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ABSTRACT 

Curren tl y, Snel len acuit y te s ting is the prim~ry clin ical 

me t hod of assessing a p atien t 's vi sual potential. Often, 

however, l ow power ob l ique astigmat s report a subjective 

v i~- ual percept Llal impr o •)eme nt when cor·rected, with 1 it t 1 e or 

no impro•.oemeni:: in Sne 11 en ac:uitir:::: .• Co ntrast sensiti vity 

testing uas carried ou t en four subject£, eac h with low power 

obliqu~ axis as tig matis m. Test in:;~ was pe;• fo rmed monocu 1 at' 1 i-' 

and binocul arly thrc ugh : 1) the ap?rGPri~te sphere power; 

;.~ . nd 2) ~~ lth the -::;1! indr ica! component added. The contrast 

!1-ensitiv i t. y f u nction L:as significantly enhanced through the 

cylinder ~orrec t ion fe r mi ddle spat ia l fr<:qiHHIC ies. This 

su gg e st s "t haot contr·ast sensiti u i t )-' t <;:s.'!:in g pro •J ide::. a rnore 

.'H! n-;;. i +. i•Je me thod of d et ::!r min ir;3 over all visual per· for-ma nc e. 

Also. patie n t5 with lou amounts of oblique astigmatism will 

benefit mo~e from the astigmat i c correction than Snellen 

i'I.CtJ it ie::. would i r.d icate. 

_,..,,_ 



CONTRAST SENSITIVITY 

A~ 

LOW POWER OBL IQUE AXIS ASTIGt~TISM 

Retinal co n tr·ast mechan i~.ms and the •; isual infor·mat ic.n processing 

system have been studi ed for years by r esearchers dealing with the 

question cf how the brain extracts information fr om its sensory organ, 

the e>·e <7). However , it is onl/ in the last fifteen years that the 

combination o-f research Knot~ledge and technc.l.::;gical developme~t have 

made available to the clinic ian the test~ and equipment needed to begin 

using a neu technique to bette r analyze a p&tient's level of visual 

functionin g. Prese n tl ~·· , the most widely accepted tool fur a:ss.es:sing 

v isual function is the Snellen ac ui ty chart. For example, man>· U.S. 

laws u tilize Snell en acuity s tan dar ds when d~termining legal blindness 

and when deciding wh ether or not a pe r son should have a dr· iver ' s 

1 icen:se (32). Recently, the technique Known as contrast :sensitivity 

tes1:ing has gained popular it~,. i n the •.; is ion cat~e corr."'lluroity because it 

i.s thc•ught to be a much more br·oad ar1d sensitive test of a patient's 

'·'i.sual fu nctioning than the Sneller. test <2,3, 10,22 ). Not only' does it 

determine a pati~nt's best acuit y i n continuously q~antifiable term5, 

but it can te used to refine r efractive error ccrrections and evaluate 

a contact lens fit more accuratel y, as well as help differentially 

diagnose certain pathologies. 

Diagnost ic gratings, as contrast sensitivity gratings a r e often 

call ed, have been us&d mos tl y in ,- e sear·ch 1 abs. TyJ:.- icall y, the 

gratings have be en generated en very expensive electronic equipment, 

which was one of th e reasons t hat contras.t se~sitivity testing has not 



Cloyd -2- Lorton 

been regularly done in the local clinician's office. Rese ar· c: her·s used 

the d ia.gnost ic: gratings in such forms as optoKinetic dr·ums, 

photographic plates, and electronic pr otot yp es to behaviorally test 

animal and human v ist~al reso 1 ut ion thresho 1 ds <2 ,3 ,5, 12,15,24, 

25,29 ,.30). A~. te~.t ing pr·ocedures wer·e r·ef ined, the data revealed more 

informat ion than was expected. !t had been generally Known that hi g h 

spatial frequency losses correlated ~ith visual acuity loss, but less 

wa:. Knor.m about animal and human 1 o~:=.es in the low and mid frequency 

range. Further research revealed that certain patterns of spatial 

frequency loss were consistently found in ce rtain pathologies and could 

b~ used as predictive indicato rs of a patient's level of visual 

function <10 , 13,23,28,31). Comerf~rd and others ~rite that disease 

er•tities su ch as:. multiple :scler·osis, glaucoma, tumors of the central 

•J i~.ua.l system. macular di~ease, and ~ataracts <>.re ex amp 1 es of 

pathologies which have been diagnosed and evaluated earlier in their 

progression with the use of contrast sens itivity testing than with the 

use of other standard diagnostic routinesC10). As a re5ou 11:, some 

patients haue be nefited from early tr·eatment r·e gime.s, not gener·ally 

available in the later stages of pathological progression. 

