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Introduction

In 1588 Leonardc da Vincl conceived the idea of neutralizing the
anterior corneal power by substituting for it a new refracting surface,
His “contact lenses” assumed many forms; however, all of them contalned
a fluld, usually water, which was directly in contact with the eye,
Leonardo's work clearly suggested the concept of corneal neutralization
and replacement which is a basic function of all contact lenses, In
1887 three scientists independently developed the first contact lenses
actually to be placed on human eyes, Scleral contact lenses were
introduced in America around 1936 by William Feinbloom, and as recently
as 1947 Xevin Touhy made the first corneal contact lenses from plastic,
In recent years, contact lens technology has mushroomed, Optometry has
taken the dream of correcting man's vision by direct application of a
lens on the sye and made it a reality,

Scleral contact lenses were a good start, but thelr wearing time
was limited and their comfort was minimal, However, they maintain a
position in the optometrist's armamentarium even today for such things
as contact lens telescopes in low vision and correction in aphakia, If
f1t properly, {etern] LenSts dbalive advantages to recommend thelr uae,

Gorneal contact lenses made from polymethyl-methacrylate have been
the treatmen! method of choice for many thousands of patlients since
their inception, They captured the research and development interest
from scleral lenses and never relinquished it, Cosmetically, they are
superior, and they are less frightening to the patient then the much
largex scleralAIenses. There have been many different methods of fit-
ting corneal lenses developed over the years, and they are being used
for a number of different therapeutic regimens, One school of thought
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believes in prescribing a large lens, with an overall diametexr approach-
irg the size of the cornea and riding under the upper 1lid. These lenses
can eliminate the flare and three-rine stalning caused by emaller, inter-
palpebral aperture positloning lenseg, but thelr wearing time may be
limited, Furthermore with large lenses corneal respiration is cften
impaired, leading to edema and central corneal clouding, If smaller
lenses are used, and if good centration and bearing can be achiat;d,
then there are atill the problems of flare, three-nine staining and
spectacle blur to contend with, Neo matter what the lens-cornea rela-
tionship has been in fitting corneal contact lenses, some patients
simply cannot seem to achleve comfortable, safe full-time wear., The
practitioner must always be on the alert for signe of neovasculari-
zation, edema, corneal curvature changes, staining and structural dam-
age, Even in a well fitted, successful case the patient must be very
careful to maintain a regular wearing schedule or risk the chances of
an abrasion with all its possible consequences,

Of course, the benefits of polynethyl-thhacrylate (PMMA) corneal
contact lenses are innumerable, making the attempt to achieve a good
fit worthﬁﬁile. PMMA provides strength, dimensional stability, high
optical quality, light weight and adequate resistance to heat., PMMA
contact lenses effer the patient good, stable visual acuities, conven-
ience, cosmetic appeal and durability,

Within the last several years, a new contact lens materisl) has
been added to the scene: this material is hydrophilic and flexible,
contrasting with PMMA's rigidity and hydrophobic properties, Flexible
gel lenses, such as Bausch and Lomb®s Soflens, have some advantages not
offered by PMMA lenses, They have less potential for corneal trauma,
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being flexible, and the adaptation perisd required is lsss than that
for conventional PMMA lenses, Flexible lanses can be worn irregularly,
or part-time, and they will not easily fall off the eye, Because flex-
ibtle lenses tend to follow the shape of the cornea, they do not permit
foreign bodies to come between the lens and the cornea as readily as do
conventional lenses, Also, spectacle blur is practically nil with flex-
ible lenses, and comfortable wear is achieved almost immediately.,

The disadvantages of flexible lenses are thelr low tensile strength,
affinity for proteinaceous deposits, and lack of firm and unchangeable
optics. Also, their value in controlling myopia or achieving ortho-
keratologle corneal changes is questionable, whereas there is consid-
erable evidence that PMMA provides some benefit in these areas. High
degrees of corneal toriclity or moderate amounts of refractive astigma-
tism can not usually be treated with flexible lenses because of their
flexing characteristic., And the bugaboo of corneal edemz still exists
with flexible lens patients, although 1t may take forms other than those
typical with PMMA contact lens patients,

Unimpaired corneal respiration, it seems, is the key to a safe,
comfortable and long-wearing contact lens, Let's take a short look
at what 1s known about this critical phenomemon, Mandel1'® and many
other authorities agree that the cornea gets the majority of its oxygen
supply from two sourcess the atmosphere via the tear layer, and the
capillaries of the palpebral conjuctiva, During waking hours, when the
eyes are open, the atmosphere provides the cornea with oxygen through
the corneal epithelium via the tear film. The conjuctival capillaries
take over when the eyes are closed, Without an adequate supply of

oxygen the corneal tissues retain excess water, causing the spitheliunm
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to increase in thickness and also wecome transiucent, This 1s seen as
gross edema or central corneal clouding by the contact lens practitioner,
With a prolonged oxygen shoxrtage the glycogen reserves in the epithelium
are greatly reduced, leading to microeystic edema and patient discomfort,
Depending on each patlent®s oxygen requirements, the interpcsition of a
contact lens between the corneal epithelium and the atmospharic supply
of oxygen may lead to impaired corneal wespiratory functioning.

Hill and Fatt9 have shown the average oxygen consumption of the
human cornea in vivo toc e 48 microliters/cmz/hr, They claim that the
oxygen tenslon in the corneal stroma drops to near zexrc in about three
minutes when contact lenses are worn and oxygen intake is limited,
Polse and Mandells have calculated the high and low minimum required
oxygen tensions at the anterior corneal surface to e 3,3 X 108 (sec)
(m1) (mmﬂg/cm)v(hl 02) and 1,0 X 108 (sec) (mi) (mmHg/cm) {(ml 02) res-
pectively, Fatt, Bieber and Pye21 investigated the effects of a con-
tact lens' oxygen transmissibility on corneal respiration, They con-
cluded that the contact lens must have a transmissibility of 3.0 X :I.O"’lO
(cmz) (m1 Oé)/(sec) (m1) (mm Hg) for an average cornes. Even though
these studies demonstrate the importance of knowlng what influences the
delicate metabolis balance of the cornea, the wvalues foxr each individual
depend on many factors and unfortunately at this time cannet te measured
by the average contact lens practitioner,

The question at this point iss can we look to the materials now
being used in the manufacture of contact lenses to meet the requirements
of those patlents who are very sensitive to changes in the oxygen supply
to their corneas, or who have erratic wearing schedules but cannot wear
flexible lenses? And if not, what new materials should be considered
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for clinlecal investigation? Among the materials we have to choose from
are PMMA, hydrophilic gei, flexlble gas-permeable silicone, and rigid
gas-permeable hydrophobic plastic. Hill, Augsburger and Uriacke'’, in
a comparative study, used three in situ-based physiological tests to
assess the efficacy of PMMA, gas-permsable rigid plastic, and silicone,
All tests were conducted without the benefit of the tear pump mechanism
that 1s active in normal contact lens wear, In the detection of a
short-term oxygen debt, the maximum debt was produced by PMMA lenses,
The oxygen permeable rigid lens results were approximately 1/3 to
1/2 the way toward the silicone results, which is well above the minimun
oxygen level set by Polse and Mandell, The second test measured sta-
bility of epithelial thickness, Dest resulis were produced by the sili-
cone material, with the other materials causing large increases in
ewithelial thickness, The authors speculated that this may have been
due to the effects of a stagnant tear pool trapped under the lenses,
The third test measured the effects of prolonged static contact lens
wear on the epithellal giycogen reserves, Again PMMA was the worst
offender, causing the greatest depletion, Silicone lenses caused the
least depletion, with sxygen permeable lenses causing quite a bit of
depletion (agaln, perhaps, due to the stagnant tear pool under the
lenses),

In another study, a Bausch and Lomb Soflens 0,29 mm thick at 350
C.», as measured by Fatts, rermitted an oxygen tension at the anterior
corneal surface of 2,6 X 10° (sec) (ml) (mm Hg/em) (ml 02). When the
thickness was reduced to 0,20 mm, the oxygen tension'became 1.8X 108
(sec) (nl) (mm Hg/cm) (md 0,). R.M. Hi11' calculated that a hydrogs:
lens with a thickness of 0,01 mm should contain approximately 86% water
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to have an oxygen permeawility high enough tc satisfy a closed eye's
normal oxygen need, According to Hill, the normal oxygen consusption
rate by a unit corneal surface is 7 microliters (STP)/(emzhr).

The above evidence seems to show that an ideal contact lens should
have the stability and optical characteristics of & rigid lens, the
comfort, wearability, and lack of corneal trauma of the flexible gel
lens, and the gas permeability of the silicone lens, There is a new
lens material avallable that may combine most of these characteristics,
The gas permeable nature of this materlsl was the primary object of our
scrutiny in this study,

The most widely studled and publicized gas permeable contact lens
to date is RX-56 by Rynco Scientific Corporation, Although we were not
able to obtain RX-56 lenses, we will present its specifications as being
somewhat representative of gas-permeable contact lenses in geneval,

RX~56 1s an optically clear polymer that is permeable tc oxyzgen,
carbon dioxide and nitregen, It has a refractive index of 1,52, and it
can be ordered in plus, minus, toric, and lenticular forms, The material
is more flexible than PMMA and i1s hydrophobic, but it is claimed to be
30% more wettable by the manufacturer, Reich, Stahl and Tvani?l found
RX-56 to be non-toxic and non-irritating to the eyes, nose and throat,
It does not provide support for the growth of micro-organisms, and it
has an extremely low tissue sensitivity, HX-56 lenses can be cleaned,
wet and stored with any commercially available solution,

Using a standard gas permeabllity test (D 1434-64 as described in
A.S.T.M. -- 25°C, at 1 atm, 0, and C0,), Relch, Stahl and Ivani? found
the oxygen permeability of RX-56 to be 1960 ml/mi1/100 1 /24 trs., and
the carbon dioxide permeability to be 7940 ml/mil/100 in 2/2& hrs, They
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reported the oxysen permesbility rate to be approximetely equal te 15,76
ul/emg/hrq for an average sontact lens thickness of 0,15 um,, which is
five times greater than the minimunm oxygen consumption rate of the human
corneal spithelium as determined by Jauregui and Fatt (2.8 ul/cmz/h‘r)a
They alse approxinmated the cavbon disxide rate of transmission to be 61.6
ul/emz/hr@ RX-56 at 30°C, has an oxygen itransmlssibility of 3,95 X
10710 {en®) (ml 02)/(590) (1) (mm Hg), and a ecarbon dloxide trans-
missibility of 6,80 X 10710 (en®) (m2 ﬁ@z}f(sec) (1) (mm Hg).

