a~ion t~e intensi~y of the ultra-violet was increased until 

the faintly f1ucr23cenT whj~e stripes cculd just he perceived 

peripherally. 

Hood r'?Do.ct~d ~hat nvst:~f entirely different 
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char3cter \1<':1.S ù!)tëllnccl ln e.:tch C<1SC. Hé stàtpd: "'!7h~reù.s ln 

~ood illDmination t~e eyes deviate in th~ 0ircction of the 

fas,t comnon~nt, in 1 in in-a--l i Il uminéi tian they devia tp in the 

djrp.ction of the SlO'·l. rUl'thermore, in the case of;ROOc1 illum­

in3.ticHl, the chanGe ln direction a1HdVs be~ins wi'th a fast 
,...J' 

cO~Donent, while in the case of ]i~inal illumination it begins 

with a slo\1 conponent" .. Hood (1967 c1isc~ssiord p.""l'Dhùsized that 

thE:se ttlO types of optok:inetic.: nystasmus were not ta be' j dcntified 

wi t~l the cortical and subcortical types of ter 3raak, and latQr 

Dix and Hood (lg 71) c;u.g;;estfh~ th.:ü the th'O t'Ipes Here Tl1cdiatecl 

~y 1uitc diffcrent ~nrtical mechdnisms. 

Petinll contribution to optokinetic nvstagmus i8 a 

ma 1 or tOD} c of s tudy i'n rhi s t he si s; experimen te; conce~ning this 

are described in Section 4.3. The results disagree with the 

findin3s of Heod and Dix. 

( '~e'.lI'3.l· Pa thwavs ontok inetic nysta~mus 

'à-l.~e the ~d.i~tin6uiSh.i~g cortical and subcortical types. 

Opinions exnressed in the literature concerning the 
'. ~ 

neural p.thways and c~nters for opt~kinetic ny5ta~mus reflex 
"-

/' 

are conflicting, especial'1.y in the clinical li terature. There are 
\. , 

~any different schools of thoueht based on clinical and eXDeri-

mental findings and, not irtfreq uent IV, on unsupported hypo-t:hes is", 

;Jearly aU experimental 'lork wàs performed on anÏTnals, and direct 

infer~nces were often made as to the situation in man. The 
.. 

• 
validity of such inferences in the case of optokinetic nystagmus 

is questiana~le because of the possible diIference in visual-

OC'fllo:notor species as a resul t of 
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incl'easin~ e~c.;pha.lisation ~mong hi[,he~imr11::;. Datd for 

·hu~an were mostly based on clinical studics, often unsunDocted . 
by apprcDri.=ttc pathological invl'?:;tir:;3."tion, and thus contr'a-jjct::>ry 

results ~ere oftcn repQrted. 

The proposaI that a distinction can be ~ade betwcen 

'cortical' and 's~~cortical' oDtokinetic nvsia~mus secms co have 

orir:;inated fro';) d~ Klvn and Rdd~maker (1.928), ter Ikaak (1'935), , 
1 

and ?ademaker and "ter Braak (1948). Th-: rr-inèing:; of thcse c1utho!"s 

are sun~arised below. 

Tt T'Jas observed that l,-l'1en a bL1CK '1.:1d ',;hi tc s triped 

drum wa::; rotatéd in the field of vision of a ua1-:ins ':le;::;, nysta:smus 

did not occur. !Iowevpr, whcn a revol v in;:; plat forn '.li th a number 
\ 

of rab~its placed along the border was placed 'in the dog's field 

of vision, nvsta~~us w0uld result in those animaIs which ~eca~e 
1?,;. 'i 

~XCl ~Ccl by the r,1::,b i ts dJ:d snapp~(! ,at tl1~m. Nysta~mus did not 

accu!' if, instead
u 
0:- !",y) ~ ts, other abjects were placed along 

the bor~er of the re~olvin? platform. Thev conclurled that the 

production of this nystagmus required 'd very special an~ 

complica ted stimula t ion ,-'niên excites the, instincTive in terest , 

and thereby it was estdblisted that in riogs a.cerebral optic 

nystagmus Geeurs.' \vhen a decorticated "nimal ~s plaeed ins ide a 

rota1:ing vert ical cy linder vi th al terDp, t:r.r; t lack and whi te 
1 -

stripes on the inside', nysTagmus occurr·~d. From th~se observations, 

it was concludsd that in jogs, two forres o~ ~ptokinetic nystagmus 

can be distinguished: (1) cortical o~tokinetic nysta~mus whic~ 

occurs whcn successive moving abjects, which arbuse the ins~i~ctiv~ 
r . 
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'interest' traverse the field of vision, (2)svbcorti~al 

optokinetic ~y3 tagmus which occurs ~;hcn 0111 parts 0'[ the 

visual environment are movin~ in the 3ame dlliectiorl. Similar 
l ' 

phenomcna were observed in rabbits, cats, pi~cons and monkeys, 

except that ln rabbits, attempts to excite t~e cortical type of 
o 1 

0ptokinetic nysta~m~s0all failed. 

A,question naturally arase whether the two form~ of 

optokinetic nysta~~us jescri~ed above could be distinguished 

in hU:îan. As d~scribed in Section IL 1. 2, SO'11C fiberc; from the 

optic tract enter subcorticallv into the p~etectal area, the 

::; ',lDerior coll i cu lus and the' re t ieu lar -f Ol'ii1a t ion. ':nv~ t 1er these 

su~cortical pathwavs would incite optokinetic nysta~mu~ or not 

is not known, and this, at least in part, miGht have leq to many. 

con trovers ial c laims . \. 
- \ 

~adem~ker"and ter Braak (1943) reported that in patients 
" 

wi th t'?xtçeme idiGc~' :l::stat:mtll3 oeèurred ~·:hen ,"the y were. e~ 

whil-= the vlhole ':isua1 environ~ent \oJas rotating, but nystagmus 

did not occtir in response ~o the to-and-fro movement af a string 

of beads o~ ~f a seri2s n~ ~oloured prints at sorne distance tram 
., ! 

the eyes. De Klyno (194S, '..:i-reJ by KestenÈlaum, 1957) reported that 

in a fi ve-vear-old chi l,) ':i>th both visu~:l ._c6~ t ices p:resumed 
_ ' ~ J~ 

blinded ~y gas int~xication, rh p cortical ortokinetic nystagmus, 

elicited by a series of,~ovin~ tar~ets aga~nst a stationary 

.. ,\ 
- , .... -" 

background, was a~sent, while the subcortical opt?kinetic nvstag~us, 
r . 

, " 

elicited by rotating the entire surrounding, ~as present. These 

findings led de ~~2.·/n to acc_ept the existence of subcortical 

opto~inetic r!s~agmus in human. 

~ 
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On the other hand, 'JetzelJoer (10S2) f01Jnrl ln a 

nvstag~us WdS incitcd hy revolving the who le pnvironmcnt. 
" , 

Later ] iGht pe:-ceptl.on rctur'ncd in the 1eft' half of the visual 

field and a wcak nystd~~US appeared when the dru~ was rotated 

to the riCht. Vetzcboer d~nied the existence of ~ subcortical 

optokinetic nvsta~mus in human. 

C1inicdl findings concerning this comDlica~cd mechanism, 
t 

howevcr, may not b~ interpreted with certaintv. For exa~ple, 

oPtokinetic nysta~"1lJs can he inhibi ted bV defocussj n~ (converging 

or d1.verf r in;;) or fixatinG on stat.:'onary ?biccts. Ra'd0;',clker dnd 
. 

ter Braak 's findinl';s in patients '",i th extreme idinç'/ ëlnd de 

" Klyn' s finding in a five-year-old chj.ld that a series of nt0VlrlS 

objects iry the vi~ual field did not incite optokinetic nysta~mus 

jn these patients might simply -be because the patients were not 

" 
looking at the ~ovin~ abjects, and when aIl oarts of the vis~d1 

field wére rotated, it ~liminated stationary fix~tion ànrl hence 

nystagmus r8sulteJ. 

T~~ only c0Dclusive evidence about the existence of a 

sUDcartical optokir:etic D.=!.thwe.y in human \ ... o~'lrj,,, he fron st '.!dies of 
'\, 

a de-cerebrated human, but such a case has not heen reported. 

Thus the prob1em re~ains '.mresolveq. 

Attention is no~ tur~ed to tne actual anatomical 
è 

locations in the central nervous svstem which are concerned with 

optokinetic nystagMus. From clinicooathological corr~lations, 

Kestenbaurn (1948), Srnit'h ana Cogan (1'360). and Smith (1963) 

" ' 
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,supported the notion that the corticdl centcrs for ooto­

kinetic ny~tùgr'1US ùre iocalised in circ:uT'1scribed re;;1.ons of 

the parietal lobe. JunG and Kornhù'ber (1964) su~p;ested that 
'), , 

the centers are in the pe,:,istriate cortex. Carr:1ichacl, Dix 
l 

Jnd ilallpike (19 S4) DrODOserl that the cortical centers are 

situatcd in th(~ an;iu1ar and supra-r1arI!,6: a~ I\'Jri,. while 

lower centers c1Y'e foune! in the suoeri,.o..c 011 iculi t"hose 
/' ""-' 

the 

ru'"ct ions d vrinr, oDtok inetic nysta ç-mus are, according to 

these authors, si:'1~la!' to those of the vestibular nucle~ 
1 

dur; r.r; ves t ibular nvs tar;rnus. I)n the oth~r harld, Krieger 

anG :~ender {l'357). l'a:>il< anrJ ,Pasik (1'364) denied the existence 

G~- srecif~c centers for inrjuced n~!s.tagmus in' the cerebral 

cortex and s ur,g'C! s ted t·hat ocu lOl1otor function is \-Ji de Iv 

dis"tributed over -the entire ~orte}':, and no DarticùldY' rersion 

is indispensi:lble foY' the function of another. In dddition, 

Pdsi% "3.nd ?asik (1964) found "that two weeks after bilatera~;-
, .. t ........ _. 

d~truction of the sllperior colliculi in nonkeys,. opto .... 

kine t ie nv:'", -:agl"'l'Js hnd reco'vered. They concluded that there 

were no centers for optokinetie' nys tagmus . in the superior, 
-' ' 

colliculi. More recently, Dix and Hood (1971) nroposed two 

cortical oPfokine tic nystagmus centers: the fronta.l eye, fie Ids 

governing nystap;m:ls fro"!1 foveal vis io~ alld the occipital 

~ 
visual cortex ~overningO r:'J3~-3g:nUS from Deripheral vision. 

, However, in manv Câses, i t is not clear what t}1e authors 

f'xa.ctly m~an·t by 'ce!yter3', in p,,lc'!:icular ~ whether these are 

" . s 
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t. 
es ser. t j.::.1 pa th\ .. 'é" ys ] cadin OS to a more complica ted nvs tagmus 

ç;e,ner~at.inty mf>CnaniST71 or '.:hether these ~cent'ers' Llctuc11ly ~enerate 

~mpulses which are d~rectlv transMitted to the oCùlomotor nerves 
, 

to cause nysta~mu5. This RroDlem will he further con~ldered in . ~ 

" Chapteyr 5 whcre a com~on central me~hani5m for optokinetic and 

vesTibular nystac:mus wiil be discllsserl.. I1eamihile, further 

conside~ations of pd~hwavs will be informative. 

" In consid~rin~ ootokinctic nysta~mus, as 1n vcstibular 

nvsta~my~, two separate comnonent~ mus~ b~ r~co~nizcd. EXDeriment~l 

" 

and.clinical èvidence suggest that the two COffiDoncnts are 

servcd by two dtfferent pathwàys althotl~h This does not imply 
... r..t, 

that the _ hl0 cO:-:1ponents are indcpenSent. Q Holmes (1 Cl 39) reported 

that human with damage to area 8 in the frontal cortex or its J 

proj cct ion f ibers were unù.!::> le ta 'ilake voluntary saccades. ~1ackensen 

and,Schu~acher (1960), and ~oto, Tok~masu and Cohen (1968) have 

shown that the saccadic components of nystagmus have the sarnen 

charac~ist~G::s of voluntary saccades. Ho.yt and Daroff (19? 1)< 

reDorted that a pa~t with right-side frontal lobe le~i0n was 

unable ta make volun~ary saccad~s ta the l~ft; alSD, optoklnetlc 

testing with targets turning towards the riGht side ortly produced 
o 

s~oot~ tonie deviation of the eves to thlt side 'without ~aceadic 

s to'the left. F~rthe~~ t~ev reporteJ that in patients 
, 

p posterior n~IT'isph~ri::: l.:;~ior.~ (involving the occipital 

parietal lobes), volunta~v pursuit to the side of lesion 

and optokinetic nystagmus ~ith Sl~l eomponcn~s ta the sicle of 

lesion were both d~fective, but wel'~ irrtact t-Then voluntary 
1 

pursuit and optokjn~~ic stimulus direction were reversed. 

..--
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. " 
Th~se eviJcnces eye 

a 
t reflex saccarlic and pursllÏ t 

mO'Jp.fficnts :na"y he Jependent ù'pon the ~amé anator.liC' su;)stra le' dS 

voluntë1rv saccadic anJ Dur~ui t eye movements '..;hos'c pathilays ~.;el'e 

jntroduced in Section 4.1.2, and that'at l~ast two cortical arc as 

name l y, th~rontal eye fie Ids and the ;::)(::ci pi to-pari'~ tal areas', 

must rc:nain intact to generate a normal oDtokinctic nysta~mus. 

Opinions exprcssed ~y Jung ~nd Korn~uber (1964), ~obinson (1968), 

fuc~s (1371) also indicate that thcse oreas ~re not nysta~mu~ 

/ center, but function as essential mpdiatinc: pathwd.'1s or facilitating 

and inhihitory ccnte~s anJ t~dt the nystagmus center lS ~orc likely 

t.o be in -rhe hrainsteP.l. This conc'?pt Hill he sUDported by the . " 

eXDeri~ental results of this thesis in which the inter-sae~adic 

interval characteris~ics of optokinetic nvsta~mus will be shawn 
~ ( 

ta be very si:nilar ta those from vestibular, nysta~mus, ë!nd the 

" 
vestibular nvstar,;nu3 center, uith 1ts possible è()1'Dlp.x or~anisation 

as described in SeeLion 3.1.3, is known to be located at the 

brainstcm le~ecr~""-l\n 6'lérall discuS'sion on the optokin.etic 

nys~agmus meehanisms will becprescnted ~n Chaoter 5. 

4.1.4 \, _:J "1ethods of Inri Jcinr: 0ptokinetic :Jvstagmus 'lnd 

Outlines of EXDeriments 

In contrast to many. methods of inchcim; vestibu1ar 

nystagmus, optokinetic' nyst'lgmus is inv!3.rl8.bly induced by , . . 
moving the image in either a pdrt of or the en~ire visua1 field 

~f the suhject. Clinica11Y, it is com~8n 

drum ori ~,hieh vert ical !ines are '\-ci<:ed, 

by Barany (,l9 21>. 
'"", 

tc~u~e a small rotating 

as originally devised Q 
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ro~' t)H~ ex;)erimen~s 01. this ~"esi~, ln orde~"' to ~,dVC 

a gr:c1:: Ir-.1Sibilitv in ))ro'li~in,,: dif:e:"~nt :'·~·:l.-:cs as ortokinetic 

a unlC(ue tC3tur8 0: "tb2 c~~:')uter mctr,oj thdt -!.S aif:icult ta 1n:ch --DV any cthec' ;""2t:horJ is that '2'1('. ::-:cv"":"cnt siç'1dls Ciln be feJ. b"i::.~ 

a portion 0: t~~. centr~l vision is ~f:ec::ivelv d~l~ted. This was 

rhese r.:cthoJ3 \-Jill l)e jpscribed in more !W~c1il in t:--:2 correspc,;lding 

eXDeri~enta: s~~tions. 

t ~u' ' .... 
t. . 

vesti~~lar nvstagmus. In addition,. the efcpcts of ':ar~_C..lS para-

(r.etcr::; of th'; op:oxinetic sTim.J1ùs ar:d th-::.t of ·gh.ntar'l :01 lO',;in g" 

The stimulus wjll ~'2 cxam:~ed. I~ Scc~ion 4.3, e~~nri~~nts wili 
[) <..r-
be des,::::>:'!:.e-l ,,,,I;':ch eXJ.·~i:1"': The r'etinal c~ntr:'~..ltlC'=-1 :0 c.D::okinetic 

Normal ~ljects. :r:.r'? tested ~r . ..':.11 exDe:·i ..... ~nts. 

Instrùc'ticns '.;:.èl'C r::fun to ;-:nnir.lis,e vcl~.-r3..r:J lin,:lu,en::e on ey~ 

~ovc~ents, EXC~9~ ln cn~ ex=eri~ent of Sec~{on 4.2, ~here the 
.. ~'" 

effeet nf v0l1mtùr'~ fol~J· .... ill;:' of (.Jptokinetic stinulus at various 

speeds was tested. 

In Jesc~ibin~ the ex~~ri~ental res~lts, it should be 
~ 

pointed out t'h,1J.t ::1 so .... C cases .3:1 irru'1'le rJi.d ts :ntl~rf>retation of 
./ 

t~e r~sûl t was not pcss ible h;::cause 9: in Unac t iO:1 frem other 
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-factors which could on'lyo be \.mdcrstood after la ter' eXD~ri·n~nts. 

'l.'here fore, rn places ' .... here imrrtedÏclte explanation C.ln not be p;ivcn, 
• 

-onlv brief comnents will be made. An overall 1iscqssion~of the 

results is given Ï.n Chapt'l!' 5,where cross -refe!"ences to'all 

exnerincntal results will he freely ~ade. 
, -

• 
The results seer.'l to sur;p;e?t that the"different oro-

Dosed t-/Pes ef oDtokinetic nvstaGr.1us describen in the preceedYing 
, J 

sect~ons are dctua l:!. '! var idnts of, a hasic:: type 'Se nera ted bV a 

nec~anis~ ln cam~on with that of vestibular nvsta~mus. 

/ 

1 
" 

o • 

'. 

----, 

1 

, " 

<- • 
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4.2 o~' ûPTOr:rr; .~TIC 

\ Y:3 ~ ~\GT~·lJS 
\] 

4.2.1 Introduction 

In the precedlng ch~pter, evldence of œultl-~odallty 

ln the inter'::saect1d le lnterval hlsto;::çrarn 'Ims shown to oeeur 

in ~rontRneous; positionsl, calorle and alco~ollc nysta~mus. 
\/'" ~ 

Cpto'clr.etle nysta:;--"1us hu.s the '8a""'e SêlVl-tooth llte 1·mvefdrm 

as these vestibulnr types of nysta~~us and lts lnter-saceadlc 
, 

ln~ervél.l ché'iracterlstics will ,,~ cO:1sUered~n thls ch:l'Pter. 

