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Purpose

It is the purpose of this research project to couparc the
astigmatic component of the human visual systen using two different
types of astigmatic testing at sixteen inches. ne method involved
utilizes a near cylinder testing technique devised.by Dr. C.B. Pratt
of Pacific University, College of Optometry. This method of near
astigmatic testing has been well established aad is widely used at
the College of Optometry, Pacific University. This method iz a mono-
cular test, The second method utilizes a binoculur testing techaique.
This niethod was brought to our attention through a paper written by
Dr. Deryck Humphriss on '"'he HIC Technicue"s This method involves
fogging one eye while testing the other eye but naintaining iusion
at all times during the testing. To our lknowledge, there has been no

literature conpuring these two methods.

It is our intention to test ecach subject usiay both methods and
comparing the results. We are mainly interested in the change in power

and axis oi the cylinder, if any, and the magnitude of change.

It is our contention thut there will be no clinically signiticant
difference in the power vebween Lhe wmonocular and vilocular methods and

no clinically significant difference in cylinder axis.

We will also compare the subjective preierence ol ewch suogect,

whether he was more comfortuble and better able to respond to the

monocular or binocular method,



Historical Swinery

Ever since Thomas Youny iirst described astigmatism, various
testing methods developed resulting in wvoth monocular technigues and
binocular techniques. Participation in binocular refractive techniques
at the clinical level was influenced end stimulated by A.E. Turville. (10)
However, the standard procedures of choice in tne United States appear
to be of the monocular variety, although there are advocutes ol binoc-
ular techniques (Smith (9), Copeland (2), and Humphriss (6) who suggest
inaccuracies when astigmatism is deteruined monocularly under dis-
sociation,

The iniluence of cyclophoria on the axis of stignatisw is largely
ignored by monocular technigues. MNiles (7) found an avera_e difierence
of 8 degrees between binocular and monoculer deteruination. Grolmwun (4)
found a similar difference. Hood, lMees, sad Slocum (5) when comparing
forty seven suvjects concluded no nieasuravle differeance betweea binoc-
ular und wonocular astigmatic power values measured at far when using
the Jackson cross-cylinder technique and the Jockson cross-cylinder
technique combined with the H,I.C., technique of fogging. 411l these

studies cited dealt with far point testing.

Humphriss,in en attenpt to utilive binocular v.sion while test-
ing for astigmuticm, developed the H,I1.C. technicue. The following was

hig hypothesis: "If one eye is slightly blurred, the central cones of

the fovea centralis cre suspended and then any alteration made in



sharpness nade to the retinal image is recorded by the unfogged eye."(6)

This aspumption serves as & busis for one technique used in this study.

The several studies mentioned above compared various far point
methods of astigmatic correction., Some utilized the fogging technigue,
but none could be found incorporating the technique at near point. Carol
Pratt, O.D., Phe D., in 1937 developed what is now referrvcd to as Pratt's
Wear Cylinder Test. The technique, which will be the monocular component
of our comparison, is similar to the four-ball cylinder test at far, (3)
but utilizes cross grid targets. The targets and procedures fior both tests

will be described below,

(6) Humphriss, D., "The Retraction of Binocular Vision", The
Opthalmic Optician, Oct. 5, 1963,



PROCEDURE

A near point test to measure the subjective asligmatism was
devised by C.3., Pratt of Paciiic University. The test coasists of a
reduced Snellen chart, cross grid chart with lines.l80 and 90 degrees,
and another cross grid chart with the lines 45 and 135 degrees.

The keratoneter was used for an estimate of the amount of corneal
cylinder. Javal's rule was then applied to the amount of cylinder
found for a more accurate approximation oi the total astigmatic

<41

correction of the eye. This amount of cylinder was then put in the

phoropter.

