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Ih traduct ion 

There i s a general belief tha t the slope of the st2nd2rd 

forced-vergence fixation disparity curve is an indic r tion of 

patient comfort, with the steeper curve s mor e often c=•ssoci;:-ted 

with a sthenopi c:'" When fix2tion disp2ri ty mec: .. surements ,. ~·e t c. ken, 

it usually t zkes 2 t least 15 seconds to genera te ez ch point on the 

curve. The works of C;c r ,,er (1963 , 1965) 2nd of Schor (1979 1
& 2 ) 

hc:ve sugg ested th; t this i s enough t ime for a slow prism adap t c:t ion 

cycle to be se t i n motion. Ca rter (1965) as sumed th~ t f ix2t ion 

dispariL ty- i s. pro por tion a l t o the stress on fusio n.z~ l verg ence . It 

therefore se ems likely that per0on s with e~ficient prism adap t a tion 

mechanisms will produce fl a tter fixation di sparity curves . Indeed, 

Schor (1979 1 ) did find a high correlation between efficient slow 

verg ence adap t a tion 2nd small amounts of f i xs tion disparity . 

A difference between the slopes of the prism induced f ixation 

disparity curves before and a fter slow prism zdap t a tion h~ s been 

initia ted should be e ~ sy to demonstr a t e . The ~ mount of the d i f~ ­

ference between the two curves should be rel<=ted to the eff iciency 

of the p c:• tient ' s slow verg ence c: dapta tion mechc. nism . 

Pr i sm Ad op t s tion 

Prism adap t a tion wa s &.ascribed by Carter ( 19 63 ) as "a shi f t 

of the fusion free position of the eyes so as to rm: in t a in through 



the prescription the s2me d em2 nd on fusional c onver3 ence th2 t 

exi s ted prior to t he wearing o f the prism . " In other words , e:~ fter 

wearing ::-J g iven prescription for < while , the p::-, ti en t demons t r2 t es 

the same phori::: and fix2tion dispc:~ri ty ;-s before the prescription 

was worn . This pri sm 2dsp t a tion i s dependent on the presence of 

ade ~uate sensory fusion . Ca rter (1957) showed tha t adap t a tion of 

the fixa tion disparity to both b 2s e in and b ;;s e out prisms :occ ured 

when foveal sensory fusion was permitted . (Mitchell ;::- nd Ellerbrock 

(1955) had previous l y found adaptation of the fixation disparity 

to bas e in prism that was not demonstrated to b ~s e out prism . 

This difference i s pres uma bly bec a use they used t 2rgets with p er­

ipheral fusion contours which did not allow c:_d equa te foveal fusion . ) 

Tha t sensory fusion must be obta ined for ade:;p t a tion to occur 

i s demon s trat ed in p a tient s with an induced tropia following the 

removal o f p rism which h 2s b een worn for c p rolong ed p eriod . The 

tropia recovers (returns to the orig ina l p hor i a position) very 

slowly bec a use there is no binocula r vision 2nd hence , poor ?dap t ­

ation . l1dditionally , a prism- induced ::pfto~i ::.: can still be present 

after eight hours of sleep (' after prism removc:. l) , but dis;:1pperns 

completely i f sing le bino c ulsr vision is maintained for about 20 

mi nutes ( Carter, 1965) . These observa tions c a used Carter (1965 ) 

to p os tulat e that po or sensory fusion is ind irectly the ca us e of 

hig h heterophori a , r a ther than the hig h phori a ccwsing the poor 

sensory fusion . 
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Whenever the desired vergence l evel is not equ2l to the rest-

i ng sta te of the extraocula r muscles , some motor imput to vergence 

i s required to mc:. i nta i n fusion . 'Thi s innerve: tion comes from a com-

bined ~ ffort of the fast and slow n eurona l integrDtors di a grammed 

above . The initi a l response (tha t which ca uses fusion to be 

obtai n e d) is a ccomplished by the fast neurona l i nt eg r a tor . As we 

know the ~:; t imulus to f usion is r etina l disparity . We can , therefore , 

thint o f dispa rity as the input to~this f<., s t intee;:; r 2 tor . Its 

output i s a t.:: timulus for continued verg ence inn erva tion (i.e . 

fusi on i s mc:. inta ined ) . 

As t he di··gr am shows , the output fro m the f a st i n t egr c: tor 

need not go directly ta the extr2ocula r mus cles . It may ins tead 

be routed throug h the slow neurona l i n tegr Ptor . 

