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INTRODUCTION

PROBIEM:

The purpose of this study was to determine how
the gross cphthalmometer cylinder compared to the hab-
ituwal cylinder which was being worn satisfactorily by
2 group of subjects. Also to determine how the gross

ophthalmometer cylinder when modified in acceordancs

with three standard rules compared to the habltually worn

[N

cylinder., The three rules of modification of the gross
ophthalmomster cylinder into & net correction cylinder,
ugsed in this study were those of Javal, McCullcch, and
Sutcliffe, ¥From this information a comparison of the

three rules could be made &s to their relative validity
in predicting & clinically acceptable cylinder from the

cphthalmometer findings,



PROCEDURE

The Ophthalmomster findings were taken by the
same clinician on the Bausch and Lomb Keratometer,
Findings were taken only on patients reported that
they were satisfactorily wermring their habitual cyl-
inder., The findings were then grouped according to
the power of the habitual cylinders ranging from -.25D
to =1.00D in .12D steps and from -1.00D to =-3,00D in
~+25D steps. The following is an explanation of the
method of application of the three above mentioned
rules,

1. Javalls Rule:

a. In cases of with the rule astigmatism (minus
cylinder axis nearest 1800) the gross oph=-
thalmometer cylinder is mulbtiplied by 1l.25
and ,50D X 90 is then subtracted from the
preoduct, If the product is less than .50D
the axis becomss 900,

be In cage of against the rule astigmatism
(minus cylinder axis nearest to 202) the
gross ophthalmometer cylinder is multiplied
by 1.25 and 80D is then added to this
product,

in bthe case of

ces For the purpose of analysis 1
450 gr 1350) the

oL
obligue astigmatism ( axis
gross ophthalmometer cylin
&
1

4
der becomes the n&t
cylinder. We are interpreting this rule as
ignoring oblique astigmatism so that the gross

cylinder becomes %the net,



i ] LY T N R [ |

< e MCLULLLOOCLLY

ulie

gy
AN

11

o

a. In cages of with the rule astigmatism
(minus cylinder axis nearest 180°) the
gross ophthalmometer cylinder is multi-
plied by one and one elighth and .75D 1is
subtracted from the product. If the
product 1s less than .75D the net cylin-
der axis is 900.

be In case of astigmatism against the rule
{minus axis nearest 900) the gross ophthal-
mometer cylinder is multiplied by one and
one eighth and .75D is added te the product

Ce For the purpocse of analysis in the case of
oblique astigmatism (axis 450 or 1359) the
gross ophthalmometer cylinder becomes the net
cylinder. W_ are interpreting this rule as
ignoring oblique astigmabtism so that the gross
cylinder becomes the net,

3 %, Butcliffets Rule

a, In case of with the rule astigmatism (minus
cylinder axis nearest 1800) the gross ophthal-
mometer cylinder is multiplied by 1.5 and from
this L.00D is subtracted, If the product is less
than 1.00D, the axis beccmes 900,

be In cases of against the rule astigmatism (minus
ecylinder axis nearest 900) the gross cylinder
is multiplied by l.33 and the product beccomes
the net cylinder,
¢, In cases of ©blique astigmatism (minus cylinder
axis at 450 and 1350,} the rule has no provision
for these cases sc they were not considered in
this paper with regpect to Sutcliffe's Rule,
In all cases, when the net cylinder axis wes reversed
to 90° by application of the rules, the cylinder was trans-

posed to plus cylinder form for purposes of analysias. In

all other cases minus cylinder form was used,
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TABULATION OF DATA

Age Sex Hab. Cyl, Orh Reading Gross Oph. Cyl. Net Cyl. Net Cyl. Net Cyl.