The subject was then asked to read the 20/20 line of the reduced
Snellen chart at 16 inches with normal nesr point illumination and with
Javal's 1ﬁle in pluce. Plus lenses were then added befove cach ey
simultaneously until the patient reported he could no longer maic out
any of the letters. One eye was occluded @1d the plus wus reduced on
the eye that was observing the turget uwnvil the letters in the 20/20
row could just be seen again., This eye was then occluded and the other
eye was unoccluded, and plus was then reduced in this eye until the
20/20 row of letiers could just be seen. This produces minimal
accommodative stimulation and, we asswile, responsce wid so minimizes the

possibility of subjective chuanies due to accommodation,

A cross grid chart with lizes runing 90 and 180 degrees was then



placed at the 16 inch distance with normel near point light. One eye
was occluded so only one eye was seeing the target. The subject was
asked which group of lines, vertical or horizontal, appeared darier
than the other group. If the vertical lines appeared darker s minus
quarter diopter oi cylinder wus a&ded with axis 140. The subject vias
then asked ggoein which group seemed darker. Rinus cylinder was added
in quarter dioplter steps until the subject reported a reversuld of the
lines, A plus a cuarter ol sphere was added for every hali diopter of

minus c¢ylinder thet was added to maintain the spherical equivalent.

If cylinder was already present axis 160 and the subject reported
that the lines running in the 130 werc darker than the lines runaing
at 90 then the cylinder was seduced untlil the S0 degrees lines appeured
darkers A cuarter diopter of cylinder was then added in the 180 agoin.
Thus in either case the subject wus left with a slight excess of cylinder
power, a condition which maikes locating the axis oi astigmabism niore

precise in this method of testing.

The other crossvgrid chart, haviag lines at 4, and 1%5H deprees
was then vievwed by the subject. He was then asked, "which lines appcor
dsrker now, those lines ruaning up und towara the leit (135 degrees) or
thoge lines running up wnd to the right (45 degrees)". The axis oi the
cylinder was then rocked und set, iinally at the widpoint vetween where
e group of lines appeared duerker and where the other group appeared

darker.



After the axis was established the cross grid chart with lines in
the 30 and 1U degfees were again presented to the subject. Minus
cylinder power was then reduced until a reversal oi the lines was
noted by the subject. The sphere was adjusted to maintain spherical

equivelancy.

The eye which was then tected was occluded end the other eye was
unoccluded, The sume procedure was then followed to find the amount
and axis of cylinder., The {indings were then recorded as the amount of

minus cylinder and the axis oi the cylinder for both eyes.

After the iindings were recorded for the monocular viewing oi the
test target the sphere was changed baclk to the original monocular
recovery points, and the cylinder was changed back to the power and
axis of the net opthalmomeler cylinder. Thus the starting conditions
for the obinocular testing were the same as for the monocular testing

sequelce,

Ihe same cross grid charts were used for the monocular and bin-
ocular testing. i dark circle wos drawn around the outside oi the cross
grid chart to help maintain fusion during binocular exposure. The charts

cen be seen in appendix B.

In the binoculer testing both eyes were uaoccluded and plus 0.75

diopters were added to the eye not being tested. Thus the fovea oi the

tested eye received a clear image ovad the iovea oi the non-tested eye



received a vlurrea image. Both eyes were seeing the whole target and

peripheral fusion wasg maintained by the black ring around the target.

The seme procedure Was then followed ag for the monocular testing
gequence. A reversal wus found for the 90 - 180 lines. The axis was
measured. and then the least cylinder power was found again by reversal,

These idndings were then recorded and the data can be seen in appaidix Ae

The subject was then ashed which method, the monocular or ovinoc-
ular condition, seemed easicr in terms oi response. Obher iniormation
taken during the exam vus nane, age, sex, aild which method was tested

first, either morocular or ninocular.

The first 42 eyes were vestod monocularly iirst, then tested
binocularly. 'The next %6 eyes were tested binoculurly Ifirst, then
monocularly, A random order of testing was then begun to discover
if there was any change depending on which test wus given first. The
total number of eyes tested first monocularly was 94 coipared to 50 ior

binocular.