In c hea lthy bi11ocular s yst em , t he f a s-t - i nt egrc:tor will nor-
.. 

ma lly on ly pro duce a m.a xliJ.mum out put for a feY:£ seco .1ds . Beyo 1d 

thi s the slow integ r a tor is employed . It s e t s c:. s an amplifier to 

the output of t he f<...s t i nt es r c: tor . Verg ence is then ma i nta i n ed 
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primarily by outpm:; from the slo w in.te.:., rc_--:. tor f eedL1g i nto the 

extraocular muscles. S ince the slow.~mt@.grs.tor r--mpli t'ies the 2mo unt 

of vergence innerva tion to the e xt r o. ocul.s r musc les, less output is 

needed from the f 2 st integrator to ma intain the re quired amount of 

innervation. Negc:tive feedback , therefore, decrec.s es the c· mou 1t 

of disparity, the stimulus to fast fus ionc. l vergence, so thz, t l~ss 

inn.erva tion is fed into the slow neurona l integrc. tor. The cycle 

is re pe0ted until the desired steBdy vergence level is ~c hieved. 

Since d isp2rity is the inp ut to the fsst neuronrl integr~ tor , 

it is obvious thft there must ~lw · ys be some disp 8rity to provide 

the necesss ry st imulus. This dis pE rity is fixstion dispz rit y . I~ 

the d isps rity is reduced to zero , ~ hereis no input to the vergence 

system. ?ixa tion d i spArity, therefore , can be des c ribed c: s a 

"steady s tate error tha t c-cts a s a stimulus to maintsin co r1vergence" 

2 ( Schor l 1979 ) • 

There is a hig h cortrela tion between the minimum amount of 

fixation disparity and the maximum a mount of slow fusional verg ence 

(Schor 1979 1) L In other words , for a vergence dem2nd where the 

slow verg ence 2daptor is efficient, the fixationtwill be sm ::> ll. 
tlispc-t-ITJ J 

The Curve 

A fixation disp~rity is g enera lly considered an inco mp lete 

verg ence respon s e . Cc rter 2 ssu~es th;::- t fix c: ti on d i sparity is due 

to stress on the fusio 1lc: l verg ence system. P subject with 2 high 

exophori <-- , for examp le , would be expected to e xhi bit c:n e x o fixation 

disparity , the mc: gnitude of his verg ence respons e being just l c; r g e 

enou;;h to maintain binocularity (i . e . within Panum ' s fusion2l ::::rea) . 



,u.us 
?ixation disparity h :: s been c a lled "::.. microstr2bis:lexisting during 

norm r1 l binocul~or vision . " 

Fix~tion dispcrity cw,rves h2ve historic r lly been cla ssified 

into four types , b8s ed upon their shcpes . The ~yp e I Curve demQn -

s tr~ tes divergence ~nd con verg ence errors th~ t ~ re ~p~roxim~t ely 

equs l in mrgnitude . Converg ence errors are s maller ths n d i v er ; en ce 

errors in < *type II curv e . Conversely , 'f'ype I I I curves h2ve sma ller 

errors of divert:!, ence th ;::; n of con.verJ,ence . 'T h e '1'y1) e IV curve hr' s 

small errors of both diverJ,ence and conver-genc e , 2nd is u su2 l ly 

2ssnc i a ted with asthenopi a . 

The assumpt i on thc.;t f i xe: tion disp; ri ty i s du e to str ess on 

fusionc:l verc_; ence C2n be used to 8 ./ph in the sh:p e o f the 1"'ype I 

forced vergence fix.c tion d isp8 ritj c urve . The int r o duction o f 

p rism ch::: n ge s the m2gni tude o f the needed v ergence response . As 

the response becomes mor e dif ficult t o o btc. in, the i ncrec: sed s tress 

can be o ~ served as an i n c rer s e in fi x~~ tion disp ;: ri ty. 

The reL-tiv2ly Ll &t centr c.- 1 portion of the cur ve repre~~ents 

an -= rea ,·;· here t ne fus ion 2,l d~mand is bei;1g "cl e quately met . Sc hor 

(1979~) postul2tes thc:1. t thL" flc:. t centrT l portion i s due to efficient 

slv\'; fus ione- 1 v ergen ce t s king the stress off the fast vergence 

system• The st eep s lopes a t the end of the curves ~re due to fas t 

fusion c. l ver6 ence workin:.; :-: lo.1e, re,~ulting in hi 0 h fix " tion d isp c- r -
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ities , 'rhi s e xp l s in s 'Nhy P '' tie -1 t s with st eep ly s lo;J i ng cur ves 

exp erience z:s theno p ic_-_ , The ~co e p 2tients h : v e v1 e ; k s low v ergence 

ad~p to r s; t he f as t ~dzptors ar e con s e q uen tly overworked . 

