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INTRODUCTION 

In recent years tonometry has become an important and 

indispensable part of optometric testing. The optometrist 

is generally held responsible for detecting rises in inter­

ocular pressure, which is a diagnosis of glaucoma by medical 

definition. 

There have been several tanometers constructed to be 

used without corneal anesthesia. These are the ones that 

are of primary interest to the optometrist. 

The purpose of this study is to make a comparison 

among the MacKay-Marg, the Durharn-la�gham, and the Tonomat. 

This study was done on 100 male optometry students at 

Pacific University. 
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DESCRIPTION OF TONOMETERS 

MACKAY-MARG 

The MacKay-marg tonameter was invented by a physicist, 

Dr. Stuart MacKay, and an optometrist, Dr. Elwin Marg (1962). 
The goal of thase men was ta invent a fast acting, accurate 

tonameter which could be used an the unanesthetised cornea. 
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There are two main parts to the MacKay-Marg tonometer, 

the probe and the recorder amplifier. The probe (fig. 1) is 

about 5 inches long and consists of a plunger (1.5 mm_diameter) 

suspended within the probe body by springs and encircled by 

a magnetic field. The plunger extends 5 microns beyond the 

�nd of the probe. When the plunger moves, it induces changes 

in the magnetic field surrounding it. This change is trans­

mitted via the chord to the amplifier recorder. The recorder 

translates the very small movements of the plunger into large 

amplitude waves which are recored on heat sensitive paper. 

DURHAM-LANGHAM 

The history of the development of the Applamatic Tonometer 

goes back to 1960 when the officials of the Mercury Project 

asked the engineering department of the Dupont Company to work 

on the problem of measuring blood pressure of astronauts with­

out the use of indwelling needles. As a result, a pressure­

sensing instrument capable of measuring pressure at low 

levels with high sensitivity and accuracy was developed. 

An ophthalmologist; Davis G. Durham M.O., extended this 

basic concept to the measurement of interocular pressure 

through the outer coats of the eye. As a result, the pressure 

balance Applamatic Tonometer(l966) was developed. 

The design and construction of the Durham-Langham tonometer 

-1s complex, consisting of a gas supply, sensing system, trans­

ducer, amplifier and recorder. 



The gas supply is provided by a replacable canister of 

liquefied gas which is located in a compartment in the rear 

of the instrument. The gas flows through a pressure regulator 

where its pressure is reduced and continues via a silicone 

rubber tube to the probe. 

CROSS SECTION OF THE 

APPLAMATIC TONOMETER SENSOR 

The probe (Fig. 2), referred to as the sensor, is about 

1/2 inch wide and 6 inches long. Gas flows from the cone 

chamber into the anterior rubber extension, into the tip 

extensi6n, against the inner surface of the flexible membrane, 

and out to the atmosphere through t he exit parts. Any re-

striction of this outflow during a continued inflow results 

in an increased pressure in the cone chamber. 
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The pneumatic to electronic transducer situated in the 

c a b i net, sens e s alterations of the pressure in the c one cha m b e r  

by the use o f  strain guages. These pressure ch anges which 

are transmitted by a rea d o ut tube, produce a proportionate 

variation o f  the elec tri c a l signal derived fr o m  the guages.1 

The amplifier magnifies th ese electrical signals·and 

rel.ays them to the recorder where t h e y  a r e  recorded on h e at 
. � 

sens i t-1:$'2:��-d pap e :r. 

TONOMAT 
In 1967 Posner and Inglima d e v elop ed a modificatio n  o f  

the l'llaklokov tonometer which they 
_
ccil

_
�_ed 

_
th e T on_gr[]at, _ 

FQ 

F,�. 3 

Fig. 1: The Tonomat applanation townneter. A. 
shows the inst?-ument ready for use. B and C 
show the two-part tubular handle. D · is the 
stainle.�s steel probe, consi.�tfo17 of shajt and 
J"eta.ining collar. E and F present two views of 
the disposable plastic endplate; F shows the 
two orientation markers on the. ap-planatin!] 
surface. D and E (together) constitute the p·robe 
assembly; they weigh 5 grams. 