VWhen considering the procedures used in this study, it should be
kept in mind that cervain veriables were compensated ior wid obhers were
note The selcction of subjects was based on availability. The subjects
were elther students or stalf of Pacific University, age ranging Irom

19 years to 4. Some of the variavles that were not compoansated ior



were the followings the phoropters used, the exact amount of illum-
ination in the refraction rooms (uge of lamp bulbs and wall reflectance
tactors varied), time of dey, and the petient's pre-set, i.e. octivity
of the patient just prior to testing. e refractionist was used to
test all of the subjects to hold variation in testing to a minimum.
Also, both the monocular snd binocular methods of testing on any one
subject was done at the sume sitting in the same toom to help comp-

ensate for the variables surrounding the tests.



Malysis and Results

Our control study involved testing one subject from each power
>
group ten different times to evaluate the fluctuation inherent in the
mechanics of rwwing the tests. Threce power groups were used to better

analyze the data since axis change is related to the megaitude of

cylinder power. ;

The first power group colsisted of subjects with 0.25 to 1.00
diopter of astiguatisme The second power group congisted of indi-
viduals with 1.25 to 2,00 diopters oi astignatism, and the third group

225 to 3,00 diopters of ostigmabism,

A control study was done on one individual frow euch power group
to test the variance in testing techaique not associated witi the
astigmatic testing difference between the monocular aand binocular
netiheds In groups one and two of the control study there was a

random variation of 0.2) diopter and Iive degree axis change. In

group three was a reondow variabion of Q.25 dioplter of power and no

axis change.

Standard devietions were 1run on the control study groups with
the following resultss

Standard  Deviation

Dower Axds
Control group one s 11 263
Control group two «10 23
Control group three «10 0.0



.Eighty-nine eyes qualified under power group one. Of these, fifty-
six showed no change in power and thirty gave a change of 0.2 diopter,
with three giving & change of more than 0.25 diopter. Ileven eyes fell
wider power group two, Of these, seven showed no change, three shiowed
0.2H diopter change and one gave a change of more %han 0.25 diopter.

The total in power group thrce consisted oi four eyes. Three oi these
showed no power change and one gave 0.25 diopter cgange.
The axis change in group one oi eighty-nine eyes, showed sixty with

no change in axis, eighteen with change of five degrees, wnd eleven With

a greater than five degree axis change.

Group two consisted of four eyes with no change, five with Ifive

degree change and two with a greater than five degrec change.

Group three consisted of two eyes with no chunge, one eye with a

five degree change and one cye with a greater than five degree chenge.

Appendix A gives a summary of the subject data in graphicel aond

tabular form.,

Control group one, two and three gave standard deviations of
approximately .12 diopter of cylinder power. Axis change in groups one
and two was approximately two degrecs stondard deviation, ond the third

SToup Zero UGLICes .

n a statistical significant level ol one stundard devietion, all

10



changes of 0,29 diopter or more were significant changes. 4ll axis
changes oif f{ive degrees or more wWere also significant under this sauie
criteria of one staanderd deviation of significunce level.

Of group one, thirty eyes showed a change of two standard devi-
ations, three a change of five standard deviations, .a,nd fifty-six less
than one standard deviation in cylinder power. Of this seme group, axis
changes of two standard deviations were found in eist‘;l'rl;een eyes, greater
than two standard deviations in eleven eyecs, and less than one slandard
devigtion in sixty eyes. Of group two, three eyes showed a change of two
stvendard deviations, one a change of five stwndard deviations, and sevea
less than one standard deviations in cylinder power. The axis change in
group two showed five eyes ol itwo standard deviatbtions, two eyes of greater
than two standard deviubions, and forty eyes of less than one standerd
deviation., CGroup three showed one eye oi two staadard deviations, and
three eyes of less than one standard deviation of cylinder power. Axis
change of this group showed two gyes of significent change, wnd two

eyes of no significant change.

In power group one, thirty-three cyes gave a significant change
in power, and twenty-nine a siganificant chenge in axis out oi a total
numoer of eipghty-nine eyes in this group. Fower group two showed four
eyes of significent change in power and seven a significant chonge in
axis out oi the total of eleven. In power group three oune siowed &
significant chiange in power, and two showed o significuant cheage in axis

out of a totul oi fouwr cyes.