Another use of contrast sensitivity testing now being ~xplored is 

for +1-te asses~-ment o f a contact 1 ens fit. Edema caused by a poorly 

fitti ng lens causes decreases in the higher spatial frequency range not 

always detectable by Snellen acuity criteria (4). As Comerford relates 

though , a deviant contrast sensitivity function is not always caused by 

a p.:::..thol og;'. For the contact 1 e n ~. wearer , it rna> .. mears that the I~ a: is 

some residual uncorrected refr·act i •Je err-or. Thus, contrast sensitivity 

testing can also be used to refin~ refr act ive corrections 

acc uratel)/ <1 0). 

more 
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~~en studying the contrast sensitivity function CCSF> of ~atients 

with r·educed visual acuity <refractive or ambl y opic), it is interesting 

to note the different patterns of loss. Hess and Howell re~ort that in 

amb 1 yo pes two different CSF 1 oss pattern~. may exist. One type of 

amblyope m.;ty ~- how a "le vel" lo~. s, which is a cc.nsistent loss across all 

spatial frequencies, or another type may show a "notch" loss, which is 

a spatial frequency loss only in a small specific r·ange (6,18) . 

Another type of amb 1 ~'ope J<not•n a::. a meridional ambl yop e also shows 

deviant CSF re:su 1 ts in the or· ientat ion that par· all e 1 s his/her acuity 

deficit <13). Comerford sums it up by writ ing that: 

"Finally the study of CSF as a function of refractive state 
sugges.ts a reason for the finding that patients pr·efer mot'e minus 
than indicated b~' the standard 'maximum plus for· max irnum visual 
acuit~1'. The patient reports that the letters get darK er and more 
defined because contrast sens it iv ity is impr·oved by additional 
refract ive correction." <10) 

Pratt , a successful clinician, was aware of the principle of contrast 

and used it years ago to develop his test for astigmia, the Pratt Near 

Cv 1 inder· Te s t. Now, astigmats can also benefit from CSF testing, in 

that more accurate refinements of the cy 1 indr· ical corr·ect ion are 

po!',sible. Formal contrast sensitivity testing has thus scientifically 

proven that v isual contrast mechanisms can be efficiently utilized for 

the quality assessment of a patient's level of visual functioning. 

!>Jhat factors ha •..o e encouraged the tran~.ition of CSF testing from 

research laboratories to the clinical practitivner's office? Contr·ast 

sensitivit y testing has become easier to conduct and less cos-tly for 

the clini c ian in terms of time and money due to the refinement of 

commerc: iall y produced equal 1 uminance photographic g r· at ings. Infant 

visual ac u ity testing is conducted with these types of photographic 
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gratings in a procedure Known as the preferential looKing technique 

( 12). The f ir~:.t public mass screening of some 66 infants, ages 2 

weeKs to 36 months, was conducted last March 10th, 1984, through the 

joint efforts o4 the University of Washington and Pacific University's 

Co 11 ege of Optometr·~', uti 1 iz ing this. technique. More conventional 

testing may taKe place in-office as the patient views near and far CSF 

charts comprised of the photogr·aph ic gr-at ing.s. However, the electr-onic 

prototypes are still used where precise 1 uminan ce levels and exact 

thresho ld ualues are desired. Contrast sensitivity charts found their 

way into outer space in the fall of 1983 Cl4). Ginsburg, developed the 

plates to assess t he astronauts' vision as they were affected by 

weightlessness and other space flight stresses. Th e photographic 

charts which are now available for clinical use, are patterned after 

the CSF p 1 ate :s. used by NASA and the Ll. S • A i r· For c e • TI-•e ::.-· ar·e called 

