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ABETRACT

Currently, Snellen =zcuity testing is the Erimary clinical
method of azzessing a patient’s gwizsual potential. Oftan.,
houwevar . low pouar ool ique aztigmats report a subjective

visyal perceptuzl improvement when corrected, with little cr

(5]

ne improvement in Snellen acuitiez. Contrast szenzitivity
testing was carrisd cut on four subjects, each wWith low pouer
obliaus axis zastigmatism, Testing was performed monocularly
and binccularly thrcough: 1> the appropriate sphiere power’

and 2 with the zvlindriczal! component zdded. The contrast

censitivity functicrn swas zignificantly enhanced thraough the

cylinder correctiaorn for middle spatial frequancias., This
suggestsz thzt contrast senzitivity tezting provides a more

sentitive method of detarmining overall visual performance.
Also, ratisrntz with low amocunts of obligque astigmatizm will
henefit more from the aztigmatic cerrecticn than Snellen

acuitiesz would indicate.



CONTRAST SENSITIVITY

AMND

LOW POWER OBLIGQUE AXIS ASTIGMATISH

Retinal contrast mechaniszms and the wisual informaticn processing
syztem have heen s=tudied for wveaars by researchers dealins with the
question ¢f houw the brain extracts information from its senscry orsgan.
the eye (¥>. Houwever, it is only in the lzst fifteen wears that the
combination c¥ research Knowledge and tegchnological development hawve
made available ¥5 the clinician the tests and equipment needed to begin
us ing a nen techniaque teo baetter analyze a patient’s level of yigsual
functioning. Presently, the most widely accepted tool Ffor assessing
visual function is the Srellen acuity chart. For examrle, many U.S5.
laws utilize Snellen acuity standards when determining legal blindness
and when deciding whether ar not x perszsocin should have a driver’s
license (32». Recently, the technique Knoun as contrast sensitivity
tecting has gained ropularity in the vision care commurnity because it
iz thought to ke a much more broad and sansitive tezt of & patient's
visyal functioning than the Snellern test (2.,3,1€,22>». Mot only does it
determing a patisnt's best acuity in continuocuszly gquantifiable terms,
but it can te used to refines refractive error correctioensz and evaluate
a contact lens fit more accurately, &z well as help differentially
diagrose certain pathclcgies.

Piagnoestic gratings, as contrast zensitivity gratings are often
called, have bteen wused mocstly in research labs. Tvpicaliy, the
gratings have been generated cn very expensive electronic =quipment,

shich was one of the reasons that contrast sernsitivity testing has not
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been regularly done in the local clinician's office. Researchers used
the disgnostic sratinss in  such forms as optokKinetic drums ,
photographic plates, and eleactronic prototyrpes to behaviorally test
animal and human viszual resolutian thresholds ¢2,3,5,12,15,24,
25,28,360>. Az testing procedures uwere refined, the data revealed more
infermation than was sxpectad. It had been generally Known that high
spatial fraquency losses Zorrelated with visuwal sacuity loass, but less
was Known about animal and human losszas in the low and mid frequency
range. Further research revealed that certain patterns of spatial
frequency loss were consistently found in certain pathcoclosgies and could
ke used as predictive indicators of a patient’'s level of visual
function (10,13,23,28,312». Comerford and otharz write that dizease
erntities such as multiple =clercsiz, glaucoma, tumors of the central
vwizwal swstem. macular dizease, and catazracts are examples of
pathologies which have besn diagnozed and evaluated earlier in their
rrogression with the use of contrast sensitivity teztinsg than with the
use of other standard diagncstic routinesdi@l. As a result, some
patients have benefited from sarly tresatment regimes, not generally
available in the later stages cf pathological progresszion.