;'8.tura11y, one '"'",ain interest \:i11 oe to see if. TTlu1ti--:odallty in 

interval histo';Tn'TI~ à!" the. t,)rp~ found in vest ibular Ylystagmus 

e9.n also .. ooeur ln opto'':inetlc nyst'3.b1US. ~eeause opto1-:1re'Glc 

nystaÇ"",,!us ean be Clore Cl1S lly lnduced and r.1alntnlned a t an 

approxi"1ately constant levêJ of respon~e, thi lnter-saecadlc 

lnterva1 ehfl.rnc~erlstles can be lnvesti:ated 1:: a relatlvely - / 
~ , 

~ore contrQlled ~~nner. A conparlson of the results wlth those 

ootnl11"lld fro~ vestibular nystas,::us rnay also serve to 

the proposaI cf a co~~on neur~~.~~cha~ls~ ~eneratlng 

types of nysta~~us. 
- -, , ..) 

Co,::p'Jter ,se1era t 10~ o~ O!)tok:tn~ t le st lm1l1us al:lO 'TIak'e's' 

lt possible ta readl1y chBnze.~ne'st1'TIulus p~ra~eters. 1he 

effects of chan~es in l'T'~p.:e s~eed, patotern, denslty and brll:!:htness 

o~ the opto~l1"etlc stl1:ulus on the Inter-sac'cadle lr.terval 

characterlstlcs will be eAa~lned • 

. , 

" 
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1t S IJould De "1:0 ln +:.ed O' . .1t thR. +: ::1.1 tho;lr;h oDti'':ln~t le 

r..ystaZ'':us cr.ar: be lY1,drlced at a p"tven speej ,tOT ~ rntl~ 10ng 

::'~~'t'lod of ti'11e. !l.rouc:al Rnd ~C>ltal A.ctlvitj', ,-:h1c'1 rtre~nmm 
Cr; 

ta stron~ly nCrece the vestlbulnr nyst3~~US, also Rffect opto-

-
tn~ 10t?r-s~ccadic intervRl chnracteTlstics of 

n~n::tr"';-"':1JS si;-Yjlficqntly. 'L'nerefore, to avoid a si-;Yllflcant 

ch'1Y]:-e in ",:ental stélte 0: tnp subje~~ c3.used by fatlrue, the 

re:::ults, on;'" .. r){l,'(,r r.}ar1 nr s v:er~ consldcre(~, rtnd sUt':::le chan~e~ 
J 

1';81'e not pllrs~ "" 
--:.'-.,/" 

4.2.2 '\ . ethod. 

.~-"'jo "'i 

~r.~ cO'7lputer.'ù§'èd tô-~.,enf'Tatc the opto~:i~l~tte st1:!luli 
l "\ ..... -' ~ .... 

~-'s..;, t!:e :)lr:;l'::al :::qUill~bt SOl"pot-atior.. LI; C- Q
, ~his c00Pllter~ hes 

Cl": oscl11Gseope (LI::CSCOP.2.) carable of displayln~ a l'latrix 

of 5:2 x 512 voints, In tr..e exrerirnents of thls section, 512 

roints i':ere ~!'of'Ta';'::T.~d to for':l ":nree basic patterns as shovm 
/_. 

in ; if;" , 4,lJ., rllese p~tterT's were (1) non-repeatln~ randC'ffi 

"Qot!'::, (2) dot~ arran;::è!d ln a che c::er-board pattern, Rnd (3) crots 

~:rra!1~ed to for""'! ei[;'"ht vertical 
dJ .::. f'-

strlpes. A p3.ttern "Ies projecteq 
1 

ont:o a screen ~ cinohes· ~n front o-f the seateà subject by 
o 

an osc LllosCOi:Jè (:e J-:tron1:.;: ~y pe 56:..~ ~.: 1 th F]l phos phcr) f 1 tted 

, ... ~ -("'"1"""'('" ., l' 4 f-" 0 ) dl ted "bove l'Il tn 8. C8 '18r~) ..Le;..." ._ -'. J~-J ; l. , -:.,;. ,} C'!l an OCn. CA 

/ 
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lOS 

n ree t~1r.nüar i ~'1 -:;0 subtencJ in;- °0 à e "Tep.::: ho:, i zor.tnlly Fl.nd 

60 d8~rees vertieally qt the subjcct's eyes. ~hcn proj~cted 
" 

de;;-ree '\.n d ia~eter • 

. 'he rand 0': pattern 1:a8 obta lned by T8.kinf'; the vert 1ca1 

he i ~h t: 0; suc cess ive ct ots ~ rando1J rU'1'J'0er,' ~'he r;:>.nd 0"1 nU"'1bers 

... *,*~ 
'."cre n~lpr(\x11:lt(~1': 'lr il o:'~l? distr1~u"':;0d 1r.. the r,anr~e of 0 to 

5l;: 9.r.d 'veY'<=:! ~'e'îerated by a eon::-ruential '''ethod descr1:,/a. by 

SO'1'1ellv (:970). 51.2 such ra,,:do':l nu"':be-rs ''lcre stored R-S 8.,\ 

reservolr in t~le core ;~",ory a,,:d they k~re ra:"dO·";~Y shuffled 
fi 

afte'c e:1cn O'1e 0: the':l had been used. _'he rnethod provided 

fR~t col,:,,'p'.ltr;r F\cce~slbllity ta El T'on-rer,,:!p..tinl?; sequen~e of 

rando"! nU"':~)l"':rs \'lithln the dUTo.tion of the exp~rlment. 

s.o8c1>:; bet,,;een dots 
S' 

board patte:'il i:as eh01.1':; :r.2. ~'::J rI'~es a'!1d that 

of the Checker-, 

between the ver~ 

~ach ~re~e of 5:2 po1~ts took ~bout 15 Ml11lseconds 
) 

to d lsplav. -')ele r'. +:tern ~'i<3.S prosrA.·".~.ed to "T'Jùve in one or the 

o'ther hOI'.Lzon+A::l d irt'ctlcns by 1::'1'(.h~r a left or a rlght sh1ft 

of t~e ja~a in the pRttern ~e~0ry between each 'fra~e' of 

d1splay, R{!-,i th':! t1"1'3 tF.l~·er:':o!, ~ srrlftlr.s operation was 
.. 

about 6 nillisecon1s. l'he shl~ l~im~ of one data locat1on 

o. : 5 de~ree lncref!jen~ in the proJected . i 

Due to thl~ !'el~tl~~ly s~~ll increment co~pgred wlth ~he 
r 

dot slze an.d th", s:;,:·eed. 0: '::.h~ CO""lp'Jt~r jtsplay, the \lncI\erne r !,f91 

• ; t, 

\ 
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r-
'\-\-----C'----=---------------.LJ __ 6j _ df~ grc e g 

~~---__ 80 de fTre e s -------1-""""" 
(from s~bject) 

Image of Q;Jtokilktic stimulus 

38 in'che s 

COMPUTER 

projecting 
ScoRe 

• . r EOG signal feedback 
'" / -~ (Section 4~3 exp: only) . 

4@ "L 

! 

EOG 
signal 

( 

"\ 

J 

------

generating 
~optokinetic r 

stimuli 

.T o?e recordër Pen rec'Jrder 

"/ ~I 
Fï'g: 4;-5.::E(,lYeri~~ental Setup \ 
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"10ve--:cnt effect cf tl--Je oroJcete.d' 1;r:[t08 l'la;; not 1)<:':cceptible , . 

up to 50 derrees per second. ~lso th0 ~ov~men~ of the i~aGe 

could be reversed in about 6 :1111iSe~~~s. 1 

, 
~'he essential setup for the ex.perillent ,1s shol'm 

in ;i~. 4.5. :hi su~ject sat on,8 co~foytable chair which 
0;' 

could be ad justed to sui t individual ~)hysiques. A cc·';').fc:rtable 

he'1.d rest \'las IJrovided and a dental bite , .. as used te fJT'event 
( " '!.. 

he ad ""ove:nents. '1 he e-yes of the 8ubject were J8 inches t'rorn Y the 
o 

\~a:e screen whose center was coincident wlth the position of 

ce'1+:p:1l ~aze. 
( i, 

~ye ,ove~ents were recorded by s~ln ~lectrodes 

accordln~ to ~ethods desCTibed in section 2.1: the eye movem~nt 
, 

s ID"!'lal 1'laS traced by a poly~raph (::iecl\:'TIan type 3 II) and 

tape r~co?deF (Hewle~t Packard 39173) for 

j 
lI> 1 

lecause of the Il "1U;ed Intens 1 ty of the pro jectlng 

Oscltloscope, the experi~ents were conducted ln a co,pletely 

dar1<: roo'"!'! to increase the contrast of the optokine t~ :::t t'1ll!lus; 

·this also serves to exclude the,subject's possible vision 

of the stationary surroundings àuring the~erlment. The 

subject was dark adapte~ ror at least.ten mjnutes b~forè each . . 
experl'1lent and at that ti~e. a ~lear vision of the green 

~ . 
col::mred lTIoving stl nlUlus w~s ahrays report~d by, ttfSUbject. 

Only not'!1al sut'jects w·~.re tested, both male and 

,-
( 



• 

feT~le with a 7 C ra~~in~ from 17 to 40. ~he suhjects were asked 

to (OC'18 thetr V131011 for;'~rd 011 th·] screen ""hile '1.110\,,1"18; 

reflc'( ~ctt()n to :,q':c co""p1.ete cOrltr01 0: -::.ny eye 

"Tlove -r:ents .. 0 instrnct 10ns \'lere f: 1 ven t 0 control :nental act 1 vi t 1 es, 

Onder th,e.r~e expel'1mental conditions, a preliminary test , " 

. shO'i'lcd that nysttJ.I~'l11J.S all'lays resul ted, and ttc response could 

not be suppressed exce~t by defocuss1n~ the vlsio~ on the screeri 

o~ by flX[ltin~_ on .1 st3.tionnry tA.r~e~ provhled. The response 

at 8." [1ven speed of stl:nulus in each direction also shoWl~d 

sy~~etry in both the appearance of the nysta~mus tracin~s and in 

the lnter-saccad1c interval histograms. 

;·ethods of 9ata '\nalysis 

. . , 

fhe emphnsis on.data,analysls in thls section will 

again be the lnter-êaccad 1c 1rrt.~rvals. The ':Jethods of lnterval 
.,.'iir ~. 

:neasurement ~ere de3crlbed in section 3.2.1. Results ware 

malnly exa"'lr.e r: "'.;)y the lnt'erV3.1. hj..sto€,r2lm, shapes nlded by 

obs~r7atlons of the oorr~sro~dlng sequent1al dlsplays of' 

interval. '1]agnltude; the ~nterval histograrns w~e SJ'T!:)otb?d by 

the function described in section 3.2.5. 

" 
In comparin~ differe~t sets of results, the ~ol~orarc~-

3mlrnov two-tal1ed test (Seigel, 1956) was used to ald dec1din~ 

whether the two S'iven s!lTIlples were dra ... m from -che f)9.:~jE: populatIon. 
1 _ ,., 

and in this test; no s~oothlnp: wàs applied to the Ja~a. The test 

- . 
concerns the ~~ree~cnt bctwecn t~c two cu~ulat1~e distr1butl~ns 

and ls very sensitive to ar:y ~'1r,ë :.,!' dlfference ih t'1E: àistributlon 
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" :--.. such a.s location, d1spér:!lon. and s'~eltmes.s 
Il 

( ~ e 117,0 i, '1956 ; 

:~endall and S\-uar~t; 1967) • .:'hf' 11 111 ilypothesls wlll be t!lat . , 

the two sa~ples under test were.fro~ th~ sawe' ropu~atlon. 
, J 

The probability of ma~ing an error resultin~ fro~ rejectin~ the 

null hypothesis \'1~_11 be lndicFtted by the parameter PiiO,B, 

and a five percent sl~nlficance level wl11 be set so that 

lf F103 ls less than 0.05 , the null hypothes1s that the two 

sa~ples are fro~ the sa~e population wll1 be reJectcd. PROS 

will be quoted with the results wherever tt ls deslra~le. 
, 

It should be ~o1nted out that this te~t was used only as an ald 

and not es a decidlng f1~ure. Individual variation in saccad1c 
o 

pattern sOllet1'TIBS could be considerable even uc1der ldent1cal ~. 

experlmental conditions: experience showed that this '\-:IlS c1.useà 
, 

ma1nIy by attentlon levels, mental activlty ~nd sorne unintentlonal 

voluntary tr~cklng or ranâo'll eye mOVellBnts ~'/'hlch httP-pened more 

re'adily at 10Ner stl::!1ulus speeds.' A dlfference ln results was 

reco~nized only ltlhen a consistent dlfference was obta1ned in at 

Ieast three dlffercnt subjects. 

Ehe actual experl~ental data collected was quite 

volumlnops, but only representatlve results wlll be included 

in thls thesis 

4.2.3 Experlmen~al Results 

8. ~ffect of !,/eptal Artthmetic 

~ousal and mental act1vity in genersl were observed 

J 



11 0 

t- ..... -?ft'eet vesti'oul9.r n'1d opto'{i!1etlc nystrl'.':r.us. rhe 
'l5 pur pos·~ of 

::11s exneriment was to glve a specifie d~'ronstra,tion of 

the efÇect of me~tal arlth~etlc 0'1 the rhyth~ of opto~lnetic 

nystA.~mus. 

The expe~i~~~~ WRS conducted wlth the Tandom pattern 

flrst at the .s~eed of )(. de~r'ees per second and Iater at 
() 

5 de~rees per ::econd .. o ..... ;Y SUDjects were tested. For a given 

s:)~ej the ranL!n-:, p':ltter'1 ''l'a::- r:-rese'1tE>d for 60 seconds wlthout 

rrental RYith~e,lC, then for the ~ext 60 seconds, the sucject 

was asl{ed to pC'YfOrill :rentaI arlthmet1~ of :1. sl'liple type. 

Typlcal results in Fig. 4.6 clear}y show that ~ental 

arith'l'.et1.c has :h~: effec-t Q.f)rar.do:.ls1n~ the inter-sa.cCBGLC 

• 
111terval dura t 10":. The low F:-W:j values fro"1 the Koll!lO~arOv-

,J 
S~!r'1o~ (~-S) te?t i~dlcate ~ Ftrons rejectlon br the hypothesls 

that interval cr.~~qcterlstlcs durin~·~ental nrlthmetic are the 

SQ~ ~s those wlt~out mental arlthmetlc. 

" These results de~0'13'::.rate that mental act.1vity has 

cons lderable lnfl'le!1Ce on the lnter-saccad le lnterval character-

lstlcs, and C8~ ~e expected to Iead to non-statlonarl~y. For 
, 

th1.s reaso~ c8.ut~<m .. 1s requlred ln the lnterpretatlon of 

experiments 111yp~~'gating the effects of other factors on 
, 

the 1nterval stat1.stlcs. 

b. Sffect- of Cha"HÜ!"W CDto''::inetlc Sti'!lulus 1-'ara'11eters 
------------------------~------- -------

0.... seve!'} 

• 
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(1) No l sec 
ment.arith. 

( 2) Ment. 
arith. 

l'sec 

. " 

Subject VC, "resul ts 1,2 
,Imaee speed = 5°/sec 

K-S Test 

Compare PROB 

1,2 0.00 

• 0 . . 

111 

. .... ..... i -., ..a ... 
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~ • C '\ .. ~ ~~. '..' ....... • "1. ~ ._ _ .. .. ... .. a. .. 

No l 
1,2 each has 230 samp10s ment.arith. Mental arithmetic 

( 3) tio 
l se.c 

ment"~ari th. 

Subject SR, resul te; 3,4"'" "­
Image speed = 300/sec~ 

K-S Test 

~are P'{'îB 

3,4 0.00 

Ho 
ment.arith. 

{a)Left ,ide\ Interval histor,rams 
AbsC15sa = interval duraticn 
:)rdlnate= relative frequency 

(b)RirLt side: Sefluential disnldv of 

(4) .!~nt. 
arith. 

] sec 

3~4 edch has 180 samolcs 

. intervdl duration 
nuscissa = sequence number 
Ordinate= interval duratjon 

fi.,:. Il. 6 r:f fr.!ct of menta l ari th!"'lpt ic 
on inter-saccadic i~trrvals 
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1 1 2 

, 
c~. of G.L., 1-11'".4.8. 1'" hhi~h a st::--1DI?' ;'!1.t;tl?'!~n wn.s 1]::eJ. 

)pc8ds rq~~pd fro7. 2.5 0e~ep.s ~8r second te )~~r~~s Der second. 

4 ;;:1ve V
} const~nt-"~pecd sti"11l11ls 'l'lFlS pr'esented' to the subject for 

a"1per1od of Ilbo'J.'C 90 s€'conds dl1r1nq; \'lh1ch the nystag-':1ic respons e 

\,as recordcd. '1'he s11bject chen closeà his eyes to rest for at 

least JO seco~ds before the nexe stl"1ulue nt Fl dlfferent Rpecd. 

~ig. 4.7 shows a typleal set of results fro~ this 

experiment. At hlgh speed the l~ter-sRcc~d'c intcrval ls TRther 

~e~U]Rr nystag~'J.s beat which can elso be observed fron the 

correspondin~ njstag~us record \n ~1~. 4.7(b). As the stimulus 

speed decrenses, the spr8ad of the interval htstorçrRm l~crease:.: 

;?rJC'1 the distrlbution of intervals beco:nes sJ:~weo to\<'a't'[~s longer 

~urations. W1th a !urther deqrease in speed, ~ultl-~odal 

hlsto~rr .. 'TIS 8.pDSri1". The"ccrrespo'1d,i'1g nystae;-:nus tl'aeln~s in 

~1~. 4,7(b) at lower spe~ds are ~o't'e lrregular. ?1~. 4.8 shows 

results f"'om three other sub~ec cs. Tt 18 seeY! that' in many 
. " 

of the multl-!Ylodal hlsto~arns, the second mcde oceurs at approx-

l~at~ly twlce the basic ~ode du~atton. Therefore, ~ltl-~odal 
j.!, I~ ~ hlstogra:';ls of 1:; •• <:: tyP'~ hRund ln vE'stlbular nystag:nus aIse 

'--<", '\ \" " 

occur in .opto~lnetic nJt~tA.g:'1US at l()~er st1ri.'.l11lS ~peed. 
1 

Fig. 4.9 snows so~e sequentlal displays of lnterval 

·~ura_tlor'l and thelr correspo'1din~.; SC9.tter dlap;Tl!r.'Is and an 
o 

example of an expectatlon denslty dlsplay of deta fro~ thé 

set of result:s shown 1"1 "'\~. 4.7. 'rhese are for the convenlence 

of co'"':p3rt~0I1 wt th the resul tfi of vest 1 bulAr ny8ta;:;~J1<ls. 

~ . . ' 
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Subjeèt VC 

0.5 sec. 

