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INTRODUCTION

A common complaint émong hydrbphiliCZCOntact'léns
wearers'is tﬁat visual a¢uity is inferibr'to that obtained
with hardilenséé or spectacle ienses.1 Another common com-
plaint is fhat visual acuity with‘soft lenses is variable.
The usé'of Snellen notation as a descriptidn of vision is
found to be inadequate since many paﬁienté’report poor |
vision even when good visual acﬁity is achieved,zb |

As new hydrdphilic contact lenses gain FDK approvél,
it is reasonable to assume that more patients will be fit-
ted with soft lenses, and thus, increase the possibility
that prattitioﬂers will be faced.with the diiemma of not
attaining 20/20 visual acﬁit& with this tfpe.of iens. We
prOpose to devélope a means'of assessing the manner'by
which hydfophilic contact lenses conform to va;ying amounts

of cornealbasphericity.

LITERATURE REVIEW

ViSﬁél_acuitf with hydrdpﬁilic;lehses'is usually one
Snellen line less than that achieved WithfSpectacle lenses.2?>
Visual’acﬁity with régular hard.cornea1>§§ntaC£_lenses'is
found hot‘to differ significantly from that achieved with
speCtacléS.: Visual écﬁity is found to be variable with
hydrophilic:contact lenses. Snellen acuity fails to pro¥
vide antacCurate‘descriptiOn 6f the vision produced by hy-

drophilic lenses:since many patients complain of poor vision



even when 20/20 aculty was achleved The mOSt common cause
of reJectlon of the hydroph111c lens is unacceptable vision
eeventhough 20/30 or better aculty had beenvachreved.

All hydrophilic contact lenses should befverified{be;
fore drspensing; otherwise; faulty'lens_parametersvcould‘
contribute to an unsuccessful'fit; The power of the B § L
Soflensohas been shown'to vary from that indicated on the
via1.4vahe 1enses tend to be significantly greater in minus
power as shown by measurementbwith the lensometer and the
power effect of the lens when on the human'-eye.4

Studies harevshown that most of the”corneal_toricity
is 1ineariy transferred to the front surface of the hydro-
philic lens.; Since the hydroph111c lens doesn't e11m1nate
corneal cy11nder, approxlmately 84% of the refract1ve cyl-
inder w111 be manifest as the residual astlgmatlsm.- Astlg-
matlsm alone may not be the limiting factor 'since Sarver-
has shown'that it is possible to have_good v1sua1 acuity
with a large re51dua1 astlgmatlsm.2 It is.also”possible to
have poor visual acuity wh11e no re51dual astlgmatlsm 1s
manlfest 2 Hydrogel lens manufacturers recommend use of
th1cker lenses to reduce the re51dua1 astlgmatlsm. However,
corneal toricity 1s transferred d1rect1y through the lens

5

regardless of the thlckness. : The hydrophlllc lens actually

behaves as though it were an. exten51on of the cornea, since

2,5, 8

it conforms so closely Feldman reports that residual

astlgmatlsm became an important 11m1t1ng factor to v1sua1

acuity only-when_COupled with a large‘differencelbetween”
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the ecéentricity values of the two majpf meridians. Aléo,

he wasaunable‘to estabiish‘é'relétionship betwéén refraction

and-kefaiometry:that would explain ﬁqor-?cuiiy;6 | |
Chaﬁgés inv$pherica1 aberration haVe‘a1§O-béen‘postu-

12 (a1:

lated as a‘tdntributor to the reduced visual acuity.
culatibns have been‘perfdrmed and measurements made which
show thét there is no.significant difference iﬂ thé amount
of spherical aberration when hard and sbft contact lensés'afe
worn.7‘AOther contributing factors may be flexure of gelvléns
due to 1lid tension or inferior limbal bearing due to effécts
of gravity, 1ensimovement or iag,_lehS'rotation, poprrcoréll
nea-lené bearing relationship, impv_ro'pervdiame‘ter,5 impropér
blink and dehydration. |
Whenba,éei coniact'lens is placed on:thexeye, it tends
to confOrm-to the corneal cohtour;,and it is.uéually assumed
that no fluid lens exists. It is fecognized,-howevér, that
the conformation of theilens is not alwayé compléte;.and
that sometimés a sighificant fluid lens will be-present.4
According to Sarver, a given lens will undergo steep-.
ening or flatteniﬁg'flexure_up to some limit imposed by}the
physical properties of thé‘lens and éharacteristicé of the
cornea, If this limit is surpassed, thén the lens will"
sUpport»é:fluid'lehS‘whi;h_may;be 6f sufficient magnitude
to’negate‘anf positive flexure of tha'tllens..9
Ffoﬁ his work with PEK, Feldman haé shown that éorheai
6