Another use of contracst zensitivity testing now being explored is
for the assessment of a zontact lens fit. Edema caused by a poorly
fitting lenz causes decresases in the higher spatial frequency range not
always detectablie by Snellern acuity criteria (4>2. As Comerford relates
though, a deviant contrast sensitivity furnction is not aluays caused by
g rpathology. For the contact lens wearer, it may mean that there is
some rasidual uvuncorrected refractive errcr. Thus, contrast sensitivity

ad to refinz rafractive carrections mor e

ins

testing can also he u

accurately 1@,
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then studying the contraszt sensitivity Ffunction (CSF) of patients
with reduced visuazl acuity (refractive or amblvopic2, it is interesting
toc note the different patterns of loss. Hess and Howell repart that in
amblyopes two different CSF loss patterns may exist. One type of
amblyope may show a "lewvel" loss, which is a consistent loss across all
spatial fregquencies, or ancther type may show a "notch™ loss, which is
a spatial frequency loss only in a =z=mall specific range (6,18).
Arother tvpe of amblyope Knoun az a meridional amblyore also shous
deviant CSF results in the orientation that parallelz hiszs/her acuity
deficit <13). Comerford zums it up by writing that:
"Finsally the study of CSF as a function of refractive state
suggests a reasaen for the finding that patients prefer more minus
than indicated by the standard 'maximum plus forr maximum visual
acuyity . The patient reports that the letterz get darker and more
defined because contrast sensitivity iz improved by additional
refractive correction.™ 418>
Pratt, a successful clinician, was aware of the principle of contrast
and used it years ago to develop hiz test for astigmia, the Fratt Near
Cvlinder Test. Mow., astismatz can also benefit from CSF testing, in
that more accurate refinements of the cylindrical correctiocn are
possible. Foarmal contraszt sensitivity testing has thus scientificaliy

proven that visusl contrast mechanisms can be efficiently utilized for

the quality assezsment of a patient'zs level of visual functioning.

i

bihat factors have encouraged the tranzition of CSF  testing from
research laboratories to the clinical practitioconer’'s office? Contrast
sensitivity testing has become esasier to conduct and less c¢costly for
the clinician in terms of time and money due to the refinement of
cammercially produced equsal luminance pheoetographic gratings. Infant

wisual acuity testinma iz conducted with theze tvrpes sf photougraphic
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gratingz in a preccedure Known as the preferential looking technique
C12)., The first public masz screening of some E6 infants, ages 2
weers to 38 menths, was conducted last March 18th, 1884, +throush the
iocint efforts of the University of Mashington and Pacific University's
College of Optometry, wutilizing thi=s technique. More conventional
testing may take place in-office as the rpatient views near and far CSF
charts comprized of the photographic gratings. Houwever, the slectronic
prototypes are still used where precise luminance levels and exact
threshold values are deszired. Contrast sensitivity charts found their
way into cuter space in the fall of 1983 {14>. Ginsburg, developed the
plates to assess the asztronauts’ wision as they were affected by
weightlessness and other space flight streszzes. The rhotographic
charts which are now available for clinical use, are patterned after
the CSF plates used by MNASA and the U.S5. Air Force. They are called
the Vistech Contrast Test System (VCTS €588 and are reported +to have
excellent correlation with +the autemated electronic SF testing
egquipment (GSinsburgf14,33>, MNorms have been esztabliszhed and are being
continually updated for various age groups, with and without pathology,
and with vwariocus refractive anomnlies (3,11,23,25,286,282. With a sound
datz base supporting standardized eluirment and fprocedures, the
interpretation of a patient's contrast sensitivity function, stands tc
be & valid and reliable tool for the c¢linician in the diagnosis,
evaluation and treatment of visual syztem disordars.

A number of studies have beer done relating contrast sensitivity
and refractive error, in general ftarms, or specifically isoclating
astigmetic errors as the main point of focus {8,21,86). Researchers

agree that uncorrszcted astigmatic errcrs do dJdecresase the CSF . Also
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sensitivity in  orientaticns of the sratings cther than horizontal or

wertical., This factor could have made the Beazley, et al., nmean age

eztimate somewhat youngsr if thers were a number of undetected low
pouner astigmats amongst their zubjects. Thus the "obligque" effect must
be consideraed in any study of contrast senzitivity, combined with
astigmia, where the arientations of the teszt sratings are +to be
manipwlated.