" 0.5 

0.5 

0.5 

0.5 

Image speed 

40° /sec 

• 

, 

30° / sec 

20° /sec 

15° /sec 

7°/sec 

"O/sec 

Î 113 . 
~ig.4.7 Effect of changing 

optokinetic stimulus 
speed < 

Left: 
Ca) 

Intxva1 histograms 
~bs issa = in~erva1 duration 

Ordi te= relative freguency 
Each histogram has 197 samples 

Right:Waveform t~acing , . ( '-, 
(b) Cha:r.~ spe~ = 0.5 cm/sec 
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Subject BS 

Lach histo. 
184 sarnples 

-'~' Image speed 

30 0 /sec 

l sec. 

15° /sec 

lOo/sec 

l -'~ 

\ 

5 0 / c;ec 

1 f' ' 2.5°/see 

. ,11111111111111 1I111lllIIllllll! !iID UlJ:1 1 111111111 h" 

l sec. 

., 
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Fig.4.8 Effeet of 
ehanginr, optokinetic 
stimulus speed 

IntervaJ histograms 
GL .... tsc ~ SS'1 = interval 

duration 
154 sample'Ordinate = relative 
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<)sc~ssa = :"''1J~n(:e no. 

Both axes = ~~lative time 
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-::i 4r,-. 1::i :>n 
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~~sc~ssa ~ Li~t. each ~ark ~ 1/2 sec. 
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:;.20. 

... 
st'1ti"'tics of ,o:.'to~·in.,~t1c r1?::>ril.~",;1~S o1.,+-ained so fRr C9.'1 aIl be 

, " 
J.), as 1."".3.17 i" +::î~t sectlon~de"1'JonGt-rates. It will,be ShO'f'ffi 

, 

~h'lt r.o (lt."l~r rat~ern 0/ vRrlation 18 obtalned: 
'-

thus the "f1odel 

S 
"h ,.r1:. +- .,. 
LA J~ L ... 

D 

T""R';o-q :-qtteT'1. l'r.e ey.T,eriM':!nt was ,con<hH;ted ~n six 
i 

fr.c .1'nndoT';, checl~er-~oard ar.d s~rlped'p,qttler!lS, e~ch 

of ab O",=" 9ne,'" 1'1') te s 0 t~at the dura~lo~ of th~ ·experlment was 
1t 

~ . 
" 

three '"":1rll1tes. ~'he Ot'dPT pTeSe'1t ir:g thé pattern wp.s rando"llly 

chosen. 'The res-JIT::p fro" one ,~"'lbject- are shown in r'lg. 4.10. 

l'1 th\s subject, trC' !.nterva~ histo~Y'a'1l rC3'.l1 :ing rro""! stimulat10n 
-t 

wlth the strlpe p~~~ern Appea~s to have a narrower spread and 

a s'TIaller l1Jea~ 'mlue, nO",ever, 'Tesult.s !'ro~ the other five 

subjec, ts dld not yielud a conslste~:' flndln rr , as de'nonstrated _ 
o /-_" 

by tb~ resu1ts of ~WO ot~er sub~ects in P1gs. 4.11(a) ~nd (~): 
• 0 

!t was concl~ded t~~t ~o ~ajor,ch3~~e 1n lntcr-

, , 
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," ,,1 sec. 
( 1) Random dotS j 
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''Q l sec. 
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l sec. 
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j-

(a) Interval histognam3 
Each has 223 sa~?l"'s 

Subject I3S 
Image speed = 25°/sec 

K-S Test 

Compare PROB 

1,2 
1,3 
2,3 

0.12 
o. 00 
o. 00 
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Î Stripes Î ~andom 
dots 

Î Checker 
boàrd 

(b) Sequentia1 disvlay of 
interval duration 

1 

, -

Fig. II.I0 Effect of changinr, optokinetic stimulus pattern 
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Subject CC 
Rcsults 1,2,3 
Tmaee spe cd = 25° /sec 

K-S Test 

Compare PROB 

1~2 0.02 
1,3 0.33 
2,3 o • 57 

JI 

Su~ject BK • Results 4,5,6 
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ComDare PROB 
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Fi.;.4.11 r:ffect of chanr-ing 
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s9.cc8.alc lntcrva. l character 1s: lcs res\.ll -ced by C J.1':tnr;1.r..~ the 

rattern of stl~~lus under the present co~dltton 0f a rel~ttvely 
~ . , 

brief exper'~ent. However, lt ls concelvable that if each 

pat tern "lere .. 
sys t e '11 rr.1 ght 

prod uce 'TIore 

~ 
:l<ed over a 10"1~'t' ~er lad, t ne oculornotor 

adapted te 'th~ resulnr' ~tterns anrl then 

T lnter-sBccad1c i~ter~dls. In other words, 

prerilctlve abll1t1es ofl the hurr:a.n oculomotor syst.ei (reviewed r~-
, \ .' 

may l1ay a. ro] e r,ere. It [!lP'y also be concelvable 

that the the strlpe p~tt~rn could affect the lnter-

saccad le lnterval reglJlarlty, especlally when the strlpe 

s»cings are at the me')n value 0: the GBccRdtc amplitudes of 

the nyst,3.:7rn".Às at the ~iven stimulus ..Bpead. Thus, 1f these 

su;-:,tle differenc~s ln results '-:ere ql1_lesttoneQ, fu::ther 

exr~~1tatl():1 woulrl ce required • 
. 1. \ 

\ , 

/ 
, 

l''''~D:e D~nsltv. 
--"----~ 

The cne~~er-board pattern ln these 

~xpcrl:nents vias used because lt was the ~08t sultable :)~ttern 
.... 

for ch3.nslng the l'r.age dE'!1si ty ~venly. Three dens1tles ',?f the 

ch~c1.{er-board wer"e used (Fig. 4.12), \'lith horlzon~al spaclng 
, 

'between dots of 4.5, 9, and 19 degre~s. E&ch pattern was 

presented to the subject fo!" 60 seconds, follo\'red by a )0 

second rest before the ncxt experlmenz. The order of presen~atlon 

of the pa~terns 't .... as ra:ïdolT}lY~ chosen, and ln each case the pattern 

Wé'S TT'Jovlng at 25 degree~ per second. ~H!1e S11bjects were tested. 

Unae:!'" these experl:nental conditions, no <:'onslstènt 

dHference in the results was ohserved. Tl1E' results :fr0?!l t'riO -' 

subjects lorhlch are S~IO\"I-n in ;-·'1~. 4.1) and l~lg. 4.14. SUb~;eqt..ent 

, 
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1 20 

Horizontal spacin~ 
between dots 

4.5 de,grees 

Horizontal sDacing 
~etween dots 

9 degrees 

Horizontal sDacing 
~etwee n dots 

19 degrees 

Fig. 4.12 PattetfJ;\s' used to change the densi tv of optokinetic.J ~,timu1u5 -." 

' . 
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/ Subject BS 
Image speed = ~5° /se:è 

-~ . 

.. 

. 
Sec. Dot spacine 4.5 degrees 

'(1) 4.5 0 

, 

" Dot spaclng 9 degrees -. 
(2), go 1 sec 

---. -, 

( 
( 
\ 

K-S Test 
( 3) 19 0 1 sec Compare PROB 

Interval histolSrarns ( 1,2 0.17 
Each has 223 sùmples 1,3 0.00 

2,3, 0.00 

l 't:Z 
Fig:4.13 Effect of chanring ontokinetic stimulus density 

"1\\,j'; 
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l Sec 

f 

(2) .9 0 1 sec 

0~~~rl:,Ol h! ~+~::Y3"" 
Each has 254 samnles 

,1 22, 

.. 

