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PURPOSE OF THIS STUDY

The purpose of this study is to report our findings
and impressions concerning the reliability of corneal ra-

~dius readings possible with the Gamb's Ophthalmometer,
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INTRODUCTION

In general, most practitioners have more confidence
in the accuracy of corneal radius readings obtained by
more commonly used Instruments than 1s warranted, Accord-
ing to several studies done on the reliability of other
commonly used instruments for determining corneal radius,
thése instruments have shown more variabillity than most
practitioners would be willing to admit,

After a casual encounter ﬁith the Gamb's Ophthaluo-
meter, we Were lmpressed with the elarity and distinctness
of the mires, ease of ﬂpératian and precise movemeﬁts af
all parts, With the criterla we used, it seemed a more
superior instrument for taking corneal curvatures than
any others we had previously employed. The ultimate
question was: "Could it do what it was designed to do --
eould it take accurate and reliable corneal curvature
readings?"

In sumnary, some of the features the manufacturer
points out in the manual are: The optical system of the
Gamb's Ophthalmometer is based on the Helmholtz princi-
ple, which is the doubling that affects the measurement
occurring along two axes parallel to the principal opti-
cal axls. Therefore, thls doubling remains lndependent

of the varliations of the focal distance, in contrast with



the angular doubling apparatus of the Javal or related
types. The measurement is entirely free of the common
causes of error: (1)the operator's accommodation between
twc-measurements; (2)the operator's uncorrected astig-

matism; (3) difficulty or omlssion of adjusting the dis-

tance to the eye before each measurement: ' |
The optiecal sﬁgtew of the Gamb's Ophthalmometer of- |

fers a large number of advantages: (1)exact and constant

measurements; (2)high luminosity, enabling precise obser-

vation of fixation and centering; (3)rvatient can see the

luminous internal axial fixation roint to infinity:; (4)

smooth operation of instrument; (5)readings grouped in a

single well-1it eyepiece designed to eliminate all paral-

lax; and (6)two sets of mires incorporated into the in-

strument, The change of mires is made by rotating a

small lever in froat of the revolwving apparatus, One set

of mires is the stair step type for approximate radius

measurement, One of the mires is red and the other is

green, The other set is monochromatic concentrlc cross-

es, yielding precise measurements of corneal curvature,
The corneal curvatures are given in both diopirie

values and millimeters of radius, The Gamb's Ophthalro-

reter is calibrated fof a refractivg index of 1,337,

which corresponds to the average index of the cornea-

aqueous hunor.



PROCEDURE

To determine the reliasbility of the Gamb's Ophthalmo-
meter, seven human eyes in four subjects, four spherlcal
standards and one toric standard were used, Fach exami-
ner took five readings on each surface in each principal
meridien, One examiner served as a subject, thus he
measured five rather than seven human corneas, The
sphericel stendards were measured at 180 degrees and 90
degrées. In this menner, 1,100 radius findings were ob-
tained in the study. _

The measurements were taken at the same time each
day to avoid any diurnal varliations which might affect the
radii of the human corneas, The measurements were taken
on Monday and Wednesday for two and a half weeks or until
five sesslions had been completed on each surface,

After each reading, the instrument was throwm out of
focus and then refocused for the other principel meridian,
As was previously stated in the introduction, the

instrument has two sets qf mires, e chose to use the
monochronatle concentric crosses, The manufacturer
states that these mires ﬁefe designed for precise meas-
urements., Filgure 1 illustrates how the concentriec cross

appears to the examiner,
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(1) Mires in focus but in need of additional
radius adjustment.

(2) Mires in focus but in need of a2dditlonal
meridional adjustment, .

(3) ¥ires in focus =2nd proper radius and meri-
dional adjustment,.

We chose to record the radius findings in millimeters
rather than diopter wvalues, Conversion factors will be
provided later in the paper to allow conversion of the
data to the more familiar dioptric values,

An inherent calibration error was present in the in-
gtrument which prevented the examiners from finding exact
princival meriden locations, unless 0,75D miniﬁum tori-

city was present on the measuring surfaces, This fact,




however, was irrelevant because the question at hand was

the rellability of the findings, not thelr validity,.
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_Examiner #1