Kinney alzo did contrast csensitivity testing at different
erientations of aratirngs, but she was interested in  learnirng if
astigmia causzed a difference in zensitivity to the tuwoc conmonly used
types of grating wave forms, namely, the square wave form 2 the
sinusoidal wave form (212, She found that astismia did affect high
sratizl frequency ranges with the =ine wave form in the power maridian
perpendicular to the orientation of the strires and that square wave
formse  kroduced similxr decrements excsept that there was alzo a
reduction at 8.2 cpd. This apparent low frequency loss was due to a
lezs of the higher order harmonics in the wave form and for most
practical testing purroses would not affect CSF testing results. The
two aforementioned studies have done what Bodis-Woliner and Camisa
recoemmended in 138@ (€. They zuggested that more studiss be done
relating astismisa, contrast sensitivity, and orientation such that a
better understanding of such visual problems as meridional ambivoria
might be sained. It is with similar intenticns and motivations ihat
thi= study on contrast sencsitivity and low Eouwer oblique axis
astigmatism was undertaken.

Cf patients prezenting with obligque axis c¢ylinder refractive

errors, a small subset, comprised of those with locw pouwer astigmatic
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errcar 1.8@ 0 or lezsz) will often show no change or ohly slight change
in Snellen acuities with and without the astigmatic correction in place
tfor example, & changs from 20728 -2 without correction to 28-28 +1
Hwith cerrection). Howewver, many of these =ame patients will also
report a majcer subjective improvement in the visual perceptual clarity
and overz=!1 quality of percertual proceszing when the astigmatic
correction iz worn. Thesze paticsnts will demand the cylinder correction
even though, by Snellen acuity criteria, they do hot "nheed" it. Are
thesse patient: simply hallucinating? Or is there some imgrovement in
their vizual information processing abilities which goes undetected by
standard Snellen acuity measurement=?

Kinney 's study has shoun that the introduction of an astigmatic
lens into the optics of an otherwise emmetropic visual system can cause
loezes in contrast senszitivity in the mid and uprper =spatial frequency
ranges (21>, The possibility exists, then, that perhaps this same sort
of contrast sensitivity effect might be responhsible for the
"qualtitative” improvement f(with no Snellen acuity change’ seen when
theze low powver, oblique axis astigmats are fully corrected.

The purpose of this ztudy, then, wasz te test that hyrpothesis by
measuring the contrast sensitivity functiorns of low power, obligque axis
astigmats, with and without cvlinder correctiocn in place, at wvarious

orientations of the grating pattern.
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METHCDS

Four males, three optometry =students and one Ffaculty member at
Pacific Univerzity College of Optometry, served as subjects for this
study. They ranged in sge from 25 to 44 and were in general good
health with no ocular pathclegies. Their refractive R«'s are szshown in
Table 1. One subject (#32) zhouwed & orne line improvement in Snellen
acuity (2@ 2@ tc 2015 02, 0%, 04 when the astigmatic error wWas
cerrected. The others showed no more than a twoc letter improvement
tfor example 2020 -2 to 20-28).

Contrast sensitivity measurements were carried out wusing the
Micelet "MNMic-Optronics CS200& Contraszt Sensitivity Testing Sy=tem” (32).
The inztrument is located in the Gcular Disgnocztics and Special Testing
Clinic at Pscific Univercsity Collzse of Qptometry. It is calibrated and
programmed to matzsh  z2tandards developed at  the State College of
Optometry, State Umiversity of Meuw Yori (5UMY Y2 and for eass of
cacperativeg uie of the inzitrument, the same wvalues were adopted for
this sturdy. Specifically, the instrument is calibirated at an average
screen luminance of 73 candelas per meter squared’; the screen 15 masked
Wwith & ciece of white plexiglas with a 22 cm. diameter circular hole
cut in *he center, giving a surround luminance of 25 candelas per meter
squared? spatial frequenciez of 8.7, 1.2, 2.8, 4.8, 6.8, 11.4, i6.&,
and 22.8 cvcles per degree uere tested, with four measurements made at
each frequency. The method of increasing contrast, goinag from “unseen”
tn "seen" was used. The entire screan unit was mounted In & cradle
frame umhich allomwed it to be rctated throush a complete 368 degree

range.
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Subject #1: -1.080 -8.58 ¥ 1286 oD, -1.42 -8.58 X 37 05