R osent hal , Jesse, and Werner, D. Leonard. Tonometry 
fil:!.Q Glaucoma Detection (Chicago: Professional Press, Inc., 1969), p. 1i1-137. 
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It consists of a two part tubular handle, and a ct.rtified 

5 gm. stainless steel probe (fig. 3). The endplates are made 

of inexpensive disposable plastic. 

Readings in mm of mercury are obtained by measuring 

the area of the cornea which has been flattened. This is 

accomplished by placing dye on the plate and measuring the 

Biameter of the imprint that was formed by the contact with 

the cornea. 
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RESEARCH 

The following figures are from the 8erkely Tonometer 

Company and are oublished in the instruction manual for 

the Berkely MacKay-Marg Tonometer. 

Up to 26mm of Hg 
26 to 30mm of Hg 
Above 30mm of Hg 

Normal 
Questionable 
Abnormally High 

According to Rosenthal and Werner, the Biotronics 

MacKay-marg Tonorneter findings are 2mm lower than those 

published for thB Berkely model. 

Allen and Wertheim (1963) say a finding of 26mm of Hg 

is considered suspicious with 30mm of Hg as positive. A 

diurnal variation of over Smm of Hg is likewise indicative. 

Waggoner (1965) compared results of the �acKay-Marg and 

the Maklakov tonometers. He states his findings as follows: 

MacKay-Marg Maklakov 

Means= 21.59 ± 5. 263 20.03 ± 3.149 

A comparitive study done by Hill and Hill (1959) with 

the MacKay-marg -and the Tonomat shows these results. 

MacKay•marg 
+ 

Means= 19.17 - 3i20 

Tonomat 

17.93 ± 3.14 

The authors attribute the lower than normal mean of 

the macKay-marg to their technique. 
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Barish says that Maklakov findings �f over 22 mm of hg and 

3 mm of hg or more difference in the 2 eyes are considered 

suspicious. 

Rosenthal and Werner state that none bf the research 

that has been completed has indicated any systematic difference 

between the Durham-Langham and either the Goldman or corneal 

Schiotz tonometer, but the Durham-Langham does seem to give 

lower readings for higher pressures. On this basis, 22 mm of 

hg would be accepted as the ctitical v alue until such a time 

that future studies indicate otherwise. 

M ost , if not all, of the studies published to date that 

have been done with the Tonomat have been done on the anes� 

thetized corneas. 
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PROCEDURE 

Subjects for this study were 100 male optometry students 

at Pacific University. They ware deemed by the experimenters 

to be normal healthy young male population. 

_ The tonometers used were the Biotronics MacKay-Marg, 

The Bausch and Lomb Applamatic and the Tonomat ( Ocular 

Products Inc. ) . 

Techniques used were ta ken from the instruction manuals 

which accomoanied each instrument. 
• 1 

A random rotation among the three experimenters and the 

three tonorneters was used. Tanometry was done at various times 

of the day from 9:00 a.m. to 6:00 p.m. Two of the three tana-

metric procedures were taken in random sequence with the MacKay-

Marg being last each time. This was done on the basis of the 

work done by Yamamoto (1968) and Marg who found that the MacKay-

Marg tonometric procedure lowered other findings taken after-

ward. Doing the Applamatic or Tonomat tonometric procedure 

first had no observable effect on the MacKay-Marg findings. 

Compilation of the statistics was done with the aid of 

the SIMLIN computer program at Oregon State University, 

Corvallis, Oregon. 
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RESULTS AND CALCULATIONS 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18 . 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
-� ' .. • .. 

L - ' 

. ' . 

Subject 

J.P. 
C.J. 
D.G. 
J.D. 
D.G. 
M.E. 
T.N. 
L.F. 
J.S. 
J.R. 
L.G. 
B.E. 
c.s. 
G.S, 
J. �,,. 
J.D. 
D.B. 
J.W. 
B.L. 
G.T. 
R.H. 
R.R. 
W.M. 
N.O. 
D.H. 
J.H. 
M.C. 
J.B. 
R.S. 
W.B. 
R.R. 
P.N. 
H.B. 
R.B. 
G.I. 
S.B. 
D,G. 
K.B. 
D.A. 
J.O. 
J.M. 
J.2. 
R.H. 
s.o. 
T.S. 