11



The criteria for significent change in the above evaluation is
based on the statistical stendard deviation. A clinically significent
deviation is of necessity greater than the statistical deviections due
to the testing technique. The data token was measured to the nearest
.25 diopter. As a result, optometric significancb could not be less

.

than 29 diopter, and on a statistical basis, ftwo gtandard deviations,

On the above clinical definition ol signiiicaince, only four eyes

of the total one hundred four were clinically signiiicent.

411 four of these eyes gave a cylinder power of l.2H diopter or

The testing techaique of axis findings involved recording the
axis to the nearest multiple of Ifive. 48 a vesult, oplomebric sig-
niticance could not be less than iive deyrees, and on a statistical
basis, two stundard deviations. With this clinicul deiinition of
signitficaance, only fourteen cyes showed o clinically significuat
change in axis. 4All but three were of .75 diopter or lese of cylinder

power, The remainiag three ranged iron .29 to 1.25H diopter.

In the control study oi group three, there was no variution in
axis. Of the subjects in group threc, two gave no change in cylinder
axis whea coupering the two metnods. One subject revealed o iilve degree

o

change ond one g iiftcen degree change. These changes in axis were in a

random direction, that is to say there was no congistaanl direction of



change in axis,

Some studies such as Borish have eluded to the fact that binocular
conditions tend to position the eyes in an excyclotorsionel direction
from the monocular position. This did not occur in our study consitantly
and may be explained in the fact that our fusional controls were designed
for perpheral vision., Thereiore the ifusional targets used did not provide

for ceatral fusion wnder binocular conditions,

0f all the groups, nineteai subjects reported no diiference in the
case of responding to the two different tests., Thirteen subjects re-
ported the binocular test to be easier. Twenty subjects preferred the
monocular method, Data indicates no decisive treand for preiereace oif
one method of testing over the other in the age group oi eighteen to

forty years.

13



SULTSARY

For the clinical situotion, resolving astigmatic error in a raage
of 0.25D to 2.25D, this sbudy suggests no practical aifference in results
between binocular and monocular neur point testing metiods. Whether of
low (0.25D) or moderately high (2,00D) astigmetic error, the vast
maejority of data suggests that any power or uxis variance betweea the
two methods ig clinically insignificant basged upon the control study.

It should be noted that it would be desircble to have more subjects in

group three.

The results oi this study suggest o frecdow of choice in select-
ing edther binoculor or monocular astigiatic testing methods with aa
assurance oi cecual clinical accuracy. Parameters such ws tine, pruct-
itioner prefereilce, and ease oi patienl response could be used ag test

method criteria without sacrificing validity oi results.

iny iurther studies in this are. may ve better served by more
stringent control. Better controlled illumination, teiyget design,
equipment used, testing technicue and use of fianer scaled wiis and
power wnits night be desiranle in getting more procise dwva. However,
our study is represertative of normal clinicul testing ia thut no stand-

ardization oi the above listcd pirameters has been establighed.

14



10.

BIBLIOGRAPHY

Borish, I,M, "Clinical iefraction", The Yrofessional Press,
Inc., lYive Worth ¥abash iAve., Chicago, Ill., 60602,
Third edition, 197uU.

Copeland, I.C., "Locating the Astigmatic Axis under iinocular
Fixation", Ten Years of Optical Developments (Nov. 1Y40),
Rigg's Optical Co,, Chicago, 1942.

Cristi, R., Kancehiro D., Turk, V., '"The Simultants Test v.s.
the Hear Cylinder Test", Requirement for the Doctor of
Optonetry Degree, 4 Thesis, Paciiic University, College
of Optometry, lLorest Crove, Oregon, 1970,

Grolmen, #., "Binocular efraction - 4 Mew System', New BLagland
Journal of Uptometry, Moy 1966, Vol., XVII, Ho. 5.

Hood, D,4i., kees, J.D., Slocum, C.S8., "Binocular Deterninat.ion
of Astigmatic Power and ixis", Hequirement for the Doctor
of Optometry Degrce, A Thesis, Pacific Uaniversity, College
of Optometry, I'orest Grove, Oregon.

Humphriss, D,, "The Refraction of uJinocular Vision", The
Opthalmic Opticiun, Oct. 5, 1967,

Miles, P.Vi., "Binocular hefrsction", im. I. Ophthal., Wove. 1948,

Pratt, C.D,, Lecture Wotes, Pacific University, College of
Optouietry, 1972.