the Vi stech Contrast Te st System <VCTS 6500) and are reported to have 

excellent correlation with the autom6ted electronic CSF testing 

equipment <Ginsburg:14,33). Norms have been established and a r e being 

continually u pdated for various age groups, with and without pathology, 

and with '-"arious refractive anomol ie:s <3,11,23,25,26,28). With a sound 

data. base supporting standardized equipment and procedures, the 

interpretation of a patient's contrast sensitivity function, stand s to 

be a valid and reliable tool fo r the clinician in the diagnosis, 

evaluation and treatment of vi:stlal s.ystem disor·der·s. 

A number of studies have beer. done r·e 1 at ing contrast sen:s it iv i ty 

and refractive error, in gener·al terms , or spec if icall >' i sol a ting 

a:stigm~tic errors as the main point of focu~ <S ,21 ,26). Reseat-·cher-.s 

agrP.e th at uncorr·ec:ted astigmatic error·s do deer ease the CSF. Also 



Cl O}'d -6- Lor· ton 

s~nsitivity in orientations of the gratings other than horizontal or 

•Jert ical. This. factor· could hav e made the Beazle);, et al ., rnean age 

estimate somewhat younger if there were a number· c•f 1.mdetected 1 ow 

power astjgmats amongst their s ubJec ts. Thus the "ob 1 ique" effect must 

be cons.idered :nan~' stud>' c•f cor,tr·ast sensiti v it:;.' , combined with 

astigmia, where the orientations of the test gratings are to be 

man tp 1~ 1 a ted. 

Kinnev al.::o did contrast _s.ensitivit;.· tastirig at different 

orientations of gratings, but she was inte1· ested in 1 eat'n ing if 

as.ti9mia caused a difference in s.ansitivit;.· to the two .:::omm.::.nly used 

types. of grating wave forms, name 1 y, the sq~ar e i.olave f or·m or· the 

sinusoidal wave form (21). She fo u nd that astigmia did affect high 

Sl='at ial frequenc>-· r·anges with the s ina wave for·m in the power· mer· id ian 

perp~ndic u lar to the orientation of the stripes &nd that square wave 

forms produced s i milar decrements except that there was also a 

reduction at 0 . 2 cpd . This apparent 1 ou frequency 1 oss was due to a 

lo~s of the higher order harmonics in the wave form and for roost 

Practical testing p u rposes would not affec1: CSF testing r·esult.s. The 

two aforementioned studi es have done what Bodis-Wollner and Cami.sa 

recommended in 1980 (6). The:.' s.ugges.ted that more studies be done 

relating astigmia, contrast sensitivity, and orientation such that 

better understanding of such '.lisual problems as mer· idion al aml:dyop ia 

might be gained. It is with simi 1 ar in1: ent ions. and mot ivat 1on::. that 

this study on contrast sensitivity and low pc.wer oblique axis 

astigmat ism w.~s undertaKen. 

Of patients presenting with oblique axis cylinder refractive 

error~-, a !:.mall subset, compr· ised of those with low pc;wer astigmatic 
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error <1.00 D or less) will often show no change or onl~ slight chan ge 

in s~ellen acuities with and without the astigmatic correction in place 

(for ex amp 1 e, a change from 20/ 20 - 2 wi -thout cor·rect ion to 20/2€) + 1 

with correction). However·, many of these same patients will also 

report a major· sub.j ect ive improvement in the v i.sual perceptual c 1 ar· i ty 

and over.?.ll quality cf perceptual processing when the astigmatic 

correcti on is worn. These pa t ier.ts w i 11 demand the cylinder cor·r·ect ion 

even tho ugh, by Snellen acuity criteria, they do not .. need" it. Ar·e 

the::e patient::. !:.imp l y hallucinating? Or is ther·e some imF·r·ovemer1t in 

their visual information processing abilities which goes undetected by 

standar·d Sne 11 en acu it>-· measurements? 