In searching the literatwre for clinlcal date on RX-=-56 contact
lenses, we found only three studies to be available, Reich, Stzhl and
and Tvani®t f1t rabbit eyes with 2X-56 and PMMA contact lenses of vaxy-
ing sagittal depths, The suthors compared the effscts of fitting “on
K®, "steeper than X® and "flatter than X", as well as the effects of
swall, asverage, and large contact laeng diameters in relation to the
corneal diameters, The RX-56 eyes showsd minimal staining or stipmling,
whereas the PMMA eyes demonstrated extensive trauma,

In another study with rabbits, Hill, Schultz and Thay@rlg HERe
sured the oxygen flux across the tesr-epithelivm interface at the center
of the cornea following 120 second static wearing periocds, They fit
all their lenses “on K", with center thicknesses of 0,04 mm, 0,08 ma,
0,12 mm, 0,20 mm and 0,40 mm, They compared immsdlate post-wear fluxes
to those produced by known oxygen-nitrogen mixtures applied to the ayes
in air-tight clrcumlimbal contact chawbers, and then they estimated the
equivalent percent of oxygen maintained under each lens, A PMMA lsus of
0,20 mn thickness, used as a control, showed zero oxygen mailntained under
the lens, The oxygen permeable lsnses of varying thicknesses exhibited

the follswing resulis:



04 mm thiekness,,.......approximately 13.8% 0, maintained
08 mu thickness.........approxisately 9.7% O; maintained
12 mm thickness.........approximately 7.9% 0, maintained
20 mm thickness.......,.approximately 6,3% 05 maintained
0,40 mm thickness,,.......approximately 3,7% 0, maintained

G,
0.
0,
0.

The authors conplude that contact lenses made of oxygen permeable mate-
rial could be 0,30 mm or less in thickness and still meet the 5% oxygen
requirement for rabblt coxrneas to keep epithelisl glycogen stores in-
tact (according to Uniacke, Hill, Greenberg and Seward) with no tear
punp mechanism invelved, Furthermore, the lenses could be greater than
0,30 mp thick and still meet the requivements 1f the tear pump activity
is taken inteo acceunt, zeccording to the authors,
The most comprehensive study we found that dealt with human sub-

e who fit one hundred eyss with RX-

Jects was carried out by L.A, Reich
55 lenses, The patients were between the ages of 14 and 835; 42 were myo-
ple, 9 were aphakic, and 2 were hyperople., Of the 53 participants, 33
were previous PMMA contact lens wearers and 20 were new contact lens
wearers, Some of the previous PMMA wearers were successfil and some
were not, Reich deslgned the lenses used 8o that they would be sxpected
to produce a "tight" fit with PMMA lenses, If the coxrneal toricity was
less than 1.00D,, the lenses were 0,250, to 0,58D, stesper than K, and
1f the corneal torlclty wasz greater than 1,00D, the base curves were
steeper yet, The optical zone widths and overall diameters of the lenses
were larger than those of amall, aplcal clearance PMMA lenses, ranging
from 6,8mu to 8,kmm and 8, 5mm to 10,0mm, respectively, All minus lenses
used had center thicknesses of 0.10mm to 0.20mm, The author fit the
lenses 30 as to insure that there was a good tear flow under the lenses,
making the oxygen permeabllity factor a contributor to, rather than s
provider of, the total oxygen supply needsd for corneal respiration,
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Reich reported that the srevious PH¥MA wesrars experienced incrsased
comfort for lenger periods of uninterrupted wear, ne tiredness, and no
red eyes, Also, no spectacle blur was experienced despite the lemgth of
the wearing schedule, He alsoc noted rapid adsptatlen, lack of next wmorn-
ing symptoms, and no adverse resctlons from veried weering schedules on
successive days, Relch®s objective exsms showed little changs in post-
wear X readings regardless of siearing time, unchanged post-wear spectacle
refractions, and no spectacle blur, The slit lamp examinations revealed
only mild cccasional 3-9 punctate staining in those patlents wesring re-
latively small lenses. In all other instances the eorneas were clsar,
showing no slgns of central e¢orneal clouding, edema, stalning, corneel
injection or neovascularization at the limbus,

The data we have presented oan the RX-55 lens seems to indicate a
definite potentlal fer gas permeabls lenses, The flow of cplometric
technelogy is moving toward contact lens materials that can satisfy
physiologlical and biclogieal requirements of human eseness not previously
possible., Dreams are becoming realities. Iw, J,B, Goldberg, in "Bio-
microscopy for Contact Lens Practice,” page 51, states that “eontact
lanses are forelgn bodles which may produce corneal physiological
changes by causing trauma, by altering corneal metabellsm, and by changing
the levels of sensatien and oxygen tension, These pussiwilities ave
eliminated when contact lens design variables axs compatible with all of
the facturs which are velated to the maintenance of corneal transparency,®
In our study, we hope to coumtribute to the develepment and use of a mate.
rial that will further advance the optometric.utili%&ﬁiom ef centact

lenses as a primary therapeutic agent,
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Experimental Design

Eight males and two females from the student body of Paclfic Uni-
versity College of Optometry were salectsd as the subjects for owr study,
Their ages ranged from twenty to twenty-seven; nine were myoplic and one
was hyperopic, corneal toricity varied from none to 1,870 and corrneal
radii ranged from 7.90mm to ?.3émm (42,75 B, to 45,87 D,). Nine of the
subjects had never worn contact lenses previously, and one subjeet had
worn contact lenses for a very short time several years prior to the
study., All were highly motivated to successfully weaxr contact lemses,

Our preliminsxy examination16 consisted of a thofough case his-
tory, a subjective refraction, wisual aculties with and without specta-
cles, keratometry, and a blomicroscopic inspection with and without
fluorescein, Other applicable findings were slso ncted and recorded,
such as 1id tension, blink rate and quality, tear guality and guantity,
and necessary physical dimensions of cornea and fissure, ALl the sub-
jects were evaluated as potentially successfully contact lens wearers,
and were judged to be free from any patholeogy, anomaly, or defect that
would be a contra-~indication to their participation in the study,

Comparing the physiclogleal effects of gas permeable contact
lenses to those of PMMA contact lenses would be a monumental undertaking
if attempted without a specific goal in mind. Thereforve, our study, was
limited te a comparisen of the subjective symptoms and objéctive signs
associated with gas permeable and PMMA contact lenses during the initial
stages of adaptation, For simplicity and adequate countrol, one sye of

each subject was fitted with a gas permeable lens and the other eye with

a PMMA lens., In other words, each subject was his own control, To prevent

experimental bias, the assigmment of the type of lens to sach eye was
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completed in a random manner by an outside person, Thus, due to the
double blind deslgn, neither the subjects nor the examiners knew what
kind of lens was on an eye,

In order to insure that lens permeability would be the major fac-
tor under investigation, we designed the lenses for optimum fit and
wearability, The Wesley-Jessen PEK fitting system provided us with a
vehicle that would satisfy this criterion, as well as eliminating any
subjective fitting preferences or varilables inherent in any other fit-
ting philosophy, In this way, we hoped to be able to attribute any
differences in the subjective symptoms and objective signs between the
two types of lenses to the differences in their permeability,

All of the PMMA lenses were computer-designed and manufactured by
Wesley-Jessen, The permeable lenses were ordered from Guaranteed Con-
tact Lenses of Arlzona, Inc., and were manufactured to the same computer-
designed specificatlions as the PMMA lenses,

Upon recelving the lenses, the subjects were taught insertion,
removal, centering and care of the lenses, All performed these tasks
satisfactorily. The techniques for handling the lenses were chosen to
be easlly learned and readily regimented, and were those that are commonly
used in contact lens practice, Care and cleaning of the lenses required
that speclal methods be used, because the gas permeable lenses were noted
to be difficult to clean and aspeticize, The specifics of the care pro-
gram were as followss

insertion,...wash hands with soap, wash fingers with Clocse Up

toothpaste (red), rub lens for a few seconds with

toothpaste, rinse lens until squeaky clean, wet lens
with Soaclens, place on eye,
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removal,,..wash hands with soap, wash fingers with toothpaste,
rub lens for a few seconds with toothpaste, rinse lens
until squeaky clean, soak lens in hydrogen peroxide foxr
a maximum of 30 to 60 seconds, rinse lens well with tap
water, soak in Soaclens overnight,
We discovered as the study progressed that the toothpaste sheuld only be
used to clean the lenses at night before storing them in the ssaking
sclution, If used during the day, the toothpaste remained on the lenses
and some subjects experienced a severe bturning and redness that lasted
for fifteen or twenty minutes after insertion, Due to this problem, our
final two subjects followed a modified care schedule,

We divided the subjects into three groups, with four subjects in
each of the first two groups and two subjects in the last one, Due to
time limitations, the final two subjects were obaserved for only two days,
whereas the eight subjects in the first two groups were each observed for
& period of three days., The wearing schedule for those in the fixst two
groups was six hours the first day, eight hours the second day, and ten
hours the third day, The examinaticns took place at three and six howrs
the first day, five and elght hours the second day, and seven and ten
hours the third day, The final two patients were examined at three and six
hours the first day, and seven and ten hours the second day, Though
thls accelerated wearing schedule may seem out of the ordinary, it was
designed to elicit maximum symptomatology and accentuate the differences
between the permeable and the PMMA lenses,

Each examination consisted of a thorough case history, visual
acultlies with the contact lenses on, a subjective refraction over the
contact lenses, fluorescein evaluation of each lens fit, a complete bio-
microscopic evaluation, and keratometry, Also, biomicroscope pictures

were taken to record visible objective signs and to show the progresaion
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of any limbal vascular changes, The final examination of each day in-
cluded a careful inspection of the contact lenses, including determination
ef base curve, A standardized form was used for all examinations (see
appendix B),

To attain a continuous record of the subject’s subjective symptons
during the course of the wearing time, a comfort scale was designed based
on one published by Dr, Joe Breger. The subjects were instructed to rate
the comfort of their contact lenses every two hours by encoding responses
on the comfort scale, We stressed to the subjects the necessity of being
aware of differences between their eyes, A copy of the comfort scale is
included in appendix G,

In order to better evaluate the corneal curvature changes that
occurred from contact lens wear, and the quality of the lens-cornea re-
lationships, final PEK pictures were taken and analyzed by the computer,
These topographical outlines can possibly detail the minute central and
peripheral changes in corneal eccentricity more accurately than can the
keratometer, which measures only the central cornea.