11 ethod s 

?a r ced verg ence fixa tio n disp~rity cu r ve s wer e g enerz ted using 

the sta n da r d fixa tio n d i s p a rometer, un der conditions o f norma l room 

illumina tion 8nd with t h e d ispe:, ro met er u s ua lly hel d in t he subject :'~ s 

l ap 2t a norma l reading di srtance~ ~( ~or a f ew pC: tien ts, the dispa r­

ometer wa s placed on the p horo p tor ne e r p oint ro d a t a 16" viewing 

di s tance. This did not app e cT to ma ke ;, ny dif ference.) Prisms were 

pres ented before the rig ht eye a ltern a tel;:r bc se in, then ba se out, 

preceding fr om s ma llest to larg est p rism power to minimi z e the effe c t 

of any a dap t a tion from the previous s timulus on t h e desire d rea ding . 

Me 2surernents were t c1 ken u s ing no prism. 4 B"Q,- Lf~BI, 8BI. 8BO, end ba se 

in 2nd b as e out pri s m ne 2r the end of the pa tient's neEr vergence 

r an g es. Two curves were generc: ted using the s a me prism po we r s 

but with different viewing times. For c urve I. the immed L :; te curve, 

the p a tient obtained single binocula r vision through the prism, 

descri~ed the loc a tion of the non ius lines, and removed the prism 

as quickly a s pos s ible. This prbcedure took less tha n five seconds. 

The position of the nonius lines wc.s then adjusted 2n d the process 

Vl 8 S repeated until the subject reported a lignment of the l ines 

imme di "'- tely upon fusion. For Curve I I, the a da pted curve, fusion 

vvas ma inta i n ed throug h the prism for on e minute. The nonius lines 

were then adjusted , with the pa tient still lookin~ throug h the 
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pri s m, u..n. til s ub jective a lignment wr:s 2t:,a. i n r e1-'or ted . 

V' i th t h ree s ubjec t s , many p2 i r0 of curv es were 0 e.ner "' ted an d 

the res ults aver2~ed t o yield an r: We r~g e fixa~ ion di sparity curve . 

J on e- time s am
1
__. ling o f curve pai r s fo r 24 c .d n i ce: l p··t ien t s wc:.s 

anE ly zed a l ong wi t h t hes e t hr ee sets of curveS to det ermine i f 

prism zdap t z tion occ ured . An 2ttemp t wc: s 3lso :me-de to an::o lyze 

these curv es with r esp ect t o curve typ e, object i ve bino cu lar f ind-

i ngs . pc: t i ent symp toms , and hi s tory of previous~i sus l tra ining . 

Results 

The t nree subjects s t ud ied i n deta i l e ll show an cd:p t s tion 

t o ba s e i n , but no chan; e i n r e sp ons e to base out. t l l thre e of 

the s e subjects have v ery fl a t fixa tion di sparity curve s . While 

the respon se to b20 e in is t he expect e d on e , it i s di f fic ult to 

dr aw any con c lus i on co ncern i ng r es;> ons e t o bas e out f rom such "-"a 

f l c:: t curve • 
. . . . ! 
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While only half of the patients teoted shov, the exj)ected rodc:op..., i"\ 

t a tion to prism, this i s the most common response. The bulk of 

thi s gro up is comprised of type I cur~ es . Ac cording to Ogle , the 

majority of the generc~ l opoul ::: tion h;o.s a ty ) e I curve . It is 

considered a )!lorm8 1 curve , seen in pst ients with g ood binocul~r 

vision 2nd should s1~w ad~ption . T,he results show th;:'t ty p e I' s 

do ;:cdzpt better tl:t?n ? ny ot her group , both to b::: se in ~nd bo.se out 

prism . Of the remz ining curve ty~es t tyJ e II shows P tend2 ncy to 

ad::-1Jt . 'l' yp e III -=- ndi V do not . 



lJl. 
P2 ti ents( ~4 ),. •rype , I(_lJ) 'fyp e II(S) Typ e III(l) Type t( 2) 

# / fl ,~.:~ '1: ?~ # % l1 % /;; ;, 'I 

Adapted to BI 12 50 9 69 J J8 

Ads pted to BO 14 58 11 85 J JS 

Adapted to both 10 42 8 62 2 25 

Inverted BI 5 21 1 8 2 25 1 5o 

In_verted BO 6 2 ~ :; J 23 2 25 1 50 

Inverted both J lJ 0 0 2 25 1 so 
Same BI 7 29 4 Jl l lJ 1 50 1 so 
Same BO 4 17 1 8 2 25 i lOO l 50 

Same both J lJ 0 0 1 lJ 1 100 1 so 

Three curves ch<:mged type with 2 dap t <:J tion . The immed-
i a te c l sssifics tion i s used for tlle a bove comput at ions . 
The term "inverted " refers to curves t 2ken a fter one 
minute of fu s ion through prism the- t show 2n increa se 
in f i xation disparity instead of the exp ected decree' se . 