Nackay-Harg 
OD O S 
16 16 
15 15 
24 24 
28 22 
24 22 
24 22 
28 26 
14 14 
22 20 
20 18 
21 22 
18 20 
16 18 
19 19 
18 18 
19 .20 
18 18 
20 20 
22 22 
20 22 
23 22 
15 16 
20 21 
20 22 
22 24 
18 18 
16 16 
22 20 
24 23 
20 20 
19 17 
24 24 
20 19 
20 20 
16 16 
19 20 
21 20 
18 18 
20 20 
18 18 
22 18 
18 18 
19 20 
28 30 
20 22 

RAW DATA 

Tonomat .Durham-Langham 
OD OS OD os 
13 15 16 15 
11 11 14 14 
15 16 18 17 
15 17 22 22 
14 13 15 16 
13 15 14 13 
14 14 17 16 
15 15 20 17 
14 15 17 18 
15 14 14 14 
14 13 14 13 
15 14 19 18 
13 16 12 12 
15 15 12 12 
18 15 13 13 
13 14 13 12 

·15 17 17 15 
13 13 15 17 
15 16 16 17 
16 16 14 16 
18 18 9 12 
13 13 15 11 
14 15 13 10 
11 11 10 9 
18 21 20 20 
17 13 17 17 
15 15 13 17 
13 13 15 14 
13 13 18 18 
12 12 16 17 
14 14 13 16 
12 12 14 13 
14 14 15 16 
14 13 16 17 
13 14 13 15 
13 14 11 11 
18 20 23 22 
11 11 18 17 
1 3 13 15 15 
16 15 12 13 
14 14 10 10 
16 16 17 14 
16 17 12 9 
15 15 25 23 
17 16 18 15 



RAW DATA (continued) 

Subject Hackar·Ivfarg Tonomat Durham-Langham 
OD OS OD OS OD OS 

46. A.S. 24 25 18 18 18 15 
47. D.N. 20 20 16 � 16 22 22 
48. R.E. 24 26 16 17 19 20 
49. D.R. 20 24 20 20 19 20 
50. W.M. 20 19 16 16 15 14 Si. E.G. 20 20 16 14 15 13 
52. G.S. 22 24 19 21 23 23 
53. T .H. 14 16 14 14 14 12 
54. B.G. 20 20 18 16 17 15 
55. D.R. 18 18 16 14 20 16 
56. G.P. 14 14 13 13 12 10 
57. J.L. 20 20 19 19 13 14 
58 • .  J.S, 20 23 19 19 23 25 
59. D.S. 18 19 17 16 21 19 
60. n.c. 24 26 16 17 19 17 
61. o.c. 16 16 16 17 16 18 
62. H. S. 18 17 18 19 21 19 
63. E.S. 18 17 14 12 18 17 
64. J,T. 12 12 14 13 . 13 12 
65. A. S. 14 14. 13 12 13 12 
66. s.s. 14 14 17 16 15 15 
67. D.A. 18 18 21 18 25 23 
68. T .:·I, 16 16 15 15 24 24 
69. s.w. 18 18 18 17 25 22 
70. H.H. 17 16 17 16 17 15 
71. H.G, 22 19 23 22 27 25 72. I.S . 20 20 20 20 23 21 
73. G.�. 15 14 17 16 15 13 74. J.R. 20 20 16 17 16 13 
75. L.B. 16 16 18 18 17 16 
76. B.W. 19 20 18 18 15 15 
77. A.W. 15 18 16 18 14 14 
78. J.H. 16 18 16 16 18 18 
79. J.B. 17 20 15 18 18 17 
80. E.B. 15 13 11 11 16 14 
81. A. S. 24 23 24 23 27 31 
82. J.L. 22 24 22 23 19 19 
83. K.H, 16 16 18 17 15 17 
84. B.H. 18 18 19 21 15 19 
85. D.R. 16 16 18 16 23 23 
86. D.H. 17 17 10 10 11 13 
87. J.H. 20 20 18 18 22 18 
88. D.S. 16 16 15 15 17 15 
89. P.L. 14 16 15 16 17 17 
90. L.L. 16 16 14 12 15 15 



RAW DATA (continued) 