Results

We will present a short case summary for each of our ten patients
in order to demonstrate the individual differences exhibited in the
findings. Following this we willl generalize the results into an over-
view of the differences between the eyes wearing gas permeabls lenses

and the eyes wearing PMMA lenses,

Patient 1

W.F, was a 24 year old male who had never worn contact lenses, He
was myopic with a diopter of anisometrepia., His corneas were very nearly
spherical, On the comfort scales, W.F, rated the permeable and PMMA
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eyes the same for the first two days of contact lens wear, and then
rated the permeable eye as slightly more comfortable on the third day,
He reported a bad cold on the first day, and stated that it may have in-
fluenced his finds, 1In his comments he consistently reported the per-
meable eye as being the most comfortable, (See table 1l-a and graph 1%
(Notes symptom nine was renumbered to be symptom two, for greater con-
tinuity, in graphs 1 through 10, Thus, symptom two became symptom 3,
symptom 3 became symptom 4, etc, Symptoms 1 and 10 remained the same,)

In the examinations, W.F. reported some 1lid discomfort, some cor-
neal discomfort, gritty, sandy feeling, dryness, and haloes, The per-
meable eye was reported as being generally more comfortable than the
PMMA eye with respect to the above symptoms, The permeable eye was
noted to be blurred much of the time, but the over-refractions indicated
that the permeable lens was over-plussed, The patient's lids were ob-
served to be slightly swollen during contact lens wear with the perme-
able eye being less so, (See table 1), Also, he reported no spectacle
blur with the permeable eye, but one and one-half hours of blur with the:
PMMA eye, after lens removal on the first and second days of wear,

Fluorescein evaluation of the lens fits showed both to have moder-
ate apical clearance, good centration, and adequate tear exchange, The
right and left eyes had similar fits, Biomicroscopy revealed no central
corneal clouding in the permeable eye, and progressively severe clouding
in the PMMA eye, (See table 12), Staining was variable over time, but
was usually worse in the permeable eye, (See table 5y

Keratometry showed the flat meridians (Kf) of each eye steepened
with contact lens wear-the PMMA eye showed consistently more steepening
than the permeable eye., The steep meridians (KS) followed the same
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pattern of steepening. (See table 14 and graph 11), The keratometer mires
were clear and regular throughout the study,

Patient 2

B,H., a 25 year old male, wore contact lenses for one and one-half
years about five years ago, He was a myoplc astigmat with no anisometro-
pla, His corneas showed almost two diopters of toricity, His comfort
scales rated the PMMA eye as being somewhat more comfortable than the
permeable eye, with both eyes becoming more comfortable with increasing
contact lens wear, (See table 1l-a and graph 2).

In the examinations, B,H, reported siight 1i1d discomfort on all
three days, and corneal pain at the end of the second and third days,
The permeable eye was rated as being worse for these symptoms, He also-
reported a gritty and sandy feeling, seratchlness, redness, and photo-
phobia., Again the permeable eye was thought to be the least comfortable
On the final day, B.H, reported that both eyes ached, with the FMMA eye
being more painful. All other comments gave the edge to the PMMA eye,
Good aculties were attained with both lenses, The over-refractions were
very close to plano throughout the examinations (see table 3),

Fluorescein evaluation of the lens fits showed both lenses to
have moderate apical clearance and adequate tear exchange, Both lenses
rode slightly inferior to the central cornea, with the PMMA also lens
riding temporally., The right and left eyes had similar fits overall,
Biomicroscopy revealed less central corneal clouding in the permeable
eye, (see table 12), but more staining in the permeable eye (see table
13). The clouding disappeared in both eyes by the final day, whereas

the stalning was constant throughout the entire period of wear,
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Keratometric findings revealed that the flat (K%) and steep (Ks)
meridians of both eyes flattened to some extent and remalned flatter
than normal during the course of the study, The permeable Kf‘s flattened
to a lesser extent that the PMMA, as was the case with the permeable
Ks's also, (See table 14 and graph 12), The keratometer mires were
slightly distorted for the FPMMA eye in one examination,

Patient 3

S.H,, a 26 year old female, had never worn contact lenses, 5She
was myopic with no anisometropia or astigmatism., Her corneas showed a
slight amount of toricity, The comfort scale revealed a highly varying
degree of comfort for both eyes, with the permeable eye beilng generally
the most comfortable, The final hours of wear for each day showed a
marked difference hetween the right and left eyes, with the permeable
eye again being more comfortable, (See table 1-a and graph 3),

S.H.'s examinaticns revealed more subjective symptoms on the
first and third days of the wearing time, The symptoms most often re-
ported were corneal discomfort, a gritty and sandy feeling, and blurred,
hagy vision, All except blur wers experienced most by the PMMA eye, Both
lenses were slightly over-plussed, however the aculty changes and over-
refractions did not vary in a regular pattern, The patient often re-
ported her acuity with the permeable eye as not belng as sharp as the
PMMA eye, (See table 4), Also spectacle blur after lens removal was
reported to be much worse with the PMMA eye than with the permeable eye,

Fluorescein evaluation of the lens fits showed moderate apical
clearance, adequate tear exchange, and good centration for both lenses.
The permeable lens centered better than the PMMA lens in the last two
examinations, Both left and right eyes had similar fits, however, Bio-

16



microscopic investigations revealed fairly extensive central corneal
clouding in the PMMA eye, while the permeable eye showed little or no
clouding, This was a constant situation during the course of the
wearing time, (See table 12). Staining was slightly heavier in the
permeable eye, but by the last day the difference was negligible, (See
table 13),

The keratometer revealed a large amount of flattening of the flat
meridian (Kf) of the permeable eye the first day, and then a leveling
off to a slight amount of flattening, The Kf of the PMMA eye steepened
more and more with time, leveling off the final day of wear, The Ks of
the permeable eye fiuctuated i1rregularly around its original value, while
the Ks of the PMMA eye steepened a moderate amount the first day, and
then gradually resumed its original curvature, (See table 14 and graph
13). Slight distortion of the keratometer mires was noted during one
examination,

Patient 4

W.H,y a 27 year old male, had never worn contact lenses, Le was a
myoplc astigmat with a one and one-half diopter anisometropia. His
corneas showed a slight amount of toricity, His comfort scale ratings
showed the largest difference in comfort during the first day of wear,
with the permeable eye belng the most comfortable, The second day
showed the PMMA eye to be the most comfortable, but by the third day the
permeable eye had agaln become the most comfortable, The final rating
prlaced both eyes at the same degree of comfort, The overall trend for
both eyes indicated that both types of lenses became more comfortable as
wearing time increased, (See table 1-b and graph 4), W,H, commented the
first day about the amount of 11d pain present in the PMMA eye. He had
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many complaints of burning and stinging immediately after insertion due
to toothpaste remaining on the lenses,

W.H,'s examinations revealed 1id pain in the PMMA eye, He also re-
ported 1id discomfort, itching, haloes, and blurred, hazy vision, These
were all more prevalent in the PMMA eye, Most of W,H.'s symptoms had
disappeared by the third day of wear, The gas permeable iens was very
much over-plussed, accounting for the blur in that eye, (See table 5),

Fluorescein evaluation of the lens fits showed moderate apical
clearance, good tear exchange, and good centering for both lenses, 3Both
lenses had similar fits, The bicmlicroscopic examinations revealed very
little central corneal clouding with either lens, (See table 12),
Staining was slight and occurred equally in both eyes, with no differ-
ences over time, (See table 13).

Keratometry revealed that the permeable eye's flat meridian (Kf)
varied slightly around the original value, The PMMA eye's Kf steepened
moderately and remained their during the entire study. The steep meri-
dian (Ks) of the permeable eye steepened by a moderate amount the first
day and then decreased to a slight amount by the final examination, The
Ks of the PMMA eye flattened slightly the first day and then returned to
its original value by the last day, (See table 14 and graph 14),

Patient 5

G,L.y a 20 year old male, had never worn contact lenses, He was
myopic with no anisometropla or astigmatism, His corneas showed a very
8l1ght amount of toricity, The comfort scale ratings showed almost
equivalent comfort for each eye, The ratings did not improve very much
from the first day to the last day of wear, He was bothered several
times by burning, stinging and redness on insertion of the permeable
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lens, This was probably due to toothpaste residues on the lenses, (See
table 1-b and graph 5),

Ge.L.'s examinations revealed a high degree of subjective symptoms
throughout each of the three days of wear, He reported 1id discomfort,

a gritty and sandy feeling, redness, dryness, photophobia, haloes, and
blurred, hazy vision, The 1id sensation was the same for both eyes,
while all the others were less prevalent for the permeable eye, (See
table 6), The permeable eye was over-plussed, glving reduced acuities
and a constant blur, The over-refractions consistently supported this
fact. G.L. also reported more spectacle blur after lens removal with
the permeable eye than with the PMMA eye,

Fluorescein evaluation of the lens fits showed moderate apical
clearance, good tear exchange, and good centering for the permeable lens,
The PMMA lens, on the other hand, showed a parallel fit with gcod tear
exchange and good centering, The PMMA lens also showed some possible
intermediate bearing areas after a blink, In the biomicroscope inves-
tigations, much more central corneal clouding was seen in the PMMA eye
than in the permeable eye, The PMMA eye's clouding was dense and covered
a large area of the cornea, whereas the permeable eye'’s clouding was
very hazy and diffuse when it was present, (See table 12), The perme-
able eye exhibited extensive and almost constant staining throughout the
wearing time, whereas the PMMA eye had only slight staining limited to
the peripheral cornea, (See table 13),

Keratometry revealed that the flat meridian (Kf) of the permeable
eye varied slightly around the original value, whereas the Kf of the PMMA
eye steepened moderately the first day and remained at that level through-

out the three days of wear, The steep meridian (Ks) of the permeable eye
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steepened slightly over the first two days, and then went moderately
steeper the final day, The Ks of the PMMA eye flattened slightly over
the first two days, and then jumped to a moderately steep value for the
final day, flattening slightly in the final examination, (See table 14
and graph 15). The keratometer mires showed a slight distortion for the
PMMA eye, and medium distortion for the permeable eye, throughout the
course of the lens wear,

Patient 6

L.R., a 24 year old male, had never worn contact lenses, He was
myopic with no anisometropia and no astigmatism, His corneas had slight
to moderate toricity, He showed no differences at all between the per-
meable eye and the PMMA eye in his comfort scale ratings, Both stayed
at a constant, fairly comfortable level for the entire fitting time. The
main complaint was 1id discomfort, which stayed constant, The patient
did complain of more blur with the gas permeable eye after removal on
the second day of wear, (See table 1-b and graph 6).

L.R.'s examinations showed his subjective complaints to be similar
on each day of the three days of contact lens wear, The major complaints
were 1lid discomfort, a gritty and sandy feelings, scratchiness, redness,
photophobla, haloes, and blurred, hazy vision, The incidence of these
symptoms was less in the permeable eye for 1id discomfort, a gritty and
sandy feeling, scratchiness, and haloes, The patient reported more blur
for the permeable eye than for the PMMA eye, (See table 7). The over-
refractions showed a residual astigmatism for the permeable eye, whereas
the PMMA eye's over-refraction showed a plano spherical equivalent. Sub-
Jectively, the patient reported the permeable eye to be less clear, es-
peclally after a blink, He also noted more 1lid irritation with the PMMA
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lens, Spectacle blur after lens removal was noted for both eyes at
times,

Fluorescein evaluation of the lens fits showed a large amount of
apical clearance, adequate tear exchange, and good centering for the
permeable lens, The PMMA lens showed a moderate amount of apical clear-
ance, good tear exchange, and temporal and inferior corneal placement,
The lens fits were definitely not equal. Biomicroscopic examination re-
vealed slight to moderate central corneal clouding in the PMMA eye, and
very slight to no clouding in the permeable eye, The FMMA eye became
progressively worse as wearing time increased, (See table 12), Staining
was seen more on the first and last days for both eyes, with the per-
meable eye having less than the PMMA eye at all times, The staining was
never more than a moderate amount peripherally in the PMMA eye, (See
table 13).