ecceﬁtriéity can influence the tear layer thickness.  His

data demonstrates that the'gréater the ecCentricity, the



more fiattehing oCcurs,paracentrally;'and this in turn causes
a greater apieallclearance. This explainsAthe peculiar oc-
curance of "steep symptoms" with lenses fitted “on K". With
lower eccentr1c1t1es, an "on K" f1t can e#hibit‘exceSSively
“flat.eymptoms";‘

o Theirange,of‘normal’eccentricities in the population

10

is o'zoo—o 800 peeking at 0.500.'% The herma1~range of

shape factors for the same populatlon is -0.15-+0. 60.10
Patients w1th eccentr1c1t1es out51de of the normal range
are 11ke1y to be unsuccessful in their attempts}to wear
.hydrophilicvlenses. This is especiaily true;wheh the ec-
centriCity is normal in one meridian and atypical intanothef;6
Feldman arrlved at an emp1r1c1e screen1ng cr1ter10n to
evaluate a11 patlents pr1or to the f1tt1ng of B & L Soflens.
The crlterla for a successful fit are:

1. 'Eccentr1c1ty values should be w1th1n the
range of 0.200-0.,700.

2. The keratometric and refractlve cyllnders
should agree w1th1n 0. 50 dlopters.

3. The arithmetic dlfference between the ec-
centricities of the maJor mer1d1ans should
not exceed 0.300. _
Ontthe:ba51s‘qf the above‘criteria, Feidman‘screened 193
»patiehts;_of‘which;lzz were.selected for,fitting. 113
(92.6%)hef these-hecame eﬁCCessful wearers'ef the B‘& L
Soflens.® B
The PEK, thOugh_hseful in'sereening:potential B &L
Sofiens'wearers, cannot be used to obtainja readout:of

parameters for an initial lens. While the computer can



describe the:anount of corneal peripherallflattening, it
cannot euggest:parameters for a lens which:demonstrates_an
alteratlon in base curve to achieve the de51red power.6
| Because the per1phera1 cornea lens contour relatlon-
ship is so cr;tlcal in determlnlng the;f;nal effective
power of the 1ena, the keratometer readingsearervirtually
ueeiess in determining  the best fit 1ens;_hThe keratometer
is effectlve only in mon1tor1ng corneal changes induced by
soft 1ens wear.6
The.corneas of B § L Soflens patients were monitored
for diurnal variations.® The average horizontal curvature
was found_to vary 1ess'than:0t25 diopters,‘while the ver-
ticle Curvature“varied slightly mOre than O 25 diopters.
These results indicate that there is con51derab1y less
'dlurnal corneal change with B &L Soflens ‘than there is for
the convent1ona1 hard contact 1ens wearers. Other stud1es
'of dlurnal var1atlon of corneas on sub)ects not wearing
contact lenses do not show any 51gn1f1cant difference from

thosewearlngSoflens.11

U51ng the PEK,.Tom11nson also
found the corneal changes to'be verY'slight.‘ He also demon-
strated that small changes can occur in the corneal shape

w1thout be1ng transmltteduu:the front surface of the contact

1ens.8

The intent of this project is to'measure corneal aspher-
icity by means of the Wesley—Jessen SyStemFZOOO_photokera-
toscope and also to investigate the presence or absense of

a covariation in acuity with the standard Snellen chart.



The data'will be used to answer the folloWing-qneStions:

1. Is daytlme v1sua1 acu1ty altered by distor-

" ‘tions by asphericity (the shape factor) or
changes in aspher1c1ty?

Z. TIs there a s1gn1f1cant ‘difference in the mag-
nitude of the resultant between the group
achieving 20/20 acuity and that group not
achieving 20/20 acuity and not attributable
to a power error?