Kinne y 's study has shown that the introduction of an astigmatic 

1 e:n~. in to the opt ic.s of an otherwise emmetr·op ic visua l system can cause 

lo~ses in contr ast sensiti vity in the mid and upper spatial fr·equency 

r·anges <21). The poss ib il i ty ex i.sts, then , that per·hap.s th i:s same .sort 

of contrast sensi tivity effect might be respon::. ib 1 e for the 

•qual itat ive" improvement <with no Sneller. acuity change) .seen when 

these low POlder, oblique axis astigmats are fully corrected. 

The purpose o f this study, then, was to test that hypothesis by 

measuring the contrast .sensitivit y functions of low power, oblique axis 

astigmats , ~i th and without cylinder correction in place, at various 

orientations of the grating patt ern. 
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METHODS 

Four males, 1:hree optometry s-tudents and one facul1:y merr.ber at 

Pacific University College of Optometry, ser·ved as subjects for this 

study. They ranged in age from 25 to 44 and wer·e in g-=:ner·al good 

health with no ocu lar pathologies. Their refractive Rx' s are shown in 

Tab 1 e 1. One subject <~3) showed a on~ 1 ina improvement in Sn~llen 

acuity <20/20 to 20/15 ) 00, OS, OU when the: ast i gmatic ert~or· was 

cCirrected. The other!:. shewed no mor·e than a two 1 et1:et' impr·ovement 

(for ex.s.mp 1 e 2€1/20 -2 to 20/20). 

Con1:r~st sensitivity measurements were carried out using the 

Nicolet "Ni c-Optronics CS2000 Contrast Sensiti v it y Tasting System"C32). 

The instrument is located il'l the Ocular· Diagno;;;.tics and Special Testing 

Clinic at Pacific University College of Optometry. It is calib r ated and 

programmed to mat~h standards devaloped &t th~ State College of 

Optomet r~. State University of N~~ YorK <SUI'JY): and for ease of 

cooper·a'tive u-:.e •:Jf the ir..:.":rtlment, the sama va lues wer·e adopted for 

this stud~'. Spec if iced l :>-', the instr·ument is cal ibi~ated at an average 

.s.cr·een lum;nar.ce of 75 candelas per meter squared; the screen 1s masKed 

with a piece of white plexiglas with a 20 em. di~meter circular hole 

cut in the center, giving a surt·ound luminance of 25 candela:. per meter 

squ ared; spatial frequencies of e.?, 1.2, 2.0, 4.0, 6.0, 1 1. 4, 16.0, 

and 22.8 CFcles per degree were tested, with four measurements made at 

each frequen c~·. The method cf incr·eas. ing cont r ast, going from •unseen" 

to •seen" •~a:s used. The entire s.creen unit wa.::. mounted in a cr· a dle 

frame which allowed it t o be rotated thr· cu gh a complete 360 degree 

range. 
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Subject #1: -1.00 -0.50 X 120 00, -1.00 -0.50 X 57 OS 

SubJect #2: plano -1.0e X 118 00, +0.25 - 1.00 X 52 OS 

Subject #3: +0.25 -0.75 X 147 00, +0.25 -0.75 X 42 OS 

Subject #4: -1.75 -0.50 X 145 00, - 0.75 -0.50 X 57 OS 

TABLE 1. Refracti ve errors of the experimental subjects . 
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Testing t•as accomp 1 ished in a fully darKened room, at a distance 

of 3 meters from the screen. Each subject was fitted with a trial 

frame containing his appropriate spher· ical correction, to which th e 

cylinder component could be added. Contrast sens it it.,. it~· measurements 

at all eight spatial frequencies were test~d monocu 1 ar· l >' and 

binocularl y, with and without the asti~matic error corrected. Th e 

measurements were made, for each subject, with the sine wave gratings 

orien ted at the horizontal, verti cal, obliques, and at the exact axis 

of the tested eye's astigmatic error as well as 90 degrees away from 

the a>~ i ::. <90° , 180° , 45° , 135° , OD ax is, OS ax is, OD a>: is +90° , and OS 