Keratometry revealed that the flat meridian (Kf) of the permeable
eye flattened by a large amount during the first day of wear, returning
to a more moderate level by the end of the third day, The Kf of the PMMA
eye steepened slightly during the first day of wear, and then reversed
to a moderate amount ef flattening by the end of the wearing time. The
steep meridian (Ks) of the permeable eye varied by a moderate amount on
either side of the original value, ending up with no change from the
original value at the end of the study, The PMMA eye's KS flattened by
a large amount during the first day of wear, remaining at a moderate to
a large amount of flattening throughout the rest of the wearing time,
(See table 14 and graph 16). The keratometer mires were slightly dis-

torted at the end of each day for the permeable eye,
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Patient 7

E.R,, a female of age 23, had never worn contact lenses, She was
hyperopic with no anisometropia or astigmatism, Her corneas had slight
toricity., Her comfort ratings show a constant difference between the per-
meable and PMMA eyes, with the permeable eye being more comfortable, Over-
all comfort of both eyes improved with increased wearing time, (See table
1-c and graph 7).

E.R,'s examinations showed more subjective complaints on the first
and third day of contact lens wear, Her major complaints were 1lid discom-
fort, itching, scratchiness, redness, tearing, photophobia, haloes, and
blurred, hazy vision., All these symptoms occurred more often and to a
greater extent in the PMMA eye, which also was reported to have corneal
discomfort on the first day of wear, (See table 8). E.R, reported the
PMMA lens as always feeling more uncomfortable, and as being scratchy and
irritating in comparison to the permeable lens, Although her acuities re-
mained constant throughout the study, the over-refractions were variable
and erratic, No spectacle blur after lens removal was reported,

Fluorescein evaluation of the lens fits showed moderate apical
clearance, good tear exchange, and good centering for both lenses, The
fits were judged to be of comparable quality, Bilomicroscopic examination
revealed no central corneal clouding in the permeable eye until the final
day, when a moderate amount was seen, The PMMA eye exhibited a moderate
amount of clouding at all times, with the PMMA eye usually having more
than the permeable eye, The staining in both eyes decreased with increased
wearing time, (See table 13).

Keratometry revealed that the corneal curvatures in all meridians
of both eyes remained very close to their original values, (See table
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1% and graph 17). The keratometer mires remained clear and regular for
every examinatlon,

Patient 8

M.H., a 26 year old male, had never worn contact lenses, He was a
myopic astigmat with no anisometropia, His corneas had a moderate amount
of toricity, His comfort scale evaluations showed that both lenses were
equally uncomfortable for the first two days of wear. Thfoughout most of
the third day both lenses were equally comfortable except at the end of
the wearing time when they both became very uncomfortable, (see table 1-c
and graph 8),

M.H.'s examinations showed that the subjective symptoms became pro-
gressively less with increased wearing time, The major complaints were
1id discomfort, stinging, and redness, Stinging occurred only in the
PMMA eye, whereas the others were reported in both eyes equally, (See
table 9), The patient reported flare for both eyes throughout the study,
with the greater incidence in the PMMA eye, M,H,'s acuitlies were variable
for the permeable eye, and the over-refractions were also variable,

Fluorescein evaluation of the lens fits showed moderate apical
clearance and adequate tear exchange for both lenses., The permeable lens
centered well, while the PMMA lens rode slightly inferior and temporal,
The lens fits were judged to be close but not equal, with the difference
being only in the centering characteristics, Biomicroscopic evaluation
revealed irregular incidence of slight central corneal clouding in the
permeable eye, The PMMA eye demonstrated a fairly constant level of
slight to moderate clouding throughout the course of the study, (See
table 12), The staining became progressively worse in the permeable

eye with increased wearing time, while it remained at a constant low

23



level in the PMMA eye, Both eyes showed only peripheral staining the
first two days, but the permeable eye showed some central staining as
well on the final day of wear, (See table 13), Spectacle blur after lens
removal was reported for both eyes equally,

Keratometry revealed a trend toward flattening in all meridians of
both eyes, The steep meridians of each eye showed the greatest flatten-
ing, with the PMMA eye flattening more than the permeable eye. (See
table 14 and graph 18), The keratometer mires were slightly distorted
for both eyes at times, with the PMMA eye showing a greater amount,

Patient 9

T.K.; & 21 year old male, had never worn contact lenses. He was a
myopic astigmat with no anisometropia., His corneas had a moderate amount
of toricity. Due to time limitations, T.K. could only participate in
the study for two days, so the wearing schedule was modified to achieve
ten hours wear in two days. The comfort scale ratings showed a marked
increase in comfort, as wearing time increased, for both eyes equally.
The last part of the final day showed a preference for the permeable lens,
(See table 1-d and graph 9). The patient reported that both eyes were
very itchy, with the PMMA eye being more itchy than the permeable eye,

T.K.'s examinations showed fewer subjective symptoms on the final
day of lens wear, The major complaints were 1lid discomfort, itching, red-
ness, tearing, photophobia, and haloes, The first day both eyes, were
reported to be equal with respect to these symptoms. The final day
showed the permeable eye to have less 1id discomfort, less itching,
less redness, and fewer haloes than the PMMA eye, (See table 10). The
patient reported the permeable eye as feeling generally more comfortable,

although both eyes felt pretty good., The acuities were fairly constant
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throughout the study, and the over-refractlons were also constant and
stable, No spectacle blur after lens removal was reported,

Fluorescein evaluation of the lens fits showed moderate apical
clearance, good centering, and occasional intermediate bearing areas
for both lenses, The fits were judged to be equal, The blomlcroscope
examinations revealed very slight central corneal clouding in the perm-
eable eye during the first day of wear, which decreased to no clouding by
the end of the study, The PMMA eye had moderate clouding during the
first day's examinations, which increased to a more severe form by the
end of the study, (See table 12), Staining was in evidence in both eyes
the first day of wear, while the final day showed more staining in the
PMMA eye., All the stalning was slight to moderate and was limited to the
peripheral corneal areas, (See table 13),

Keratometry revealed a trend toward steepening in all meridians of
both eyes on the final day of lens wear, The flat meridian (Kf) of the
PMMA eye steepened much more than any other meridian, with the steep
meridian (Ks) of the PMMA eye steepening almost as much, (See table 14
and graph 19)., The keratometer mires were very slightly distorted for
both eyes, with the PMMA eye showing distortion more often,

Patient 10

L,S., a 21 year old male, had never worn contact lenses, He was a
myoplc astligmat wlth no anisometropia. His corneas were nearly spherical,
As with T,K,, this patient was on a wearing schedule that permitted ten
hours of wear in two days, His comfort scale ratings showed the permeable
eye to be considerably more comfortable than the PMMA eye throughout the
entire wearing time, Both eyes remained at about the same levels of com-

fort over time., (See table 1-d and graph 10).
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L.S.'s examinations showed a constant level of subjective symptoms
during the two days of lens wear, The major complaints were 1id discom-
fort, itching, redness, tearing, and blurred, hazy vision, The permeable
eye had less incidence of 1id discomfort and itching, but more inclidence
of blurred, hazy vision, (See table 11), The patient reported the perm-
eable eye as feeling better than the PMMA eye overall, The aculties be-
came progressively better with increased wearing time, but never reached
an optimum level, The over-refractions showed that both eyes were over-
plussed by about the same amount, but the PMMA eye had the worst acuity,

Fluorescein evaluation of the lens fits showed the permeable lens
to have a better fit than the PMMA lens, The permeable lens had moderate
apical clearance, adequate centering, and adequate tear exchange, The
PMMA lens had inadequate apical clearance, centered poorly (low and tem-
poral), and adequate tear exchange, The fits were definitely not equal,
The blomicroscope examinations revealed slight central corneal clouding
in the permeable eye the first day, which decreased to no clouding by the
end of the study, The PMMA eye had moderate clouding in evidence at all
examination times during the study. (See table 12), In general, the PMMA
eye demonstrated a greater degree of staining than the permeable eye, How-
ever, at one point in day two the permeable eye had extensive peripheral
and central stippling in evidence, This subsided by the end of the wear-
ing time, (See table 13), No spectacle blur was reported,

Keratometry revealed flattening of all meridians with increased
wearing time, leveling off during the second day, The flat meridilan
(Kf) of the permeable eye flattened the least, while the Kf of the PMMA
eye flattened the most, (See table 14 and graph 20), The keratometer

mires had slight distortion for the permeable eye at the last examination

of the wearing time,
26
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Table 1-A

PATIENT ONE PATIENT TWO PATIENT THREE

Permeable PMMA Permeable PMMA Permeable  PMMA

DAY A
Insertion 9 5 7 7 0 3
Mour 1 7 6
2 2 2 7 6 0 6
3 5 6
L 2 2 2,5 6 5 n
5 5 6
6 0 0 5 6 1 6
Post-
Removal 0 0
DAY 2
Pre-
Insertion 0 0
Insertion 3 8 7 5 i 6
Hour 1 6 3
2 2 3 6 8 0 2
3 5-6 3
L 1 2 5=6 3 1 L
) 5=6 3 1 5
6 | 1| 6 3 2 6
2 5 3
8 I 1 6 4 2 6
Post-
Removal 0 1
D&Y 3
Pre-
Insertion 0] 0]
Insertion 2 2 7-8 L 1 2
Hour 1 6 2
2 3 3 b 2 1 7
3 3 2
4 2 g g8 2 6 7
5 J 2
6 2 3 L 2 1 6
7 4 2
8 1 2 4 2
9 L 2
10 1 2 5 2 1 7
Post-

Removal 0 1



DAY 1

Insertion
Hour 1

o FW

Poste
Removal

DAY 2

Pre-

Insertion

Insertion
Hour 1

0~ O\ FW N

Post-
Removal

DAY 3

Pre-

Insertion

Insertion
Hour 1

OV OO\ FW

[,

Post-
Removal

Table 1-3
PATIENT FOUR PATIENT FIVE
Permeable PMMA Permeable PMMA
5 6 8,10 8,10
6 7
5'7'10 5.7'10
3 6
2,4 24547
3 6 L 5
0 9 1 1
9 1 5,10 5410
5 5 L 5
6 5 7,9 749
L L
1 1 6 6
0 0
0 0
1’9 3 L 4
2 3 2 2
1 2 6 6
1 2 4 6
2 2 6 ()
6 6

PATIENT SIX

Permeable PMMA

1,9 1,9
1 1
1 1
1 1
1 1
1 b
1 1
0 0
0 0
0 0

1,9 1,9
1 1
1 1
1 1

1,9 1,9
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Table 1-C

PATIENT SEVEN PATIENT EIGHT
Permeable PMMA Permeable PMMA
DAY 1
Insertion
Hour 1
g 1,4 o 7% 7 7
l; 1."" 1!7 7 7
6 1."“ 1.? 7 7'9
Post-
Removal 0 i
DAY 2
Pre-
Insertion 1,9 1,9 0 0
Insertion 1,7 1,5 8 8
Hour 1
; 1,4 1 5 5
4 2,4 1,7
5
g 2"4 2.7 ? 7
8 1,5 1,8 7
Post-~ ' ' g
Removal i 0 1 1
DAY 3
Pre~
Insertion 0 0
Insertion 1,5 1,7
Hour 1
g 2,b4 1,7 1 1
4 0-2 2,4 1 1
5
6 2 2,4 0 0
?
g 2,4 2,5 0 0
10 1,4 1,5
Post- [ ' 7 7