Subject Hackay-Marg Tonomat Durham-Langham 
OD OS OD OS OD OS 

91. J. s. 18 18 16 18 14 14 . 
92. S.R. 18 18 10 10 15 12 
93. T.R. 24 22 18 18 23 23 
94. R.C. 14 14 15 15 15 13 
95. D.G. 17 16 12 11 15 13 
96. C.B. 20 18 23 21 26 23 
97. W.H. 16 16 16 18 13 13 
98. R.D. 20 20 16 18 20 20 
99. H.B. 19 20 16 17 17 17 

100. J.J. 18 18 17 17 16 17 
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STANDARD 
ST A.I'·iDlHW 

CO�RELA.TION COEFFICIENT R = 

ti:1'1�.LYS IS OF VARIA?0CF.: 

SOURCE OF 
V.A.H If'.l.T I ON 

TOT?\L 
REGHESSIO·>I 

/ 

DEGREES OF 

98 
1 

97 

E�\�D c:F PR OG?�A.I< E��=:sc UT" I O�I 
Df) .�:70U l}ISI-r ?�jJ.�r1-tE'..�1. rt�S1l5 �? ·�·J<J 

eL10311 
·27 .00000 

9·00000 
18·00000 

1606·00000 
16 e242Ll2 

4.00533 
· .L10255 

31�000'}0 
9.00000 

22.00000 

ER:=:OR OF A 
EilR OR.- OF B 

·903 915670 

SUl'·1 OF 
.SQUARES 

1572.18182 
1.2��4_.57�301. 

2S'/ •S083! 

= 
= 

e7L1f5330 
·043367 

I•LSA.�.f 
SQUARE 

16·0/.127 
1213!.(. 5 730 

·2 .-9:350 



P·L�? Ll .. SE. 1 .. ERl·JII\tf-\.iE R.?SPG_:\ISSS �'.!-I1'H C.t'\F�FlI=i;GI�: 
n·ci �leer ·rT;iis1�r T .o· -s;:,J-TET��. DAr.A- Fs.o:··.1 _ _  'ft:LE:.TY?E'? 

.E� r-:: �f �5:: :�\}_. 
ii..J(j 

y C1fJR - Il:\ TA _ ? i L.S .?: T·� (} 
;-\.Ti\;.,-:.";;' 4'" -�;- ·-·-!< OF YOUP. D�tTc1 FILE. 

\L�.i<'S 01' DAT.Ci. FILE IS R.Gl. 
C OitREGT ? Y:SS 
DO YffJ :F.P:.VE A FREE FOi=i.!.'1 H:PUT DATA. FILS?YES 

,,.-,--· . '- '� ' r '  

. ,, - · 

02:;::.;c;oN STATE u:·iiiJ:SHSITY CCf·:?UTEH CEi\!TER. 

PROBLEVi IDE�JT IF !CAT I Oi\J - PROBLEM. 

SA.E?LE Si ZE = 99 

SiJf.l OF. X . _  -•· • • .• • • • � • •·.· • • • •  -• • • 

f"!El\ I\j OF. x .• • · • • •  ·- •• • 0 • ·- • • .• • • 

STANDARD DEVIATION OF X • • •  

STANDARD ERROR OF I'1EAN •.• • • 

t-'i!\Xl t':iJi'1 X • • • • • • • .. • • • • • • • � 

HINIIvTIJM x · · · · · · �· · · · · · • • c  

R.4I,JGE OF X • • • • • • • • • • .• • • • • • 

SUM OF Y • • • • • • • • • • • • • • • • • •  

f-'TI..�Ar\J OF· y . . . . .. .. . . . . . o • • •  � II � 

STANDP-�D DEVLATtON OF Y • • • 

STAND�f'..D ES.RO.R. OF r1i�2:£\i\) • • • • 

f/jA�( I .l·:_:'IJ1·� y . . .... . ll ft • & • • •  0 • 0 � 

�-:rr,Jr_;:,·JJI·: _ y • • • •  4 • • •  It .. 3 • •  c • •  

• .• • t & 0 • • • •  0 6 • •  0 � 

1545·00000 
15·60606 

2 · 73 60 7 
·27499 

2Lf.QOOOO 
10.00000 
l l\ .00000 

1551·00000 
15.66667 

2 ·81 75[) 
· 2 83 1 8 

2 3 · 0 0 0 0 0  
io.00000 
13-00000 

p,_ = 

B = 
1 •350L\75 

.. 91 73L�S 
S 1 .. . A.;>JD.� .. R·D ET1:2 05?. tJ.F P� = 
STANDARD ERROq OF d = 

SOURCE: OF 
U�R I.l'. TI Oi\f 

TOT''iL 

DFC:i'?EES ·.OF 

9.8 
1. 