Subject .]P 
Image speed = 25°/sec 

1 

1 f , 1 

, : l " 
1 
1 

-~~~~~~~~~~ 
••• I/i r ~, of.. • ,-

r 

.---1 
1 

Dotospacing 4.5 degrees 

sp~cing 9 ~e~rees 

( 

1 
- ( . - ~,- . 

~~~~~~~\\~~~~~\JW~\~ 
Dot spacin~ 19 degrees 

K-S . Test 

ComDùre 
1,2 
1,3 
2,3 

PROB 
0.13 
'0.17 
0.47 

, -, 
l , 

Fig. 4.14 Effect of changinr, o~tokinetic stimulus density 

" ' 
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• wor1{, to te .je:,c~·ibetl in ~ectior. 4.), su.!;;;estcd that the 

J 

h rrr1zontn.l ~ prtC i ''l. <?; bet\-Tcen 'success 1 ve points ir.. "the d 15 ph-'.y 

were greater th&rl e'!:>0ut 20 degrees. A ~r.ief stuày was °tllc.cefore 

l!1.~det on tvl0"2'lb,ie~ts, usln0 a sl-:::ilA.r sequ~nce of tr.Tee checker-. 
board patterns, b'Jt ~.;ith horl,?cntal clot sp!'l"~lngs of 6, 12.5 and. 

1 , 
25 degrees. 

In botn :-~-'::),~~~ts there xas a "lé'r7ed dlfi'erence in the 

1nterval ~13tosra~ Tesultln~ from st1~ula~loD wlth the l~Bst 

d~Yise ~attern (25 de.Tf!e3 SC8.Cl>lP:) • .l'his ls 111ustrated ln 

::"1<::;. 4.15: the corre,s!,o'1dlni]; ~:vsta€,;-rJus tracl'1?,. fol' the least 

dense r9ttern shows lrregular hC3tS and 1nter~ittcnt nystag~us. 

fOT this, ~c~ordtn~ to the fl~dln~ of th1s 

the b~rtzontal spaclns of the cptoklnetlc 

stlm'Jlus ln the leRst dense p1.ttern in thls case l'lad '3~ceed~d., 1 

the normally sensitive re~lon for opto~lnetl~ nystag~us on th~ 

retina. Th1s ~ffect will te qp?re~lated after results of 

section 4.3 are lnter~reted. ~urther discussion on th1s will be 

.' fO:.lnd i!1 section 5.J.5. 

Irr.'1ge 3rl~htrtess. The purpose of this experiment vm.s 

to lnvesti;;'lte the effect 0:" c.Î'1l-::lg1ng the ima~c brlghtness: 

no dar'.{ adl'lptRtion per10d was used. The expeT1 rr.ent wa'S pèrformed 

ln 90 seconds. rhree sub jects were" tested wl th the ra.ndom 

pattern at 25 degrees per second. the lmav,e üri~htness was 
" 

• varled by chan~ing the aperture settlr.~ of the ~rojectlng lens 
, " 

fro~ 1.4 to 4, whlch corresponded,to an ei€htfold Tp.duction 

( 
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Subject JP 
Imagè soeed = 2S o /sec 

-+-+---t--~----f' -L ___ ; __ .L_; _~L 1--+- -1 +--1-
--~ ---r.--~.-~.-- - --. -.<- -.. ~ -. - 1 - ! -. :-

~\\,\~~\\-\~\\\\ \s\~\ 
---i-f -~ ---,--. ---.-;- -;- -~-'ï ; - -- : --:-

~- t-I-i-i---i (- j -T r-j-;'--i -. -'1-- i-
Dot spqcl~~ 12.5 àegrees .J11!~W&.-.,---

(2)12.'5° 1 sec ,-

=tttLr J~~i~~~1 . ~:<J( ~t ~ \ \~ 
~f'~;j\-.J- \1--~~'!.. ___ -_"_'rf __ . \J~-\-~L 
---: -- 1) _____ . . _ _ ____ ~ __ . __ . __ . ___ ~-. __ .:_. ' __ d_ •• ~_ 

, , , "l, 
• ',' , " ::' [ fI; 

~·-~-I;- /--; -ï- - . - :--/. i ---:-- i - r--r----t---'j: --'1: '-j--tl' . 
1 • t 1 1. ft! t t .~' ---.1...... --L.. .......... 

Dot spQclng 25 degrees 

v:-s "T'est 

IntervRl hlstO?~Q~S 
Each has 97 samples 
Ordinate scale ex~andej 

Cowpare 
1,2 
1,3 
2,) 

PR03 
0·35 
0.00 
0.00 ... 
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in image intensity. The aperture settin\ at ~ ~as used for ~.s 
seconds and then it was changed to 1.4 for the'rema~ning ~5 seconds. 

No consistent change in the results was observed in t~e 

three subjects. The resul ts of one subject are ShOW} in Fig. 4.16. 

c. Effect of Voluntary Following of the Optokinetic 

Stimulus 

This experiment was conducted on seven subjects. The 

horizontal travel range of the stripe pattern was reduced to 40 
'\ 

degree~ instead of 80; thF subjects were asked to fol1ow tbe stripes 

voluntaril~ until they disappeared. They usually made the 
.' 

saccadic refixations to approximately the straight forwa~d gaze 

position. Thus, the entire range of'the followfng movement was 
. 

about 20 degrees. Different speeds of the stripes were used as 

indicated in the resu1ts. Results from three subjects are shown in 

Figp.·~:17, ~.18, and ~.19. In each case the interval histograms 

con,:tain at least two modes at aIl speeds. The lower mode occurs at 

. about 0.3 seconds, approximately the same value as the basic mode 

of previous experiments under involuntary nystagmus condition. 

This 10wer mode remains about the same location for aIl stimulus 

speeds while' the hi"gher mode shifts towards 'the lower mode as 

stimulus speed in increased until it is at ~pproximately twice 

the duration of the lower mode. Thereafter, further increase in 
·1 

stimulus speed does not al ter the locations" of the two .modes. . 
This is a very interest'ing phenomenon. The higher 

mode is apparently caused by the voluntary following which 
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Subject JP 
Image speed = 25°/sec 

KS-Test 

Compare 

1,2 

, 

PROS 

0.35 

J 

e. \'1""" . .' -...... , .. 
_II:;.. •• ~ ••• .... X 
'. r~..,'..·,\,\4-"".) 
l, • .;, •• "~ . . .. 

sec. 

(1) Law image bri~htness 
Lense aperture = 4 

sec. 

.. 
• 1 • • 
.1' - ~_"I.:Â • 
1.' • ~ ~ -" • ...: . .,...; .~., .: . \. . ... , .. 

(2) High ir:la~e brir,htness 
Lense ap~rturc = 1.4 

d 
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" 

(a) Interva1 his~ogr~~s 
Each has 134 sann)cs 

(h) Sequential d~sDlav 
'of interval duratian 

rig.~.16 Effect of chan~ing ootokinetic sti~uluq brightness 

~ 
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Subject SR 
tach h1stogram has 58 samples 

1 
l sec 

-1--+---+- -f-+--f-- ---f- '1- j-+-l--l---t-+-
fIl ' t 1 j Ill, 1 

40° / seC~--~~<f. ,"_~ :--.\: ~ -\:-;\ \. -f\-:-t\ .\,\;-:~~ 
~ Y

~~ ....... - -":"rtl-'-\----';- \' , '\ \~\: , \', \1 " \, '. \ \' , ,.' \ ri' ~ , 1 
l 

• ___ ....L __ \:.... __ \.-. ~ • - l- ........ _ ...... -- __ 1 - ---- --;-
, t j r. 1 _LJ-_ -(---1----1--;-- ________ : _ :-_._-. __ \---:-_;_ 

111111111111111111111. 

l 

lOO/sec 

,11111, 
1 l 

Car Interval hi~to~rams 
Ahscissa =interval duration 
Ordinate = relative fre1uencv 

j 1 1. .. 'i : 

, l' l' 1 t 1 • 1 . . l, : i 1 i L _ l , 1 

: 1 ! t 1 ; , ; : 1 

1 1 1 1°; f , 1 j r 1 j J 

~r-~~-:"~ ~: -~ : - ~ -j -~ _: _.--;~~;--~-
, 1 1 r : ~ • ! J_ ' , ! , , l ' 1 1 

(b) Waveform tracin~ 
Chnrt speed= l cm/sec 

Fig.4.l7~fect of voluntarv following of optokinetic stimulus 

1 
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(a) Inte~val,histo~rams 

128 
Subject VC 

'Eath histogram has 110 samples 

4QO/sec 

.)' 
30 o /sec 

20 0 /sec 

lOO/sec 

- , 

.1'" h IIIIII!III. 1 

'1 l" '! " , 
-/---- ---. -; :.. --<-- _.- - -- --.: ---.---- - -.-- ..:..- -- .-- ---

1 1 : '. l ' V4 "'.~. "1 lU\;; ~. ~.N~ 
.' 1 l \ 1 \ ~ '~ '\ ! ,l, 1 \ 1.\ j \ 

l '. \-t -\JJ~\f1-J \' r--\- ;-~_., 1 l ___ -\-

1 l ,,\I\1-\\!\I\ \1. 

J~ 1 - , i . \j ~ - -~ \: \t 'J \ -- \[ -- \ 
1 1 l , " )j", o. • ! 

• 1 1 l , ! ! . l , T : ! . .. -- .... ----

(b) loJaveform tracing 
Chart speed=O. Scmhec 

Fig.4.1S Effec~ of voluDtarv followin~ of optokinetic ~timulus 
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Suhject GL 
Each histogram ha samoles 

• 
l sec. 

't 

30° / sec 

1 tri ~ !: 1 ! li: \ 

" 1jj~/tÎ~/Vj;tv))fil' V/lj 
! , : 1 i ! . 1 il, 1 l 

25° /sec 

20 0 /sec, 

l 

lSO/sec 

1 
" 0. 

, 10° /sec , ~' 

1 

Ca) Interva1 histof,rams (b) Vlaveform tracinr, . 
Chart sneed=O.5 c~/scc 

'11' 

Fig. 4.19 Cffect of vo1untary fol lowing of ootokinetic stimuJus 
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4.2 . .5 

iYl!::er-SR.~C9..1Jr. lY't'!:,vnls durlng·nysta~'Tl113. 

order '"'Jodes 1,::-c2:~j -::-+: ~;~p:')"1{"iTo'1.t~ly ,::ultipl-:: lntel":::r.:ll vetl'ues 

of the baslc ~ï"~2, q= fOlmd 1'1 \'e3tL,:,ulqr nys'tec:rn1.lS, a180 

l'here 15 '1.' cr.rlr'1.cte:isti~ ch8DC7e ln the lnter-s3ccadlc 
o 110.. -. 

lnterval distribution as a result of ch~~;1n~ the speed of 

opto1-:lnet ie 11ysta~1l'ls. 'l'h1.s f i:-tding i8 us~ful ln further 

f 
stud ies on nystaw,"-'us ',1lîlch v~t 11 he discusséd in section 5.1. 

, ( 
I;,!'3. ..... e jens i tj" 1:rorl uced no r::.a jor vE.rla t ion in lr"te:L-

saccadtc intervals W~?~ the ~orlzontal spacln~ betw~en the 

~ 
"Tloving dots W3.S c!:'::'lj:;,'ed wltr'tin 19 dec-;rees. ',Then this spacing 

,~'as ch!J.'1>:;ed to Z5 d: '-"~rees, a d'rastlc variation occurred; 

në sta rr 'l"l3' U':è(','''? ~ntr;""nittent •. 
J, ( 

, " 

o 

" l'T.~~_': !-''l. cr:ey ... : a.~.è. i--r:,qe:e brl€;htr.ess produced no C('!'1sist..er..~ 
., J 

varia t 1 on. 

i'-rl:-~ ci.f-;~? i ~y. i"'>. -;:+';ê.!';-. i.nd [,r i .:htness ":Just be postponed to 
o 

C~'!8.; ~er 5 1oY !'19r'" ~~Sll:':-;S :~orrl ex!=!;r1~ents on the ret1r:.a.l contr1b-

1 
GC C ~ ~"'r J. "P~ 2t 1~~~~7~1~ 51Mil~I to those produced in optoklnetlc 

L~:1\l~':, :- }le ~ l'/(11unta -:--y candi tl on. 0ver a wide range . 

'l><_. ---
.. 
Q 

., 

/ 
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of higher st~mulus s~eed a distinct bi-'TIodal lnter-saccarllc 

interval distribution ~~lth the ,second mode locatcd at ar-prox-

-~?-te ly tl'11ce 
1 

'proposaI tha t 

basic reflex respons . 

moèe va lue was found. This led~ to' the 

following response is derived from the 

rhe stochastic model in section J. J can be applled 

to opto1.c1.net lc nystawnu~s we Il as vesti bular nYstagrnus. 
\ 

, 1 

• 

, 

., 
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L'h'''> prob~e'1i. of retiraI contrihnt1cY1 to optoklnetic 

f1yst!)f"!:""lS h';,:; "teen introduced in S~C"Ci0r. 4.1 .J. In tl<ls 

~eeti0n, t"i() c::sie ollestioYjs \':i11 't:le co>:slrlered~ (1) ~an - / 

cen trH.l vis i "1' prA{SJ uce optok1.Qe t le ny::; t'1;:',J1US in the absf'nce 

of }:erlp'1era:!.. 'fis1on and vice-versa? (2) Rre tret'e differe'nt 

iIDrlf;e brirrhtness ar.d ir:J8.ge der.slty variation wttr.in a consirl~r;3ble 

ran~e did not sl~niflcant1y affect the inte~-3accadic l~~er~l 

C~rl.rR~terlstlcs also lends dlr~ctly ta the qu~stloYj of ret!nal 

contrlbut;1oY). 'J0"':e su.:,~estlo'1s to explatn these f!.r..dir.3;S -..1111 
, 

bs -lven ir. sectiO!"i 5.J. 

I~tere2t 1~ the 11~erature concernln~ the subje0t 

HElS fot.:.nd ~:;j.:1.CI; -~é:1Jflny's q.3·Y •. \ feu exa!~ples are ?arrtny (192~),' 

;-~dG:re ar,d (OZ (: 92-? },- ter 'Sraak (: 9J 5) , ;iati ef1î!1ker and ter' 5raak . " 

':nunp' (1 q?:). ;j0"i~ver, i 'Ç see!:lS that orüy ~ocj pf'rf'o::.'rned direct 

of e rotatlng strlped dru~ in which the experlTental subject . , 

sat: (J) .;o6d 111u'r;S nat10n fo:, fovesl vision. (2) '.ü:l's-vlo1e't 
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'''-
tllu'1linati,on fer per).pheral vision. Hood reportcd that nysta[!T!lU5 

1 ....../ ". 

of entlrelY,different charactel's, "as descri~d i,,~ sect.lçn 4.1.) 

were found under these two conditions. The b~lS of Hood'i 

method appears ta ~e the followin~. 'l'he centra.l part of the Tetina 

contains only cone photoreceptors, and s1nce cone rec~ptors 

have a hlgh threshold of exci~atlon, and are not receptlve to 

ultra-violet illu'1l1nation, that part of the, vision was exclud~d. 

However, this ~entral are a contalnin~ only ~ones was deflned 

by \e;::~:a,l authors to subtend 8 v~sual angle only of ' to 2 degrees 

(Oesterb~, 1935: Polyak, 1941; Yar~as, 1967),8.!1d 1t 15 . 
questtonaole whether thls has lncluded the foveal visIon as 

there ls no general agreement on Brea deflnltions of the~ 

'_ retl!!a. ln tnls seètion two methods which do not depend on the 

precise àrea deflnltion of the retina but directly stimulate 

dlfferent parts of the retina w11~ be descrlbed. 

In the flrst method, dlfferent sizes of central v1sion , 

of ,the sub~ects were effectlvely delet€'d by EOG signal 

feedbac!{ to the èornputel." generating the optoklnetlc stimulus. 

'T'hi s, provided a powerful method in' study 1ng the contrlbut 10n 

of the r'er1.pI1era.l retina'\: to optokinet1c nystagmus. 

The second method 1nvolved only one' movlng dot 

i~a. .. ::~ vlh1ch prov1ded a.n optok1netlc st1mulus to the central 

v1810n wltho~t stlmula~i~g the peripheral retins. 

Exper1ments l',ere performed wlth D.C. EOG recordlng 

and due te ~he lnher'ent drift of thts method, duratiQn of 
1 ~ 

the eXperi'11ent3 bgd to be 6-ea:ly reduccd becaus~ exper1ttel1tal 

• 
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" 

4.20 ~omDuter generateè 6otokinetic stimuli wit~ deleted 

area co~Onding to 3,0 degrees central vision. T~e 
Dosition of the d~leted area was controlled b~ r,OG 

fee1bac~ ~o that its center remained concentric with 

the centep of v:sion. ( 

.J 

1 

) 

\ 
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performqnce depended crltlcally on the accurecy of the SOC 

s 19nal feed~ck. Hl th short record length, 1t may not be 

meanlngful to perform statistlcal analy'sls of lntèr-saccadlc 

lntervals. On the ether hand, use fui information ,q~àn be derl ved 
~. 

by examiningthe genera~ appearance such as the presence or 

absence of nY'Rtagmus, slopes of ,the slow cOT:Jponents, dev1atlons 
, 

of t~e eyes, -regularity of nystagwls beats; these will be the 

methods adopted i~ t~ entlre section 4.3. 
\ 

• • 
,., The results shoN that central "Tislon or per1.p}1€'ral 

vision alone can generate' optoklnetic nystagmus, and that 

nysta~mus from d1fferent parts of the ret~na are bas1.caJly 

br the,sam~ type ~xcept that nystagmus fro~ the peripheral 
• 

retina are weaker in lntensity, although they can be facl1~ated 

by attention. 

4. 3~2 
l. 

Experl~ents on Perl~heral Vis10n 

, dt 

rhe essentlal equlpment for these exper1ments was ... 
the sarne as that shown ln Fig. 4.5 of section 4.2.2. The central 

vision of the subject was effectively deleted by not geeratlng 

the opto1{lnetlc st imulus imsges around the central vis l,()n area {c:ee 

, 

( 
r'1~. 4.20), ;:>he positton of t.:;'e delt:'~t:d area ;.:~.s "'"::lde to shift (wlth 

a lag of about JO ml111seconds) wl th nove'llents of the eye by 
"'1 _ .• 

the EOG signal feedback to an analogue input channel of the 

r 6 o!Ilputer , sc that the center of the deleted area rernè,tned.' 

" . 
concentrlc wlth the center of Vision. A ~quare deleted are a 

. , 
" 

( , 
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W!18 l1se1 'N'hose dl~ensioYls could be varied ln O.J degree 

steps ln both horizontal and vertical directions. 

The eye ~ovement si~nal was measured by s~n 
electrodes (3eck~Rn type 3503) and amplified by a D.C. amp11fier 

(3pc~~an type 4819) whlch had a frequency bandwidth of l' KHz. 

Low pass fllterln~ (time constant 10 mllllseconds) was applled 

before the 20G s 19nal \OlaS fed into the cO'!lputèr. The low ... p~s s 

fllter was the main circuit co~ponent causing a Isg of the 

geYlerated delcted area after a moVe~en~ of the eyes and chree 

tilles the tlüe constant = JO ml11iseco>-d3 l'las taken as a 

ro~~h esti~ate of the lag. 
, , 

~'he 8.:!curacy wl th wh~ch the center of the deleted area 
/ 

could be kept coincldent with'~he center of vision durlng eye 

rnovements depe~ded on ~aln calibrations and linearity of the 

ZOG sib~al and on the àrift of the D.C. a~pllfier. The gain 

calibrat 10n proced~re '11111 be descrl bed Ip. ter. 'rte llneari ty 
• of 1;he 2:01 signal was about rive p~rcent 1'ltthln 27 degrees 

of ey~ ~ovements ln elther horizontal direction. Drift of the 

D. C. a:.:pllf'lC.:' l\T[1'; r~duced by careful preparation of the electrodes 
( 

and by 9.110\'1111': at least half an hOllr for the electrodes to 

"settle" bef":)re r.:.n experlmen t. It was fcund tha t wi thln the 

perlod o~ 90 se~onds ~or nost experiments, the drift effect ) 

wo.s lnsl~nlf1cant. In any case. calibrat10n bef~~e and afte!' 

each experiment enabled selection of rell~bLe results • 
..f."e 

Calibration was carrled out by adj~stment of f~ 

potent1or:1eters t n/o of whlch controlled the horizontal and 
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vertical shift.s o~ the deleted area; th~ other ty:o control le,) the 

gains of the horlzonta~ and vertical SO] feedbnck Gignal, whilp ~~ 
the fifth pot~ntlo~eter varled the size of the deleted area. 

Calibration in the horizontal direction was dcme ln tne fOll~nt=z: '" 

Manner .. 'Ihree stationary lette-rs '0', each the size of about 

t\'lq~:]egrees' of the visual an~le of the subjcct, 

together w1th the opto1:inet1c st1T!lul1:s p'1ttern. 

-1 

'0' was ln the strai~ht forwar~ gaze pORit10n of the subject' 

and the o:her tHO w~re at 27 degrees on each horizontal. sld~. 

::'he !'lub ject l'las as:t:ed to look a t the cer.ter '0' Rnd the pos i t 1 on 

and size of the deleted ares were adjusted so that the deleted 

aren enclosed the l~tter '0' cQncentrically. rhen the subject 

was as~ed to look te t~e letters '0' on each s1de ln turn, and 

the gain 0f the 20] feedback signal was adjusted to brln~ the 

deleted ar~a te enclose the letter 'a' The procedure was repeated 

un.t11 eacl;! let ter '0' i1as covered concentrlcally whenf3ver the 
~ ,) 

subject was as'œd to 100'..>: àt the letter. After a successful 

i~lti'B.l ca11bration, later corrective adjustment during the 

experl~ent o~y required shiftin~ to co~pensate fer amplifier 

drifts. Calibrations in the vertical direction were done 1n a 
~ 

si~11ar ~anner. Fowever, vertical SO~ was often interrupted 

by eye blinkl~g, and since nystag~us was only in the hor1zontal 
, 

d1rection, it was later round that by keeping tfle dèleted are a 

at eye level of the subject and by ask1ng the subject not 

to loo!{ up or down durlnJ?; the experiment, the results did not 

diffe~ fron those wl}h bath horlzontal and ,vertical controls. 

t 
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3ubsequently, experiments were carried out with only the 

hor 1 zonta l SOC; s ignal- feed bac k which l'lere .much rlor~ c onvenient 

to ad just '. 

After the calibratiori, the stationar~ letters were 

eliminated and the movir.g sti!TIu''lus was adjusted at th~ d~slred 

speed. The subje~ts were asked to follow the sa''le Ins+;ructions 

as those in section 4.2, that is, to ~aze with attention forward 

on the screen and ta let reflex actions take control of eye 

I!1oveJ11ents • 