3. DOes a covariation between asphericity-and

- visual acuity over time fail to exist?
METHODS ,

Eleven subjecte presenting themseives-at the Pacific
‘University Cdllege'of Optometry for soft contact lenses were
selected to participate in this study.‘ Their ages ranged
from sixteen{to‘forty years. 'Keratometry values ranged
from 41.50 KD to.45 00 XD for'the flattest‘meridian. Cor-
neal cyllnder ranged from .12 XD to 1. 75 KD. 'TheiSpherical
refract1ve error ranged from -1, 25 dlopters to -6 00 d1opters
with refractlve astigmatism ranging from zero to -.75 diop--
ters:nith:the rule. All refractive errors are referenced
te‘the spectacle plane. |

| Thie‘sampling wasrdrawn from the‘general.ciinic popu-
lation where thetexaminatienland thetselection of}the'beet.
fit lens was being done by'the'intern.wne nas.aesigned_te
that case. | | | _ |

Ofithe griginal eleven subjecte, four were nnable to
continue in the study'dae-to damaged or'lost‘lenseslor fer
medical reasons. Therefore,_only-seven‘subjects were able

to participate for the full two and one-half_month period.



METHODS AND MATERIALS

Vlsual acuity was determlned by the use of standard
optometrlc equlpment which 1nc1uded the projected Snellen
chart in a twenty-footelong»room-at an amblent_llght level
of seven foot-candles. The base line'acuity was_determined
dnring'the initial examination. Atfthevtime'of initial
d1spen51ng, v1sua1 acuity was measured after a su1table
adaptation per;od had elapsed. Acuity was remeasured dur-
ing each'progress;evaluation as the initial step. The
Wessley-Jessen System 2000 Photokeratopscope was used to
‘measure the corneal topography. This system describes how
the surface contours depart from being spher1ca1 in the ma-
Jor and m1nor meridians. Measurements of each eye were
taken twice dur1ng each examlnatlon perlod Upon-arr1va1
at the c11n1c, a keratogram of the 1ens in 51tu was taken.
Follow1ng the progress evaluatlon, a second keratogram was
taken of the eyes ‘with the lenses removed The visual
acuity measurements and‘keratograms were taken during ner-
iodic examinations;over a'tWO,and one;half mOnth-period.
Any observed reiationship between-the corneal and h&drogel
lens shape factors was and”will be referred to as the re-
sultant} |

In addition to the contact lens patients, three student
interns were selected to participate in a reliability group.
ALl had visual\acuity correctable to“ZO/lS,'corneal'cylinder
ranging from .50 KD_to'1.7S KD; and}refraCtive-Cylinder

ranging from =-.25 to'-1.25 diopters with the rnle; None of



the three had worn contact lenses in the bast.thrée yeafs;
and there was no pathology present. Four successive kera-
tograms'ﬁefe téken of each eye in a period of a few minutes.
These kératograms were anélyiedialong with those of the cbhp
'téctllensjpétients to determine the reproducibility -of mea-
surements and fhe-amOunt of variation_in'a normél corneé |

not having worn a contact lens.

RESULTS

The scatterplots in Figures 1 and 2 graphically depict
the magnitude of change in'aspheficity of the major'refract-
ing surface of the eye while no meésurable change in visual
acuity occured, The ordinate repreSentsAviSUal acuity in
decimaijnotafion while_the abscissa represents the changes
in shape.factdrvthat occured over the timé bériod monitored.
Figure 1 represents the data taken from our control group
who wore*ho contact lenses, ﬁhi1e Figure 2 repreéénts the
data takén from the experimental group without fhg contact
lens. Figure 3 then represehts the séme‘data taken from
the experimentai group with the sofﬁ contact lens in place.
Part A of each figure is‘the‘representation of the ¢hange
in shapé'factor of the‘hdrizontal meridians;'and,Part B
contains the same information for the vertical meridians.
Part_C repfesents_the change in énterior_surface toricity
over time as detefmined,by the‘diffetencéAbétween the hori-
zontal and vertical meridién shape faqtdrs as a function

of time.












Visual inspection of these graphs shows a notabie range
in shape factorifor all three conditions. While the range
varies considerably, the”difference in the three conditions
for the horizontal, vertical and.difference categories was
not‘significéﬁt as defermined by the student t test.