97 

=��D CrF P�.OC?:��: -:s��ZC{J'fIOi\} 
i)O ��ou �}ISI� :F':_:·�--�l�I·I?·.t� TE':S'ts·? �\}Q 

• S9i:J 30 9502 

St.fr: OF 
SQUARES 

617·375.3c' 

D!'iT}<: - 03 /18 /7 ! 

1YIEA�J 

• 752 630 
.-QL! 7509 

SQUARE_ 

7·93SS 
617-375.3 

f ·6559 



- / ?'·-· 
�: :.� ::'<' S I- f<? t  .. lt C f.Y-�.� F l,.7·�\:r I O \� A.r-J·D I�-� ;'?BES S I 0:-,5 �: :f:::� 
F t,r::·.�.s ·��: TE·::: �< I £;J.�_ T ::: . - r:-� r:s p o�·.JS.ES �·.]_ l TE c A·:��� I l);G s ::: ?1._ f]� =·: . 

DO Y O� � ! S H  T Q  E NT ER D �IA F aD � : TELZTY��? � o 
p:\\J i:O: YOU s n u  I P? l'.:D y :.Ju� DA:T (-1 _  F I. LE ? '.'JO 
P L� A S E  E NT E q  NA ME OF YOUR DA fA F I LE ·  
EG 1 
t'11�cf.-:E OF D!'.l.TA. F ILE I S  R.G l  
C ORR�C T ? ·  YES 
DO YOU W\VS A FffSE F ORM I NP UT: DATA F I  LE ?YES ' 

I ·'\ ./' 
,.... - /i. - ._ �� � ' ,· - I l_. : •• .:{ ; � -. I I .. . I ' 

;"".� ' p .  i _..:; l 1 ·., .-1 �f I (.,. 

'f. A  0 1J 
*� * * * * * * ** * * * ** * * * * ** * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * � * * * * * * * * * * * *  
*S Il"'. L !  N - C OR.RE LAT I ON A.ND S H"?LE L I  �'J:SA.R, REGR°ESS I ON . VER . J  . ti  
OREG ON S T 6.TE fJ[\J i ijER.S I TY C OhP UT EH. C E ::-.ffER DATE - 0 3 / 1 9 /7 .1 
* * * ** * * * ** * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * *  

PROB LSV I DE >!T I F I C AT I O !\l - :PR OBLE t• . , . 

S .A.1".i.P LE S I ZE. = 1 0 0 

SUM OF X � · � · · • • • • • • • • • · · � ·  

f<fI�t-\ f\� · OF. ·x · • •  • • . • • •. • • • • . • ·- $" - o· • • 

STA '.'JDAFW DEv IA. T i i)\\J OF Y • • •  

ST/.H,;i) .6 R D  :S?-1.R,OR OF ME A. \,1 • • • •  

,t(_q_ y :t r·.� �J _>· [ �{ • •. • •  o o • • • o • • • • • 3 

r·,� 1 0.: rI· ... 1.J?:' . �� • •  ti G e ie Gt " 0 • 0- • • • • 0 

• • • • o o e � • 6 � o • � a • 

• . -· I> .. • • & " • 0 It' • • • • •·. • 0 • 

�E4 �  OF Y • • • • • � • • • •  � • • • � • •  

S T A00 6RD b�V I AT I O � OF Y • • •  

S T A N0�� D ERR OR OF � s � � 
-.. ,. 