Human Cornea #1

ﬂean

T.86 nm
174,40
8.21 ﬁm
93.7°

Hunan Corne= #2

24

ORGANIZATICYN OF STATISTICS

Evaminer #2

7.77 bm
9.68°
7.1l mn
94,10

Human Cornez #3 -

T.72 mm
178.,3°

6,96 om
82,6°

Human Cornea #&

7.63 mm
175.4°
7.04 mm
8.1°

Standard Deviation Mean
0,01 mm 7.86 mm
1.900 172.7°
0,014 mm 8,21 mm
L 93.9°
0.01 mm 7.78 um
Bal” iz, 08
0.01 mm T7.15 mm
1.36° 94,29
0,01 mm T.65 mm
1,86° 179,8°
0,01 mm 5.94 nm
1.61° 82,5°
0.0001L mm T.62 mn
1,339 176,9°
0.0001 mm T.01 mm
s 20 75.89

Standard Deviation

0,026 mm
1,05°
0,014 mm
B AT

0,01 om
1,840
0,01 mm

1,260

0.01 mm
2,070
0,01 wunm
3757

0.014 mnm
1,440
0.01 nm
2,01°



Human Cornez #5

T.66 mm 0,
4,569 1,
6.97 mm 0.
- 87.5° :
Human Cornea #6
8.23 nm 0.
2,20 L
T.45 nm 0,
84,9° 1.

Human Corunea 7

8.20 um 0.
177.4° 0
T.22 mm o,
81.9° s 28

Steel Ball #1

8.31 mm @ 180°
8,31 mn @ 90°
Steel Ball #2

7.53 mm @ 1800
7.52 mm & 90°
Steel Ball #3

8.72 mn & 180°
8.?2.mm 2 90°

0001 mm
12°
0001 mm
300

014 mm
01°
02 mm

820

01 mm
87°
02 mmn
€50

0.0001 mm
0.0001 mm

0,.0001 mm
00,0001 mm

C.0001 mm
0,01 mm

7.65 mm
5:57
6,97 mm
86,40

25

0.01 mm
1,56°
0,02 mn
1,38°

Examiner #2 subject

Examiner #2 subject

8.32 mm
8.32 mm

T.52 nm
7.54 mm

8,72 mnm
8_73 nn

00,0001 mm

00,0001 mm

0,0001 mm

00,0001 mm

0.0001 mm
0,0001 mm



Steel Ball #4

7.12 mm @ 180°
7.1% mm @ 90°

Poric Standard

7.56 nm
144 ,9°
T.70 mm
89,40

0.0001 mm
00,0001 mm

0.01 nm
2,29°
D.OQGl mm
3,259

T.15 mm
T.14 mm

7.58 mm
142, 6°
T7.72 nm
91, 6°

0.0001 mm
0,0001 mm

0,01 mm
2,609
0,0001 mm
1,82°
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The scales on the measurement drums of the BLL Kerotometer record the diopter valve of the curve being
meaiwred, to negrest sighth diopter. The Conversion Charts below translota these readings into tho equiv-
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PFRINTED IN U. 5 A

0.3375
2.50

convex radius

42,50

1 * 3315_1 - DUDQ

Keratometer reading = 42.50 D
=

n'in
r= T7.94 x 10”3 peters

r= 7.94 pillimeters

Given
When measuring the concave surface of a contact lens e correction

factor must be used (see table above).

Above values for dioptric power are besed on an essumed refractive

Example :

index for corneal tissue of 1.3375.

Hote
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30.00
30,12
30,25
50,37
30,50
30,62
30.75
30,87
31,00
31,12
31,25
31,37
31.50
31. 62
31l.75
31.8?
32,00
22,10
32,25
32.37
32.50
32,62
32475
32,87
33,00
il P B
33425
3937
33.50
33.62
33.75
33.87
34.00
34,12
34,25
34,37
34,50
32.62
34,75
34,87
35,00
B i -
35.25
25,37
35.80
35,62
35.75
35,87

POWER-RADIUS COXVERSION TARLE

R

11.250
11.203
1k 15T
11.111
11.066
11,020
10,976
10,931
10,887
10,843
10.800
10,757
10,714
10.672
10.630
10,588
10,543
10, 506
10,465
10,425
10,385
10,345
10,305
10, 266
10,227
10.189
10,150
10,112
10,075
10,036
10,000
9,963
9,926
9.890

9.854

9,818
9.785
9. T4T
9.712
9.677
9,643
9.609
2.5T4
9.541
9.507
9,474
9,441
9,408

D

36,00
36-12
36,25
36,37
36,50
36.62
36.75
36,87
37.00
L 8 B
37.25
3T 37
3T.50
3T.62
37,75
37 .87
38,00
38,12
38,25
38,57
38,50
38,62
38-?5
38,87
39,00
59,12
39,25
) G 7 4
39.50
39,62
39,75
39,87
40,00
40,12
40,25
40,37
40,50
40,62

40,75

40,87
41,00
41.12
#4125
l&']-i 3?
41‘ 50
41.62
H1.75
41.87

R

9.375
9,343
9,310
9.278
9. EE}T
9.215
9,184
9,153
9,122
9,001
9,060
9,030
g.,000
8.970
8,940
g8.911
8,882
8,852
8.824
8,795
8.76€
8.738
B?m
8.682
8.654
8,526
8.599
8.571
&.544
8,517
8_491
8,464
8,437
8.411
8.385
8.359
8,335
8,308
8,282
B.EET
8.232
8.207

8.182 .