Discussion 

The s ubjects studied in depth do show an c::da.t; t :J tion ~fter one 

minute of [u_s ion. Th e adaptatio n to bas e in i s sign.ific2nt , while 

the degree of base out adapt a tion i s more difficult to interpret 

owing to the flattne s s of the bas e out side of tr; e s e curves. 

Schor (1979~ ) has specul~ted th2t the b2s e out port ion of 

type II curves ( and the bas e in p~~~ion of typ e III ' s) might be 

due to ? \tery r ; p id ~ ct2pt> tion t o pri sm . It s~ens more likely to 

us tha t this pheno menon i s ca us ed by :-=- l z ck of respons e to conver-

g ence (type II) or divergenc e (type III) stimuli. This l <o ck of 

respons erould be cs used by a l pck of , or deficiency in, one of the 



vert£ ence in-r; ez, r z, tors. Abnormal curves might a lso be c 2used by 

8 c commoda ti ve :flue tua tions, either invol uc1 t E ry ( :faulty a ccommoda-

tive system) or volunt2.ry. The voluntz ry a ccommod<: tive c han g es 

e re used to circunjvent the imva irment to :fusion c a used by f2ulty 

slo w verg ence integra tors a;1d/or L :: ck or wec. kness in dispa rity 

detectors. 

Subject l observed tha t the nonius lines tended to oscilla te 

while generating the first few curves, but that the nonius lines 

were much more stable during later t rials . (The curves were pro-

duced over a period of weeks . ) Presumably, the testing itself 

had an~ffect on his slow verg ence system. This sugg ests that a 

viisioof.tt-afrHAg:-:.m~ti t.hod which involves prolonged :fusion throug h 

prism should improve the p erformance of the slow neurona l integrator. 

The generally a ccep ted me•tltwd of prism insertion 2.nd removal is 

more likely to trz in f;::: st fusi&xP'ver;senc e . 
p ... \$. »-. 

Subject 2 shows an a d2 1) t 2 tion to b;::s e in ~nd perhc-,p s a sliE?; ht 
~-r ll>"-

adaptation to base out~ 'rhe eso position of the zero £)Oint on the 

2dap ted curve i s a common ph~nom.enon . The reo.d ing previous to this 

was t a ken tlrrough the l a rgest base out prism (strong convergence 

response) . This subject~s slo~ verg ence a daptor for converg ence 

was s et in motion very quickly, 2nd t 1e durc-,tion of this response c 

was obviously greater t t1an one minute . 

This same ph_enomenon w;-· s observed in Subject 1' s curve vvhich 

ma y a ccoun.t f or t he fl c ttness of the bc:se out portion of th'2 t curve . 

The fl z t b as e out port ion of Subject J's cur ve m2kes a judg e-

ment of prism ? d~pta tion difficult to make. Base in adap t 2 tion 
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does occur~ possibly because this subject is esophoric s nd the 

slow neuronal integra.tor for diver6 ence hc::s h<., d '' ch~nce to 

develope . Unfortunately it h ;:: s not developed well enou0 h. Jld2pt~ 

ation is slight . This s u~ ~ect we c: rs a plus prescrip tion for re~d-

ing to relieve eso phoric 20thenopi a . It h ~ s long been known th~ t 

esophores h ~ ve more symptoms tr1~n eXOJhotes r nd zre more diffic~lt 

to troin . Is the slow vergence ;·dqJto:B for conversence n2tur8lly 

stronger or does < c commod·-. ti ve con ver6 enc e :::· c count for the di f.;..'f c 

ference? 

The f&i~owing is an a tt~m~t to ~xplain individua l p ~ tient responses, 

based on classification of curve types , objective binoculEr find-

ings , subjective symp t oms , and history of vision training. 

Pa tie:t t l. 

l +----t-·· 
-i--t-
·-'---"--

'rhis pa tient ha s normcl binocula r vision wi ttl no ·. bthenopia . 

She ha s a ty ~ e I curve with some a ccommoda tive fluctu 0 tions ~ but 

which nevertheless shows the predicted a dapta tion to both base in 

and base out prism . The upward slope nezr the ~d of the ran :;e on 



the bose out s ide is pro b~bly due to ~' ccommod -: tive convergen ce 

being used to sup •) lement the vergence s ystem which is being sev-

erely stressed . The incre6s ed conver~ence s timula tes neg · tive 

fee db2 c k , which in turn decrec.ses the fixE,tion dispc:rity . 

Pa tien t 2 . 

§ -----+ -= ~=-= = --=-=- =--. ---- - --- - -- - - . 
------- - - --
-- ~ ---

' -=-~ =- ~ = ~-~~ ~·-·: : : =~= 
:: ~_:_:: =: = t ::: : : ::: = 
- .- -, - - - - --- t -

This pat i en t rep resents the per:ect e xample o f the exp ected 

result . A ty pe one curve h et s shown adap tc:, tion to b a.::o e i n 2nd 

base out ~ Since this patient is a presbyope there s re two possible 

expl2in8tions: 1) The p~tient ch2n.c,e s h i s c ccommodFtive innerv: tion 

to msnipulcte his vergence po s ture . If~th~s _ 1 s ~n efficient mech-

~nism in presbyopes , we would exp ect a flft curve . 