Removal



DAY 1

Insertion
Rour 1

AN FWN

Post-
Removal

DAY 2

Pre~

Insertion

Insertion
Hour 1

OV N O\ FWwh

-

Post-
Removal

PATIENT NINE

Permsable FMMA

4 4
2 2
5 5
5 5
o 0]
1 1
=4 2-4
L L
2 2
2 2
1 2)
1 2
1 1

Table 1=-D

PATIENT TEN

Permeabls PMMA

2 5
2 5
2 5
i 1
2 5
2 L
1 5
2 5
2 5
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General Overview

We found the patient comfort scales to be very valuable in charting
the flow of subjective symptoms during the daily wearing times, Most of
the patients were able to complete the scale every two hours with little
inconvenience, Doing this also made it easier for the subjects to be
aware of the differences between their right and left eyes at the exam-
ination times, Overall, four out of the ten patients scaled the perm-
eable lens as being more comfortable than the PMMA lens during the wear-
ing time, Five of the ten patients scaled the permeable and PMMA lenses
as being equally comfortable, And one out of the ten patients preferred
the PMMA lens to the permeable lens for comfort,

We broke down the patient comfort scale into the percent occurrence
of each symptom over time for the permeable and PMMA eyes, Looking at
the most commonly occurring symptoms, we found that the less severe symp-
toms occurred more frequently for the permeable eyes, and the more
severe symptoms occurred more frequently for the PMMA eyes, on the whole,
However, over time, there does not seem to be a predictable relationship
between the type of lens worn and the severity of a particular symptom,
See graphs 28 through 38 for more detailed information. The most consist-
ently reported symptom for both types of lenses, on the comfort scales was
“awareness", followed by "light to medium awareness" for the permeable
lens and "medium foreign body feeling can tolerate but annoying" for the
PMMA lens,

In the case history portion of each examination, we elicited a dif-
ferential report of subjective symptoms from each patient, This was done
to find out which of the commonly heard adaptational complaints in contact

lens practice would be associated with gas permeable lenses as compared
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to PMMA lenses, as well as to determine which type of lens was the most
comfortable overall, In order to more easily understand the results, we
selected the seven most frequently reported symptoms from the examination
case histories, Of the seven symptoms, five were typically associated
with the wearing of both kinds of lenses (using the number of times re-
ported as the significant factor), These five symptoms were 1id dis-
comfort, itching, gritty and sandy feeling, tearing and photophobia, In
other words, of all the symptoms reportedly experienced by our patients,
these five were reported to about the same extent for both permeable and
PMMA lenses, Two symptoms were more frequently reported for the PMMA
lenses than for the permeable lenses, These were redness and haloes, The
permeable lenses, therefore, had pretty much the same types of adaptational
symptoms assoclated with them as did the PMMA lenses, with the exception
of redness and haloes, All the other subjective symptoms that were ex-
perienced by the patients and reported to us in their examination case
histories were of significantly less frequency than the seven mentioned
above, They also followed the same trend, however,

As mentioned in the introduction, one of the most significant
factors indicating the need for a gas permeable lens is the requirement
for maintaining an adequate oxygen supply to the cornea, thereby allowing
proper corneal metabolism and reducing the incidence of edema, or central
corneal clouding, This study was designed to detect the occurrence of
edema by both objective and subjective means, The primary objective
method used was the biomicroscope, We also made use of the acuities and
over-refractions as additional checks, while subjective checks for edema
were included in the comfort scales and in the examination case histories,

The results of the latter data were presented in the individual case sum-
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maries, and we will discuss their correlations in the "discussion" sec-
tion of this report. The results of the biomicroscope examinations showed
a very significant difference between the permeable and the PMMA contact
lenses, Using a rating scale for central corneal clouding based on one
designed by Dr, Maurice Poster,18 we calculated and plotted the mean
values over time for the permeable lenses and for the PMMA lenses, These
values represent a gradation in the severity of the central corneal
clouding, and are explained on the page preceding graph 21, where the
data is plotted, This graph is only meant to illustrate the comparison
between the two types of lenses, and cannot be relied upon to provide
accurate numerical values, For individual statistics, see table 12,

As can be seen from graph 21, throughout the total hours of lens
wear the permeable lenses resulted in a significantly lower incidence of
central corneal clouding as compared to the PMMA lenses, Also, the perm-
eable lenses showed a less severe gradation of clouding than did the PMMA
lenses, The greatest disparity between the two types of lenses occurred
at the end of the second and third days of lens wear, In fact, nine of
the ten patients in the study showed much less severe central corneal
clouding for the gas permeable lenses than for the PMMA lenses, One
patient had equal clouding for both types of lenses,

Corneal staining was also coded according to a scale based on
one by Dr, Maurice Poster18. The values were graphed in the same manner
as were the central corneal clouding values, and can be found in grath 22,
The mean values show a greater severity of staining for the permeable
lenses on each of the three days of contact lens wear, However, the

difference between the permeable and PMMA lenses is not as great as that

for central corneal clouding. Five of the ten patients in the study
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showed less severe staining for the PMMA lenses, Three patients showed
less severe staining for the permeable lenses, and two patients showed
equally severe staining for both types of lenses, Individual statistics
for corneal staining can be found in table 13,

In order to evaluate any adverse physiological effects resulting
from either the lens materials or errors in the design of the lenses, we
utilized both the keratometer and the PEK, Keratometry was performed at
every examination, whereas PEK photographs for analysis were taken at the
beginning of the study, prior to lens wear, and after the lenses were
removed on the final day., The keratometer measures central corneal cur-
vatures, and the PEK measures changes in overall corneal topography, and
provides an eccentricity value for each meridian, In graph 23 and table
15, the mean keratometric corneal curvature changes are plotted, The
mean dioptric change over time was not significant for the flat meridians
(Kf) or the steep meridians (KS) of either the permeablg eye or the PMMA
eye, . A11 mean curvature changes were less than 0,25 diopter, In other
words, neither lens material caused significant change in the mean corneal
curvatures as measured by the keratometer, However, it may be noted that
the mean Kf of the corneas wearing the permeable lenses flattened, whereas
the mean I(f of the corneas wearing PMMA lenses steepened, Also, there
were less individual variations over time for the mean Kf of the corneas
wearing permeable lenses as compared with all the other meridians, The
mean Kf of the corneas wearing PMMA lenses had the greatest individual
variations over time. (See graph 24, 25, 26, 27).

According to Borish, in a study done by Black, the error inherent
in keratometry readings is plus or minus 0,25 diopter, Using this as a

criterion, three of ten patients' mean Kf values for eyes wearing permeable
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lenses flattened by a significant amount, whereas in no case did the mean
Kf of eyes wearing permeable lenses steepen, Looking at the mean Kf values
for eyes wearing PMMA lenses, two patients showed flattening and five pa-
tients showed steepening, For eyes wearing permeable lenses, the mean Ks
values of two patients flattened, and the mean KS values of three patlents
steepened, On the other hand, the mean Ks values of four eyes wearing
PMMA lenses flattened, whereas the mean Ks values of three eyes wearing
PMMA lenses steepened, (See table 14), Thus, the mean Kf values for eyes
wearing permeable lenses were the least affected by lens wear,

In analyzing the PEK data, we compared the pre-wear shape factors
with the post-wear shape factors, The shape factor is a measure of the
eccentricity of the cornea, with a 0,00 shape factor being a circle and
a 1,00 shape factor being a parabola, Shape factors between 0,00 and 1,00
indicate elliptical variations, We found no particular correlation be-
tween the type of lens worn and the direction of change in the shape
factor (or eccentricity). This held true when comparing the pre-wear and
post-wear data for each meridian for each patient, and also when compar-
ing the flat meridians of each patient and the steep meridians of each
patient, According to Wesley-Jessen, Inc,, clinical studies indicate
that shape factors for typical corneas range between 0,10 and 0,50 with
an average of 0,25, Using these ranges, we again compared pre-wear and
post-wear data to detect changes from normal to abnormal, or vice versa,
We found that for the flattest meridians of eyes wearing permeable lenses,
nine of the ten patients were initially within normal limits in their pre-
wear readings; of the nine, only two changed to values outside normal
limits, with both becoming less eccentric (shape factors became lower in

value), The patient whose flattest meridian started out outside of nor-
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mal 1limits, For the flattest meridians of eyes wearing PMMA lenses, we
found all ten patients to be initially within normal limlts in their pre-
wear readings; of the ten, six changed to values outside normal limits,
with four becoming less eccentric and two becoming more eccentric. Look-
ing at the steepest meridians of eyes wearing both types of lenses, all
ten patients started out within normal limits in their pre-wear readings,
Of the eyes wearing permeable lenses only two steep meridians changed, and
only one steep meridian changed that was wearing a PMMA lens, All three
became more eccentric after wearing contact lenses, independent of the
lens material, (See table 16 and appendices F 1-10).

It is a clinically proven fact that the base curves of contact
lenses may vary when transferred from a dry state to a hydrated state,
Because of this, we measured the base curves of all ¢f our lenses at the
end of each wearing day. We found, that almost all of the lenses either
flattened over time, or remained the same, Computing the mean change,
we found that eight of the ten permeable lenses flattened and the other
two remained the same, All ten of the PMMA lenses flattened during the
course of the study, The PMMA lenses flattened much more than the perm-
eable lenses over time, changing by ,07 mm (mean change) compared to the
permeable lenses mean change of ,02 mm, (See table 17),

During the blomicroscopic examinations we photographed vascular
changes at the limbus, as well as examples of central corneal clouding
and stippling. For the limbal vessel differences between the two types
of lenses, see the attached slide series, These slides also include the

differences in central corneal clouding and stippling,
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The following page shows gradations of central corneal clouding

over time for each patient, The edema is scaled according to the fol-

lowing criterias

O¢eseono central corneal clouding.

l....05light central corneal clouding; generalized, covering more than
50% of the cornea.