Smith, D., "The Bstimation of the Totel Refractive Zrror without
a Cyclopegic", Trans. Am. Acad. Ophthal, and Otolowryng.,
19%0.

Turville, A,E., "Outline of Infinity Balance", Raphael's Limited,
London, 1946.



APPENDIX A



TABLE I

NUMBER OF EYES IN EACH CATAGORY AND POWER GROUP

Number Amount of
Cylinder
of Power
Eyes 0025 1025 2.25
1,00 2,00 3,00
Tested |p M |B (M |[B | M
104 72 I?O 10 llh 4 5




TABLE II

DIFFERENCE BETWEEN MONOCULAR AND BINOCULAR

TESTS IN TERMS OF AXIS CHANGE AND PdWER CHANGE

Difference between Monocular and Binocular tests

Change of Axis

Change of Power

(degrees) (diopters)
0-5 6-10 10+ 0,00 0.25 0,25+
67 23 14 67 33 L




TABLE III

NUMBER OF SUBJECTS IN EACH TEST PREFERENCE

Method

Tested Test Preference

First

B (Bin.)

M (Mon, ) Both Test Binocular Monocular
B M Same Easier Easler

50 |54 19 13 20




Near Binocular Astigmatic Test

3.00

2,00

1,00

GRAPH I

SCATTERGRAM SHOWING POWER CHANGE
OF MONOCULAR VS, BINOCULAR TESTING

1.00 2,00 3.00
Near Monocular Astigmatic Test



Near Binocular Astigmatic Test

180

170
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150
140
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GRAPH II

SCATTERGRAM SHOWING CYLINDER AXIS CHANGE
OF MONOCULAR VS, BINOCULAR TTESTING
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TABLE IV

NUMBER OF EYES SHOWING CHANGE
IN POWER IN EACH POWER GROUP '

No

Change 56 7 3
25 D

Change 30 3 1
«50 D

Change 3 1 -
Total 89 11 L




TABLE V

NUMBER OF EYES SHOWING CHANGE
IN AXIS IN EACH POWER GROUP

No 60 4o
Change !
o :
5 ;
18 '
Change ? 5
o
>5 i | 2
Change 4J
8 |
Total 9 gll




APPEADIX 3



Power Group I

H.Bs lale
Tested
Trial Iirst
1 M
2 M
3 M
4 M
5 B
6 M
i B
8 B
9 M
10 M

CONTROLLED STUDY DATA

Age 29

Reratometer 21, (B/R) hon., Cyl. in, Cyl,
-2 50x90 +150/125 0. 25x10 Uy 25%5
- 12290 4125/ 75 i =

=+ 50x90 +150/125 0. 505 04 50%5
-4 H0x90 +150/100 0. 25x180 O 2525
-4 50x90 +175/150 Us 25210 0. 25x15
-,12%90 +150/1L')U - ———
-2 50190 +100/75 0. 25205 0. 25%10
-.50x180 +100/75 ——= e
-.50x90 +125/75 0425410 Ue 2510
-~ 8Tx90 +125/75 s omess i
-.50x90 +125/75 Ve 29%5 0e 50210
- 87x90 +125/75 ——— ——
~1.12x90 $125/100 0450210 0. 29%5
-.37%90 +125/75 0. 25x180 .

- HUX90 +156/125 Us 25%5 Ue 25%5
- 62x90 +175/125 - o
-+ 50x90 4175, 100 0. 255 Ua 25%8
~+ 5Ux90 +175/75 ——— ———-
-« 37590 +150,100 V. 25x5 0Ue HUXB
-+ 5Ux90 +125/75 0. 25x1U 0425210



Power Group II

CONTROLLED STUDY DATA

JeS. Male Age 26
Tested

Trigl Jirst Feratometer 2Im (3/R) HMon., Cyl. Bin. Cyl,
1 M 39.75/41.25€90 #.25/pl  -1.75x180  -2,00x180
39487/40. 50690 €.25/-425 =1,25x8 -1.29x10