4.3..) 

..,:' '". 

Sizes of 0, 5, 10, 20 and 30 degrees of central vision , 
-J 

were ~eleted in random order, each lasting about 15 seconds. Thus 

an experi~ent lasted about 80 seconds. ~ine ncr~al subjects were 

tested. A typlcal response ls shown ln Fig. 4.21. t'ystagmus 

with f'ull vision of the optokinetlq sti:nu.lus and that with 

5 dea;rees of central vis ~~n delet'-on sho\'! essentlally no dlfference / 

.as judged by slopes of the slow component, frequency of nystag:nus 

and deViation of the eyes. Howe~er, with a rurther Increase 

in deleted size of the central yision, nyE'tag"1us dec-rea~ed in 

slow component speed and in- freq'Jency which also became more 

irregular, e:ve devta.tton decreaf~ but s'till rernained in the 

itrec~lon of the saccadic oOl1ponent. llystaemus intenslty for 

.a glven size of dele~0.Q central vision varieà between different 
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subjec-ts, and in the sar·e subject betwecn c11f+'ereYlt tests. 

Attention difference, to be described later~ seemed to be the 
• 

~ain cause of the variation. rhe decline in nystag~us intenslty - ~ ~ 

with increasins central vision deletion from 5 degrees nnwards 
è 

was always observed, and when around 20 degrees of central 

vis 101": was de leted, in s lx out of nlne sub jects, nysta.gmus 

co~pletely dlsappeared. 
" 

In qnother experj:nent, the subjects ,,~ere first shown 

the opto'~lneL,lc stil"'lulus with full visi:)>'} for 20 seconds. 

~hen a 25 de~ree central vision deletlon was suddenly applled. 

As a typical result ln Pige 4.22 shows, nystp.gTlU~ di~appeared 
"i' 

l'he ~ffcr:.t8rof re",ersal, ln l'Lage dlrection on eye 

déviation and initial ph!).se of nystaSP.l1lS ~11th and · .... i.thout, 
o 

central vlston deletion are 1lImstlated in I<lg.! 5. 2 3. It 1s 

seen that' in the full visi?n case, the eyes deyJated ~o the 

directior. of the saccadic component sl~ost l~:nedlately after 

reversaI of th~ l:nage direction, "rhile slow or saccadlc . 
co~poner.ts ~ach could occur as initial phase 0l the reverse~ 

nystaE:;->'us. The sarne Phe~OT.ena l'lere observed Whe~ a. 10 degree 

vtsion was dele~~d; the only d1fference 1s thatltn the latter 

~ase. nysta;:;llu~ inten~lty beco"!les wes.ker and more 1rregular 

cer.tral. 

a~d the dev1atlon ln the direction of the saccadlc co~ponent . 

13 srnaller. 

~\he t'\oo'Ve :: 1!1dlngs disagree rl1 th reports from Hood -
(1962), ~~d Dix and ~o~d (1971) descr1bed in section 4.1.J. 
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Under nor~al ~orward attention, . ., . , , 
• j 

nystat:::'r:1llS ce:lscd in r:Jost subjects vThen TI'.ore '.othan 20 dCfSrecs' of 

central viston wes deleted. ~owever, under this condition, if 

the, nS~b'ject.. ~s. aslced to ~ake a spec ial effort to see the imaS?;es 
.. -, -

in the per1'pheral field, l1ysta~"TIus appeared as illustrated, in 
., 

?i~. 4.2/+, and the suc je ct reported se~ir:~ the individual 

~ovin~ dots whereas without the special attention, the images 

were aIl fused. 

So~e subjects found it difficuJt to follow the 

ln~~/ructlo'1 of payir.;; attention to the peripheYal visual fJldc. 

fhey were then asked to track the movin~ i~ages in their 
), 

peripheral vision. ro do ~his the subject œust npcessarily 

direct his attention to the peripheral visual field. Fig. 4.25 

sho,;'lS thE:.t the trackin~ act was aéc~'!lpanied by abundant nyst~l7,"':',;:~. 

The~e results clearly dcmonstrate that attention hus 

a fa0111tatin~ effect on optokinetlc nystag:nu.s. It also eypla.ins 

the fact that ln patient's ",ith central !'3coto~a who had a 10ss 

of central v ls ion to vario'ls degrees', op"-"o~cinetic nystagmus 

could be readily elicited (Dodge and ?ox, :928; Hood, 1967). 

In such patients, normal attention Dust naturally be shifted 

~~he peripheral field. 
~ 

4.3.4 

AlI experl~ents descrlbed in section 4.2 actually 

invoI"E:'"·i tp.ntr~l vision slnce ln. these the oJ:tokinetlc stimuli 

were presented in full vlew to the subjects. However, thls dld 
" 

1 
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not tell us 2hGll~ the ny:::tC!.grnus response fron stlrnula~lon 

of the ce'1tra l vis 1. on RloYle s ln ce all peri phera l opto1{ 1net le 

stirnuli were als9 present. In sectio!'1 4.).2 lt was found tilat; 

contribution to optoklnetlc nystagmus fro~ the peripheral 

retina, became progresslvely weal{er as the ares of central 

vision deletion was lncreased more than 5 degrees, and again 
ï 

thls dld n~t ~ell us whether central vlslon alone, wlthout 

the cO"1trlbution from the peripheral stimuli. could prod1:lce 

a nvsta~~us response. Therefore ln thls sec~n, experi~ents 

will be descrlbed ln which only one steadily moving dot, of 

size about 0.5 degr€'es ln dla'"!leter, was used as the opto'.clnetlc 

st imùlus. Thus aIl peripher'al retinal stl:nulntlons wer-e 

exclujed wh~n the moving ùot wes ln th"e central vlsua)., fleld 

of the s'Jbject. The error signal" between trle moving target 
~ 

and the forwsrd Saze position of the eyes was measured to '. 
enable an esti~atlon of the~rclatlve position and veloclty of 

the ,eyes Juring the r~sponse. It will be shown th.qt nystagmus 

can be produced by central vision alone and sorne interestlng 

- characterist icS' were revealed to support the f lnd lngs of 

section 4.).2. # 

The experiment~l set~up was essentially the s&me as 

that shown ln ~lg. 4.5 of section 4.2.). In addition, twc 

extremely faint red 11ghts were placed 40 degrees above and 

40 degrees below the point of forward gaze of the subject. 

The subjects were asked to maintain their gaze on the center 

of the screen wl~h the atd bf the fa1nt red 11g;.ts placed 

1 
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sy mmetr lcaLi..y ln 'the per 1 phera l vlsual f le Id. The m,avlng dot 
Il 

st1.niulus traversed thrc.ugh ~he center of the screen w1th a 

ran~e fro~ 35 de~rees 1eft to 35 degrees rlght of the cepter 

of the screen. Sye movement response was recorded as descrtbed 

ln sectlon 4.3.2. 'l'he experlment was cQJlducted wlthout 

the falnt red I1p;hts as reference and lt \'las found that the 

nysta~~lc eye response dld nat dlffer though the 3ubjects round 
\ . 

lt mere d1fflcult to malntain the e~es 12 the center iosltlon. 

_In~order ta interpret the results, the rneantng et 
/ 

the error signal i3 explalned flrst wlth reference ta ~'lg. 4.27. 

The EOr; 8.nn. the movlng dot sl~~als ~'iere subtr1ict~d an-llne to " 

yleld the error s1gnal. Durtng the calibrat5ion pro~edure, the 

ga lns of the SOC and the rflovlng dot signaIs werè adjl.lste1 

so that when the eyes were track1ng the dot the error sl·gna1.-.. 

was zero. Thus, ln Fig. 4.27(a), the eyes were flxatln~ on E! .... 

stattonary point ln the forwa:r-d gaze pos1tion, and hence'the 

'error s le;nal reflects the dot movement,. In F1g. 4.27 (b), tme 

eyes were tracklng the movlng dot, and hence the e!,ror signal 

remBins, for the r.::ost part near zero except wr.en the target 

ju,!!ped back to 1 ts starting pas 1 tlon whl1e the eyes were mOI'lent-

ar 11y laggln~ beh1nd. The zero error pos1 t 10n will be useful 

later i~ i~terp~etlng the resulto slnce durlnp; th1s tlme, the , 

center of vis ion stayed locked on the movlng dot. 

4.3.5 Resul ts frc~ EXD~rlments on Central Vision . 

:'he results l'illl be explal"1ed wlth refer"encè to a 

'. 
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typical ye s ponse shQwn in ?ip.;. 4.28. The ent ire range (70 degrees) 

of the moving dot stimulus was within the visual field of the 

subjeet. however. a burst of Dystagmus only oeeurred when the 

~ovin~ dot waq withln a certain range of central vision. 

Durlng the Qurst of nystagmus, up ta five beats were observed. 

The slo~ co~ponent velocit~ was hlghest 1n the mlddle and 

10;'ler at the be~lnnlng and at the end of the 'burst. Further, 

th\s response could not be volu~tarl1y suppressed provided 

a~tention re~8i~ed on the sereen. To exa~lne the response ln 

'Ylorp. detail, the error s1gnal ls re-drawn in a sOr:lewhat 

exaggerated ~~nner ln Fig. 4.29 for the purpose of explanatlon. 
- \ 

lysta~~us beat (a) oecutred when the rnovlng dot was 

aro'.md 10 jegrees on "'Che left 3ide of the center of the ret tna; 

the slope of the error eignal.lndleates that the eyes were tra.c-:(~r,B 

the dot target out wl th a. s lower speed" Durlnp; nystagmus beats 
, 

"'(b) and (c) t the z~:!ro ::;lopes ln 'the error signaIs indic~te thët 

the eyes were trac~lng at the sa~e speed as the ~oving target. 

The dot target was est imate!l to be very close tp the center, of 

the retina durl'1g beat (b) i and within 3 degrees on the right 

of the center during beat (c). Beat (d) a~ain tracked the 

target wlth a slower veloclty and the taTget was around 10 

degrees on the r1ght s ide of the center of the ret1na. These 

resul ts seeT" to be ln good ag-ree.,ent wi th tesul ts from peripneral 

v1sion studl~s in section ~.J.2, where lt was found that 

nystagrrPJS was €5sentlally tt:e sa"!l~ when up to 5 degrèes-:..,bf 

central vision ",as àe1..eted; .... hen a larger area was deleted, 
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, 
'1ysta"-;inus :=i'!~11t".ld~1 ~ls0 il:c.t"eased. L~i~. ts a180 ~ z"'-:nerü 

f t n'li. n P; o!'} 0 :. t 10 n 4. 2 . 

4t r. h • 31 sr. ow S 

>---
trat 8 cO'1t-inuous opto~:lnetlc 

f ., .. ,. .. -, "'-
l'1duced by a single moV"ll;~ dot stln',.llus. '11'1'3 

rTIO'TinZ'; dot \ ... as prarr;ra",:med ta traverse trlé 'ce!1te r nI th'! sere en 

t. 

t'r"'l"ency ~vera7,cJ at 2 O~B.ts per secOl,d v'l'Cr. 8.l"'::)lltuèe O:~ Z\b:::rut ' 

1 

l'rp s8 results rie-:lonstrate th,,:t e~'lt:;-(d vlr,l:.:n 13.1m,e 

• 'J () st 1 ·r .... lll1 S 
, 

1;1 n:e D'?":'lyh~r<:ll vl'1'l-1~ flt>ld is .l~cessa.r-y te ald. :-"v yroduc~i')n- ' 

·.rlS-.tŒ;l 15 cè'~~::.lbi.e of ell~lting nystagmus. " . 
c, 

s-:: i "ln11 , 
) 

!'::l.l:"~ly , 

ViEl,el ~\eld 8.:'ld 'theosln;;J.e ·:.:ovinr.; cioL. Stil1Ulus, agre€' wlth 

each ot fl'!~' r~ey sec'Ti tG ~np;;-e a t two s i;n tr' 1cant areas of' 
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Tig. 4.31 Optokinetfc nysta~nus r~ltinr. froln ~ single 

movine dot stimulus. 
Range of moving dot = 6 degrees 
Speed Qf moving dot = a degrees/sec. 
Frequency of nystagmus = 2 beats/sec. 
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~pproxlmately 5 de~rees and 20 degrees on the central portion 

cf the retina. Hith norrno.l forrrard attention, the sensitive 

areâ on the retlna (br optoki~~tlc nystagm~s appe&rs to he 

nround 20 de~T~es, and Hit-'rl1:1 5 degrees of central vis10n 

the r'vs":rlc;:::llS track1ng speed cauld match that or~ tne moving , ' 

,targe t: • C:-his presumahlJ has a 11r:1.t. See section 5.4). 
'-

It would he 1nterestins at thts stage te co~pare 

t~ese areas wlth the subdivIsions of the retina ln ~able u.t 

which ls based on data obtalned·by Polyak (1941). Polyak 

defined the human fovea to be 5.2 degree~.othe yellow spot 
c 

to be 17 deGrees and the peri-fovea to be 19 degrees. rhe 

latter two appear to be slgn1flcantly related ~o the present 

-: ),'lndlng or the 20 degree area • 
. , 

The slg:.~flc~nce of the 5 degree area 1s further 

sug~est~d by Hils n, and royne (1970), who stud Ied' the )"jeurGr~al 

projections . the retina &nd the vlsual cor~eX' ta the 

superlor qg lc~s J.i 110nkeys (r>:Rcaca mUlatta).' They :teported 
() 

that there N'as a der!se pro,1ectlon to the superior coliloulus 

from the part of the vlsual cortex which ls devoted to theo .. 
cen~~al 5 degrees of the v1sual f1eld. 

It must be emphas1zed that th1s functlcnal cor~elatlon 

of the reported data to my exper1mental find1ngs wes done durlng 
, 

the thesls wrlt1ng stage and, no prevlous .consultation to these 

repo~ts were ~~de before or d~rlng exper1ments. 

; , 

~\ , \ 
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CHl\P1ER,5 

DISCUSSIONS AND CONCLUSIONS 

5.1 THE PATTERiJ OF VARIATION IN THE RIIYTH'1 0f VLSTIBULAR 

A~D OPTOKINETIC NYfTAGMUS 
o ..,. 

Vestibular and oDtokinetic nysta~mus ha~~ been descriLed 

ln the li terature as bein~ rhythmic but- the n,a tu:,c 0 ~ rhvthmi-ci ty 
" -" 

was not, clearlv understood. In this thesis th2 rhythm of vesTibuLlr 

a'nd optokinetic nystar;rnus has been analvzed in terT'lS of the inter-

vals bet~een the saccadic components usiflg point Drocess analysis 

techniques. As a r~sult a characteristic pattern 0& v~riatdon ln 

. the rhythrr. vli th intensi ty of nystagmus has been established. 
to 

The resul ts sa fdr have shawn that '1U l. ti-modaJ Ï!1terval 

~istogra~s occur in both typ~s O~ nysta~mus. f~rthermore~ in the 

case of optokinetic nysta~~us, m~lti-modality occurred at lower 

intcnsity le:els. This result is consisten~w~tn o~servations 
made in the vestibular nys~agm~s section where multi-rrc'2~itv Wd2 

found more often in spontaneous, positional, alcoholic, and the 
'" 

bef;inni!"':r: .. por:ticn- of calorie nystagmus; aIl t~ese type& of 

nystag~us had c~~?aratlvelv lo~ intensities. ThuS, it ~an be , 

concluded tha~ multi-mod~litv ih inter-saccadic interval hist­

c;;'!'aMs océu~;; in lo",.J in Le:1si tv ves-:ibular and t'~t01(inetic '" . 

nystagmus. !: t rcmains,"to be demons tra t~d th'1t as ~h~ intens i ty of 

vest ibu::'er -n~~s ta ~m~s is ir!c !"2ased the in terval h is togr'arns cha:l~~ , . 

shape "1ono-mada l Qne 5 
,.' 

l.n Ci manner si~il~r to those 
,r 

" 
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,.. 

ln optokinetic nystagmus. 

",,' In vestibul~r ~vsta~mU3, it is not possible to i~duee 
'--, 

diser(c:te :ève"ls oÎ intensity .. si::tilar to those iRt.the optokin~tic 

nystagmus experiments. This is beeau30 of t~e elastie return of 

the eupuJar recentor after a deflection. On the o~her hand, 
o ~.. <// 

\ 

2aloric nystù~~US increases its intensity graduallv to a peak 
'. 

d~d then declines slowlv as illustrated by the eomoressed slow 

" cowponen~ speed displav in Fig.5.1 (see Aprendix 4 for descript- , 
) 

iop Oll th:'s Sl.'JW comDoncnt speed :neasuring circuit). The results 
--' 

fr0~ ~310ric nY3t~g~us can thus be segmcnteJ into sections of ~ 

.. " ~ /-aDDrox";'~.êltely COl,lstant "Ïntensitv, and thE- cnrrespondlnR; ~nterval, ""~/ 

'listo[;rams plotted for each data segment. 'This ie; illus-':rated 

in Fig. 5.2 where the change in inTcrval histogram shapes with' 
() 

intensi~y is to be comnared with thasA in cpto~inetie nystagmus 

in Fi~:.:,.~ •. 7 and 4.8 (Oà"gè 113 ). The si~ilarit'l in the sha.pe cha::-w"'<,.e 

'is q~ite clear. :h~ ch3nge in the rhythm for both types of 

nysta.r;r'lUS can therefore be described as ~ollows. 

'-
Gpne~~llv, as the intensity of nystaBmus (or speed of 

thé s law co:-.ponent) 1.s decreased, the occurrence of ~he saecadic' 

ccmponents becomes more irregular. I.n terms of inter-sdccadic 

interval distribJtions, the distribution changes from being 

monomodal and symmetricarly distributed with a narrow spread ta 

one Wi7h a wider spread. ~ith more reduction in intensity, the 

spread ·of ~hb distribution further in~reas~s and becomes skewed 

towards the longer duration. With further reduction in nystagmus 

" intensity, multi-modal distr:ibuti.ons aji>pear . 
, 

"". 
... 

• 
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The finding 0: this characte~s'tic c~ani3e in Dattcrn 
, 

could be applied to further works on nystagmus. Clinlcallv, i~ 
-.f 

~'lOuld be useful to investisate if there are oatien ts '.-li th a 

• 
certain p~thology in the vestihular or visual-oculomotor path­. ) 

/' 

ways w~o do not follow the above pattern change. If definite 

\ deviation oould be confirmed to .exist, the method would becomE: a 

useful diagnostic tool. Anato~ic~llYlthe Dattern c_h.J.np,2, could 

be useà ~s an aid in determining which areas are invol~~ in 
,-

the generation of the nystagmus rhythm. In animal exneri':1ents, 
, 

lesions cauld be induced into differen~ suspected areas ta see 

if ~hey alter"the normal characteristic Dattern. Any area which 

causes a c~ange should be regarded as an inte~ral Dart of The 

nystagmus rhythn' mechanism. The characteristic nattern could 
'& 

aiso be used to aid physiolo~ical investigations. Maeda et al 

(1972) has prooosed the Dossibility of mutual inhibitions of the 
, 

bilateral vestibular nuclei a~ a mechanis~ gener~~ing the 

nystagmus rhythm. It wou Id be interesting to see if their ~roposed 

model could si~ulate the above patte~n change. In a model, The 
-

saccadic components can be replaced by a sin~le pulse in much 

the same ffiilnner as the method llsed in this the s is. , 

,~ 

'1 
./ 



• 

" 

· r, ,/ 
T62 

5.2 A POSSIBLE ROLE CF INHIBITION IN THE RHYTHM 

OF NYSTAGMUS 

\ ,~ 

The occurrence of the multi-modal inter-saccadic 

interval distributions in nystagmus reveals a significant aspect 
'. 

of the nystagmus r~ythm, which May require a special mechanism 

for its production. A verv simple yet physiologicallV plau3ible 

mechanism ta produce oe~asional imD~lse intarvals at multiule . \ 

Integral values of a basic interval dura tian would be for an 
"1 

imoulse, or a ,Group of impulses, to occur periodically at a 

basic interval. This occurrence would rhen ~e o~casionally 
-

inhibited, thus producing intervals which douhle or triple 

the duration of the basic interval. This mcchdnism has been 
Q 

found ta describe svnap~ic ~ehavior in sorne single neuron 

recordings. The 
! 

1 . l 3 .. J ta Sl.mu atto! 

same cCTicept has been used iI.: a model in Section 

"the p:-,o<.;Jction of nvstabillus rhythm, and i t was 

\t~Aer.ions tra ted tha t:' aIl observeri ger:eral characteris tics of the' 

D~ nys~ag~us rhythm could be simulated by the model. 

If such a simDle concept were the actual overall working 

principle cf the nystagmus mechanism, thsn it would be useful 