� • • • • e • a o· s • • � • � • e 

· R!4 Z\}G'E (}F \_( • .• • • . • · ·- O ·• • • � e • • a 

A. - · 1 0 . 8 9 0 3  9 7  S T  A.I\jl)A :1.D 
0 . 3  1 5 9 9 ()  S T �ND:'.'l.RD i .)  � 

C DHRE LATi ON G OEFF I C I � YT R = 

4�P LY S I S  CF V AB. i A NC E  

S 0:1RC E OF 

T OTA L 99 
1 

S �\TD CF "P ? .. O;:;�q ... �� :S�·:SC lJT I ()�\! 
D J  Y00 � I S � � RT �ER T E S 'fS ? 

1 9 0 5· . o o o o n  
i 9 · 0 5 0 0 0  

3 · 2 7 9 1.1 9  
· 3 2 7 9 5 

2 8 · 00 CJ O O  
1 2  • '.j l) Q O O 
1 6 · 0 0 0 0 0  

1 6  9 1  . 0 0 0 0 0  . 
1• 6 · 9 1 0 0 0  

4 . 0 :2 s 11 1  
• 40 2 5 L! 

2 1 . 0 0 0 00 
9 . 00 0 0 0  

1 8 � 0 0 0 0 0  

E.2.Tl OR OF' �-
E?R OFi u� ;_.i '.-3 

SUl·� O F'  
S.f1U.A.2ES· 

1 S O ll · 1 90 ·J Q  
' l Q "i . 3 1 4 7 ;� 
1 !.! '· ?  · 8 7 5 2 3 

= 
= 

2 ° 31 5 6 63 
- 1 1 9 8 1 2  

S QUARE 

1 6 · 2 0 3 � 
1 0 6 · 3 1 L� 7 

! 5 .  2 .:: .�; !• 



*;l"* S l i\:P LE C OFn.Et..t'.1.T I O N AND REGRES S I ON * * *  
PLEASE TERI<: Ii'Jf'.!TE. RES ? Oi\iSES W I TH CARR I. Ci.GE HE TURl\J . 
DO YOU W ISH T O  ENTER DATt:1 FROM TELETYPZ 'i NO 
Rl.\VE YOU EQ. U I: PPED Y OUR DATA F I LE ?  NO 
P LEA.S E ENTER N.A.i.'JE OF' Y OUR DATA F I LE •  
RCi 1 
NA.f>!E OF DATA F l  LE I S  RG l 
C ORREC T ?  YES 
DO YOU H.A.7JE I\ FREE FORM INPUT Dt-HA. F' I LS ?YES 

.. ,£. - ·  

y - . : (; '·; :. ... , ..,. 

i:: . T f.- .. C' .D 

*S I iX!LT·i>J - -C OR?.F.LAT I m'J AI\JD S It1·? LE L I.NE.A'.::: . .REGRESS I ON . '\JEE • 3 · O  
OREG ON STAT E ut-JI VERS ITY C O£-�PUTER C E I\!TES . DATE - 0 3 / 1 8 /7 1  

PT?.OB LE I< I D.E: LiT I F I C t:..T I ON - ?R 03LE J:r: . 

s:�.-MP LE s I z� = 1 CJ O  
-..;' . SUi( OF .f\. • o • • o e • • .,- _o · o • G e • -mi 2 -� 

S TA �D A�D DEV I AT I ON OF X • • • 

S T 4 NDA2D ER2 0? OF MEA N • • • ·  
!"-·.t��X I �·<i�JI·-� X • " • • • •  � °' c � • •  c o • e 
M I N I �O �  Y • • • • • • • • • • • • • • • •  

RANGE OF 6 • • • • • • • • • • • • • • • • 

S U�J OF 'f."' • ·• • • e • • � • � � 11 • • • • � • 

S TAND.'.-'.:{D DE\J I [\T I ON OF Y • • • 
STi\NDAD.D ERR. OR. OF i"1E A.N • • • •  

f(A_X l f•::J?-'1 Y . .. . . . . . . . . . .. o • • •  

�1 I N I �lUi"1 Y • • • • • • • • • • . • • • • • •  

RANGE OF- Y . • • • • • • • • • • • • • • • •  

.REGRES S I ON L ! I\TE . . Y = A + B * X 

A = 

B = 

S O!JR.C- E ·  OF 
V 0 .. R. I AT I m,J 

1 2  · 6 80 3 9 9  S Tt�.t\DARD 
• 1 5 5 2 7 8  S T J.\I\JU.A.RD 

99 
1 

o g  

�� f'-:D· OF' P� OG?�!��r-; E.�(�c·:1·r I �) .'·-T 
D O · "f OfJ ··;,r r S--I-I F LTP.T:-�ER· ·T �_s 1· s ? t'-10 