Subject #2: planc -1.02 ¥ 112 C0O, +8.25 -1.80 X 32 05

Subject #3: +0.25 -9.75 M 147 0B, +8.25 -8.70 ¥ 42 03

Subtject #4: -~1.753 -8.58 X 145 0D, -8.735 ~8.30 X 37 03

T e
e me— - AR See A e v

TABLE 1. Refractive errorz of the experimental subjects.
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Testing was accomplished in & fully darkened room, at a distance
of 3 meter:s from the screen. Each subject was fitted with a trial
frame containing his appropriate spherical correction, to which the
cylinder component could be added. Contrast senszitivity measurements
at all eight =patial frequerncies wuwere testad monocularly and
binocularly, with and without the astigmatic error corrected. The
measuraments were made, for sach subject, with the zine wave gratings
criented at the horizontal, wertical, obliques, and at the exact axis
of the tested eve's astigmatic error as well asz 98 degrees away from
the =»izc¢@g®, 18@®, 45", 135°, OD axis, OS axis, OO axis +38°, and OS5
axis +98°%). Since it took approximately 1.5 hours to test monocularly
and binccularly, with and without the cylinder correction at one

orientation, only tweo grating orientations were tested in any ohe

gssion., The complete zeries cf measurements was taken over four

in

sessions of three hours each, extending throush a one Heek periocd of

time .
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RESULTS

S~ mn

The contrast sensitivits functicns of the four subjects were
ecssentially the =ame in cverall shape and detail , varying primarily,
cnly in verticsxl plzcement along the contracst axis. All the subjects
shoewed the same differeances betusen conditions of teszting, with and
witheut c¥linder correctican in place. The first four figures
illustrate the findingss of Subject #1, who showed the smallest
improvement with the cvlinder correcticn in place. In +these figures,
the circles reprecsent contrazt sensitivity functions for the sphericial
correction only and the triansles indicate the contrast sensitivity
functien for the sphere plus cylinder correction condition. Figure 1,
which illustrates results for grating:s oriented at 30 degrees, shows a
moderate increase in contrast sensitivity at spatial frequencies from
6.8 cpd to 282.8 cpd. when the cylinder correction is worn. Figure 2
iz for gratings oriented at 18@ degrees, and al=zo shows a moderate
increase in contrast senzitivity from €.8 to 22.8 cpd when the
astigmatism is corrected. Figures 3 and 4 represzent data for Subject
#1 when the gratings were oriented at the two principal oblique axes,
45 and 135 desgrees. bhen the gratings are oriented rparallel (cr <close
to parallel) to the astigmatic axis (perrendicular to the meridian of
cylinder powmer?, the largest effect «f the astigmatic correction is
zeen. On the other hand, there is virtually no effect on either the
binocular centrast sensitivity or on the contrazt sensitivity of the
eye whose axis is approximately 32 degreez away from the grating
orientation. Thus, for grating:z oriented at 133 degrees (within + or -
15 degrees of the 00O axis for all four subjects? only the right eye

contrast sensitivity Functicn iz enhanced by the addition of the
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cvlinder corrections and for gratings oriented at 45 degrees <{within +
ar - 12 degrees of the 0SS axis for all four szubjects) ohniy the left eve

changes oCour

m

contrast sensitivity functiom is influenced. Thesze sam
in virtually identical amplitudes whethzr the 3ratingss are oriented at
4% and 135 degrees, at the 20 zand 0% zxes, or 98 degreesz away from the
right and left eve axss. The individuzal curves for the remaining three
subiects are similar to  thcse curve: of Subject #1 and grating
crientations a4t cbliques axes from 115 to 158 degrees and from 48 to €8
degree=z all wield similar results., Thersefore, only the pooied group
mean data from the four principal crientations, 38, 188, 43, and 135
degrees are conzidered heare. Figure S, for 3ratings at S8 degrees,
shows the zame group *trends as seen in  Subject #1's data, only the
differences betweern conditions zre more clear cut. There are large
differences =zgen betwesn the curwves depicting contrast sensitivity
functions fer the zohere only condition and the sphere plus cylinder
coendition for spatial frequencisz of £.€, 11.4., and i6.8 «cpd. The
differences are slightly lzrger, az szen in Figure 8, when the gratings
are oriented at 188 desresss. Here, az at 98 degrees, under all
conditions of wviewirg, morocularly and binccularly, the contrast
sencsitivity st 5.8, 11.4, and 1E.2 cpd iz enhanced by the astigmatic
correction. The groupsd data for 3gratings oiriented at 45 and 135
degrees reveal the same resultsz as seen  in  the individual data Ffor
Subjact #1, In Figure 7, 2ith gratings oriented at 43 degrees, there
i= a prohsunced improvement in contirazt zensitivity for spatial
frequencies of 2.9, 4.8, B.9, 11.4, and 1§.8 cpd when the left eve
views the gratings with +the cylinder correction in place {in  all