ta investigate where and how this inhibition takes place . 

., 
.. ,t 

) 

o 

\ 
~ 
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5.3. l 

21 ':".,'=~:':]'~r~~; ON THE OPTOKI:ŒTIC :~YSTAGMUS 

~SFL;=X ~èHA~I SM 

Introduction 

16 3 ~ 

I! ~DDears thdt since de Klyn and Rademaker (1928), . . 

ter Braak (1335), ~ade~aker and ter Braak (1948) reported 

the distin~~ic~ o~ a cortical and a subcortical dptokinetic 

nystagmus ~n animaIs such as dogs and monkevs, various proposaIs 

have ~een ~~je about different types of optokinetic nystagmus 

in h:.Jmdn. The,diff~rcnt types of op~okinetic nysta~~us proposed 
~ .. 

were described in Section 4.1.3. 'f ~n this section, based on the 

experimertal results of this th~sis and on'other direct and 

inrJi:-'ô!ct evidences, i t is sllo;gested that t!1e 'different ~ypes of 

cptokinetic nysta~mus described in the literature shouldi~e 

1 ~f' .. b . ç: b' ~ho~ght 0 not as separate entltles ut as varlants a~ one aSlt 
t> 

identity. The variatio~s are due ta greater or lesser voluntary 

influence, a~ to stimulation of different parTs of the retina 

pr;ducin~ a stronger or weaker nystagmus. The discussion will 
• • 

now ~~ reviewed Niih respect .to the three main factors, described 

in t~e literature survey in Section 4.1.3. which might have been 

uq;ed ct: the bas i 5 for the nysta~mus ~lassifications. 

5.3.2 ~ental ~~t of the Subject 

It is doubtful that t~e response resultin~ from vol~ntary 

following of the optokinetic stimulus (following, look types) 
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shou1d he re~arded as ù distinct entii.y oi ~ystar,mus as 

proposé? ~v Honru~i<1l_ et al (1968). TC· 
loi U'.Jglnr.; frora the e.< perimental ( 

J resu1ts descriQ~d in Sect~on 4.2.3 under this Condition, it is 

concei vab1e that t'he re-sponse from vo-Iuntarv rfo1lcwing of the 

optokin~tic st~mulus i5 .produced by suppression of the saccadic 
. ~ 

comnonents and aügmentation of the s-low cornDonent. The sl.:ppressj on 

of tl;e sacc~dic comp'onents is su;:;gested by the fact Thal during 

the' vo].untarv fio11owing phase, involuntëiry nystagmus wi th, intervals 
h 

s ij;1i1ar to those of nvs tagmus PI'o,jllcp-d unc1e r~·the invol untar.., 
< , • 

condition occurrcd frequently, and This may be interD~eted as 

the occasional ihàbiJitv to sunpress /the ba3ic reflex nystagmus 

rhythm. fürthernore, bi-modal -inter-saccadic interval histograMs, 
1 \ , 

with the second Mode located at d?proximatelv tw.ice the duration 

of the basic mode, ~ccurred over a wide range of higher stirPulus' 
~ ~ 

speeds. This Plav indicate that sup?ression must be' achievèd by 

deleting at least one basic reflex saccade, resulting?i~ a double­

length interval. c.r~e fact that the second mode is very distinct 
, / 

lends further support to This concept. This has been disc~sped 
~ , 

"' in Section 4.2.3 \1i th ref~rence to the experimental resul t~ 

from high sp!ed stimuli under the involuntarv instruction and 

withoreference to the stochastic model. 

-
Sorne subjects could voluntarily follow the low speer \ 

stimuli without making many s;naÜ saccades. as sho\4n in t~ res~t~ . 

{n Fig. 4.19, (page 1 29 ). However, at high speeds, where lntensl tie s\ 

of nystagmus p~otiuced by the reflex mechani3~ would normally be 

high, small saccades inherently set in. This effect is 'also 
L_ 

, ) 
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o~'served in the resul ts of lfonrubia et al (1968). This hrings 

'out an analogv of a voluntary change in ~he respiration r3te •. 

. . ~ 

At re$t, a person will unconsciously breathe at a ccrTaln rate, 

and this r?te ean voluntarily be altered by extendinp or shortening 

the inhalatign or exhalation period without much difficulty . 

. However, after a\ strénllOUS physical labour, the {basic involun ... tary· 

breathinG rate wi,ll pre-do:ninate and tl1is be::omes more difficuft 

to alter voluntari1y . 

. 
• - 5.3.3 Rctinal Contribution and the Role of Attention 

As a result of i~trsi'le eff~rt by T'lany investigato~,~, 

;:he end organ mechanism of th~, vestlbular sys~, in particu1ar 

the semicircu1ar canals and the cupu1ar receptors are now 

quite weIl understood. A reviev/ot of this knowledp,e is' given by 

Outerbridge (1969). In contrast, partly due to ~he i~~ensely 

more complex function that ~he retina has tc serve, the retina) 

mechanism in rela:",ion to op:okinetic nystdgmuS"'~s heen poor1y 

understood. Tt is hoped that the findings discussed be10w may 

incite further investigation. 

The rêsults from the central vi-sion deletion experments 

in Section 4.3 showed that with ~pproxim~tely five degrees of 

centra~ vision deJetion, the nystagmus intensity as estimateà by 

slopes of ~he slow component, eye 'devia~ion,and re~ularities of 

th, nystagmus beats re~ai~ed essentiallv unaltered. However. 

nystagmus intensity graduallv declined as the del~t~d hrea was 
" 

intreased in s.l:ze from five degrees, and in most. subjects, 

/ 



"\ 

) 

\ 
166 

nystagmu~ cedsed if more than 20 de~rees of central vision was 

deleted. 

There was RO indi~on ~haL a nystagmus of en~irely 

different eharacter was generated at any de~ree of'central 

vision deletion. T~~re H3S always a deviatio~ of ,e~.position 

in the direction of the saccadic cOffioonent, bu~ th~ de~iation 

decreased with nystag~us intens~tv, in ~articular with the 

- ~ 
frequ..ency of saccadic components. 30th fast (saccadic) and slo\o1 

~nitial nhases wer~aobserved wheM the direction of ~ptoklnet~o 

stim111us was instantly reve;sed .. These findin~s dist"~;ee with 

those of Hood èescribed in S~ction 4.1.3. 
( . 

TIle.r~sponse to ~he single dOL optokinetic stimulus 

a~rees closely. wit~ results from the central vision deletion 
,..~ ~ . 

exper~::Jents. Ti1'i~' was' disci!ssed' in detail in S.ection 4.3.5. 
.., t- .. 

Th.ese resul ts sllggest thdt there is. one nystagmus 

. generating mechanism se'rv.ing the - entire ret:ina. The retinal 

• 
contribu~ion to ootokinetic nvst~~mus decreases with increasing 

" 

I~ 

> distance from about 2.5 de~reea from the center of the retina - , 

• -

'toward~ the temperal or nasal sides. The weaker contributiori, 
-, 

however, may be facilitated by ~ttention. Thus it is no surprise 

ta see that optokin~tic nystag~us could read~lv be elicit~d in 
• y 

patients withO central scd'toma (Dodge and Fox, 1928; Hood, 1967> .. 
.. 

In- these patients, normal attention must qui ~e na turallv be chlfted 

ta the peripheral visual fields. 

The resu] ts in Section 4.3.5 dIso show that ';a single mO'ling 
" . 

CJ 

dot within the central visual field was capable of e~iciting a 
, 
continuous optokinetic nystag~us. Durin~ the course~of dppearance 

o 
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L 
of one single steadilv movlng dot, .up to five ~ery distinct 

beats of nystagmus were ~licited. These demo strate clearly that 
" . 

no stim~lus i. the perioheral field is necessarv to aid the 

pro~uction of the slow compone nt' and no succeedin~ targets are 

necessary to cause a saccadic component. 

Therefore, it is possible that in the case of a large 

J Slze optokin,etic stimulus, only a small part of the entire 

stimulus is taken for the trdcking refl~x ~ that any part of 

the optokinetic stimulus may be chosen for tpacking through 

attèntion facilitatio~. Th~~ay then expIain the findings in 

Section 4.2.3 that optokinetic stimûlus pattern, image bri~htness, 

and ~ensity variation within ~ considerable rdnge had little effect 

on the :'nter-saccadic inTerval distributions. 

The decline in contribution to optokinetic nystagmus 

from the .Deripheral retina and tne role of attention may alsQ be 
" 

used to expJ,ain the f inding of R,:;..j(;'fiaker and :ter Braak (1948>, who 
~ Q 

ù 

reported that in decorticated ùninals, to initiate optokinetic 

n~stagmu~, it was necessa~v that aIl parts of the visual environ­

ment werè:;moving in the saT'le direction. This mav indicate that 
, J r 

the subc~rt~cal path~av~ d2pend primarily on the weak contributions 
. t . 1 1 

from the per~pheral reti~3. Thus in the absenc~ of cortical 

attention facilitation, more contributions are needed. 

It is interestin.g to note that the promine,nt DS)Tchol-

ogist, 0. Hebb (1949), connected perception phenomena with the 

neuro~hysiologic~l evidence that a neuron will not norma~lv 
) ! ~ 

d~scharge an impulse unles~ it is excited bv two or more ryre-

-
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synaptic neurons. ~ccordin~ly, a response re~~ires not onlv 

excitation from periphera1 sensory organ, but also the 'central 

reinforcement of a sensory process', which Hebb identlfied with 

attention. 

l'! {~ -, ~, 
~( ,1 J 

5 • 3 • 4 N ~ u r~ l Pat hw a 0' san d Ce nt ers f 0 r __ O_D_t __ o_k_: ~_" e~' ~y_h:_i_c-rt_I_'1_s_t_ël--,p'..;.,m_u_s 
1 

There were no exceriments in this tb~sia involving 

surgical operations and neural recording. Therefore, no direct 
1 

Experimental results are av~ilable to support this discussion 

conéerning neural 'pathways and centers for ontokinetic ny3ta~mus. 

Nevertheless, it may be useful to consider a few indirect 

evidencés. ,.- ) ! 
" -"f~t 

Regardine t~1e existence of a cortical and a ~ubcorti('al 

. pathway for optokinetic nysta~mus ln human, findin~s such as those 

of Hovt and Daroff (1371) -::hat lesions in the frontal eyec fie1d~ 

and the occipito-paricta1 areas resu1ted in an abse~ce of the 

saccadic component and defective/slow component respectively, 
..... r; .... 

suggeit that at least two cortic~l areas are-essential for the 

production of d nor~al optokinetic nystagmus. Walsh and Hoyt. 

(1969) stated that the production o.f optokineti,c n'lstagTl\us served 

as a proof that the p~tient was not blinde This, aga in may indicate 
-

,tnat a f~nctionin& visua1 cor~ex ls éssential for the production 

of optokinet~c nystagmus in human. It is intcresting ta ponder 

h " ~ 1-' " 'ç: , on t 15 rrom an evo ut10nary pC1nt o~ v1ew. 

ln fish, the visual and visual-oculo~otor functions are 
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served bv the subcortical ootie tectum. Throu~h the evolutionarv 

process of increasinr, 2ncephalisation aIT!on~ higher ani!"1aJs, Cëlts, -.... 
dogs and other land animaIs develop the visual cortex, and 

evidently, visl!al-oculomotor pathways are partlv T'1ediated in the 

cortex' as observed bv a change in optckinetic nystagmus after 

'" decortication (RadefTlaker and ter Braak 1948). ,From a functional 
~ 

point of view, oculomotor reflex without vision seems1to serve 

no survival interest, and in human, a functioning visual ~ortex 
"-

seems to be essentictl for·conscious visual nerceotions. Therefore, 

i t may be no surprise to fir\d out t~a t the canahili ty of the 

subcort ical pa thways to el ici t optoKinetic nystagmus has been 

eJir.1Ïnated. However, as stated in Secti'on 4.1.3, ootokinetic 
1 

s~udits ln a Gecortic~ted human has not be~n rcoorted and the 

problem must re~ain unresol~ed. 

Concerning the actu~l centers generating nystagmus, 

it is clear from the works of Lorente de ~o (1!33, 1938), 

Rooinson (1964,1965), Fuchs and .:,uscl--)ei(lg70), :uchs (~y7l), " C 'li: ' ;1aeda er al (1972) _and man others, that a s pecia'l neural 

mechanlsm lS needed to gen rate nystagmus, so that durlng each 

slow compo~ent, a steadily increasins impulse train and d!Jring 

each sacca'd{-c component, a massive burst of impulses in 

step"' pa"'ttern can ~ to thê extra-ocular muscles. 

a 'pu1se­
l 

Further-

more, ël continuaI alrernation of these phases is need~d to ~reate 

the nystagmic eye movemerïts. 1t is likely that This re1q,tively 

c:offiolicated mechanism can be callèd into a~tion by command 

iMPulses, wi th their c1ppr·op ...... iatc Tlooulating sir.nals, arr) vlng; 
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:rom Jiffe!'cnt pLltJ-1H.=tyS. For example, cortical\,] subcortical~, 

central ard ~erip~eral rctinal èonnecrions may eventually dll 
\ 

directly or ind irectl y converge tm."ards this basic mec'hanism . 
. ' 

:n [act, evijûnces d~scri.~d previously 
• 7~ ',---

• 0 "-. 

fra~ Baranv (1907, cited 

Dy Lorente de :4o~ 1?33). Holmes (1'938), Gata et al (1968), Hoyt 

and Daraf f (1971), an J t[1e opinion of Yarbus (1957) aIl suggest 

'voluntarv saccades and pursui--:: are a.lsa closelv ac;soci~ted 

~his ";'l2C\H:::.is:n. '''!Greovcr, it it like1y that the same 
, ' 

~1~ç!1-:Jni3:n T:Jav a::!..so seY"ve vestibul-3r nystagm'ls; findings of this 

thesis proviJe a stro~g support for this hypothesis • 

According to t'lis concept, the entire ·cornolex' behaves 

b ' '1" '"' . ( .' h' f d aSlC versa tl e lT'<:!2danlsm servlng a lerarchy 0 comman ,s, rIS a 
, 

,~ \,'d€!: é. :ntcsration and D!'lori ti~s of control are pla:pned according 

'. 

to sOTIe cri teria vJ~ich serve the best efficiencv and survival 

lnterest of the livin~ creature. 

5.3.5 

} l ~ 

EXDla~at:on on More Observed Phenome~a Ir ')otokinetic 

nystagmus - - --=--------------

Based on the 'findin~s on the r~tinal contribution to 

oot!kinetic nvs~a~~u5 
~ 

ln Section 4.3, tl.is section offers sorne 

poss ible eXplcir!â tions tü several o;:,servèd phen:::>'tn~na; in optokinetic 

nysta 6 mllS. 

"'In Section 4.2.3, 
" 

, <>. 

~l 

" d~ring the "image density va~iatibn , ,... 

exoeriments, i t was found ;:ha t no ~Ia i Or variat iop occurred when -

the horizontal ;pftcln[ ;:,efween the :nov,ins:; dots \-:as c~an,f;~d wi thin 
~,.... \ \ .,~ 1 

J .' 
19

0 

degrees of vi~ual~n?,le .: Howeve#, Hhen this ~pr.icinr, .. :a c; chaf'lgeG 

( 
, " 

" 
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• 
to 25 dcgrees, a drastic variation occurred; nvs,-t:a.grr1US hecama 

i ntermi ttent. In viP"'" of the findi:1g 'tha t, renerally. 'opto-
z, 

kin&.): ic nvs taRimus st imu lus' ou ts:i,de the re [,ion around·1 ') àegrees 
• /J 

from the ccl-tter of t!le retina proùuced nr:- nystap;rr1us ~.wi th normal 
'. ~ t) 

str~ig~tforHard attention, the exnlanation of t~c finding in 
- .' 

Section 4.2.3 ~eco~es relaiivelv simpl&. 
f..-/~ , 

When the eyes fel1 1n 
• 1 

between t~e rr1ovin~ dots after a saccade, flO t.::!T'2;ets \~er.e 

availa:)l~ in 1:1':' 20-d:-:::r~~sen'3itiV~ area to imm.~diatel'l sus tain 

tne r.y.:;ta.r-ru'J and therefore nvstaç;mus becaJ'Tle int.eI'mi·tte~. 
, . . 

It !las r,enerallv been reported tha't the speed of the 
. . 

::-101 ; ~c~por.cnts of o')to,~inetic nvsta~mus \-Jas not cO;1::;tal)t, aJ thougl-t . , 
!'ïe .3t~·nt1] clS speed ~e":lained t:'1e .s~lIne U1cL"lv, '1adi~~n .hld Orrrerod, 

. 
l~S/;~>i~~ pnj l':ornh'..i.ber, 1964; Komatsuzaki et a.l, 19E9). Jung 

.. :cÎ'r,huber stated 
/ 

that th~ variation in the veloc+ty for 

ten consecuti'Je slow cornDonents nay attain 20 pcrcédc in r.ormal 
~ ~ 

subiects. Again, the"findings of Section 4.1, th~t.nvstagmus . . - ... " 
int~~itv dcc~easCd wherl the sti."c:ll~s a~ted furt~,E'r a:..;r-'tv'·,trcm 

the ~en!er of the retina could explain the a~ov~ ph;n~menon. 

Since tr.e amplitudes of the sdccadic COrry,po~l~nts are not uniform, 

WhlCh c~n'be observed froJ'Tl,Fig.~.7{b) and as~mi?g ~hat during 

tne' trackine phase of nvstagmus, only a sTI,al'l part of the entire .. . 
optoki fl,etic stirnu-lus is used, then i t is pOFble that each 

saccch:!i '.: compcnent resul ts" in a Dos·i tion ~where the target bein~ 
a 

tra:::::ed by the eyes fJ; :in a difi~rent pos·ïtion of the retina. 
;r 

aiso play a l'ole in this 

th '1 S re s u"1. t . 

~ç 
pneno:nenon. 

At.:te!1tio~, of 
1 

course, Different tracking speed.s r.Jay 
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Stark and ::eJson (1962), Honruhid ct al (1968),. St.:lrk 

(1970), r10risette, Barber and Dayal (1970) aIl reDorted that 
, 0 

their 'look typé optokinetic nystagmus' produced more uniform 

sIm ... ,co':nponent speeds then those produced by the 'stare tvpe' and 
Ç"$' 1 

\ ~ . 
for a given -stixlUlus spee~~'àbouve, b degrees peI' second (Stark 

and ~!elson) or 30 degr~e~ per sec;ond (Honrubia "et al), the 'look 
• ( . 

tv~e' had an averôge slow cOffioonent,speed cons~derably Qig~er 

than tha t of the', stare tvpe'. Two - factc;tt-s cou là r.~ve contributed 

ta t,his eff0ct: ('1) Under the instruction of voluntary tracking 

o~ the.optokinetic nystap'~us, the sUbject ~ust necessarily pay 

'àltentlfV1 t.o the targ~t he is tra-:ki"nE> Attent,ion - thus f~cili tates 
. ,,' \ 

the trac~ing speed. (2) Sinc~ voluntary trackinf is done with the 0 

" ~ , , 

center of "the 're Tina (or the foveoia») during the ~racKing !'>h2 se, 
\ c ,... , 

the sub~ec1 would endeavour to place ~is foveola on,the cioving 

targets. Tti{s i s sug~~-~ tej by ::)bse'rving the records of some v6!untary 
o < 

tradking_dt sl0":'1 speed as il1uitrated ln Fig.S.3; s~all saccades 
~ 

in~e~ ,direction occur often 

).ik) 1y thdt the majori ty of tné 

durins the tracking phase. It is 

small saccaè~s in the direction 
~ 

of the" trackinf; movement and sorne saccades ir; the oP?osi te dir­

ection may ~~ ~he resu1ts ai efforts ta place the foveola on the 
~ , 

Target. ,ln Section 4: 3, ~ t hé!s be/Shown ~hat tracking .. wi t!1in . 

, ';: . f -':-r o.., d 
iPproXlmately ,J.. 1. ve rje&rees o. cerltral V1S.lOn coul ~rodu?e eye 

speeds ieq,ual to trye tapge t -spee~ ,ffJi thin a cert'iin Ii-ni t) even 
/ 

, und'er the involun~àtV tl"acki~g cqndi tian. Thus, i t is ~o~ sur-

prising that the above 'twd factors combine to Live the response 
,- . ~ /" -

fro~ voluntary forlowin~ c~ optokinetic sti~ulus the special 

characteristics" reportcG bv t~~ .... sa id authoI"S'". 

• • 

.. 
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Fig. 5.3 

Voluntary followin~ of optokinetic stimulus 
'lit"",. at la degrees/sec. 
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TH:S 3UPPOiU (l? A CO··e10iJ Cr::1TRAL 11ECHA.TI SM FOR, 