2 B 39.75/41. 50090 +.25/pl  -1.75x5 - 2,005
40.00/41.00690 4.25/-.25 =1.25%6 -1, 25%180
3 B 39.75/41.25€90 +.25/pl  -2,00x180  =-2.00x180
40,00/41, 00890 +.25/=.25 =1.25%5 ~1.25x180

4 B 39.75/41.14€90 4.25/pl  =2,00x180  =2.00%5
40.00/41, 2590 #425/=025 =1.25%5 -1, 25x160
5 B 39.75/41. 90690 #.25/pl  -2,00%5 -1,79%180
40.00/40.87€90  #.25/=.25 =1.50:5 ~1.25%160

6 M 394 TH/41425€90  €425/=425 =1.75z5 -1.75%5
40.00/41,00€90 pl/-.25 ~1.50x175 ~1.%50x180
T M 40.00/41.25€90 +.25/~e25 =1.T5x5 -1.75x180

40.00/41.00690 #.25/=425 =1,50z5 -1, 25%5
8 M 59 75/41.12690 +.25/-.25 =175 ~2.00%180
40.12/41,00690 +.29/-.25 =1,50%180  -1.25x%10
9 i 59475/41.12€90 +.25/-.25 -1.75%5 -1.75x130
400 25/41,00€90 4.29/=.25 -1.29%5 ~1,50%1860
10 B 40,00/44450€90 w4 25/pl -1.50x180 -1, 75x180
40,00/41. 75890 +.25/-.25 -1,50x5 -1,50x15



Yovier Group III

CONTROLLED STUDY DATA

E.S. Male ' Age 54
Tested

frial First Keratometer 2lm (B/R) Mon. Cyl. = Bin. Cyl.
! i 41625/45.50690 «1,25/+,50 =2,25%x180 " -2.25x180