2,.00omoderate central corneal clouding; localized, covering less than
50% of the cornea,

3eeeesheavy central corneal clouding; localized, covering more than 50%
of the cornea,

4,.,...edematous formations or microcysts in deeper layers of the cornea,
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CENTRAL CORNEAL CLOUDING

HOURS OF WEAR

DAY ONE DAY TWO DAY THREE
: 6 5 B 7 10
Permeable 0 0 0 0 0 0
PATIENT 1 PN (S—
PMMA 0 0 2 2 E 3
Permeable 0 0 2 i 0
PATIENT 2 : _-*-1,* ........ -
PMMA 2 2 2 2 0
Permeable 0 0 0 1 0 0
PATIENT 3 N—
PMA 2 0 2 2 0 2
Permeable 0 1 0 0 0 0
PATIENT 4
PMMA 0 0 0 1 0 0
Permeable 0 1 0 0 1 0
PATIRNT 5 s
PMMA 2 2 3 3 2 2
Permeable 0 0 0 0 1 0
PATIENT 6 —
PMMA 1 0 1 0 2 2
Permeable 0 0 0 0 1 2
PATIENT 7 o
PMMA 2 2 2 2 2 3
Permeable 0 0 p 0 1 0
PATIENT 8 B S el NN
PMMA 1 0 2 il 1 0
AT ONE ORY TRO
Permeable 1 1 0 0
PATIENT 9 ————
PMMA 2 2 3 3
Permeable 1 1 0 0
PATIENT 10

¢T# °Tqel
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The following page shows gradations of corneal staining over time
for each patient, The staining is scaled according to the following

criterias

O¢essono staining,
li¢es.minimal, variable, peripheral stipple staining,

2¢sseesuperficial punctate staining restricted to a peripheral location
and consistent in location from examination to examination,

3esesssuperficial punctate staining, centrally located.
4,,,..diffuse superficial punctate staining, both central and peripheral.
The criteria for corneal staining and for central corneal clouding

were based on a classification system devised by Dr, Maurice Poster,
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Table # 13

HOURS OF WFAR

STAINING
DAY ONE DAY TWO DAY THREE
3 6 ) 8 7 10
Permeable 0 0 Y L L 2
PATIENT 1 L TR Sy | ' ok SR
PMMA 1 0 1 1 2 1
Permeable 2 2 2 2 2
PATIENT 2 -
PMMA 1 2 1 1 1
Permeable 5 2 1 2 1 0
PATIENT 381 = Fro—=—spermuse— -— - s e i
PMMA 2 2 0 2 0 0
Permeable 0 1 1 1) 0 1
PATIENT 4 - — - — .
PMMA 0 0 2 1
Permeable 3 2 4 4 | 4
PATIENT S - —— TR T T——— L ==
PMMA 0 0 1 1 1 1
Permeable 1 1 0 0 1 2
PATIENT 6 = —=e—-a . S e e e e e R R R e e
PMMA 2 2 1 1 2 2
Permeable 1 1 1 1 1 0]
PATIENT 7 = =ee=- e ————— T T T S | R,
PMMA 2 0 2 1 0 1
Permeable 2 2 2 1 y 2
PATIENT 8 e " I, IRSICRN, RS EREII.
PVMMA 2 1 1 1 2 1
DAY ONE DAY TWO
Permeable 2 0 1 1
PATIENT 9 . . TETTe = SERSEE S
PMMA 1 2 2 2
Permeable 1 1 L 1
PATIENT 10 —mm— Tk
PHMA 2 2 2 2




The following page shows gradations of corneal staining over time
for each patient. The staining is scaled according to the following

criterias

Oeseesno staining,
l.....minimal, variable, peripheral stipple staining.

2¢0s0osuperficial punctate staining restricted to a peripheral location
and consistent in location from examination to examination,

3eeseosuperficial punctate staining, centrally located,
4,,...diffuse superficial punctate staining, both central and peripheral.
The criteria for corneal staining and for central corneal clouding

were based on a classification system devised by Dr, Maurice Poster,
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Table 4 173

§I§Iﬂ£ﬂg HOURS OF WEAR
DAY ONE DAY TWO DAY THREE
g 6 5 8 7 10

Permeable 8] 0 4 L 4 2
PATIRNT 1 e —

PMMA 1 0 i il 2 1

Permeable 2 2 2 2 2
PATIENT 2 —— ———

PMMA il 2 1 4\ i

Permeable E) g 1 2 L 1 0
PATIENT 3 e (e i B e e el = = ==

PMMA 2 2 0 2 0] 0]

Permeables 0 i g 1 0 1
PATIENT 4 ===== - - i P ———

PMa 0 0 1 2 1t

Permeable 3 2 4 L 1 4
PATIENT 5 - i

PMMA e 0 1, 1 1 1

Permeable 1 s o 0] b 2
PATIENT 6 R Rt T -—- === b e e e e

PMMA 2 2 1 AL 2 2

Permsable 1 i 1 i 1 0
PATIENT 7 = =me=a- e e o= ——-

PMMA 2 0 2 i 0 1

Permeable 2 2 2 1 by 2
PATIENT 8 e e o o e e -

PMMA 2 1 1 1 2 i

DAY ONE DAY TWO

Permeable 2 0 ] i
PATIENT 9 i s

PMMA i 2 2 2

Permeable 1 1 L 1
PATIENT 10 ——=

PMMA 2 2 2 2
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Table # 14

PERMEA BLE P

Ke SD K SD Ky SD K SD

PATIENT 1 .02 .09 .21 AR L4 wl.9 o35 AL
PATIENT 2 -.20 ol -.22 16 -.57 A1 -.50 A5
PATIENT 3 - 7 0.00 .38 .56 33 o3 25
PATIENT 4 -.02 12 L S8 Ll AB -.1b .20
PATIENT 5 0.00 .19 31 .32 DY o5 .02 34
PATIENT 6 -.58 19 -.08 .36 -.17 .30 -.L5 .26
PATIENT 7 o1¥P i .02 .12 =.10 .09 .06 .10
PATIENT 8 -.24 .29 -.60 .28 -.17 o32 -.83 .36
PATIENT 9 .10 . | || 24 .84 490 L4 .51
PATIENT 10 -.12 .10 -.84 .16 -.93 6 -.47 2

Corneal curvature changes for the flattest (K

permeable and PMMA contact lenses, Standard

in diopters (D.).

A11

) and steepest (K_) meridians of eyes wearing
eviation (SD) is also indicated.

values are
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Table # 15

PERMEARLE | il
Kf SD Ks SD Kf SD KS SD
3 Hours -015 -31 -002 ou3 -1“’ .62 -007 039
DAY Sl  S======= =
6 Hours -.21 <58 -, 06 .38 o .52 -.20 .38
5 Hours -.22 .31 .05 .34 .20 M6l -.09 o 52
DAY 2 i
8 Hours "01“ . .23 -502 ous 016 |52 -023 ou7
7 Hours -,08 .25 0.00 .59 ol 472 -.05 .61
DAY 3 =-- - e
10 HOUI‘S “e .36 -.09 052 016 071 -|08 -57

Mean corneal curvature changes over time for the flattest (Kf) and steepest (¥_.) meridians of eyes
wearing permeable and PMMA contact lenses. Standard deviation (SD) is also 1n§
are in adopters (D.).

icsted. A1l values
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PERIMEARBLE PillA

kL f K Kf Ks
Patient 1 Pre-wear .23 .31 31 o7
Post-wear .’4‘() t66 0{7 073
Patient 2 Pre-wear 18 o 31 2D v 98
Post-wear .32 « 30 810/ «20
Patient 3 Fre-wear o N6 « 37 i 14
Post-wsar 34 5128 052 A5
Patient 4 Pre-wear 022 .09 23 ol
Post-wear .19 ulg . 09 . 7

Patient 5 Pre-wear 4l 3 022 15 Al
Post-wear .11 $ 28 W22 L6
Patient 6 Pre-wear 48 L2 .38 o3k
Post-wear LO01 a5 +30 43
Patient 7 Pre-wear 28 « 30 22 26
Poat-wesyr ,24 o . A FRE

Leni v Pre-wear «19 o2 15 21
Post-wear .05 .« 52 o 26 43
Patient 9 Pre-wear « 20 16 25 14
Post-wear JU4€ 2U L5073 Ju0
Patient 10 Pre-wear 507 23 «21 el
Fost-wear ,27 ¢33 o, 105 19

Table #16: PEK Shape Factors Including Both Pre-Wear
and Fost-Wear Findings
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Patient
Patient
Patient
Patient
Fatient
Patient
ratient
Patient
Patient

Patient

™d

AN |

[9) WV} =

(@]

PERMEABLE PIiMA

DAY DAY
Pre. 1 2 3 Ave, Pre. 1 2 3  Ave,
2,01 7,50 7B 7.5 7.48 7.37 7.42 7.42 0 7.37 7.40
P56 POl FwE5 RGEl TG0 2460 TSoWT 770 7,69 7uRL
7632 7638 T033 7932 7.3F 7300 17eP6 736 7238 7:87
7e57 P56 7462 7.6@ 7,59 764 7.70 772 747D 7W1
742 TJU0 TET O T.AS 7,88 7,58 7.63 7.66 7.66 7.65
De78 A2k a7k AR, AT @UtL 8% P87 7u Sk 7mBé
726 Y26 R2.37 7e33 Za30 P42 TLHE .36 WA 2Bk
7672 P72 771 7.74% 2672 7.72 ?7.78 7.81 7.80 7.80
7.50 7,43 7.50 == 7,45 7,48 7.54 7.5 @ =- 755
746 749 7,50 - .50 P51 . 7B 00 e 750

Table # 17: Changes of Base Curves During The

Wearing 2srioad



Discussion

This study examined the possible differences in clinical adapta-
tional symptoms between the conventionally used contact lens material,
PMMA, and a recently developed material that could possibly satisfy the
physiological and biological metabolic requirements of human corneas to
a greater extent than previously believed, This material has many unique
advantages, the greatest among them being its permeability to oxygen,
carbon dioxide and other gasses involved in corneal metabolism, Other
physical properties of this new material are its flexibility and its less
hydrophobic nature, which may make gas permeable lenses less apt to cause
embarrassment to the cornea and to be more easily wettable,

We chose to investigate the subjective symptoms and objective signs
involved in clinically fitting gas permeable lenses, In order to make
this a relevant topic for contact lens practitioners, we decided to com-
pare the gas permeable lenses with conventional PMMA lenses; this tech-
nique, we felt, would highlight the differences and similarities between
the two types of materials, To elicit the maximum difference between
eyes wearing lenses made of PMMA and eyes wearing lenses made of a gas
permeable material, we limited our study to the initial adaptation period,
when fitting symptoms are most prevalent, To further heighten the onset
and severity of the symptoms, we used an accelerated wearing schedule,

On the patient comfort scales, used to chart the daily flow of sub-
Jjective symptomatology, only four out of the ten patients reported the
gas permeable lenses as being generally more comfortable than the PMMA
lenses, It was expected that the gas permeable lenses would have a
definite advantage over the PMMA lenses in this area due to their sup-

posedly unique properties, A contributing factor to the unexpected out-
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come may have been that the different types of lenses were fabricated by
different manufacturers, even though all lenses were designed to Wesley-
Jessen's PEK specifications, Many physical parameters of contact lenses
are highly dependent on the techniques used in their fabrication such as
blend, edge contour and polish, and the care taken in duplicating the
exact prescription, As can be seen in the individual case summaries pre-
sented earlier, not all patients had similar lens fits for the two differ-
ent t&pes of lenses, We judged the edges of the PMMA contact lenses to
be of a superior design as compared to those of the permeable contact
lenses; thus lessening the possible differences in comfort, Another
contributing factor to this result may have been the philosophy behind
the PEK lens design, which usually turns out small lenses with optimum
apical clearance and well-designed edges, Also, all of our patients were
optometry students, Even though almost all were previous non-wearers

of contact lenses, many of them had completed a course in contact lens
technology, and therefore were more sophisticated in evaluating the pro-
gress of their adaptation to contact lenses, Their expectations were
possibly higher, causing them to be overly critical of both types of
lenses, Another major contributor to this unexpected result may have
peen the lens care program which our patients were instructed to use, We
taught them to use Close Up toothpaste as a lens cleaner before inserting
their lenses during the day, The actual program should have been to use
the toothpaste only at removal before putting the lenses in hydrogen per-
oxide and soaking them in Soaclens overnight, The toothpaste remaining
on the lenses after insertion caused several patients to experience a
burning and stinging reaction, accompanied by severe redness, for the

first several minutes of lens wear,
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The problem with the toothpaste also may have influenced the
patients' responses on the examination case histories, The case histories
revealed that the eyes wearing gas permeable lenses were reported to have
less redness and haloes than the eyes wearing PMMA lenses, The tooth-
paste residues may have negated redness as a differentiating factox,
However, the lesser inclidence of haloes may be associated with the perm-
eable characteristics of the lenses, as evidenced by the correlation be-
tween the occurrence of haloes and the occurrence of edema, Even though
the edema was apparent in the biomicroscopic examinations, it had no
great effect on the patients®' acuities, In a study of longer duration,
this may not have been the case,