Haval MeCulloch Sutcliffe
20 ™ =02 A 175 44 .37 € 175 =,50 X 175 wed2 X 178 ~,19 X 90 =.25 X 90
44 57 @ 85

23 M -.82 X 170 42,00 @ 177 =l.l2 X 177 =.90 X 177 ~,B1 A 177 -.16 X 177
45.12 @ 87
21 ¥ -.62 X 85 41.75 @ 180 -.75 X 130 ~.44 X 180 =-.09 X 180 -.13 X 180

4.2 350 ‘\’; gﬁ

18 F -,€2 % 115 45 .00
44 .00

180 =1.00 X 90 =178 X 80 -1.88 X 90 -1.33 X 90
20

1¢ B ~.62 X 180 49 .00
49,5

175 =.00 X 175 -o13 A 17
85

. 20 ~.25 & 90

[é3}
1
@
fomd
<o)
::_‘i

©®

42 M ~.62 X B 44,00 @ 180 -.50 X 180 -.13 & 180 ~.19 X 90 -.25 & 90
44,50 @ 90

34 F - 02 X 175 44,50 @ 90 -.20 X 180 -.13 X 180 -.19 X Q0 -.20 X 20
44,20 @ 180

34 F -.062 X 175 44 .50 @ 90 -.25 X 180 -.12 X 390 -7 X 90 - 02 K 20
44 .25 @ 180

48 ¥ 75 X 20 44 .62 @ 4 -.00 X 4 -.12 £ 4 -.20 X 920 -.2H X 90
45.12 @ 94

651 T -.75 X 180 43,25 @ 164 1,37 X 164 ~1.21 X 164 -,79 X 164 -1.02 X 164
44,62 @ T4

38 F -. 70 X 80 45 .87 & 142 -1,1%2 X 52 -1.90 £ 52 -1.98 X 52 ~-1.48 X b2

~



TABULATION OF DATA

Age Sex Hab. Cyl. Ophe Beading Gross Oph. Cyl. Net Cyl, Eet Cyl. Net Cyl.
Javal McCulloch Sutcliffe

21 M -5 X 135 43,12 @ 160 =.87 X 160 -.00 X 160 =-.228 X 160 .30 X 160
44,00 @ 70 J

21. W - 75 X 10 43 .20 @ 175 =75 X 195 -44 X 195 =,11 X 175 ~.,12 X 175
44,00 @ 85

o2 ¥ ~e70 X 3 42,37 @ 170 =-2.00 X 170 «2.,00 X 170 ~1.45 X 170 =2.00 X 1%0
44,37 @ 80

7 M -.75 X 9B 44,00 @ 5 -3 K 95 -.96 X 85 -1.,16 X 95 -.49 X 95
45 .62 @ 95

21 M - 15 K 78 44,75 @ 170 =-.50 X 170 -el2 X 170 -o19 X 80 -.25 X 20
45,25 € 80

68 ¥ -o 70 X 45 44,12 @ 180 =.37 X 18O =34 X 20 -.04 X S0 - o458 X 90
44,50 @ 920

2L I3 =75 X 180 42.682 @ 180 ~1,37 A 180 -1e21 & 180 =.,70 X 180 -1.,05 X 180
44,00 @ 90

21 E -,70 X 5 42,37 @ 170 =1.87 X 120 -1.84 X 170 =1.35 ¥ 170 1,80 X 170
44,28 X g0

45 I -, 75 A 15 44 .20 @ 5 ~2.00 X 3 -2.82 X 3 -2 .06 X 3 -2 75 X 3
46075 b4 93

S M - 75 X 10 43 .07 @ 10 -.37 & 10 -.19 K 90 ~ 47 X Q20 - 02 X Q0
43.62 @ 100

1 M -ois X 120 45 .50 @ 140 -.25 X 140 -419 X 80 - &7 X 90 - o622 K 20
45.75 @ 5O
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TADULATION OF DATA

Hab. Cyl. Oph. Zeading Gross Oph. Cyl, Net Cyl. Net Cyl, et Cyl,

Javal MeCGulloch 3utcliffe
- 75 X 30 44 .87 @ 9 =137 ¥ @ =1 .22 X O w79 L 9 =1, 00 X 9
48 .25 @ 99