41.00/45,50690 +1.25/4,50 =2.50x100 =24 50x160

’ - 41.25/43,50€90  #1.50/+.50 -2,25x1J0 =2, 25140

4‘1' OO,/450 50&'9 Uoo¢l, L)O/-‘- oD =2, 50x180 -2y E)O}LJ.OO

> 5 41.25/45.50690 #1.50/4.50 =2.25x160 =24 25:1u0

41.00/42.590  ¢1.50/+.75  =2.50x160  ~2.502180

4 E 41.50/4.T5€90  &,79/#.25 =2.25x180  -2.25%180

41.00/43. 7550 ¢1,00/€.50 =5, 7Hx160 =2, 503160

2 . 41,50/43.THY0  «1,00/4450 =2.50x100 -2, 25160

41.00/43.75690 #1.25/+.50 -2.75x100  =2.75x160

6 ’ 41.50/45.THYG0  #1,00/#.50 =£.505160  -2.253100

41.00/45. 57650 $1.00/4.50 =2, 755160 =2, 75170

7 W 41.50/45405T€90  #1,00/4.25 =2.50x180 =2, 25%100

41,00/43. 7450  +1.00/+,50 =2.75x180  =2.75xLE0

. Y 41.50/45 . THI0  #1.00/#.25 =2,50:180  ~2. 753140

41.00/43.715690 +1.00/#.50 =-5.00x160  =2.7Hx140

’ . 41.62/45.61€90 ¢1,00/4,25 -2.50x180 =, 255150

41.,00/45.75€90  #1.00/+,50 =2.75x180  =2.7Hx180

10 I 4150/ 4..75650 41.00/4.25 =2.50x180  -2.29%100
41,00/43.75€90 #1.00/4.50 =2,50%L180  =2.75x180



RAV DATA

Pwr. Axe Suve

40.87/42.H5069u

Subj. - Sex Age Keratometry hon, Cyl. Binoc. Cyle Li=B (difj Pref.
1, P.D. M 23 4%,00/44.00€90  ~,E5x1U Spha -e25 - M
42.25/44.C0690  =.50x160 - -.25%175 -.25 15
2. D.8. M 22 4L.75/42.25690 Sph. Sphs - - M
/]ll.n.. UO,’ 42 ° 25@)9\) Sph.n 51311! - =
3. B, M 25 42.75/42.50890 =, 25%180 -2 25%05 - 5 M
42.081/43.25€90  -,25x%165 =+ 502160 4425 D
4o EMe M 25 41.87/42,00690 -, 29%20 - HUx20 5N - B
42.00/42.50690  =.25x1Hu - HUx159 25 15
Je DT, M 22 42,50/42,0090  -.25x170 - 25155 = b i
41.87/41. 50690 =, 25x170 - 253170 <
6s LePe M 27  44.0U/453.TH90  -.25x109 - Huxld5 +e25 10 N
43.50/43.50690 =, 25180 - 255180 - -
Jals N 44.50/45. 00690 -, 25x1E5 ~ . 25%165 - B
44.75/45.T590 =, 50xH =2 HUUS -
G.P. M 26 41,00/42.50690  -.79%20 - 7915 5 N
41.00/4%.75690 =2,00x17¢ -, LTS 5
D.te M 25  40400/40.68€90  ~,25x09 - 2531060 5 B
40.25/41.79€90 -, 25%160 - 2521060
JeRe M 22 43.57/42.75690 = T5x1U) - 2539\ 15 N
42,75, 4500890 =, 5045 ~e 50245 -
454257456 THE90 Sph. Sphe -
C.S. M 22 A4.U0/A4. 090 =, 255130 - 253180 - N
44400/ 44,0090 -.25x180 -« 25%15 15
E.D. M 42,00/ 42,5050 -, 50x30 - 90290 - 0
4L.0C/4L.THEQD -, 2H%6u - 25290 10
BaWe M 42.87/42.87690 -, 252150 - 25150 - w
42.50/4%. 00890 -, H0x1Y - 50215 -
D.e K 40Oe 0T/ 4% 4 HO0EYO Sph. Sph. - il
: o r
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L. L,

GoTe

B I

P,

:M . R .

B-Po

L.T,

D. 1,

G.D.

Jii
M
10
I
M
i

M

M

M

M

M

3®] 3
L [0}

34

Keratometbry

42.8T7/4% « 50690
43 . WU/ 44 . 00E90

41425/ 43 HUE90
404 37/4%« ST€90

42,75/ 444 00€90
42475/44.425€90

43425/ 42.TH90
45 400/45 . 00690

41.75/42,50690
414757445050

42.00/42,75690
42400/ 424 2590

42,87/ 4> . £5€90
45 .50/ 4 « 62290

46.12/47.50€95

44,00/ 44, 56456
44. (_'}';31/44_. 7590

45«50/ 44 TH90
4%+ 25/84.. 7990

434007 4447550
454507 440 25690

44490/ 44,4 50€0
4547157 444 50€100

44.00/45. 2590
4545074579690

42,257 42450690

42,507 43 4 25690

44.uu/45.>uc90
454 T5/45. 0090

41.25/41. 7590
41,50/ 424590

lion. Cyl.

-+ 50x%0
- 795170

=2.50x175

- 15x175
=1.50x175
=1,25x10%5

-« 75290

-, 15x170
Sphe

-.50x1z5
-.25x75

-1.25.150
-1,00x4YH

- 25490
Sphe

=1, 00x20
~, THxlT0

- H0x1%5
Sph.

Spha

Sph
-.H0x10

Sph.
-+ HUx10

_07'9};1‘)5
-l.OQxlO

e QbXQU
-e 25%16U

Pvr, ix. Suin]e
Hinoc. Cyl, M=-B (dif) Predl,
-+ H0x,0 - M
- ToxlTu -
-2+ e¢5%180 - B
~-2675%180 25
- 75x175 - M
-1,50x175 -
=1.25x1U5 - 1
=1.00x40 25
- ZhHulbHh - N
- 2510 -
L] ]5};16‘) . N
Sph-o -
-4 H0x1%5 - N
-.50x70 *D
—.73x165 -.50 15 N
- [5360 -2 15
Sphe. - 25 - o
-+ 2Hx80 +.2H -
-1,0Ulxz0 - - B
- T5K1TU - -
- uslhu - 15 B
Y e ) w5 -
- ¢ HUBYH Ly uh M
- 5\)){U5 "‘)U =
-, 25x1u -&hH -
- 2H%0U5 +&5 - B
- 2()}(10 "'.2.5 L=
~e I)U:Ll‘)') —.25 - B
-¢ HOx1YH =H0 0H
Sphe. -.2H i)
-e 2‘):;16\) ad



Sunje

Sex

524

23

M
i
.