ax is +90° ). Si nce it tooK approximately 1.5 hours to test monocularly 

and binocularly, with and without the cylinder correction at one 

o rientation , only two grating orientations were tested in any one 

session. The comp 1 ete series of me asurements was taKen over· four 

sessions of three hours each, extending through a one weeK period of 

time. 
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RESULTS 

The contrast sensitivity functions of the four subjects were 

essent iallll the same in overall shaFe ar.d detail, var>' ing , pr imar il>· , 

onl~> in vertica;l pl~.cement along th£ contr-ast axis. All the subjects 

showed the same difference~. between conditions of testing, with and 

without cylinder cor·rect ion in place. The fir::.t fout' figures 

illustrate the findings of Subject "1, who showed the smallest 

imPr·ovement with tt1e c:,·l inder cor·rection in place. In these figures , 

the circles represent contrast sensitivity functions for the spherical 

correction only and the triangles indicate the contrast sensitivity 

function for the sphere plus cylinder correction condition. Figure 1, 

which ill ust rates re sults for grating$ oriented at 90 degrees, shows a 

moderate increase in contrast sensitivitv at spatial frequencies from 

8 . 0 cpd to 22.8 cpd, when the cylinder correction is ~orn. 

is for gratings oriented at 180 degrees, and also shows 

Figure 2 

a moderate 

increase in contrast senzitivity from s.e to 22.8 cpd when the 

astigmatism is corrected. Figures 3 and 4 represent data for SubJect 

"1 when the gratings were oriented at the two principal oblique axes, 

45 and 135 degrees. t.Jhen the gratings are oriented parallel <or close 

to parallel) to the astigmatic axis (pe rpendicular to the meridian of 

cylinder power), the largest effect of the astigmatic correction is 

seen. On the other hand, there is vir tually no effect on either the 

binocular contrast sensitivity or on the contrast sensitivity of the 

eye whose axis is approximately 90 degrees away from the grat ing 

orientation . Thus, for gratings oriented at 135 degrees <within + or -

15 degrees of the 00 axis for all four s~bjects) only the right eye 

contrast sensitivity function is enhanced by the addition of the 
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cylinder correction; and for grati ngs oriented at 45 degrees <within • 

or - 12 degrees of the OS axis for all four subjects) only the left eye 

contrast sensiti vi ty function is influenced. These same changes occur· 

in virtually identical a~litudes whethar the 3 r ati n~s a re oriented at 

45 and !35 degrees , at the 00 an d OS axes, or 90 degrees a~ay from the 

r ig ht and left e y e axes. The ir;d iv idua! c u:-·ve s for· tt".e remaining three 

subJects are similar to these c urves of Subject #l and grating 

orientations at oblique axes from 115 to 150 degrees and from 40 to 80 

degrees all yield similar result s. The t' e f e< r· e , o n 1 y the pooled group 

mean data from the four princi~al o r ientations, ae, 180, 45, and 135 

degrees are considered here. Figure 5 , for g ratings at 80 degrees, 

~-hows the ::.ame group "tr·ends as ::.een in Sub.ject :ftl '::. data, onl>-' the 

differences bet ween c ond iti ons a.re more clear cut. Ther·e are large 

d i ff~rence:: seen betwee n the curves depictin~ contr as t s~nsiti v ity 

functions f~r th2 sphe re onl y condition and th~ sphere plu• cylinder 

condition fo r spatial fre qu encies of E.e, 11.4., and 18.e cpd. The 

differences a~e s lightly larger, as s~an in Figure 8, when the ~ r Mtings 

are oriented at 180 de grees. Here, as at se degrees, under all 

conditions of viewing, mor;oct: 1 ar· l y at1d b inc.cu 1 at' 1 y, the contrast 

!1-en::iti.vity at 5.0, ll.~L and 18.e! cpd is ~ r,hanc ed by the astigmatic 

CCII''rec:t icn. The gro u?ed d:a.ta for gratings o r iented at 45 and 135 

d~grees r·evea.l the same r esu 1 ts as seen ir• the individual C.:ata fc.r 

Subje c:t ~1 . In Fig ure 7, with gratings oriented at 45 deg r ees, there 

is a pronounced i rru:· r-ov e men t in contr ast •ensitivity for spatial 

frequenci@E of 2.~, 4 . 0 , 6 .0 , 11.4, and 1S.e ~pd when the left eye 

views the grating~ wi th the cylinder correction ir. p lace (in all 

subjects, the OS a x is was wit~in + or - 12 degrees ~rom 45 degrees). 
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enhancement f or frequencies of 4. 0, 6. 0 , 11.4, 16. e, ar.d 22.8 cpd; but 

there is no enhancen1ent measured for t he left eye or binocular vi ewi n g 

conditions. 

