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INTRODUCTION

Spherical contact lenses often can not be fit satisfac-
torially for one or more of the following reasons:1

1. Subjective cylinder through the spherical contact

lenses of sufficient magnitude to reduce VA or
cause other symptoms

2. Undesirable lens-cornea relationship

3., Poor centering of the lense
One of the possible methods presentiy being used c¢linically
to cope with these problem cases is the prescribing of contact
lenses with toric inside surfaces and lenses with a toriec
surface both inside and outside {bitoric). To use these
types of lenses satisfactorily, the practioneer must under-
stand the optics involved between the contact lens; lacrimal
lens and cornea.

This study deals with the optical conéider&tiOns of toric
base curve lenses and the predictability of measurable cylinder
through toric base lenses,

When a contact lens with a toriec inside curve and a
spherical front surface is fitted to avcornea, astigmatism is
induced because of different indices (keratometer 1.3375),
(contact lens 1.49), and {cornea 1‘376).2

ihe Kbratometerruées an assumed index of 1.3375. The
cylindexr power of a toric base curve lens measured on a

lensmeter is 1.45x the cylinder power as measured on a



keratometer.® (index of plastic 1.49)
1.490-1,000/1,33756-1,000=1.45

The difference in index of refraction between the front
surface of the cornea and the back surface of thé lacrimal
layer, based on Gullstrand!'s schematic eye, will create a
residual astigmatism amounting to about 124 of the keratometric
reading, (corneal index 1.376) 1.376-1,000/1,3375-1,000=1,12;
We used 10%'4 in our study rather than 12% for simplicity of
calculation,

Because of the inconsistency of terminology in this
area, it would be well to define the terms as used in this
paper.

1. Residual Astigmatism®= the difference between corneal

and total astigmatism.

2. Paysiological Astigmatismd- astigmatism of approximately

.50D found in the normal eye when the cornea is spherical
or when the corneal astigmatism is neutralized.

3. Instrument Astigmiaﬁ- that amount of astigmia as measured

by the ophthalmometer at the optic cap baéed upon an index
of refraction of 1.3375.

4. Precorneal Flauid Induced Astigmia®a that amount of astigmia

as measured by the ophthalmometer at the optic cap based
upon an index of refraction difference of .04 {cornea 1.375
minus 1,336 precorneal fluid) at the inferface of precorneal
fluid=-cornea.

5, Plastic Induced Astigmiab- that amount of astigmia resulting

from a toric concavity in situ based upon an index of re-

fraction difference of -.154 {1.336 precorneal fluid minus



1.490 plastic) at the interface of plastic-precorneal fluid.

Resultant Cylinder « cylinder measured when the cornea

is £fit with a spherical contact lens {(this is & combination

of the residual and the precorneal induced cylinder).

Resultant Modified Cylinder - the resultant cylinder,

defined above, is modified by subtraction or addition of

the precorneal induced cylinder: The four possible modi-

flcations of the resultant cyllnder are listed below:

Ee

Cs

Resultant cylinder plus the precorneal induced
when resultant cylinder is minus cylinder axis 90
and corneal cylinder is minus cylinder axis 180.
Resultant eylinder plus precorneal induced when
resultant cylinder is minus cylinder axi§ 180

and corneal c¢ylinder is minus cylinder axis 90.
Resultant cylinder minus precorneal induced when
resultant cylinder is minus cylinder axis 90 and
corneal cylinder is minus ‘cylinder axis 90.
Resultant cylinder minus precorneal inducedkwhen
resultant cylinder is minus c¢ylinder axis’l80 and

corneal cylinder is minus ¢ylinder axis 180.



PURPOSE OF INVESTIGATION

This study is a continuation of the inve§tigation»made
by Rod D. Porter and Robert T. Whissiel in 1964, "A Method’
of Predicting the Subjective Cylinder, when the Cylinder
has been induced by various Toric Base Contact~Lenses."7

We were intefésted in adding to their results the
correlation found when the selection of patients was extended
to include non-Weareré of contact lenses at the time of the
study.

Our purpose was to increase n for the Pearson correlation

coefficient obtained in the Porter and Whissiel thesis.



1.

2.

4.

PROCEDURE

Habitual contact lens wearcrs were selected from
Pacific University College‘of.OPtometry case files
who showed two diopters or more corneal toricity

as measured with a Bausch and Iomb Keratometer.
Non-contact lens wearers who showed two diopters

or more corneal toricity as measured above were
selected from availability.

Contact lens orientation was a criteria of this study,
i.e., the coincidence of the flattest corneal meridian
with the flattest base toric meridian. Only those
cases where the flattest meridian of the base toric
lens falls within 10 degrees of the flattest corneal
meridian will be used for the study of the Pearson
correlation coefficient.

Procedure for gathering findings was as follows;

a. Corneal measurements were taken with the Bausch
and Tomb Keratometer according to standard
procedure utilizing any necessary correction
factors found with Wesley Jessen (Contactometer.

b. The subjective refraction was determined using
,thé followiqg‘proceduresz

l, (Clock-dial cylinder taken through that
amount of plus over the patientt!s
habitual best visual acuity in order
to blur a 20/40 Snellen acuity line
so that only two or three letters are

readable,



d.

8

2. Red-green--reduction in plus until
first reversal from red to green.

3. Jackson Gross Cylinder--standard flip
cylinder technique using a plus or
minus .50 Diopter cylinder with the
target being the standard 20/40
Snellen acuity.

4, 20/40 Equalization--using alternate
occlusion and/or dissociation using
vertical prism.