1 90 6 . QO O O O  
1 9 · 0 6 0 0 0  

3 - 2 7 7 78 
. •  32 7 7 8  

2 8 . 00 0 0 0  
1 2 . 0 0 0 0 0  
1 6 · 0 0 0 0 0  

1 5 .6 4  · OO O QO . 1 5  e 6 l1 0 0 0  
2 . 743 2 9  

. 2 7433  
24 � 0 0 0 0 0  
10 . 0 0 0 0 0  
l L! · 0 0 0 0 0  

E RR OR OF A 
ERR o:;. OF B 

. 1  8 5 5 3 1 5 1� 0 

.S m' OF 
S (,) Uf�RES 

745 · O L�OJ O 
2 $  . $L\5 73 

7 1 9 . 3 S .C,;2 7  

= 
= 

1 · 60 6432 
· 0 83 0 7 6  

£12EP. N  
S Q\.J_l'.\_RE 

7 . 5 2 5 7  

7 · 3 4 0 8  

' 



*�f:�:· s I i1rp t,E· c ORR�:.. LAT I o:\} A ��JD RE GRES.S I {)�\] :-�: _:.:.= �: 
PlE�iS E TE:i?·:n,i�1'iE/ RESP ONSES �J I TH G D:R?. I :�_GE ?.:STUR N 
D O  you : \H SH T O  ·sNT E:C1 D2TA F?. m� Ti:: LET'f.PE ? IW 
Ht\VE YOU EQU IPPED Y OiJf=::: DAT!� F I L.!.'.: ? N O  
P LEA.S S z·:--JTER. Ii�A.t·lS O F  Y O UR  DilTA. F I  LE • 

RG ! 
.NAN� OF' DATA. F I LE I S  RG l 
C OH.REC T ? · YES 
D O  YOU R4VE f..\ FREE F ORt-( I NP UT DATA F I LE ? YES 

'!-· 

\ . 

I :: 

C �I (. ' , -,, ,- _j 

- - .. -' .. . 

*S EIL I N  - C O!;.Tl;:'.;LAT IO:� {-1.�m S Hl:PLE L L '.EJ;R REGRES S I ON . v:i=m . 3 .0 
ORE G ON S TATE UNI VERS I T Y  C OM?UiEH C Z �TER D�TE - 0 3 / 1 8 /7 1  

PROB LEM I DENT I F I C AT I ON - PR 03 LE I'J • 

SAMP LE S I ZE · ==  l. 0 0 

SUM OF X _  • • • • • • • • • • • • • • • • • •  

t'IE.A. t\J OF X • . . . . . . .. .. . . . . · • . • •  · ·• 

S TA NDA�D DEV I AT I ON OF X • • • 

S'l','.'.)_ I'JD�.rrn ERROR OF' t''�A N  � • • •  

f·1ftX I r:�U1f1 
t1 I N  I \'tJ'.J:<! 

. . , 
. . . . . . . . . . . . ·• . . . 
• 0 • - • • • • � • • • • • • • 

• � • • • • • 0 • • 

SUI-1 OF Y • • • • • � • o· • • • • • • • • • •  

I\'1E.A. .0i OF Y • • . • • • • • . •  
_

• · •. • • • •  c • . • 

S T A_ �;:ID.AF�D DE\i !"AT ! o:,J 0? Y c � � 

s 1·_q_ €�DA..RD ES.ROR. OF t1I��A :'J • a e � 

..,,.. J. • · •  • • • • e e • • • o $ � a • 

R.At\JG E  O� ... Y • . • .  0 • • •  0 • • 0 Q � .  0 Q 

RE GHES S I ON LI N:t!: Y = 1-:,_ .:- 3 

3 -3 0 8 6 8 1 S T'.-��'JD.A.RD 
B -

S OTJRC E OF' 

T DT·":i.L 
R.:S C���sss I CE: 

s TAL\TDi�.J�D 

DSll��SES OF 
FRE � D 0�-1 

9 9  
l 

o a  ..... ._; 