, Since the v:i. sual and vcst ibu1ar svs teT.S are ç lose ly 
J 

" re1ated to each other \n orientation ~ postural and visual 

stabilisations, man" prooposals have been put foruard sugp;esting 

C8r.1n.on cetiters in ~he çen-::rdl nervous system servlng the two 
u 

systems. T'te view th~t vestibu'lar and optokinetic Jl!ystagfTllls 
1 

d:-e served by a co;runon centra! mechanisI1 has been sta ted by sorne 

d.uth0rs (~adernaker and ter I3raak, 1948; '1onnier, 196 7; Robinson, 
r,l 

1 g~>l; and others'). [:<neri;nental evi.dence of summation of slow 

cc'r.pcnent:; of .vestibular .3nJ op-rokinetic nystagmus was described 

b Y P ~je;'1(~\- 2!' and' te~ Braak (1948). Th"")' indllced V~ stihul?r and 
\ .~, , • • tl 

o~t~~l~~ti2 nystagmus simu1taneous1y ln rabblts, and·reasoned that 

i f t~e l:WO -t:V?p.s 0 f r.vsta ~mus were genera ted from diff erent 
~ 0 

cP.-t:~::·5, tnen W'ien t'1e two "nystagmus vIere inrilJceri \<1ith di/ff~rent, 
l' Cj ~ • v 

"inten:i-:ies, ,a C~;'""T'':''i2't~è. form of superimnose'i nystagmus should 

('esul~. :'~o',:evcr, thi3 d::'G lîC)t h:iDpen but instea.d a ~l';sta,~mùs with" 
"-

inter;r\edia~p "in~ensitv res\.:~ted; the slow compone.nt .~~e? \"as 
\ 

appf'OX i.;na t~ l',: ~,h'? ,~lg~~rai<c 'sum of those :rom each indi v iciual 

01' bl 

eristics 

nysta~~us centers. 
--- . ~ . 

.... 'l ~ .. ri 
1.,.. - ...... 

T!1e si;r:i :'aritv in the ir.te!'-saccadic in~~~\'an.. è'tlafact-
~- ~ " 0 

iï' 'Je s tibu :iar a!1": optckinet ic' nys tagmu~ d~mo!1s t!'".1~d' ~ ln 
6 

( \ 

, , 



J 

• 
175 

this thcsis provid8s a stron,s ,evidence, on the saccadic c01oponent 

as peet, s upporting n. eœnmon centril1 'mechar.i sm gCr:terating the .' . 

two type s'of nystagmus. To satis fv this Vlew, a -seemingly . 
contradictorv but i.mportant resu l t j.mus t be further examinf>(j. 

Hood (1997) reported that in normal sub j ects the 
, 

maximum. s101., cOliponent speed of 0ptokineti.c nysragP1us that could 

be inducecL~ about SU dêgrees per second, while ln pat rents wi th 
-

central 3cotolna (l..oss of central. vision), the maximum 'slow 

component spE:ed could be indueed "JD to 100 degrees per s ... econd. 

':'his led Hood,'\ and Dix and HOùd (1971) to propose LvIO different 

optokinetic nvstasmus mechanisms servine the central and periyheral 

vision. However, it nay be possible to expl:3.in this finding in 

tef'ms of "the cC!"'.:1ôn central ffiechëtnis71 concept sunported ln this 

thesis. 
,; 

.It is kn9wn that the basi,ç vestibulo-ocular reflex is 
". .. 

c,~"C'al)J,,· of ~""-'<)v:di.:1f: cOIiD(..n·sdtory eve movements wi th velccities 

L.p 10 at leJ~ 1 :i25 (}~l:rees per second (Jones aT'd ~tilsum, 1965). If 

"" "~ oDtc'-:.inetic n, s~.J.z;mus is also 'oroduced: by This 'lle'chanism, tnen 
, < 

'th-:! 'c1~'OJ-:! f_i~,-~ins ~ pati/e~:ts wi th SCOToma .is d logibal resul1:. 

-

Hc~cv~r, ~he i~~Dili~v for normal suSjects to ~roduce optoklne~ic 

nVST-3.g'i1'JS beyon~ èbol.lt 50 :iegrees p~r secon~ as_ reported by Hood C 
le.Jds ta the: r.)] :QWl::1"::- C'or.sideratdons. 

l\ 

.li. \/,,::stibular nvstagmo.i.s. it is known that: the afferent 
," 

or dl' ivin .. : s ~ ~na ~ s aY'~ der~.::Id ':-rom cu~laT' deflec1: ion. In the 

"l' case of opto!Cl . ..netic ,,-v,taGITIU3, , . . 
is !lot '",ell ur.der'stooj. 

~h~ n.3.'t'.lre cf tl~e rtffe!'~nt si;;nal 
(J 

Hb~·~ever, 33.r'1(j{y, fiill ahd !...e"ic).~ (1964) 

\ 
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have reported 
o IJ' 

retinal dn cells .. esponding selectively ta 

speed of lmage motion in the rabbit. OV~~ and direction and 

Barlow (1967), and Oyster '(1968) postulated that these ~otion 

détecting cells could provide 

optokinetic nystagmus. Recent 

the signaIs 1ecessary to produce 

work by Oyst~ri Takahas~i and 

Col1ewijn (1972) has demonsirated a close pa~al1el\ between the 

maximal eye veloci ties r~ched' ih open loop condi tion ;~- and the a 

firing frequencv of motion .De tectors for sÎJIiilar stimulus vel-

ocities. Thîs evidence supports motion si snals as the afferent 

-'for optok inetic nys tdgmU'S. At present, li ttle seemc; to be known 

about the mechanism of motion detection by the photo receptors 
'--

in the retina. ilevertheless, sorne specu::'atlons will be presented 

belcw that the difference in photo receptor densities on different 
r 

par t of the retina", as shown by Fig. 4.1 3 is the main cause of the 

different trackine capabili T.Y· on different Darts of the retina. 
, . 

" It ~s assumed that the simplest arrangement for motion 

detection i~ ~~tained bv a summation of pulses from tl-)e photo-
" :,';* .. 

receptors () by thè gang;lion ceU as shoW!1 ln fig. 5.4. Suppose 

~ phot'o-receptors will fire whe~er an imag~ moves past and the ., 
,-

, 
ap"to)r,inetic stimulus is immobilised and *T:,e p.y~receivihe t~e 

oPtokinet~nyst:3smus is l'eco~dJ op ... the""'hlindfolded -eye. 

**A 5 imilar arrangêment has be2f1 used 'Jy Favlidis (1964) wi th trie 

addi T.ion o'f unilateral' 'inhP) i {:')ru connec ~ions between the ph,)to-.... ] , .. 
, :r>-

receptors to obtain unidirection~l sen3iti~ity. 
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T'nage Veloci ty 'Ii 

Photo-receptcr cells 

~ 
Bipolar Gells 

Su~m3~ing p,anslion cell 

ODtic _nerv~ 

Cc • 

Fig: 5.4 Hvpotheticai motiorr ,detecto!" in the retina \ 
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summating cell wi~l fire each time it receives an Impuls~ frrn~ 

anv receptor celle ~ow if the image hase a velocitv of V ·units 

} per second and the photo-receptors ar.e snaced D units apart, the 

firing rate of the summating cell will be V/D pulses per second. 

Thus for a fi ,,<ed receptol'" spacing, the firing rate of the l , 

\ 

summating cell "ril.l be proportional to the image vel~i1:y giving 

rise to rela~ive ~otion detection. However, there is art upper 
4 

veloci ty of the i;na~e at which the impulses fro~ the receptor 
~ 0 

will arrive too rapidly for the summating celI to transmit 

because of the refrac~orv property of nerve fibers. This upper 

velocity f~sion limit is dependent on the recentor snacing; the o 
closer the spacing~ the lower the velocity fusion limite From 
~' / 

Fig. 4.1. :. ~ is shown. that t)4e photo-receptor~ in tbè. roveal 
, / J 

regi~n s(!rv~,ng direct vi:fiZ'ln have a much h~gher ~eny tv than 

in the ~2riDheral re8ions. It is thus'speculatéd ~t motion 
- .' 

, }. 

those 

detector:3 Ir. the fove,al/ region hàve a lower velocity fusion limi t , , 
l 'f, 

than those ~r. tly~ p~r;ipheral -rèfina. Consequentlv, fov2dl vision 
/ . 

.... L... ,t 

has a lower veloci~v li~:~ for optokinetic nystagmus. In other 
" ,..) , ) 

words, the\ l .J\-J ve loci tv Iimi;:: is due to f cl ilure of t e afferent -

signaIs, anj not due.to the inability of the basi 

mechanism. / 
1 ~ > 

Tt-Âs' hypothesis may also be used. t explain the obs~rv-

ations -:hè7 ->~ ~ny animaIs can producê "Gptokine1:ic nyst-agm~s at much 
~~ -

higher ospeéJ2 ~han those produced in hUlDan. For eXdir.DIe ,,,Raèemaker 

"ànd ter 5r~â.k j13 ~ 11) rej)O~ted that 'the maximum stirnuIl~$ 

couid proJ~c~nysta~mus in dogs an~ monkeys anb~nted to 

\ 

speed which 

350 de~elils 
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per seco~d. From,Po1yaJ::'s data (1941, p. 201), the receptor ' 

dens i ty J.n the foveo1a" (40 QIJ in d iameter) of the human retina 

is esti~ated to -be approx~matelv 3 times denser than those in the 
Q 

èorresponding area in the monkey (Rhesus t1aeaque). Ar;ain this may 
"-

be th~ cau~e of a higher speed trâcking cap2.bili tv according ta 

the h'lpothesis aboye. r;-i~ intere'sting to note that sinee vi sual 

ac~ity is.directly propo~ional to phota-receptor de~itv and 

if the hypothesis that tracking çapabi1ity decrease~ with increas­

" 
ing receptor density were true, then the priee for an inerease 

r, 

static visual a~uity would be a decrease in visual tracking 

capabili ty. 
.) 

F'.lrther work in this dir~ction lS worth purs\ling. If 

the hy"p'2,thesis i s proved to be true, then i t ma,! be 'possib;te ta 

develop method~ to utilise periDhe~al vision in viewinz targets " . . 
moving ~t speeds higher than the tracking capabi1ity of ;pent~al 

vis ion. 

r' 
'. 

" 

./ 
, -,\ 

-li :, ~ 
~ 

, 
"-

'- , 
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SUHMARY 

(1) Literature pertaining to the anatomical site of 
'", ....... 

origin of the nystagmus rhythm has becn reviewed and it is 

5uggested that ~ new apDronch 'should be adopted in its future 

s tudy. "The poss ibil i ty of multiple areas capable of generating 

rhyt'Pmic aetivi ties which are .entrained to pro~uce a common " 

rhy~m has been con"dcred in view of the contradictorv exper­

imental results 'rep~rted i~ the ll:terature and the comple}~ 

fune~lon thJt ~his meChanism has to serve. The findine of a 

characteristic pattern of variation in tne normal rhythm o~ 
nysta.5m~'3 i'n this thesis has been sug:~ested to assist further 

inv~5tibati()n in to the validity of This concept. '~ 

. ""~/ ./ 
(2) The rhythm of vcstibular and oDtokinetic nys~agreus has 

b~en analyzed in terms, of t,he' inter-saeeadle - intervals by me,:;,ns 

of the point process a!'1a~ 'isis technique wi th the fol f(1~..Jing re<;~ 1 t'ST' 
(a) lren:i:.; ex:'st ~n .,.ost vpc;"ti.bula"t:'_!wstagmus records :0 the 

.. ë..rlè.l·h:':'~ •. ~ .. Tle~hcd of j~ sp\,:ying the length of eonseeutiv~ 

in~ervdls u~ing dot~ in ct eomoressed Geale' ~as been.found to 
/ 

be very in5~r~dtjve in'revealin~ trends and other eha~aeter-

istic3 cf the in~er-sacëadic intervals. 
". (' î . , 

l(b) l\I;'ou::;al and ,nental acti 'Ji"':.y in gene>-ral 't)ave "been 
, --

ovse-::'vC'd t:J a:fect vestibuldr anr! optokinetic nystagmu·ê. ~n 
. .. 

par;tic~lar~-~-1"'tal ari thP.1e~ic during optokinetic ml.stagmus 

------ ' ------ ... . 
~bee!î dt?ï.10~S -:r'.ated to have d ~ando~sl.ng effeet on the 

41-

nys~agmus rhvt~m~ - . 

, . 
, •• 1" . 
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(c) :-îul ti-modal int2rva~ distributions wi th the hilhèr 

ordpr modes occ"urring at approximatelv multiple integraJ 

values of the basic mode were found to occ~r in both 

vesti~ular and optokinetic nystagmus. This reveals a 

signi fi cant featu'C'e of the mechanism generating the 

nystagmus rhythm. 

(d) A ,characteri s tic/"Pattern of variation ln the rhy'thm of 
~ 

vestibuldr and optokinetic nysta~~~s has heefi established. 

Generally, as th~ intensity (or slow ço~~onen: speed) of 

nystagmus is decreased, the occurrence of the saccadic 

camDements become s more irregular. ':"he correspondÎllg inter-
J 

sac\Ca,jÏc i:1terv'cJ.l distribution changes from 0ein~ monomodc1tl 
~ ,) . 

'and .3ymmetrically distributed ·....Ii th a narrow spread te one 

,~."i th -a wider spread.' :'li t:h more reductr.fon in ilîtensi ty, the , ~ 

~ . 
s~eed of they

- distrib 1ltion- fu,:,ther itlcreases and becomes 
"-

skewea towards the -l'::J:1ger. d'lr.:l t ion. Wi'th further reduction 
. 

in nvstac'TI'.ls intensi ty, T'ml ti-modal distributi:oJ1s appear. 
.. /"'t· '1 

'" .. " .. 

This characteristic ~iation lTlay serve_ as a 4,seful ai? in 

f~r clinical. anator:1Ïcc::.l and Ohysiol-ogical stùdies in 
*' 

nystag"TlUs. 
al 

(e) The se re sul ts h3.ve demons trated_ a s :trikling similari ty 

tet .. 'een the intervcq:. -statisti~s ot' ves'tibular' and optokiri'et[c , 

n~sta~mus which p~ovides a powerful suppo~t for t~e-hvpothesi5 
• 

C: ct COf'UIIon centra] rnechanism r;eneraMg ~he two types of 

n;stagmus. "'4 : .... 
\.. 

" 0 
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( 3 ) Caanging the Darameters of opt~kinetic stimulus has the 

following ~f'feçts on i~tèb--saccadic interval statistics. ,/~~~----
\ ,~......,.-..r 

(a) Image s;>eed caused a characteristi.c variati'on ~e'ffb'ed 
'// in item 2 ( d) . 

-.1 /' , 

Image densi ty produced no major variat-f~n "lhen the 
,j'-

(b) 

horizontal spac1ng between the moving stimuli was changed 

within 19 degrees of visual angle. When ~his spacing was 

cha.nged ta 25 degre,es, a dras'tic vùJia tion o~urred; 
n~tagmus became ' intermittent. 1 

, 
Image patt2rn{and image brightness prcduced no con-

t , , ' 

sistent variation. 
o 

) 

(4) Voluntcœy rollowing of the ogtokinetic stirr,ulation,;; as 
~ /. 

been ~h0wn to be often acconpanieà by SIndll -~.accddes occu?j'Tng 
o '"""". ",", • ~ 

at i·~tervals similar to 1 those protiuced in qptokinetic ~ystabmus 
/ 0, 

under the involuI,1tarY condi tion. Over a t-lide range 9'7 ~igher '" 

sti:nulus speeds, very distinct bi-modal inter-saéç:'~'dic intervè.: 
; /, ' 

,fI 

distribution f:j' the second P10de locate1' at ait;'~oxil~alelv ~tli~e 
// 

" the first ;n~d, va ue waS found. It is prcpo~,;j that the r-esDopse . /-
, / 

fro~ voluntary fol10win~ i3 produced.by the 5unpresston of the 

s3ccadic cO!n?dnent5 and a.ug'1lentation of the slow comDonents of 

/ 

op"t0kinetic nystag:"'lus produced by the basic r~ç;;'ç'l~X itlechanism. " /f 
- //:/ 

(~,) oA sim;>le stochastic model has been d sct'ibed ,.;hi;h coùlci/ ___ , 
, , ) 

simula:e aIl the observ~d inter-saccadic interval characteristic~ 

'" o~ vestibular and optoki~~ti~ nystagmus. In particular, simulated 
, , 

resul t.:; of spo:.t~neo~s nvs,tag;nus ag;~e close ly wi th' cl.lni~éil re sul t3 
_ _ "T 

in six aifferent statis~ical mCdsurcs. Tnis mode! 5ugg~Sts ~a possible' 
• 1 

rolp .-:.f inhibi tidn in, the g~enerat{o~"', of nystagmus rhv~r.m .. " 
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( 6 ) Retinal contribu~i~n to ootokinetic nvsta~us hlS been • 

studied by two different methods wi~h the results suorlortine the p 

findings of each other,. These findings are: 

" 

(a) Central vision ean produce optokinetic nystagmus ln the 
Q 

absence ot stimulus in the peripheral fields and vice versa. 

A y-pg~e moving. dot 

nçstagmus. 

ean elieit a eontinuous optokinetle 

(b) A deletion of central vision up'to 5 aegrees produeéd 

no n6tieeable yariation ln ootokinetic nystagmus. 

(c) From 5 degrees on, increasing t~e Slze of· central vision 

deletion resul ted in a pr'ogressively weaker nvstagmus, and in 
. . 

. most normal subJects, nystagm~s ceased when more than 20 

degre~s ,central vi~ion was deleted • 

(d) These func{lonal findings on the retira we ~~r 
~orf'elat.ed to the anatomica1 data of Poly , (1941) af}{j':of 

,. l-/' ·Zl ~> 

',-lilson and Toyne (1970). Po1vak desc~ed the 'fovea on the 
,/. 

~u::1an retina to be 5.2 ,àegrees? the yellow spot to be 17 
.. 

âegrees, and the Ileri-fovea to be, 19 degrees. 'tlilson-,a-nd 

Toyn~ reDorte ... d a dense ,proj"ettion to the suoerior colliculus 

f 
fron the part of the striate cortex which lS de~d to the, 

.~ ~-----

een'tral "'5 d~grees of the visual fi'Elld". 
Î j 

,(e) Visual attention..-,has been demonst~ated to have a strong 
',,' . ,t 

f acili ta"tory ro'le in., optokinetic nystagm~s .. In pa,rticular, i t Il 

..' (\ 

facilj tates ithe responses to stimulation in "the peripheral 
/ ~ ~ 

ret'Îna. ( 1 

' . ,-

. ~ 
, , 
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(f) These findings;on the retinal con~ri~dtions to 
'i' 

oPto~i~eti?" nystagmus have' b,een usedpo ~ exp ~din 

results in items 3(b) and" (c) aDove nd sé'leral , , 

reported phenomena ïn opt.okinetic n~istagm1Js .,' 
l 

the 
r 

'; 

comménly 

g~sed on the preser~ fihdings, it has been suggested. 
, 0 

that the differen~ types of optokinetic nystag~us proposed in 0 

the li te.pature shouid be regarded not as different enti ties of 
, , 

.\ 
\ " 

nystagmus but a~ variants of one 

to g~eater or lessev voluntary influe ." , 

t~e variation being due 

to stiMLllaticrrt" of f; ,-\ 

different parts of theoretina pro~ucing a stronge~ or weak~r ~ 

nystagmus. 

( 8 ) 

~indings that patients with cen+râI scotoma, anè ~r.~~~ls such 
~ . 

as do~s dnd mçmkeys cou Id produce) optQkinetic nvsta~mus up to a . . ' 

, 

much h{~hér st~mulus' speed ~hep cQmpared wi th.; normal hurr:an; a 

simple model of the retinal.Dèceptor ccrtnections has been 

described. 

(9 ) In App~ndix l, the ny~~Q~mus waveform has been ièealised 
, \ 

and mathemat ica).ly formulat~d, and a me1:hod ha -:;"'.been in"troducep' , 

to obtain a simple set of crite~ia whic~ provides ~ rational 

basis for specifying bandwidths 

- .'-. 

. ., 

l-yo /,.. 

.' 

... -... 

recording. 

1 
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APPENDIX 1 

A. Theoretical' :md ui~i ta l ~Or:lnutE}r ,SDectral 
~ Analysis of the ~ystagmus'Si~ndl 18S' it Introduction' 

, Elec!roon'~c recordin~ of ocular nystagmus -has bE!(lJ()me' a . t 1seful 

"too! for routfne clinica! vestibu!ar exami~atio~ ~ labo,rator.y 1 

rese-a-rcn. A knowle~e of the f~quency content of, the/ nystagmus 
l 

,waveform is desirable in or, der to reQifY" th~ b~. ndwidt.h of<) the 
'1 ' -:> ~r ( 

recording system,' s,ince an amplifie l-1i th too 'I\c3rrow a bandwidth 

) 

• 

,f?', < 

will distort the required signal, whereas too wide.a ba~dwidth 

~ill amplify unwanted sigp~lS such' as electron~c'~o\&e o~ e~~ctro-
(~ 

myogr4phic'activity. f~om facial or extra-ocular muscles .. In this 
)io ~ , "t 

paper .theorét'~l andlysis~of an id~dl~zec! ~ystdgmus wa~efJ-rm 
le~ds to a simple set cf criteria which provide a rational bdSis 

) fO~ specifying the "réquired bandwidth. Thè results o~ spectral , 

analysia of typ.ical clinical ,J<!'.~ord3 '~t'le ~;esented to illustrù.te 

the use of these criteria. 
1-

~ ...--') 
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'1 , 
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Theoret~cal Considerations 

18 ~ 

Assume the nystagmus to b~ a repet'i tive as'symetrie trianguiar 

wave with slow and fast phases as shawn in Fig. 1. In the interval 

.. 0 ~ t~ T the nystagmus waveforln may be deacribed< by the 