8,157
B, 133
8.108
6,084
8,060

D

42,00
#2.12
42,25
42,37
42,50
42,62
4o TS
42,87
43 .00
43 .12
4%, 25
43,37
43,50
43,62
43,75
43,87
44 00
44 12
4y .25
44,37
Al 50
4k G2
44 7

44 87
45.00
45,12
45,25
45,37
45,50
45 €2
45,75
45,87
L€ .00
46,12
&6 25
46,37
46,50
46,62
46, .15
L6, 87
4700
471,12
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47, 87
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D

48.00
48,12
48, 25
48,37
48,50
48,62
48.?5
48,87
49 00
49,12
49,25
49,37
49,50
49,62
49,75
49,87
50, 00
50,12
50.25
50.37
EDiJO
50,62
50.75
50,87
51.00
51.12
51,25
51.37
51.50
5l.62
51,75
51.87
52.00
52,12
52,25
52,37
52,50
62.62
52.75
52.87
53.00
55,12
53.25
53.3T
53.50
53.E2
63.75
53.87

6,250
€,236
6.291
6,207
6,193
€.178
6.164
€,150
6.135
£,122
6,100
6,095
6,081
6,067
6,05#
6,040
6,027
6,013
6,EE6
5,987
5.973
5.960
5. 947
5,934
5.921
5,908
5.895
5.882
5.870
5,857
5,844
5 L] 832
5.819
5,806
5.794
5.782
5.769
ST
5. 745
A
5.720
5.708
5.696
5.684
5.672
5,660
5.649
5 637

€£0,00
60,12
60,25
€0, 37
60,50
€0,62



30

CONCLUSION

Upon comparing the measurements there seemed to be
an insignificant amount of variability between the two
~examiners, Because of this, we have grouped all the
data together,

The average standard deviatlon for both eiaminers on
all the human corneas in both meridians is ,0109 mm,

For a2 medium with an index of 1,337 (like the carnea}, a
1000 mm difference in curvature is eqﬁal to approximate-
ly .55D. Taking this intc consideration, this means that
68 percent of all the measurements taken in a particular
meridian will have a range of not over .11D and that 95
percent of all the measurements will have a range not
exceeding ,22D, Thls, of course, 1s excellent reliabi-
1ity and would allow & practitioner, after averaging
perhaps five measurements, to know that he has an extreme-
1y accurate set of findings, |

As would be expected, the average standard devia-
tions on the steel balls and toric standard were even
lower than on the human cornea, TFor the steel balls it
was 0016 mm and ,0051 mm'fnr the toric standard. "There
seems to be no difference in reliability between the two
prineipal meridians,

However, in order to get reliable corneal radius

e —————

e —— s —



findings, 1t is imperative to be on the p;ineipal meridi-
ans, Looking at the standard deviatlon of degree values
of the principal meridians, 1t ls seen that they are
quite low, These, of course, will tend to be proportion-
2l to the amount of toricity of the cornea, that is, the
greater the torlcity, the easier it is to find the prin-
cipal meridans,

We have already mentioned some of the outstanding
characteristics of the instrument, such as, ease of opera-
tion, clarity of mires, etec., but having demonstrated such
excellent reliability, we are even more impressed with
the Gamb's Ophthalmometer than we were at the beginning
of the study. Although 1t is more expensive than other
commonly used instruments, for taking corneal radius
findings we would highly recommend a Gamb's Ophthalmome-
ter for anyone who lacks confldence in the instrument
they are currently using,

Our results show, the Gamb's Ophthalmometer is much
more rellable than any of the instruments used by a
practitioner in the field,

Brungardt's experiment, for example, has shown that
~the BEL Keratometer has a fanga of reliability of 0,37D
for the horizontal reading and 0.75D for the vertical,

Therefore, in comparing the B&L Keratometer, the

usuael instrument for teking corneal radius measurements

31




by practitioners, with the Gamb's Ophthalmometer, the

Gamb's instrument is superior,

e
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