2) .This p~,-t ient h ~'s e fficient slow vergen ce L1tegr2 tors for con-

vers ence and divergence . 

Pa tient J . 

This is another patient 

with normEl binocular vision 

whose typ e L_eur.uevadapted to 

base in 8nd bas e out prism . 

Again, accommodc ti ve conver-, 

gence comes into play on the 
c,t.}f 

be: se iV side t g iving a "tail" 

to the curve .. 

Patient 4 . 

Type one curve adap ted 

to base in and particularly 

well to base out .. 

~ ~ -=- ~ ~ -=-=-=_ = E-i --.:-=- -:-:-:; -:---=-~ 
--- - - -r----+-~~ 

- - - - ·---r---- ' ~ -r-;-r- ·-- ~ 
-- - - -~ --------r- ~+---.-+---r,r--r.-.. 

--'1-t---~... __...___ ~ ....l- .. ---- ----1f-'-~~ 

I I 

1 l ! I I 

I I I ! , I I I _l __ u_+-L.._ 

-T_;___:__--- ~----:_ ---- --- fl - -- ---~---- _ _ __ .. ___ --
- · -- --- -- -- - - -- -
- - - - . - - - . . - . - -
- ~ - - - - - - - . . - - - - -
- - - - - - -, - - - -

• • • + - - - - ---- :®------ --- -- - -
- --- -
- .- --- -

~------ --- j 
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Patient 5. 

This is a patient who origin-

ally presented with poor vergence 

facility . She w~s unable to fuse 

4BI or 6BO a t a vision screening . 

subsequent vision tra i n ing ha s 

slightly improved her verg ence 

__::__::---:-= =- = =._..=_ = _jT ~ = ~ : 
-~-- - --- -- - ­

. . - . - - - . - . . . . 
- . - - - - - - . - - . 
. - - - - - - . . . .. . 
- - -,- - - - - . . . - -

-.. -@-- " 1 -· - . . - -.....-- ---- ---
- ---- -- -- . - ---- ~------

·-- - ---•--T- -

r ang es to those shown by the curve . It i.s : a steep type I wi th 

good rdap t 2tion to ba se in ?nd base out prism . 

Pc- tient 6 . 

'rhi s pctien t ha s previously 

had extensive vision training . 

The slow vergence integra tors 

have had a lot of practice . 

Adaptation is e xcellent on 

both sides . 

14 
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Pa tient.?_.. r 
• -' -.1 - ' ' 

fhis is a t yp e I 

curve with no adap t a tion 

to base in . The ad 2 pt a -

tion to ba se out is obvi-

ous . The upwar d swing of 

the immedi a te curve on 

the bas e out side is 

most likely c r used by 2ccommod2 tive innerva tion . This p;= tient is 

a pre- pre sbyop e. iS 
Aga in we. wo :1der how much of this pri sm ~dcpt c: tion 

and how much is du e to using a cc ommod2 tiYe innervation to man ipulate 

verg ence response o 

I 
. t . -... .._ . .,_ ___ -···- -- -- -- - ~-

. . - . . - . . - . - . . . - -- - - - . . . 

: : : : : ~ : ~ : : : : : - : : : : l ~ : : : 
Patient 8 . 

--- I 

Thi s i s a 

flat type I curve which 

sho ws a slight adaptation ____._-.-+-+ 

~--j~l -.... -.. 
- I • • - J . . - - J~ - - - - - - • • - - - - , _ j_ . 

tra ining to co mp enss te for co nvergen ce 

to bas e in prism . This 

patient has h ~d b9se out 

insuf ficien cy , and h~ s , t her e fore , lec:.rn ed to us e a cc ommod · ti ve inner-

vc: tion to man i pul c:t e co nverg en ce . This z ccounts f or t he res emblance 

of the base out side to - a t yp e II curve . There seems to be a very 

slight adc, p t stion he r e . 



Pa tient 9 . 

This patiept~has .a •.no r~ 

mal type I curve which shows 

no ch2ge in respo~e on t he 

b a se in side and an increas e 

in fix,tion disp?rity on the 

b a se out side. The inver-

sion may be due to increas ed 

a ccommoda tion in response t o 

:: : .R:HYPER-~ :Eso: ~ - J-1 :_:__ 

LJ.: ~ : ~ ~ : :F.. a. : : : : : 

a prolonged c onverg ence stimulus . 

Patient 10 . 