One of the primary properties of gas permeable lenses that we
wanted to investigate was the lower incidence of interference with normal
corneal metabolism, resulting in a lower incidence of edema or central
corneal clouding, The biomicroscopic examinations showed this property
to be highly significant, with nine of the ten patients in the study ex-
periencing much less clouding in the eyes wearing gas permeable lenses,
Staining, on the other hand, showed no significant difference between the
permeable and PMMA lenses, This may have been due to the problem with
the toothpaste, However, the majority of the staining was three-nine
stippling, which is a common objective sign when fitting small contact
lenses,

The results of the keratometric and PEK investigations are self-
explanatory, The lack of a consistent pattern of corneal curvature change
for most of the patients may be an indication of the good quality of the
lens fits, However, what differences there were may be significant for

the same reason, In other words, if lens fit was eliminated as a vari-
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able, then the symptoms found were more likely caused by the difference
in lens material than by anything else,

Obviously there is much more to be learned about gas permeable con-
tact lenses before they can become a therapy of optimum use, The results
of our study suggest further areas for investigation, such as the long-
term effects of gas permeable contacts, thelr use in myopia control and
orthokeratology, their usefulness in fitting problem patients with per-
sistent edema, and their possible benefits in fitting patients with
corneal pathologies, We were not able to obtain any of the manufacturer's
laboratory test results on the gas permeable lens material used in the
study, The chemicaly; physical, and physiological properties of the mate-
rlal must be researched and documented before extensive clinical
investigation can be undertaken,

Conclusion

The goal of the study was to compare the differences in the sub-
jective symptoms and objective signs between gas permeable and PMMA con-
tact lenses, The significant results were that gas permeable lenses
caused a lower incidence of central corneal clouding than PMMA lenses,
as well as demonstrating at least the same degree of comfort as PMMA
lenses, In fact, when asked which lens they actually preferred, most of
our patients indicated a preference for the gas permeable lens, even
though they were unaware, at the time, of which lens was the gas perm-
eable one,

We feel that the results of this initial study will lead the way
in the development and use of a contact lens material, such as the gas
permeable material of which our lenses were made, that will further the

profession of optometry in giving maximum visual care to our patients,
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Appendix A-1
The physical properties of RX-56 compared to polymethyl-methacrylate:
A.S.T.M, TEST

METHODSH PROPERTIES X~ 56 PMMA
o5k Refractive index 1,52 1.59
D638, D651 Tensile Strength, p.s.i. 5600 8190
D638 Elongation, % 5 40,0-60,0 2,0-7,0
D638 Tensile Modulus, 10 P.s.de g 52,0 3.5-5.0
D256 Impact Strength, ft-1b/in
of notch, ixiin, notched
bar IZOD Test (4x3in,) 3.9 4,2
D785 Hardness 112R M-94
C177 Thermal Conductivity
lOu cal/sec/sq.in
19, /e 6.4 5.0
——— Resistance to heat, F 210 190
D570 Water Absorp., 24 hr.,
1/8in, thick, % 1 2 0.35
D635 Burning Ratev flammability,
in,/min, slow 0.89
D543 Effect of strong acid decomposes att, by high
conc, oxidizing
aclds
D543 Effect of weak alkalies slight nil
D553 Effect of strong " decomposes attacked
D543 Effect of organic solvents soluble in ketones and esters,
softened by chlorinated hydro-
carbons and aromatic hydrocarbs,
D2167-63T Folding endurance 250-400 none
E96-66(B) Rate of H20 vapor -—--(B) nil
transmission gm/lOOinz/
24 hr, 11.,0(E) nil
E96-66(E) Transmissibility at 309¢,,
(coy) G “”m“ 6.40x10°0 0,02
(cn®) (ml 05) -10
(0,) Tase ) (al) Can Bg) 2°75%10 0.10
D1434-64 Permeability to gases
cc/lOOin /nil/24hr/atms/ (C0o,) 7940 none

@ 25°¢,

none

(0,)1960



Toxicological data for RX-563
Acute oral toxicity
Acute hazard by inhalation
Threshold 1limit value

Local effects on skin

Irritation to eyes, nose,
throat,

Appendix A-2

None evident

None from dust

Not determined, A dose of 500mg/kg was
not lethal or toxic orally in rate,

Not a primary irritant, Sensitization
studies on 10 humans did not show any
irritative or hyper-sensitive effects
from the application of RX-56 powder in
skin patches, No dermatitis effects
reported in guinea pig tests, No
evidence of dermatitis or other harm-
ful effects found in people working with
the resin either in production or
molding,

None,



GAS PERMEABLE CONTACT LENS STUDY -- P.E, REPORT

Patiant Examinear

Hrs, Wear Date and Time

Max. Hrs. Wear

Comfort Scale Completed

Subjective Symptoms: oD

1. How does lens feel

2. Pain (1id or cornea)

3. Discomfort (1id or cornea)

4, Burning

5. Hot

6. Itching

7. Gritty, sandy

8. Stinging

9. Scratchy

10, Redness

11. Dryness

12, Tearing

13. Photophobia

{4, Haloes

15. Blurred, hazy vision

16, Spectacle blur

Objective Signs:

1. Excessive blinking

2, Insufficient blinking

3. Squinting

4, Swollen lids

Visual Acuity:

ou 20
¢D 20
0S _ 20




Appendix B-2

Over-refraction:
0D X zn{
0S X 20/
Fluorescein Pattern: coments
.0D
oS

'51it Lamp/Biomicroscops: Scale according to Poster's code

oD

0S

Keratometry:
oD f &

0S f [}

Lens Inspection:

oD

oS




CCMFORT .CCALE L

®;
o]

Iy

Patient's Name:

Unaware of anything in eye....
Awareness.ooooo-ontoooooooooo.
Light to medium awareness.....
Heavy awareness/No foreign
bOdy feeling...-.-.....o...
Iight foreign body feeling/
inability to pinpoint
1bcation.................o.
Medium foreign body feeling/
inability to pinpoint
1ocationocooooooo-ooooooooo

PLEASE RECORD APFROPRIATE CODE

0 Light foreign body feeling==Can locate
§ (9-12 o'clock, ete.)/Can become
2 accustomed to wesr all day/

Eyes tiredec.ecevesesvcsnocsvsscsces
3 Medium foreign body feeling/Can
tolerate but annoyingececececcccccoe
Heavy foreign body feeling/Cannot

L tolerate for long.......o..........

Ehrning, Stingingotooo..oooooooc.ooo.o

PAiNecccesceossocenscssrsscsscsocososs

NUMBERS EVERY HOUR

Data Time Hrs, Wear Code Numbers

endix C

0o N o))



BIOMICROSCOPE PHOTOGRAPHY SETTINGS

Type of
Subject Illumination Mag.
Cornea diffuse 10X
Cornea diffuse 16=-25X
Cornea optic 16-25%
section
Cornea sclerotic 16=25X%
scatter
Sclera di ffuse 10X
Sclera diffuse 16=25x%
Fornix diffuse 10X
Crystalline optic 16x
Lens section
Fluorescein diffuse 16X

Patterns

These settings are designed for use with the Nikon slit lamp and the
Nikkormat camera, using only the internal illumination of the slit

Appendix D

Iight ILight Filter
8 10° full
diffusing
8 10° full
diffusing
8 60° partial
diffusing
8 - partial
diffusing
? 10° full
diffusing
? o2 full
diffusing
7 100 full
diffusing
8 60° none
8 109 cobalt
blue

Shutter
Bpead

1/15

1/8

1/2

1/15

1/8

1/15

lamp, We used Kodak high-speed Fktachrome tangsten (3200 X) 35mm slide

£ilm, ASA 125, developed at ASA 320,

This table was designed by

Arnold Slolnik, 0.D,, and published in the Cregon Optometrist of March,

1973.



BIOMICROSCOPE PHOTOGRAPHS Appendix E-1

Patient 1

Picture 14, Box 6: pre-wear, permeable eye, nasal vascularization
Picture 15, Box 6: pre-wear, PMMA eye, temporal vascularization
Picture 16, Box 6: pre-wear, PMMA eye, inferior vascularization
Picture 17, Box 6: pre-wear, PMMA eye, nasal vascularization
Picture 28, Box 7: 3 hours, permeable eye, inferior vascularization
Picture 29, Box 7: 3 hours, permeable eye, nasal vascularization
Picture 31, Box 7: 3 hours, PMMA eye, inferior vascularization
Picture 26, Box 9: 10 hours, permeable eye, fluorescein pattern
Picture 27, Box 9: 10 hours, permeable eye, fluorescein pattern
Picture 28, Box 9: 10 hours, permeable eye, temporal stippling
Picture 29, Box 9: 10 hours, permeable eye, temporal stippling
Picture 30, Box 9: 10 hours, PMMA eye, fluorescein pattern
Picture 31, Box 9: 10 hours, PMMA eye, fluorescein pattern
Picture 32, Box 9: 10 hours, PMMA eye, nasal stippling
Picture 33, Box 9: 10 hours, permeable eye, temporal vascularization
Picture 34, Box 9: 10 hours, permeable eye, inferior vascularization
Picture 35, Box 9: 10 hours, permeable eye, nasal vascularization
Picture 36, Box 9: 10 hours, PMMA eye, temporal vascularization
Patient 2
Picture 34, Box 6: pre-wear, PMMA eye, inferior vascularization
Picture 35, Box 6: pre-wear, PMMA eye, nasal vascularization
Picture 4, Box 9: 6 hours, permeable eye, inferior vascularization
Picture 7, Box 9: 6 hours, PMMA eye, inferior vascularization
Picture 3, Box 10: 10 hours, permeable eye, temporal vascularization
Picture 5, Box 10: 10 hours, permeable eye, inferior vascularization
Picture 8, Box 10: 10 hours, PMMA eye, inferior vascularization



Patient -3

Picture 4, Box 2: pre-wear, permeable eye, temporal vascularization
Picture 5, Box 2: pre-wear, permeable eye, nasal wvascularization
Picture 28, Box 2: 6 hours, PMMA eye, nasal vascularization

Picture 28, Box 2: 6 hours, PMMA eye, nasal vascularization

Picture 30, Box 2: 6 hours, permeable eye, nasal vascularization
Picture 26, Box 3: 5 hours, PMMA eye, nasal vascularization

Picture 27, Box 3: 5 hours, PMMA eye, inferior vascularization
Picture 28, Box 3: 5 hours, permeable eye, temporal vascularization
Picture 29, Box 3: 5 hours, permeable eye, nasal vascularization
Picture 30, Box 3: 5 hours, permeable eye, inferior vascularization
Picture 8, Box 4: 8 hours, Pmma eye, temporal vascularization
Picture 9, Box 4: 8 hours, PMMA eye, nasal vascularization