/ 

/ 
funefion 

---- --- - - -- ---

f-{t) = t, 

= r(T-t), T - t ~ T -" l~ ~ 
" 

(2 ) 

where T is the period, or time ta)cen for the complete nystagmus beat, 

and r is the ratio of the fast-ph~se Epeed to slow-phase speed. 

The harmonie content of the repeti tiv~ waveform may b-e 

found byexpanding fCt) in the Fourier Series (Lee, 196'4). 
/ 
In 

other words, the function f (t) iB broken down i nto a set'les of 

sinusoïdal components. The nth l1armonic is gi ven by ~ 
" 

- T·' 

F(n~ =~~4 fCt) 

~ 
e -j!lt.)t dt 

(3) 

h ,2"" w ere b) :;,~ 

T " 

, r~ 

" 

• 
,> 

In the present c~s~, àft-er solving equatioQ (3), the' complex 
t 

,pe.ctcum ~' <~ 

Fen) :: T 1.+r)~[(C~~21f~~~) -'1)+ j sin 
( 2~ n) 2 "1 +r' 

(IJ) 

To simplify writing latar equations, let~ 
1 + r 
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.From equation (4) l:he ampli tude of thf:! nth harmonie ia rouna to be ,.. 

V 

/F(n) 1 ~, T \ - r(COs2~na 1) 2 + (sin 2«na) 2 (5) 
(2tfn)2( -a) rJ 
" 

AI gra ph 0 f r;Vnp 1 i tuèe Ir C n ) 1 versus the harmonie numbe r, n, (or 

-----equi valently, frequeney) is the relative harmonie anipli tude speetru..'T. . , 

t 
of fCt), and is often "'used to l~haraeterize the time funetion f(t) in 

the freq ueJlcy domain. 
, , , 

~gain frem equation C,+)", the phase of the nth harmonie is 

/rCn) = tan- 1 sin 21f'na CS) 

cos 2~na - l ~ 

A graph of phase angle /rCn) is the harmonie pilase spectrl,tm of rCt). 

Given the relative harmonie amplitude and phase speetra, one o 

can, if desired, reeonstruct graphieal,ly the funetion f (t) trom a 

series of sinusoidal waves. The exaet re-synthe5is may be expressed 

mathematically as the BummatiQn of an infini te nUJI'l.ber of harmonie 

components, i. e. 

f(t) = (7) 

n.-.o 

However, in praetiee, only a fini te nurnber of harmonic components 

are ehosen to resynthesize the original waveform. In other words, 

the infini te series in equation (7) will be truneated. The degree -- - ..,..~, ,~~ 

of distortion then depends on the number of harmonie terms ineluded • 
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To set a limit on the numb~r of harmonics ne~essary in o~der te 

resynthesize the wave without significant harmonie diRtortion, thp. 

folJowing consideration is proposed. It is eustomary to speak of 
Ii\ 

the squared value of a signal or waveform as its "power", in the 

same sense that e1ectrieal power is proportional to, the square of 

the voltage or eurrent. The total power of the ~ealized nystagmus 
~ 

" . 
wave consists of A.C. power (or harmonie power) and D.C. power, ~hus 

Total harmonie power = Tot91-power - D.C. power (8) 

Now it is reasonable to assume that if (say) 98\ of the total 
1-

harmonie power is i~eluded after truneation of the series, fideli ty 
À 

of the wave will not be signi~ieantly distorted. 

With equations (1) and (2) and by integration in the time domain 

T 

Total power =...L J [HO]2 dt 
T '. 

0 

(9) 

' ' 

T2 [ a
3 

(~)Z (L a 3 
+ a 2 - a>] units : - + 

3 l-a 3 3 

D.C. power = [~ J: f(t) lit Y (la) 

2[a2 a (L a 2 "J 2 : T "2 + l-a 2 + '2 - a) uni ts 

/ Thus, wi th equations (8), (9) and (10), total harmonie power of the 
",... 

wave can he e~lçttlated. The eumulati ve harmonie power P(m) furnish~è :- -- =-c-- ~ ''-...,~ . ___ ~ 
\- , 

by an arbitrary succe~sive number of harmonie eomponents can he 

ob,tained fr9m the, frequency demain equation in (5) ; 
m 

2I:IF(n>1 2 

nll' (11) 
m 

= 2T2 I: 
"Ill 

[ , l ]~ r(eos211'na _ 1)2 + <sin' 21fna )2] 
C~1f n) 2 (1 - a ) L 

pern) means the cumulative harlTlonic power delivered by including the 
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first m ha~onic eomponents. 
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Knowing the total harmonie power (delivered by the infinite 

series) and the partial cumulative harmonie power (deliverea by the~ 

truncated series), the pereentage of the total harmonie power 

content furnished by a tinite'number of harmonie eompone~ts can be 

calculated. The results for several values of ",." are shown in 

Table 1.' From Table I~. it is seen that the larger thè value of "r" 

6he h~gher the harmonie eomponent we have to include to achieve 98\ 

the total harmonie power., A high fast-phase speed and a low 

-~ase speed ,combination will give a high "r" value • 
.. 

To illustrate the use of this table, pick a poàsible high 

'"~t,-phaBe speed of a.OOo/sec. and a low slow-phase speed of qO/s~ • . . 
1 1.. ~ 

o th-at·- r. = 100. Now if the nystagmus rate ia five beats peI' 
\.~ ! I~"" /: .. ;>- ,/~ 

seeo"~d, i t 'is nt\easart to include the l7th harmonie which is 85Hz. 

in order to include 9&\ of the total power. However in clinieal 

records the "ru value Will r,arely be as"high as this (Bee di'Seussion). .' 

From a typical clinical recording s~o"wn in Fig. 2a, the "r;' value 

was meaBured to be nine and the nystagmus estimated to be at most 

four beats peI' second. From Table I, to inelude 98\ of the total 

harmonie power\~ it is nece~sary to inelude the 5th harmonic of ~Hz.· 

whieh is 20Hz. If one is interested in preserving the fidelity of 

an occasional fast beat in the record, the reciprocal of the 
. 

shortest nystagmu8 ~eat period time should be used a8 the fundamental 

frequenav." 

/ 

, 
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Digital Computer Spe~tral Analysis of Clinical Record' 
) 

\ Horizontal nystagmic eye movements evoked by calorie irrigation in man 

were recorded using bitemporally-placed -miniature Ag-AgCl skin 
, r 

e1.ectrodes (Beckman, type 3503) having an ele,::trode ared of about 

8mm2 each. Skin potentia1s wére amplified by an AC ccup1ed (1 SEC. 

time constant) differential dmplifier ha~ing a di!ferentia1 input 

imp~ce of about SOM st and high frequency bandwidth of 100Hz,. 

Thb high input impedence of the amplifier was such as to ensure 

-, that the e1ectrodes did nnt decrease the frequency bandwidth of the 

e-

rneasurem~nt (Geddes an4 Baker, 1966; Gecldes, Baker and McGoodwin, 

1967). Following amp1ifi~on, signaIs 'vere recorded Oil an FM 

magnetic tape recorder havingra bandwidth of 0-625Hz. 

A horizontal eye move~ent ~~cording resulting from left cold 

(31oC.) calorie irrigation'is shown in Fig. 2(a). The magnetic 

record of this tracing wùs played back and a segmen~ of lhe record, 

as indicated by the arrows in Fig. 2(a), was digitised at 200 

s-amples per second using a LINC-8 computer. A total 1ength cf 

10.24 seconds (20~8) samples was taken. The digitized waveform, 
1 

as displayed on a digital plotter, is shown in Fig. 2,(b.>. 

The digitized ENG data were fed into an, IBM 360/75 computer. 

First ~hey were.mu1ttplieà by a smoothing function (or data window) 

consisting of two half cosine bells each one tenth' the length of 

the data (Bingham, Godfrey and Tukey, 1967), following which a 

Fast Fourier Transforrn program (Bingham et al, 1967) was ~sed ta 

transform the data. The accuracy of this transform program was 
, 

'tested by transforming a ramp function of 2048 samp~e9, and found 
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Ca) Por"tion of record of calorie 

nystagmus. 

Cb) Enlarged plot of a 
~ 

of record (a) 

Cc) 

Cd) 

Ce) 

• 
Cbetween arrows) which was used for computer , 

Ct 

analysis. The more pronounced high frequency 

noi~ in this record results from th~ greater 

bandwid~h of the digital data reduction systém . 

Resynthésized waveform after elimination of - , 

frequeney componêhts higher than 20Hz. . 
Résynthesiz.~d wavefol"!T\ after an equivc11.~nt first 

, • • order lag filter w1th eut-off frequeney at 2CHz. 

Resyrrthesized waveform "aftel" an equi"alent two 
. 

sections of tlle lag fil ter· in cascade. 

'\ 
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ta deteet ~he first 100 harmonies wi th less thail H erro!'. 

The l'esul ting relative harmonic amplitude sprruT:l cf "t~e ENG 

waveform is shown in Fig. 3, trom '(hieh "Î t '\s seen that the ::lmail 

amplitude components b~coJi\e relatiV~ly constant after aoout 15Hz. 

They' presumà.bly arisé as a combination of low-ampli tude, ~igh-
. , ' . 

frE;queney components 1.n the eye tremor, mU3cle and s)Cl.n artifacts, 

electronic noise, and aliasing of the spectrum. The rathe;- marked 

60~Z. eomponent is caused by ~piCkUP ~ro~ ~he power supp1y. From. CI 

th1s spectru~, i t wou1d appehr the s1.gnl.fl..cant fl'equency componen-cs 

for this ENG were be10w 20Hz. In order ta check this assumption, 

the amplitude of the spectrum comp(\~ents above 20Hz. were aIl set:' 

to zero, and the ENG wave was resynthesizcd oy performing an inverse 
1 

transforme The result is shown in Fig.\ 2 (e). The el"I"atic noise 

signaIs have largely disapp'eared while the basic waveform is retainf~d. 

Spectra of records from 10 different patients all showed significant 
! 

components to be wi thiri 20Hz.. 

Waveform re-synthesiB from a truncated Fourier ser1.es, as just 

, described, represents an ideal filtering operation by digital cam-

."" puters. In the clinical e'nvironment, fil tering is usually done by 

~analog filt~r5 which are far froD ideal, produeing graduaI phase , / 

shifts as w~ll as attenuation in signal amplitude adjacent to the 

eut-off frequency. Fig. 2{d) is the result obtained by multiplying 

the non-truncated spectrum wi th a fuhction 201 (20+jm) where m is the 
1 

order of the harmonie, bef~re re-sy~thesizing the ENG wave. Thie 
, 1 
\ . 

iB equivalent to filtering the ENG signal with a first order lag 

fil ter wi th a bandwidth of 20Hz. (time constant 1/ .. 0 sec. ). 

J 
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Fig., 2(e) is the ~esult from using two such filter section3 in 

cascade. Super-imposing t~e'traeing1; on top of one a4her aho\-ls 

negligible phdse distortion errors. Thus, in the ordin~ry clinical 

environment, a second order iowpass filter with a eut-off fre~uency 

at 20Hz. should reault in satisfaetory recording of nystagmus. 

~-------- ---

bISCUSSION 

In recording signaIs using skin electrodes the investigator 

has at his di~posal two principal methods to eliminate unwanted 

artifacts. 
.. , 

Elimination of artifacts having frequency components 

within the bandwidth of tne tlesired signal must depend largely uoo~ 
\ ,1 

eareful skin preparation dnd electpode placement. On the other ~anr. ' 

the effeete of ar1Jifacts having frequencies outside the bandwidth of 

the desired signal may be minimized by proper ad;ustment of the 

instrumentation bandwidth. To do this effectively, however~ one 

re~uires precise knowledge of the actual bqndwidth of the signal of 
.oC 

inte~st. 

Theoretical"consideration of the nystagmus wavefcrm sh')ws tna"t 
" the width of i~s harmonie sp~ctrum for a given percentage of the 

total harmonie power content depends on (1) the ratio of fast-phase 

and slow-phese speeds, and (2) the basic period of' the ny,stagmus beat. 

Calculations such as those ih Table l can provide a guide to selection . . 
of the appropriate instrumentàtion bandwidth in individual cases. 

If nystagmu~" ampli tU:1\remains ,Approximately constant, a high valve 

of "a'~ will normally be associated with a long period Tl (Fig. 1) 
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,and vice versa. 
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197 This relâtionship ia likely to preven~a large 
f c 

variation in bandwidth requirement9 in most cases. 

It should, be noted that this analysi~ applies specifically to 
, 

1 

etudies of the nystagmus waveform, in which slow-p~ase and Ïast-phase 
• 

speed are the' variables ~f interest. Fidelity of reproduction of 

the transition
c 

periods between slow and fast phases ~as no~been 
l ' 

• ,considered. In recôrding eye movements having a stepwlse, or 

staircase ~ype of, eform, or when' slow-phase to fast-phase trdnsi-

tions ar' of inicrest, the 

higher than t i&cated 

Kris, 1960; Shackel, 1967). 

'if 

) 

, 
" 

1 .. 

nec€ssary bandwidth mdy be consid.erably , 

here (Robin'on, 1964; Zube~ et 

.. . 

J 

~, 
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ADpendix 2 
--"-'------

The Poisson Process 

, p 

-The essentia,l features of a Poisson process 

are that 
,\ 

U " 
-Ca) th~ probability of occurrence of events does not 

vary with time 50 that there is no trend; 
.r _ 

Cb) t~e chance bf t~o or more even~s occurrlng simul-

taneously is negligible; 

Cc) the chance of an event occurrence at any time is 

~uite intlependent of what happens up to that time. 
<;: ""i} 

T~e-num~er of event~ n, occurring in an arbitrary 

interval of length, k, is distributed according ta th~ Poisson 

prabability law. 

P (t) 
n -ut e 

._--~~ 

The time interval~ T~ be~~een successive ev€nts is.~, 
~ ",t 

distri~ted according ta th~ exponential distribution law. 

" - . , , . , 

The time interval, T , between every rth -eve,nt is 

distributed according ta the ga~~a distribution law. 

C r-l) ! 

-lJT e 
\ " 

r 
t • 

, -
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~er.dix 3 

Testing of Poiss'ûn Hyporhesi s 

The computer program SAS[ 4 (SASE stands for st~tistical 

analysis of series of evcnt's) was wri tten for the IB'-1 ~60 com-:: 

puters by Lewis, Kàlcher and Weis (19b9) and is based 00 a mono-

'graph bV Cox and Le·..lis (1966>. 

Two sets of inter-saccadic iLter~a~ data were tested 

for the Poisson hypothesis. Both sets of ,data ~ere derived from' 
~ 

spontaneous }~4~tagmus records. Set A (used in the gr~phical s!!/ 1 

displays ~ig.3.5 through Fig.3.8.(a» was obtained fro~ a patient 
, 1 

suspec-red of a labyrinthine lesion. Set,-B' (the interval histogram, 
, 

of which is shawn in Fig.3.B.Cb» was ob~ained from a subject 

found to have spontaneo.ùs nys'cagmus thought ta be due L''Û vest"ibular 

neuroni tis seccndarv to influenza. In addition to testing the two 

whole sets of data~ each was halved 50 that fqur more. data se~s, 
\ 

each havin; half the original number of inte~val~, were ~nalyzed_ 

1 The purpose was to see the difference between resul ts of the two', 

half data sets. The resul ts o·f the test ~are sumJl'larised in Table, 

/~ .. 
A.3.1. The crltlcal values corresponding to a..05 and 0.,01 signi-

'.' , 

ficance levels for the test statisti~s are show;) l,in Table A. 3.2.' 
- . 

The U sta-rlstics is for testing the Dull hypotnesis 

that there is no trend in the interval data'. Moran, D:J, \-lN2 are' ., 

different stati$tics ëül testing thp. null hypothesis tha.t the 

intervals are generated by a Poisson process. 

~et A as a whqle has just passed the 5% significance 

level indicating that there is a trend detected bl! the program. 

0' 

~ 
1 
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No significant trend is indicated ln other interval seq~ences. 
, 

The results of ~oran, D~, W~2 statistics aIl strongly reject the 

Poisson hYPoLhesis. There seems to be considerabJe diff~~~ 

between the corresponding statistics of the two half data sets. 
~ 
~~. 
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Program 

Subroutine 

TREND 

INTER 

~tatistics 

, U 

me~n mSj;!c. 

varian~e 

standard 
deviation 

cbeff. of 
• variation 

3rd central 
moment 

coeff. of 
skewness 

,4th central 
moment 

coeff. of 
kurtosis' 

EXPO '\ Mori\n 

\. DN 
DURS 

2 

" ~ 

r 

TABLE A.3.1 <:L 

Summary of results Ïrom SASE 4 

\"h~e 
512 s~mples 

,2.07 

, 

e 

5,,7 

6528. 

80 . 

O.~6 

0.98x10 6 

1. 86 

O. 3'2~109 

'7.60 

129.0 

9.81 

151 

\. 

SET A 

First half ,Second"half WhOl, 
.256 samples 256, s~mples. ~98 ,~am, le.s 

0.85 - 0.08 0.57 \ , -
> 

~96 

4-230 

65 

0.49 

19.39xl06 

1. 43 

0.87x10 8 

4.90 

55.0 

7.75 

92 

536 

8497 

92 

0.58' 

0.14x1(y , 

1. 80 

9 0.49x10 

5.88 

71.2 

6.51 

67 

807 

10932 
,~ 

104 

0.50 

O.3Jxl0 7 

2.94 

0.19X\010 

16.53 

~6 
8.33 

127 
-? 

e· 

;:. 

SET B ~ 

First half Secona half. . ~ 

199 samp1es~199 samp1es 

0.71 

780 

9197 

9S 

0.49 

. 7 
O.2 7 x10 

3.09 

0.16x10 10 

19.81 

29.1 

5.72 

65 

~ 

0.13 

865 fJ 

12514 

111 

0.51 

7 O.39xlO 

2.83 

0.22x10 1'O 

1,4.44 

29. 71 

6.09 

63 

\ 

~ 

...., 
o 
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Jk. TABLE A.3.~ 
Jl 

Critica1 values of test statistics 

'. 
Significan~e Leve1s 

Statistics 5\ 1% 
. U 1.96 3.08 

• J 
0 

Moran 1.96 . 
3.08 

DN 1. 36 1. 63 

WN2 2.49 3.86 ~ 
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APPf.~1DIX 4 

-=-
Tt- d \t/ . ~ns rumentatlons an compu atl0ns 

\, 
Tnitrumentation ~spect. The author has designed the 

following instru~ènts used in the work of this thesis: 
. '. 

(1) Two ch-an~els of EOG amplifiers 

(2) A circuit for measuring th~ slow component speed of 
nvstagrnus* 

(3) Photo-electric curve reader comoatible with the 
1 

PDP- 8 / s compu-rer i 

(4) An interfacing system for auto~atic magnetic tape 
recording of clinical ENG data. ' 

(2) and (3) were designed in collaboration with 

J. ~. Outerbridge. The instruments wcre built mostly by • 
C. Granja, H. Graa~ ~nd V. Ferch. 

*A verv simole electronic circùit has been desif,ned, which can r 
continuously neasure the slow component speed Qf nystagmus and 

also indicafe the nvstagil1us direction. An examplfj! 0; the ch"cui t 

performance is shown in Fig. 5.1. 

Computation. Thre~ digital computers have been·used. 
, 

The Digital Equipment Corporation LINC-8 in the Roval Victoria 

Hospital, the IB~ 360/67 and the IBM 360/75 in the ~cGill 

University Computjng. Communication between~ computers of the 

two locations were via ~elephone lines. 

Except the SA~ 4 (Appendix 3) and the fast Fourier' , 

Transform'progr,:-ams (ADDendix 1), aIl other comDuter programs w';;:;; 

written by the authorl. 

~ 
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