Subjects -in this study reporting less than normal (20/20)
visual acuity with hydrophilic lenses achieved 20/20 or bet-
ter dufing the course of the over-refractidn.v Therefofe,
Questidn.Number‘Z could not be dealt with'as proposed;b Within
this expefimental gfoup,'the magnitude of the resultgﬁt for
both meridians'had a rangé of 0.00 to'0.42. This suggests
that the major refracting surface can fluctuate in aéphericity

within'this range and not alter the measurable daytime visual

acuity.
Fol
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RESULTANTS

In answering Question Number 3, no covariation of aspher-
icity and,fisualvacuity could be found within this group.
Figure 4 shows that the range of asphericities and visual

acuities recorded at the time of the first keratograms was






;.10 -

0.01 to 0.24 and 20/15 to 20/30-2 respectively. Thé range
of aSpheriCities and visual acuities at the time of the Sec—
‘ond keratograms was 0.01 to 0.24 and 20/20 to 20/20-3.
Virtually the same range of Shapé factors and acuities was
found at the time that the third kératograms were taken.
Figure 4 indicates that the shape factor of the major
refracting‘surfaqe of the eye-soft léns system and the visual
acuity:can vary independently of each other. Héd a covaria-
tion been observed, the graph would shoﬁ a lineaf function
with a negative slope. Any increase in shape factor toric-
ity should’resﬁlt in - decrease in visual acuity and vice
versa. |
Figure 5 is a scatterplot relating the change in shape
factor to the sphefe—equivalentvof the ovér-refraction that
was determined within ten minutes of the taking of the kera-
togram. One quickly sees that,the magnitude of anterior
surface toriéity"changes, as determinéd'by_shapé factors;
does not Significantly alter‘thevsphere-equivalent of the
over-refraction necessary to obtain 20/20 ot better acuity.
Wé'must also assume from this that'ﬁo'supplemeﬁtal
‘p0wer effect has been realized with the,fangesvof change

in shape factor observed in this study.

DISCUSSION

At the outset, this study anticipated that some sub-
jects would have poor visual acuity while wearing hydro-

philic contact lenses. The redUced‘viSualbacuity was ex-
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bected to result from distortion of the contact lens in
conforﬁing to a peculiarly shaped cornea. A range of cor-
‘neal aSphéricify was expected to be found in which the
hydrophilic.iens could conform with limitéd distortion and
still allow norma1;20/20 acuity. Corneal aspheficities
failing oﬁtside this rahge would not allow the lens to
conform without distortion such that normal acuity was
unobtainable. Due to distortion of the hydrophilicvlens,
this lowered acuity could not be corrected by .a simple
sphero-cylinder over-refraction. 7
Working with B § L Soflens, Feldman found a range of

corneal asphericities compatible with that lené. A success-
ful fit was achieved on 92.6% of the patients with corneal’
‘asphefiCitiés»Within this range.6 This»study included B § L
Sdflens,vHYdrocurve II and Naturview lenses and found it
was not:limited_by this range for achieving successful fits
with good visual acuity. This could be due in'part to sev-
eral facﬁors such as the lens sizes resulting in various
amounts of scleral coverage, the lens design where B § L
Soflens is spin cast resulting in aspherical bases while
the Hydrocurve and Naturview are lathe cut resulting in
sphericai bases, and the fitting methbd‘whereAHydrocufve
and Néturview-do ﬂot include power as a parameter for the
physiological fit. | |

| Since a11 gpbjects participatingbin this study kere
abie to‘échieve good acuity, two groups cou1d not be formed

as originaily proposed. Although the shape factors and
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toricity'varied markedly, the ViSual acuity remained stahle,
This lack of effect was reihforced by a variation of only
0.25 diopters-spherefequiralent in the'orer-refraction in
75%'of the sampie. | |

Thetinebility'to form two groups prevented addressing
the'questions originallyﬁput'forth since all subjects at-
tained‘good acuity. One parameter which was not monitored,
however, was pupil size. Al1l pupils would have been rela-
tively constricted due to the lighting conditiohs which would
tend to sustein good acuity by blocking the more peripheral
light reys. ) »

The significance of this study is that the major re-
fracting surface of the eye lens system can undergo changes
in aspher1C1ty w1th no aSSOCIated change in daytime acuity.
When good acu1ty cannot be achieved with diagnostic lenses,
front surface flexure may be the 11m1t1ng factor.

$ubsequent stud1es of front surface_hydrophllic lens
topography and'its relationehip to visuallaCUitylkould do
well to cons1der add1t1ona1 controls such as: |

1. Subjects should be limited to those unable

to achieve 20/20 visual acuity during diag-
nostic fitting with a sphero cylinder over-
refraction included.