[41]
o

‘“"'387 X 165 45 c\:’O
46 .87

156 =187 X 156 =1,85 X 186 =1.34 X 156 -1.81 X 1

e®
93]
h

-.87 X 10 44,75 @ 180 -1,756 X 180 ~1.69 X 180 «1.22 X 180 =-1.682 X 180

-o.87 X 180 42.50 @ 5 ~Le82 X O ~1l.85 X 5 -1.34 X D =1.,2L X 5
44,12 @ 95

-.87 X 80 45 .87 & 180 -.50 X 90 -1.12 X 90 -1.31 A& 90 ~.07 X 90

45,37 @

&
O
O

- 87 X B 59,12 @ 175 ~1.75 X 175 -1.88 X 175 =-1.21 X 175 ~1.62 X 175

&G
w
o

40,87 &

-1.75 X 180 -1.21 X 180 -~1.68 180 ~1.62 X 180

B

87 X 135  42.00
C 43,75

@@
0
< W

O

L7e =1,57 X 178 =l.2l X 178 «.87 X 178 -1.,05 X 178

=1.,00 X 10 43,75 @
‘ 45 .12 @ 88

-1.,00 X 113 47.12
48 .12

&
B

120 -1.00 ¥ 120  =1.75 X 120 -1.87 X 120 -1.3
50

. 120

® 8

-L,00 X 165 43,50
45 .00

180 -1.,50 X 180 ~1.38 X 180 -.95 X 180 ~1.25 4 180
290

5

/0
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TABULATION OF DATA

Age Sex Heb. Cyl. Oph. Reading Gross Oph. Cyle Net Cyl, Net Cyl.  Net Cyl,
Javal McCulloch Sutcliffe

34 I 2,00 £ 1656 44.25 @ 170 -2 .00 X 170 -2.62 X 170 -2,08 X 170 -2,75 X 170
46.75 @ 80

8% F -2 .50 X 90 42 .75 @
4’4: 925 @

90 =1.50 X 20 =2.38 X 90 =2.44 X

s
<
i
o
®
O
o
e

20

O
l.m.l
oo
[w]

49 F ~-2.50 X 180 43.50 @ 3 «53.50 X 3 =3.88 X 3 -5.49 X 3 -4 .25 X 3
47,00 @ 93

54 F -2 .00 X & 44 .50 @ Q0 2,00 X 180 -2,00 X 180 =1.50 X 180 -2.00.X 180
42.50 @ 180

25 M -2.50 X 15 40,756 @ 9 -3.00 X @ ~5.88 X 9 -5.19 X 9 -4 ,25 X ©
44.25 @ 99

25 U -z .50 X 175 41,00 @ 169 =3 3% X 169 =5,7L X 169 <3.04 X 169 4,06 X 169
44,37 @ 79

o L -2 .75 X 180 44 .75 @ 180 -5,76 X 180 -4 ,18 X 180 ~3.45 X 180 -4.62 X 180
48,50 & 90

&
b.-_'
W
[
1
L.
e
o
]
P_;J
o
O
§
A
&
o
-3
>

130 -

e
[
¥4

180 4,256 £ 180

€A
£ ]

49 F =2 .70 X 180 4%.50 @
47,00 @

&
QO
O

&

55 M -2 .70 & 180 41 .50
A% TE
Ee) e £l

180 -2 .20 X 180 -2 .51 K 180 -1,75 X 90 =2.,37 4 180

o6
0
-]

36 UM =2.75 X 75 41.50 @ 60 -2 .50 X 80 =3 .,52 X 60 =3.06 X B0 3,32 X 60
44 .00 @ 150

55 & 2,75 X 1656 42.00 @ 20 -2.,25 X 90 . -3.31L X 90 ~3.53 X 90 =2,092 X 20
44 .25 & 180

20 U =2 .70 X 10 42,50 @ 180 -2 .50 X 18O -2 .02 X 180 -2,06 X 180 =3.00 X 180

6
e
<

45,00






THE STATISTICAL AWNALYSIS CF TiHE COMPILED DATA
FTach catagory of havitually worn cylinders is
apnalyzed as a unit with respsct to each of the thres

rules. The ventral value ussd in this gtudy wss the

MEAN, calculated in the conventional manner by using

the formula(jg!} The STANDARD DEVIATION was likewis
caleulated in the conventlonal manner by using the
formula ([&2xY, x being X - M, If the mean cylinder
is found to lie within ons probable srror {.8745 X