This patient is s lig htly 

exop~hric at distance ~nd near . 

~or this reason she has never 

h 2d much need for prolonged 

d iverg ence . . Vle , therefore , 

theorize that the slow neuro-

n 2 l integrz tor for divergence 

-· • - · _ _...._ • • · - - - --• -- -4- - ... . 

- - t - . . . 
. - . .. 

hc. s not had the o ptJ ortunity to become efficient . There is no 

adap t 2 tion to b a se in prism. Prolonged fusion c: l co n ver_:!; en. ce is 

the norma l state for this ind ividua l . The slow neurona l integra tor 

for converg ence is efficient . Adc,ption to b?se ou t prism occurs. 

Patient 11 . J 
Here is a patient whose immed i ~ te curve i s ty1e II, but whose 

adapt e d cur ve more closely resembles c: t yp e I c u r ve. . The fixation 



disparity has incre2sed on 
jl\ 

both the base and base out 

sides after adsp t Etion . This 

phenomenon can poss i b ly be 

related to the patient 's 

orthophoria at distance and 

near. His visua l system do e s 

not undergo ?normal" convergence/d ivergence tra in· 1g bec aus e there 

is no phoria to compensate for. Thus, his slow vergence integr2-

tors never get much prac tice. When his system is s t r essed by 

higher amounts of prism and he mus t continue to m:::intain sin;;:; le 

binocular vision for a minute of more , hi s fnst ver6 ence adap tors 

get tired of trying to keep u p with the demcnd and t her e is 2 

resulting increas e in fixation disp~rity . 

Patient 12 .. 

This ::- pp e2 rs to 

be ? type I V curve. ' . 

This ,p;o ti en t is 2 lso 

orthophoric z t dis- . . t . . . 
. - . . . 

tance and nes r end ~--J . :; : .. .. . 

again shows the double inversion. 

Patient 13. 

This pat ient is orthophoric a t 

ance and nea r and exhibits narrow ver-

gence ranges and lack of ad2.ptation. He 

17 
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had a great deal of difficulty performing the test due to oscillation 

of the nonius lines . 

Patient 14 .. 

This curve shows 2dsp~ 

tstion to base in and base 

out . ;I' he 2mount is very 

little owing to the f act that the immedi r te curve s already flat. 

Pstien t 15. 

Type II curve 

adapted well to base in . 

Patient 16 .. 

Here is an exc:mple of 

a type II curve which shows 

basicslly no adaptation . 

Interestinglyl this patien t ~ -· · · 

·Eso · . ~. 
- - .. . . l o-

:F. D.: : : 
. i . . 

h2s an exophori2. and an eso fixation disps·ri ty. 

this is 8. P' tient who lscks convergence disparity 

. .. I . 
. . . 

. . t .. ... ::tt:[ .l. - -, . . -- - .. . - .. -- - . .. ...... 

. . . . . - . - - - .. -
- - t · --- --- - - - - . ... -- --- - -- - - - -- - - . -

- · -- !- ---r .,..._ .. ~ - - -- -- ... - --

' ~ :-~ : : : ~-~ I I:fDl'I 
4. . . .. . . . .., ,L - n; r> 

.. . -.), .... 

t heorize that 

Possibly there are very few such detectors or the etectors have 

a very low gain compared to the divergence y detectors.) 

The disparity input must go through the fast diver integrator. 

Like the fast convergence adaptor, the slow conver_rence a.daptor is 

lacking or deficient . The fast divergence output ust either go 

through the slow eli vergence adc:1ptor or go right t ough the slow 

18 



vergence integrator without being Ct.m_r:Jli fied .. Evenl if a ccommoda tive 

conver::;ence is fed in to compensate for t.ne d.!:.vergrnce, it cannot 

be amplified efficiently and the resulting divergence innervation 

causes the p a tient to be exophoric . This would theor etically c cuse 

an exo fix2 tion disparity ( innerv2 tion to converge[)·.- but sine e this 

p2tient h2s such poor convergence detectors the fi ;: tion disp2rity 

must iem8in eso in order to give rny innervrtion the vergence 

system. 

J-7------jol---i-----ll , ~ E--:YFER ~ : ESO : : . ~ ~ 

:J .: :EO. : :: J 

:E.u : ~. - -, ...... --+-~-
.. . ..... - --- - -~-

Pr-tient 17 . 

This type II 

showed little if f ny 

adaptztion to bzse in . 

The base out side seems 

to have ad2pted to the 

19 



tha t tne fl~t portion of these curves is due to s 

owing to z deffic1en cy i n conver~ e1ce detectors . 

usingdi vergence detectors ?nd a. ccommod r tion to 

Pat i ent 18 . 