2. Several different designs of hydrophilic

lenses should be fitted to determine the
on1que influence of a given cornea.

3. VisUél ecuityfshould'be measured by a more 7

critical method than the Snellen- Chart such
as the spatial frequency grating.

4, Visual acu1ty in the dark- adapted state should
determ1ne the effects of a larger pup11 s1ze.
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SUPPLEMENTARY DISCUSSION

Figues 6, 7 and 8 graphically depict the lines
of best fit as determined from shape faotor data.taken
from the_néked cornea and then from the soft lens worn
on that same cornea. Figure 6 represents data taken
from the horizontal meridian; Figure 7 represénts data
from the vertical meridian; and Figure 8 represents
anterior surfacé toricity data.which is the difference
between.shape factors for.the two meridians.

The Slope of the lines representing the three dif-
ferent lenses is similar in that all are approximately
0.20 butvwitﬁ‘the absolute‘magnitudes differing markedly.
One should expect the Hydrocurve and Naturview lenses to
have a shape factor greoter than the cornea in both merid-
ions as well as in anterior surface toricity. The Baush
and Lomb lens, howevér, oan be éxpected to yield a shape
factoryless than that of the cornea and nith_a reduced’
amount of toricity. This mayybe due to the.larger diame-
ters, flatter'base curves and spherical posterior apical
radiusé§ along with reduced conter thickneéées.of the
Hydrocurve and Naturviewrlenses.> These factors could con-
celvably allow those lenses to conform more closely to the
cornea than the Baush and Lomb lens.

The Baush and Lomb lens repeatedly y1e1ded a decreased
shape faotor in both mer1d1ans as well as in the transferred
torioity._ Sampling of a larger population of B & L lens

wearers may yield a somewhat different outcome; however,
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so this finding should not be taken too seriously.

Figure 9 is a best plot representing transfer of tor-
icity frbm the c¢cornea to a non-toric hydrophilic lens.
Actual data points have been omitted for simplicity. One
can quickly see fhét the Naturview and Hydrocurve lénses
both tfansmit corneal toricity in aboﬁt the same proportions
and ih_épproximatély the same magnitudes. vWe can assume
from fhis dafa that these lenses would best correct those
patients having low refractive cylinder combined with higher
corneal cylinder. These lenses would do little to correct
those patients having a moderate to high refractive cylinder
regardless of the magnitude of corneal cylinder.

Low amounts,of corneal cylinder_appear to‘transfervaSt
completely wﬁile the magnitudevis considerably less with
moderate amduhts of corneal cylinder. Based upon this ob-
Sérvation; one might expect the fofmation of some amount
of tear prism’on more highly toric'cqrneas; This phenomena
could, thereforé, cause some persons to become less astig-
matic through the application of hydrophilic contact lenses.

The negative slope calculated for the B § L lens is.
highly questionable since only fouf data points were used.
Further study should be done to”detefmine the validity of
this obéervatipn. If this were a reliaﬁle and repeatable
phenomena; then this might be thé bettef lens to try on
high aStigmats with high corneal toricity.

Much work quantifying'the transfer of corneél cylinder

to the anterior surface of the hydrophilic lens to determine
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the characteristics of the individual lehses should be
done. x

It has been reasoned that a soft contact lens can be
verified for power by finding the difference between kera-
tometry readings taken over the lens and the keratometry
valué for‘fhe flattest meridian of the naked cornea. Our
study included all of the nécessary informétion for this
to be dealt with. All of the keratometry readings are those
found by the photoelettric'keratometer and, therefore; are
not the standard ophthalmometer reading. Figure 10 shows
a scatterplot of the actual marked power of the lens com-
pared.to the power arrived at by finding the difference in
K feadings. The plot is broken into the three lens types
used. 'Ailbof the powers afe related to thé 1:1 line. From
this it can be seen that the large majority of measured
poWers éfe 1ésS thah the marked lens:power. For the Natur-
view 1enses; ﬁhe range of differenceé was 0.96 didptersvless
to 0.96vdibpters greatér than marked. The B § L Lens showed
a range bf 0.50 to 1.43 diopters less than marked. The -
Hydrocur#e,lens rangé_was 1.83 diopters lesé to 0.30 diopters
greater than marked. This is_a gross and unreliable method

of verifying thé power of hydrophilic contact lenses.
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