subiects, the 08 arxis was within 4 or - 12 degrees from 4942 degrees).,
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enhancement for frequencies of 4.8, 6.8, 11.4, 1.8, and 22.8 cpds but
there is no enhancement measured for the left eve or binocular wviewing
conditians.

Again, for all subjects, the axiz «f the left eve astigmatic
correction was within 12 degrees of 45 degrees and the right eyve axis
wae within 15 degrees of 135 degreesz. Therefore, the findings shoun in
Fisures 9 and 10 could be predicted from present Knowledge, bazed on
optics of astigmatic refractive errars, and the modulation transfer
functions of such optics. What is rot quite =z¢ readily predictable or
intuitively obvicus, houaver, are the findings uwhen the test gratings
are oriented at 98 and 1880 degreez. Here, there are szignificant
centrast sensitivity enhancements from +the oblique axis cylinder
correction under zll viewing conditions. Figure 11 shows the mean
difference scoresz for gratings oriented at 188 degrees’; and it can be
seen that there iz a significant enhancement of contrast sensitivity at
spatial frequenciss of 6.9, 11.4, and 18.8 cpd, for right eve., left
eyve, and birccular viewing. The same findings hold true for gratings
oriented at 290 degrees, as iz illustrated in Figure 12. In both of
these last twoe cases, while there are relatively large numerical
differences in contrast senzitivity for 22.8 cpd, the wariability of
the psychophysical estimatez at this spatial Ffrequency was so great

that consistent statistically measureable differences were hot found.









Clovd -27 - Lorton

The rezults suggest a clear contraszt sensitivity gain in the mid teo
upper spatizl frzquency ranses wheh zmall amounts of oblique axis
astigmatism are corrected, The finding of & hish desgree of variability
in the contrast sznsitivity measurenments at 2.8 cpd may have been a
result of the zubjectz ncet bzing confident of their judgments at this
spatial freguancy, thus reducing the lixkelihood of a psychophysically
measurezhle difference in contrast sensitivity. That is, the =subkjects
were acparsntly doins more "gussstimating" at this =zpatial frequency.
The zame phenomensn may alsos be ozcurring in the measuremants of
Snellen acuities.

Therefore, it can bz cencluded that the correction of small amocunts
¢f oblique axiz astigmatic refractive error may not provide a patient
with a relizbly measureable improvement in Snellen acuities: but that

wery important for the patient's best full rarige of

o

cerrecticon is z2til
cantrast senszitivity aprpreciaticon and overall improvement of the
aual ity of viguzl perception.

There zhould ke no doubt in the minds ¢f researchers and clinicians
2l ike that contrazt sensitivity testing can provide wverification of
subhtle changes in & patient’'s wvisyal system. The new, refined
rhotearaphic charts (Yistech Contrast Test System? are available to
clinicians without the reguirements of highly trained =staff, large
LlocKs of <linic time, and great Financial rescurces to conduct
contrast senzitivity testing. The findings of thisz =z2tudy suggest an
impartant clinical sz of the caontrazt sensitivity testing in
rrescribing for oblique axiz astimatism. Afn additicnal suggestion for

future cliricsl research is the nssed for gatherins extensive normative



Claoyd -28- Lorton

data uszing the more clinically applicable contrast sensitivity
photoarachic chzrts. Such normative data would allow for more
Widespread clinical and research Uusa af CSF meazurements and

evaluation.
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