Thi s patient is a 40 

ye r- r old beginning presby -

t oms s econdary to conver-

gence i n sufficiency . The 

lower curve (blue) waste>.ken 

2t thr t time . "'allowi ng 

this she un derwent severc:l 

weeks of converge_/lce tr2 in-

ing wh1ch r esulted in 

improved conver~ ence s~ills 

a nd eradi cc:tion of symptom~ . 

- --- ------! 

: - ~ -=-~ ~~: ~--~ ~ ~ t -~~--~- : ~ ~-- :.: 
. -- - - - - - ---· - +--- - -- ·­

- - - - - . - . - I . - - . -
. . . - 1 - . 
- - . . - . 

-·1 - - - - - -· · - · r - - - · 

I 

It w~s z t thls time that~ ~br tes t . ~~s g iven . 

I 
P '-Ck 

this 

of response 

_p~ tient is 

· -----· - ·· 
- . - . f - - -
- . ·- - .. -- ----. --- -1- . -_: __ @> -: :: 

I 

shows that this patient ' s slow verg ence i ntegr a tor has become more 

e .z'ficient . The upwa rd swing on the bas e out side br t Jte irnmedi s te 

curve , a s well a s t he chang e of loc ~ tion of the cur ve ~; fter t ra in::l; 

i n g suggest t hat thi s patient ha s le ~ rned to use 2b c ommod.,.tive 

innervati on to help meet the co:tvergence dema.nd . 

rLh e very st e eJ? type I curve shov,n here i s ty~··ic~l in that the 



patient i s symp tom ~t ic . Sne h·s 

._ o .. 1e ~ ccornmods ti ve sp<:: sms and 1my be 

c. pseudomyop e . She h' s so·.ue tendency 

tow~rd (pseudo?)convergence excess 

phori c-- Nhich i s un co rrected . The 

~C/A ratio seems to be slightly 

high (t- '?/l) but the ex~;ct amoun t is 

not presently determinable . There 

prob2bly s l ways some ac comma1; tive 

convergence feeding into the vEgenc e system ( s ee t ;1e model) due to 

t he hi gh AC/ A and/or a c commoda tive spasms; thi s cors t cnt innerv2-

tion to converg ence forces her slD'W ·conwergenc e i n. 1t e;ra tors to 

work . Sl i gh t 2dc:.p t ' ti on i s, therefore , shown 0:1 the b ~· se out side . 

The slow divergence integr;: tor <p)~ ren tly does not work very well. 

The curve inverts on the be- se in side , i llus tr · ting stress on fast 

fusion a l verg ence . 

Fa t i en t 20 •. 

Thi s ps tient has a 

very hi J h AC/A r Dtio 2nd , 

addition< lly , ap~esrs to 

have some accommodat i ve 

fluctu~tions . The adap ted 

curve i s much more s t~ble 

I . 
~ : : : : : f : 
.. . .. ~ - [ : I . t . . . 

_L : J~-0\ 
. ..... . . - l .....t:: l 

...,...,,.-_ : ~~:...--~"'-'-~ . . : : : : .: . ) ~ :n r:. 

and zpp e ~rs to show inversion on the base in si d e rnd slight sdr p-

t gtion on the ba se out side . Agz i n , th i s mzy be bec rus e t he hig h 



AC/A c&uses co ns t 2n t B ccommo d~ tive converg ence which works egs inst 

the slav~ divergence a dap tor to c :::: use b ~ se in invejs ion , and works 

with t h e slow converb ence sds~to r to c ~ use b2se o t 2d8~ t - tion . 

! . . . 

Pa tient 21, 8nd 22. 

These p2 tients 
- - . -- •• . - · - L. 

~ re very s i milar. 

Number 21 i s a bs sic ( ~ 

exo with 2 tendency 

towr:: rd co nvergence i nsufficiency ··: : 

He h: s ~ b~s e out prublem which~--~ 

compens:-· t es for by using c. ccom-

mod ~· tive'convergence . Nwnber 22 
I 

is a pseudomyoJe du e to cons t c.nt 

over~Rccommoda tion . Both a re 

.. 

.. - .. f ... -

. . . . . . .. .. 

. . . - . - . . 

symp toma tic . The constan t c.ccommodz tive con; er6 e· c e Fccoun ts for r&>.e 

up ward slope on the bas e out side of both curves . This a ccommoda-

tive convergence m2y a lso be working coopera tive! with the slow 

convergence integrator to caus e a sl i :,ht adzpt<. ti dn on t he bas e 

out s ide. On the bz se in side , the a ccommodative convergence 

works c=ga i~st t he slow divergence int egr !C' tor . Jls c:; result the 

curve i~verts, i . e . the fix c= tion disp ~ rity incre2~es to give fur ­

ther(diverg ence innerv12 tion to the sys tem . 

P;:-tient 23 . 