Again, for all subjects , the axis cf the left eye as tigmatic 

correction was within 12 degrees of 45 degrees and the ri g ht eye axis 

was within 15 degrees of 135 degrees. Ther·efore, the findin gs shown in 

Figures 9 and 10 cou ld be predicted from present Knowledge, based on 

op tics of astigmatic refractive errors, and the modulation transfer 

functions of such optics. ltJhat is r1ot quite :so r·ead i 1 >-' pred ictab 1 e or 

intuitively obvious, however, are the findings when the test gratings 

are oriented at 90 and 180 deg rees. Here , there are signifi cant 

contrast sensitivity enhancemen-ts from the obli q ue ax is cylinder· 

cor r ection under all viewing conditions. Figure 11 shows the mean 

di ff erence scores fo r gratings orient~d at 180 degree s ; and it can be 

seen that there is a significant enhancement of contrast sensitivity at 

spatial frequenci~s of 6.0, 11 .4, and 16.0 cpd, for right eye, left 

eye, and binocular viewing. The same findin gs ho 1 d true for· g r at ir. gs 

oriented at 90 deg ree s , as is il lus trat e d in Figur~ 12. I n both of 

these last two cases, while there are r elatively 1 arge numerica l 

differences in contrast sensitivi ty for 22.8 cpd, the vari abili-ty o f 

the psychophysical est imates at this spatial f r equency was so great 

that con'!:. is. tent statistically measureab 1 e dif-ferences were n ot found. 
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DISCUSSION 

The results sug9est a clear contrast sensitivity gain in the mid to 

upper sp~t ial fr:quency r-anges when small amounts of oblique axis 

a.5 t igmat ism are corrected. The finding cf a hi;h degree of v ariability 

in "the ccni:rast sansiti v it>• measu r ements. at 22.8 .::pd ma>-' have been a 

result of the subjects not baing confident of their judg~nts at this 

spatial frPquency, thus reduc i ng the 1 iXelihood of a psychophysically 

~easuraable difference in contr ast sensitivity. That is, the subjects 

were app~rentlv dci n g more nguesstimating" at this spatial frequency . 

The := e-.me phenomenon may· also be o:currin g it; the measur-ements of 

Snellen a~ u ities. 

Th er·~;~fore, i-t: can be ccnclt:ded that the .:o rrect ion e,.f small amounts 

of oblique axis astigmatic refract i ve error may n ot provide a patient 

!Jith a rel :l.c-.bly meas-ureable impr·overr.en t in Snelle n acuit ies; but that 

correction is s t ill very impor tant for the patient's best full range of 

contrast sensi~iuity ap~reciation and overall impr-ovement of the 

qualit~ of ~i s u? l Ferception. 

Tt.ere : -hould be no doubt in the minds of researchers and clinicians 

aliKe that co n trast sensitivity testing can provide verification of 

subtle changes in a patient's vi sual .system. The new, refined 

photographic charts CVistech Contrast Tast System) are available to 

c 1 in ic i ans wit hout the r·equ i!"ements of highly trained staff, 1 arge 

blocKs of clinic time, and g reat financial resources to conduct 

contrast sensitivity testing. The findin~s of t hi s study suggest an 

important clinical use of the co n trast sensit i vity test it·,g in 

prascribing f0r obliq~ e ~Xi3 astimatism. An additional suggestion for 

-f q t ur·e cl ir. ic-;,;;1 research is the nee:::l for gat~ter in; extensive nor·mat ive 
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dat a using the: ;n~re clinically applic able contr-ast se nsitivity 

pho~ographic ch~rt~. Such normati u a d ata ~ould allow for- mor-e 

wi des pread clinical and research use of CSF me as Ut'ement.s and 

eval uatio n. 
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