Picture 10, Box 4: 8 hours, PMMA eye, inferior vascularization
Picture 12, Box 4: 8 hours, permeable eye, nasal vascularization
Picture 13, Box 4: 8 hours, permeable eye, inferior vascularization
Picture 24, Box 4: 7 hours, PMMA eye, inferior vascularization
Picture 26, Box 4: 7 hours, permeable eye, nasal vascularization
Picture 27, Box 4: 7 hours, permeable eye, inferior vascularization
Picture 12, Box 5: 10 hours, PMMA eye, fluorescein pattern

Picture 13, Box 5: 10 hours, PMMA eye, fluorescein pattern

Picture 14, Box 5: 10 hours, permeable lens, fluorescein pattern
Picture 15, Box 5: 10 hours, permeable lens, fluorescein pattern
Picture 22, Box 5: 10 hours, PMMA eye, temporal vascularization
Picture 23, Box 5: 10 hours, PMMA eye, nasal vascularization
Picture 24, Box 5: 10 hours, PMMA eve, inferior vascularization
Picture 25, Box 5: 10 hours, permeable eye, temporal vascularization
Picture 26, Box 5: 10 hours, permeable eye, nasal vascularization

Picture 27, Box 5: 10 hours, permeable eye, inferior wvascularization



Patient 4

Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture

Picture

Picture

22,
23,
24,
25,
26,
27,
28,
29,
33,
34,
9,

10,
11,
12,
15,
19,
04
s
22,
28,4
A,
15,
16,
17,
18,

4897

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

Box

1

Box 2:

25

2:

2

w

w

pre-wear,
pre-wear,
pre-wear,
pre-wear,
pre~-wear,
pre-wear,
pre-wear,
pre-wear,
pre-wear,

pre-wear,

6 hours,
6 hours,
6 hours,
6 hours,
5 hours,
5 hours,
5 hours,
5 hours,
5 hours,
8 hours,
8 hours,
8 hours,
8 hours,
8 hours,
8 hours,
7 hours,

7 hours,

7 hours,

PMMA eye,

PMMA eye,
PMMA eye,
PMMA eye,
PMMA eye,
PMMA eye,
permeable
permeable
permeable

permeable

permeable
PMMA eye,
PMMA eye,
PMMA eye,
PMMA eye,
PMMA eye,
permeable
permeable
permeable
PMMA eye,
PMMA eye,
PMMA eye,
permeable
permeable
permeable
PMMA eye,
PMMA eye,

PMMA eye,

e s

overall vascularization
overall vascularization
temporal vascularization
nasal vascularization
nasal vascularization
inferior vascularization
eye, overall vascularization
eye, overall vascularization
inferior vascularization

eye,

eye, inferior vascularization

6 hours, permeable eye, nasal stippling

eye, nasal stippling

superior temporal stippling
superior temporal stippling
nasal stippling

inferior vascularization
nasal vascularization

eye, temporal vascularization
eye, inferior vascularization
eye, nasal vascularization
temporal vascularization
inferior vascularization
nasal vascularization

eye, temporal vascularization
eye, inferior vascularization
eye, nasal vascularization

temporal vascularization

inferior vascularization

nasal vascularization



Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture

Picture

Patient 5

Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture
Picture

Picture

Patient 6

Picture
Picture
Picture

Picture

31, Box 4:

33, Box 4:

8, Box 5:
9, Box 5:
10, Box
11, Box
17, Box
18, Box
20, Box

21, Box

18, Box 6:

19, Box 6:
23, Box 6:
17, Box
18, Box 7:
19, Box 7:
22, Box 7:
23, Box 7:
25, Box 7:
26, Box

21, Box

24, Box 9:
12, Box

2, Box 1:

3, Box 1:
6, Box 1:
8, Box 1l:

o) DA 1.

10:

7 hours,

7 hours,

10 hours,

10 hours,

10 hours,

10 hours,
10 hours,
10 hours,
10 hours,

10 hours,
pre-wear,
pre-wear,
pre-wear,
3 hours,
3 hours,
3 hours,
3 hours,
3 hours,
hours,
3 hours,

8 hours,

8 hours,

hours, permeable eye,

pre-wear,
pre-wear,
pre-wear,

pre-wear,

—v ALY TN Y

permeable
permeable
PMMA eye,
PMMA eye,
permeable
permeable
PMMA eye,
PMMA eye,
permeable

permeable

PMMA eye,

PMMA eve,

permeable
permeable
permeable
permeable

PMMA eye,

PMMA eye,
permeable

permeable

permeable

permeable

PMMA eye,
PMMA eye,
PMMA eye,
permeable

novmaahla

E-4
eye, temporal vascularization
eye, nasal vascularization
fluorescein pattern
fluorescein pattern

eye, fluorescein pattern
eye, fluorescein pattern
inferior vascularization
nasal vascularization
eye, inferior vascularization
eye, nasal vascularization
temporal vascularization
inferior vascularization
eye, nasal vascularization
eye, central stippling
eye, central stippling
eye, central stippling
inferior vascularization
nasal vascularization
eye, inferior vascularization
eye, nasal vascularization
eye, inferior vascularization
eye, inferior vascularization

fluorescein pattern

overall vascularization
overall vascularization
nasal vascularization
overall vascularization

eye,

oo naaeal wraeenlari»atinn



E-5
Picture 8, Box 3: 6 hours, PMMA eye, temporal vascularization
Picture 9, Box 3: 6 hours, PMMA eye, nasal vascularization
Picture 10, Box 3: 6 hours, PMMA eye, inferior vascularization
Picture 11, Box 3: 6 hours, permeable eye, temporal vascularization
Picture 12, Box 3: 6 hours, permeable eye, nasal vascularization
Picture 13, Box 3: 6 hours, permeable eye, inferior vascularization
Picture 14, Box 3: 6 hours, PMMA eye, central corneal clouding
Picture 15, Box 3: 6 hours, PMMA eye, central corneal clouding
Picture 16, Box 3: 6 hours, permeable eye, no central corneal clouding
Picture 17, Box 3: 6 hours, permeable eye, no central corneal clouding
Picture 31, Box 3: 8 hours, PMMA eye, temporal vascularization
Picture 32, Box 3: 8 hours, PMMA eye, nasal vascularization
Picture 33, Box 3: 8 hours, PMMA eye, inferior vascularization
Picture 34, Box 3: 8 hours, permeable eye, temporal vascularization
Picture 35, Box 3: 8 hours, permeable eye, nasal vascularization
Picture 36, Box 3: 8 hours, permeable eye, inferior vascularization
Picture 2, Box 6: 12 hours, PMMA eye, fluorescein pattern
Picture 3, Box 6: 12 hours, PMMA eye, fluorescein pattern
Picture 4, Box 6: 12 hours, permeable eye, fluorescein pattern
Picture 5, Box 6: 12 hours, permeable eye, fluorescein pattern
Picture 6, Box 6: 12 hours, PMMA eye, temporal vascularization
Picture 7, Box 6: 12 hours, PMMA eye, nasal vascularization
Picture 8, Box 6: 12 hours, PMMA eye, inferior vascularization

Patient 7

Picture 16, Box 1l: pre-wear, permeable eye, inferior vascularization
Picture 17, Box l: pre-wear, PMMA eye, temporal vascularization
Picture 21, Box 1l: pre-wear, PMMA eye, inferior vascularization
Picture 1, Box 3: 6 hours, permeable eye, central corneal clouding

Picture 2, Box 3: 6 hours, permeable eye, temporal vascularization



Picture

E-6

3, Box 3: 6 hours, permeable eye, inferior vascularization
Picture 4, Box 3: 6 hours, permeable eye, nasal vascularization
Picture 5, Box 3: 6 hours, PMMA eye, temporal vascularization
Picture 6, Box 3: 6 hours, PMMA eye, inferior vascularization
Picture 7, Box 3: 6 hours, PMMA eye, nasal vascularization
Picture 2, Box 4: 5 hours, permeable eye, temporal vascularization
Picture 3, Box 4: 5 hours, permeable eye, inferior vascularization
Picture 4, Box 4: 5 hours, permeable eye, nasal vascularization
Picture 6, Box 4: 5 hours, PMMA eye, inferior vascularization
Picture 7, Box 4: 5 hours, PMMA eye, nasal vascularization
Picture 2, Box 5: 8 hours, permeable eye, temporal vascularization
Picture 3, Box 5: 8 hours, permeable eye, inferior wvascularization
Picture 4, Box 5: 8 hours, permeable eye, nasal vascularization
Picture 5, Box 5: 8 hours, PMMA eye, temporal vascularization
Picture 6, Box 5: 8 hours, PMMA eye, inferior vascularization
Picture 7, Box 5: 8 hours, PMMA eye, nasal vascularization
Picture 28, Box 5: 11 hours, permeable eye, fluorescein pattern
Picture 29, Box 5: 11 hours, permeable eye, fluorescein pattern
Picture 30, Box 5: 11 hours, PMMA eye, fluorescein pattern
Picture 31, Box 5: 11 hours, PMMA eye, fluorescein pattern
Picture 33, Box 5: 11 hours, permeable eye, inferior vascularization
Patient 8
Picture 9, Box 7: pre-wear, PMMA eye, inferior vascularization
Picture 10, Box 7: pre-wear, PMMA eye, nasal vascularization
Picture 15, Box 9: 8 hours, permeable eye, nasal vascularization
Picture 16, Box 9: 8 hours, permeable eye, inferior vascularization
Picture 18, Bex 9: 8 hours, PMMA eye, nasal vascularization
Picture 19, Box 9: 8 hours, PMMA eye, inferior vascularization
Picture 17, Box 10: 10 hours, permeable eye, stippling
Picture 18, Box 10: 10 hours, sermneable eye, stippling



Picture 19, Box 10: 10 hours, PMMA eye, stippling

Patient 9
Picture 11, Box 7: pre-wear, permeable eye, temporal vascularization
Picture 13, Box 7: pre-wear, permeable eye, nasal vascularization
Picture 16, Box 7: pre-wear, PMMA eye, nasal vascularization
Picture 26, Box 10: 6 hours, PMMA eye, central stippling
Picture 36, Box 10: 6 hours, PMMA eye, temporal vascularization
Picture 2, Box 1ll1l: 8 hours, PMMA eye, central corneal clouding
Picture 3, Box 1l1l: 8 hours, PMMA eye, central corneal clouding
Picture 4, Box 11l: 8 hours, permeable eye, no central corneal clouding
Picture 5, Box 1ll: 8 hours, permeable eye, no central corneal clouding
Picture 11, Box 1ll: 11 hours, permeable eye, fluorescein pattern
Picture 12, Box 1l1: 11 hours, PMMA eye, fluorescein pattern

Picture 13, Box 11: 11 hours, PMMA eye, fluorescein pattern

Patient 10

Picture 6, Box 11l: 8 hours, PMMA eye, central corneal clouding
Picture 7, Box 1ll: 8 hours, PMMA eye, central corneal clouding

Picture 8, Box 1ll: 8 hours, permeable eye, no central corneal clouding
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