This pzt ient has problems with 2ccommodztive sp~sms ~nd 

22 
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infac ility . He r curves obvi -

ously re f lect the cons t 2nt 

flue tu; tions . The ::::d~'p ted ... 

curve is 2 little more st2b le 

snd , 2s such , mz y be a truer 

me~sure of t he p~ tient • s ~~~1 

curve. The irnmedi c: te curve · - r .. • ·· - · -:r- - · - -----~+--~ ;--- - .. _ .. ,,· _ ... - . . 

apparently reflects wh: tever level of· ·~e~-~ ~i~~::.c_;~s~onse combin ed 

with her 2ccommo dEt ive level a t th· t moment to yie~d t ne a lign-

ment of ~the n on ius . When g iven a chance to ge t used to the demand , 

her ac commod6tion c an find its desired respons e le eland g i v e a 

more stable curv e . 

- . .... ... 
. . · ...:.....:..--f" · 

Patient 24 . 

a very hi g h AC/A r Ptio 2n d p r o blem s with bas e imuli . He 

ba sic 8 lly shows no 8 dspt a tion ~ ~ n d this mry be bee ~ se both his 

d iverg ence and converg ence integrz tors s re t . ( Both curves 

a re a lmost s tra i ght lines , possibly due to r vergence 

disprrity detectors . ) The hi~h AC/A c a uses constat converg ence 

i nnervat ion which he has no control o v er an a thi s esulLs in ~ 
I 

constant esophori a . Probably because he h rs horay to releas e this 

i nvoluntary converg ence , t h e fixa tion disparity is 2lso eso:. This 

gives him d ivers ence innervr tion , but he sim_0 ly c2 1.ot me et t ~1 e 

d em?n d bec aus e the hig h AC/P r~tio c· uses him t o c rnverg e . Con-

sequently , he h~s a lo w bas e in r~n; e ( d ifficulty 7ith d iverg ence ) . 

2J 
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Adaotation With Lenses 
. .... - ··----··~------

Ogle has shown that a fixation disparity cur e can be genera-

ted using lenses insLead of prisms. Since the model shows accom-

moda tive convergence m1tering the ver~ ence loop before the slow 

neuronal integra tors, we should a lso be able to produce a prism 

adBpt~tion with lenses. 

Previous studies of prism ad?p trtion ha ve used phori a as 

well cs fixat ion disp~rity to demonstrrte ad~pt r tion. As 2n ad junct 

to the pres ent study, the following drts was collected. The patient's 

near phor-ic:t w<:s mec.:sured, followed by his gre:>dient phori;: thn~mgh 

a -t-L ODD add. ']he p?tient' s ®J.egative reL1tive c:=. ccomrno dc tion W'P'S 

then determined. ?usion was maintained through t' ese lenses for 

approximately 15 seconds. ( 'rt1is repre s ents a convergence deme: nd. 

One could produce<"a divergence demand by employirH) positive rel-

ati ve accommodc:~tion~ ~. •rhe plus lens power was th reduced once 

ag2in to -f-l. ODD and the gncdient phoria rernec:csure 

Phoria Gr ;_o di ent-1 Gr;- dient- 2 

'? exo 12 exo 2 exo 

Lr exo 8 exo 4- exo 

16 exo 13 exo 11-j- exo 

2 eso ortho 3 eso 

ortho 3 exo 5 exo 

ort ;lO 3 ,:; xo. j exo 

4 eso 2 exo 2 eso 

? exo ll exo _) exo 
r) exo b exo b exo ;; 

6 eso 2 exo 3 eso 

2L+ 
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The data sug~ests that these pstients do sho~ varying degrees 

of adapt ~- tion to lens induced co , ver;ent stimuli. The most inter-

esting case is the first one. According to the Du ~ne- White system 

of cl~ssification this p2,tient is slitghill conver2;en e insufficient. 

The reduction in grz dien t phorii.' ( 12~2) ;, fter con ergen t stimu­

lation demons tc t es an efficient ~1dc pt :: tion ::--nd helps expl;:: in this 

pz, ti en t 1 s tot e- l l:::.ck of symp-coms. 

Conclusion 

The present study demonstr ·- tes thc..t f!rism c:,dc.. :Jt:-.tion cc:n be 

measured with fix&t ion disparity after one minute f binocular 

fusion.. Heal thy b inocular systems , especially type I 1 s ;: nd to a 

lesser degree type II 1 s, are most liKely to show t1is adapta tion . 

Lack of c:jdapt <? tion can often be explained by deficiency ~0f .rohe'nslow 

neuronal integr~ tors, lack of disp~rity detectors , or accommodative 

flue tu;:; tions. These vsria tions ;:ere most often see in symptomatic 

pc:tients. 

tm. ;: lternc· tive clinic&l tool (lenses) for me:' suring deg ree 

of prism adzptEtion is also sug~ested . 
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