-

standard deviation } of the habitually worn cylinder

B

is considered szignificant on & group data basis. The

L

uge of the prcbable errcr allows the signif

sbout the wmean net cylinder. This statistical data
recorded on graphs for sach catagory of habitual wor
cylinder o

/7



EXPLANATION OF GRAPHS:

Two methods were used in plotting the graphs
contained in this study. For each habitually worn
cylinder catagory, one graph was plotted with she
net cylinder as calculated by the rules on the X-axis
rounded to the nsarest 12D and the frequency of the
net cylinderé on the Y-axis. Each graph contains a
line for each of the rules and the gross, showing the
four distributions in a manner which facilitates ccr-
parison, 1

The second method of graphing the data consists of
four graphs, one for each rule and the gross, plotting
the entire range of habitually worn cylinders on the X-axis
against the mean net cylinder on the Y-axis, The signif-
icant range of plus or minus one probable error is shaded
in on.sach side of the mean. From these graphs one can
visualize the degree ¢f deviation from the habitually worn

cylinders as it varies throughout the range. 5

1. Ses graph pages /@-33

2, See graph pages 34-37
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CONCLUSION

FProm the graphical analysig of the accummulated

1.

he following concluslions may be drawn:;

In regard to the observaticns made upon procsessing
the gross ophthalmometer cylinders by means cof thse
rule of Javal, in each of the 15 habitual cylinder

catagories, the mean net cylinder was found to lie

within »1lus or minus cne probkable error of measure-

four instences; -,87, -2,50, =-2,75, =3,00. The only

three of the four varlancses were consecublve value

+
L]

at the upper end of the progression, This may tend

limits of the habltual cylinder, in most cases,
computation of a prescriptable cylinder by means
of Javal'!s rule on an individual bagis appears to
be futlls due To th

in each category.

<%

6]



ds

persion of

deviations,

was Javalls
random dig=-

The categories which

failed to result in significance were -,87, =1.73,

and =2.25D. The lack of proximity of these deviatlons
fails to locate any area in which MceCulloch's Rule
would not be applicable., In contrast to Javal,
MeCulloch does show significance with cylinders of

-2 ,50D and above., Ancther observation was that the

mean net cylinder

cylinder in ths values from -L1,00D to -2.B0D.
again, the range of the distrim
nets about the means would indicate that

Ruls cannot

MSV\,&.

waes cons

2 wearable cylinder,

on an individual

istantly velow the habitual

Hers

utions of the individusl

McCulloch'ls

basis for the

Suteliffets Rule results in fallure to show significance
in seven categories; These categories are scattered

at random in the low and medium powers bubt shows a
definate trend above the habltual cylinder in powsrs
from =2.50D and up. In the lower power cylindsrs, The
mean net cylinder by Sutcliffe wvarys quite srratically,

39
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s

Due again to the excessive variation of the individual

case from the mean, the conclusion to be drawn 1s that

ions cannot be used to

s

to the rule modification or Ho the variance of ths

greoss cylinder. #% The graph of the gross cylinder

indicdates that one rule for all cylinder powers 1s

not sufficient. By following the mean gross cylindsr

that below =1.25D, the mean is consistantly high, from

cylinder, and for values above the mean gross cylinder

closely approximates the habltually worn cylinder.

Advocates of the keratometsr have attempted bto draw
up empirical btables of correctlons to ve applied to
the corneal readings to give the c¢ylindrical correct=
ion for distance., In the authors opinion such atiempts
are futile. OQbviously, these tablss imply that the
lenticular astigmatism 1s subject

s 3se graph page 37

40



to some scrt of law, for which there appears
to be no justification at all." #

Although the formulation of one rule for grcoss cylindsr
modification does not seem feasible, from our investi-
gation 1t a pears that ths internal astigmatism variles
geometrically with ths corneal astigmatism rather than
arithmetically as the use of only one rule would suggest.
On a group data basls, three rules would enable the
clinician to more closely approximate a satisfactorily
worn cylinder,

On an individual basis it appears that prescribing
cylinder from the ophthalmometer reading can not be accu=-
rately accomplished with any rule or group of rules

in sufficlent instances to afford clinicael success,.

s

s+ Laurance, Lionel, and Wood, Cscar I., "Visual Optics
and Sight Testing", P, 351
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