56.

3T

40,

41,

42.

43

44.

45.

46 L}

Re5e M

Ro Pn I\.,‘G_

D.Re M

(J‘.]?\l I\T

J.0, M

GeGe M

C. 1'3. l\'I

S.S. F

Kervtovetry

41,25/ 47, 25650
41,50/ 4¢,00€:,0

454507 44.,775€90
44,4 GO/ 44 . HOEYU

45400 4 . UOEI0
43404/ 45400

44. 09/44. OUE50
44 ¢ OU/:44- 50@9\;

404G/ 41, 50690
40400/ 41, THYU

450/ 45. 37690
4%400/ 444 TH90

44450, 44, 25€90
4:1. - _L)O//42 - O\‘@»\DO
42.25/41. 75890
42'75/44.Ou@90
4% « 50/ 44,4 OUEIV
41. U\)/’[l_z. OLESO
41, 00/42.75690

44.50/45. 87670
44..25/45. 50690

5487/ 44..50€90
45425/ 44450690

45.87/45. 25690
46400, 45,7590

45.50/45.T5¢90
45.75/45.50650

44,00/ 44 . 090
44400/ 444 00€50
41450, 4250090
41.75/42.25€90

Dyre  ixe Subje
Mon. Cyl. Dinoc. Cyla Ti=13 (dif) Pref,
- 715x165 - TH%16H - - i)
= 2hHx20 Sohe - 2hH -
Spia Sphe - -
- 25x85 - 25%3YH - - N
Spho Spho - sl
- 259U -+ 25%90 - - N
—e2hxliu =, 2H3l0u - -
-1.50x160  -1.70x100 w2H - M
=1.50xU5 ~-1.50x15% - 10
«D, 25275 =2,25%.TH - -
Sphe - 25x1liu +.25H - M
- H0x385H -+ H0x90 - uh
- TH%80 -1,00x85 +H uH N
-+ 75%95 = TOxYD - -
Sphe Spn. - - B
Sph.. :leho - -
-o THx170 -, 0Ux170 ) - M
-, THxl6H =, 50x170 -e25 uH
~l,uuxl60 =-1,u0xl65 - 05 N
-1, &5xU5 -1.25%160 - 05
Sphe. Sl - - B
- HORVY - HUx1G0 - 05
-1.0uvx95 ~-1.0Ux40 - 05H M
-1, 00x%60 - 2HRBU ) -
= 5\))(1\} i [_)O)Clj = \)"5 I‘{L
- Hox1TH - 75H%0% 425 10
Sph. Sphe - - B
- 25x10 Sphs - 2H -
—.75x170 - (5170 - - M
-.25%165 =iy A5HLT S - 10



Subge Sex Age  Kerwionetry
48, D.Li., M 24 39,12/40,75€90
1’8075/40- H0e90
49‘ A.S, M 25 44075/4500@90
44.37/45.,00@90
50 B.Pa M 22 44.75/46.25@90
44,74/ 46, 25@90
51. M.Me M 28 42,50/44.06@90
42,75/44.00€50
52. HoPe M 25 42.75/44.0:E90

42.75/44400€50

Pyire  iXe Subje
Lion. Cyl. I3inoc. Cyl. Li-3 (aif) Pref,
=2,00%180  =2,00x05 - uH M
=2, 00x17H5 =Z2,0uxlTH = %
-o H0x17H =+ 75x170 425 s M
- HUxLTV =, H0xlT0 - o
Sph. Sphe - - M
- E)U}Clbo ~e L)OX].F)O - -
- H0x165 -, 5uxl60 - 05 B
-.50x30 -+ 25x25 -.25 05
e 25X17O -~ 25X17U - - N
“e 254\15 e 25}{15 - -



ACTUAL BIZE COPY OF TARGETS USED
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