5. Plus sphere reduced O.U. until patient
reports the ability to read the 20/20
line of Snellen acuity letters.

6. Plus spheres reduced 0.U. to best
visual acuity.

The above proéedure was first done without
contact lenses. (

This was repeated with a spherical contact lens
with its base curve within .25D of the flattest
corneal meridian.

Various toric base contact lenses with the
flattest meridian within 25D of the flattest
corneal meridian‘aﬁd the steepest meridian at
least .75D steeper than the flattest meridian
were placed on the subjects eye. As soon as
the lens stopped rotating the procedure was
started. Immediately after obtaining the

cylinder component and before the patient



.

blinked the orientation of the toriec contact
lens was determined by observing the flattest
meridian of the lens and comparing this meri-
dian to the axis notation on the Bausch and
Iomb Green's Refracter.

The number of lenses was limited by the
library of toric base contactvlenses avail-

able at the Pacific University Clinic.
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RESULTS OF STATISTICAL ANATLYSIS OF THE DATA

Method #1

Pearson Correlation Coefficient
E X

Y
Y=< /Exzéyz - '4,4é

Regression Coefficient

bj:%: .3»2?

Standard Error of Estimate

Sy.x={ely-g)r = .36
Tn-z

Method #2

Pearson Corre%?tion Coefficient

y = ﬁ%ﬁ?z— = . 432

Regression Coefficient

[D -"'f_i_i = :r//ﬁ
J Ex*

Stendard Error of Estimate

Syox = el = Tz

n-2
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DISCUSSION

Two methods of prediction of the cylindrical component of
the refraction through éach toric lens were employed. One
prediction was made using the residual astigmatism and the
other prediction was made using the resultant modified cylinder
as defined in this paper.

Eleven subjects met the criteria of this study, three of
which.were contact lens wearers: Thirty-nine of sixty¥one
refractions through base toric lenses met the 10 degrees
tolerance criterion of the experiment design. Of}the thirty-
nine acceptable refractions eleven were contact lens wearers,
the remaining twehty-eight refractions non-contact lens wearers.

Graphical analysis method was used to determine the
resultant cylinder when obliquely crossed cylinders were
encountered.

Method one utilized the residual cylinder and yielded a
correlation coefficient bf 446 fOr,a11€Subjects (n=39), for
non-contact lens wearers .434, and .382“for the subjects who
were habitual coptact lens wearers.

Method two, which utilized the resultant modified cylinder,
yielded a correlation coefficient of .432 for all subjects {n=39),
for non-contact lens wearers-.279, and .306 for the subjects who
were habitual contact lens wearers.

In the initial study of habitual contact lens wearers (n:lg),
Porter and Whissiel, found a correlation coefficient of .740
with a standard error of estimate of 141 for method one. Tor

method two Porter and Whissiel found a correlation coefficient



ot .885 with a standard error of estimate of .122 for habitual
contact lens wearers.,

Possible reasons for the lower correlations are the
larger n in this study, totation of the lens, different method
of measuring lens orientation, measurement errors, and contact
lens tilt. |

Additional interesting information may be gained from a
statistical study of the data on all subjects_Was made ‘to
determine the possible relation between errors of orientation
and the following factors; differences between the flattest
meridians'bf the corneal reading and the flattest toric base
curve of the contact, the magnitude of the corneal cylinder,
and the percentage of this corneal cylinder used in the several
toric lenses used for each patient.

A statistical study of lens orientation (difference between
the flattest corneal reading and flattest toric base curve) and
percent of "K' {toric base cylinder combared to corneal astige
matism) was made. TFor the accepted data it was -.288. For the
rejected data this means there is a correlation of -.288 for
lenses to orientﬁte more closely to the flattest corneal meridian
the greater thé percent of "K", The probable reason for the
accepted being a positive value was that the acciyracy of reading
orientation was plus or minus five degrees. (As an example if
the orientation were off five degrees it could have been read as
zero degrees or ten degrees.)

A statistical study of lens orientation and corneal

astigmatism was also made. For the accepted data the correlation



was -.096, while for the rejected data it was .303. The positive
value for the rejected data would indicate that for larger
corneal astigmatism the difference in flattest ¥K% and flattest
toric base curve are greater. This doesn't seem plausible and

would likely not be repeatable in future studies.



SUMMARY

Two methods were used to predict the subjective cylinder
when cylinder was induced by a toric base contact lens.
The prediction was then compared to the measured subjective

cylinder through'the base toric contact lens.,




POSSIBIE SOURSES OF ERROR

1.

Se

5.

Physical condition of the library of lenses may have
been a factor where lower correlations were found since
the lenses were available for use in the interm between
this project and the initial study.

Vertex distances were not measured introducing a source
of error in magnitude of cylinder.

Round ing off calculations to the nearest 12D may have
introduced error.

The dotfing of the flattest meridian of the Toric
contact lens is a possible source of error.

Meriodional alignment of the e¢ylinder was difficult

to access ¢loser than five degrees.

Measurement errors are inherent. in studies involving
subjective responses. ,

Contact lens tilt has been found to induce oblique
astigmatism in range from .001D to .241D with a mean

value of .071D.°



SUGGESTIONS FOR FUTURE STUDIES

1. A time study of subjects wearing toric lense would be
beneficial to see 'if the measured values would correlate with
predicted values more closely after full wear than before
wearing contact lenses.,

2. A study of the reliability of the measurements should
be made using the same lenses on different days to see if the
results would vary or be stable.

3. A study of the validity of the measurements should be
made using the clock dial or similar test at distance for
c¢ylinder, Jackson Cross Cylinder test for astigmatism, and
near cylinder test with linear marks rather than dots on the

lenses to determine orientation.
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