1 5 64 . Q O O O O  
1 5 . 6L10 0 0  

2 o 7L! 3 8 9  
· 2 7l! 3 3  

?, Ll • 0 0 0 0 0  
1 0 .- 0 0 0 0 0  
}LJ • 00 0 0 0  

1 6 8 1 · 0 0 0 0 0  
1 6 · 8 1 0 0 0  

3 · 99 6 70 
· 3 9 9 6 7 

2 7  . 0 0 0 0 0  ·-

9 . 0 0 0 0 0 
1 8 · 0 0 0 0 0 

ER:i Or� o� !' A. = 
� ::' '.:) OR OF " 
....... .J. .i...; _ .0 

• 5 92 52 9 1 7 3 

StJt•2 OF 
S :;J UA.R.ES 

1 5 5 1  .3 90 0 0  
'3 5 5 · 2 1 1 5 1  

F J 2 6  � l 'i 8 4 9  

= 
1 · 8 6 2 1 7 8 

· 1 1 8 5 5 2 

S Q U A.EE 

i S . 9 73 6 
55 5 .-? 1 1 5 

1 0  o L'7 1 2 

-· 



I • 

-·. "" 
..;.., '.'-_,.;' ... ) -

��;(. ::)� 5 I_ I-,1?1 ... :E c- o·�.'f-f E L.�"lT I.OT·� !.'1I\JD RE G.R..E S -S I Ot<f !ic: *:: �-: 
!? I��Ef-:S F:  T"E:Ft�· lI i'-.1-:�T.E P,.ESR -QT,JS _ES ��·.T I TI-I- . c r�_TlT1 I �C� G 'E 11 2Ti_F-�\J � 
D CJ �{OU I'1 I. S H  1, 0 -l� L·JT ER · -D.A.Tf-t .F::i. Of.-J TEL';; �r--?i-: E�- ·? 1! 0 
B1�'J�.- - -yQTJ EQ lJ I ?P.ED' Y-tJ{jq· D=�T_L\. -F-I I�E. r? 
? L,�P:-S E �E,�\TT.�R. L,.TA_L�;.E OF Y.OlTti -D!:-\TA It .I.l .• 8: -. 
RG l 
NA.i>TS OY Dl\TA F I LE TS H G  1 
CORB.EC T ?  YES 

I, � .. 

"'V"- - ·- ' 

� . s . 

1 0 0  

.r";. • • • • • • •· e.· • • • • • • _o • • • 

r1.�;-�_r.J. OF J( • • • • • • . • • • •  o • o • • . • • 

S TA.ND8RD DEvT1-\T 1 ON OF X • • • 

STA �uA.RD ERR OR' OF tf;.EA N • • • .,  

r-1AX I I"·-1lJI't1 ?\ • 0 e • o "  0 ,  . . . .. . . . .  0 • 

M I N i t-:JUf:l X . . ..  .,. .., ., • • • •  - � . • · • • o 

R�A.I'JGE -oF X • o ,ft, • '° e· • • . • •  -• • • • • • 

SUt< CJF' y� • •  � -fJ e o � • • • • •  .- • • • • • 

STANDARD DEV I A.T ION OF Y c .  e 

STPd\JD;;CiRD ER.R�OR _OF-- JYlEP�-�-T • • • •  

t�tl'lx r r11ir1J y • • • Ct _ . � • * II = • o • � & • 

MI N I MUM Y � · • • • • • • • • • • • • • •  
P!.,..4·NGE OF y • - • 0 · - .  c II rt � '° .. � -= • '"" • 

REGRE S S  I ON L H·JE 

A_ = 
B ::: 

1 0  . gLf7 6 S 3 

· 2 5 3 7 SL! 

S TANDP!.RD 

S TANDA8.D 

C ORRE LA.T I ON C OS FF I C I E NT R 

ANJ\L"J:"S I S  OF VAR IPYC E 

S OUR.C E OF 
VAR I AT I OIJ 

T OTA.L 

F' P D r\ D  
- --"  - ;_.;. + ....... -- 4 

DE l�REES OF 
FREED Oi'•l 

9 9  
1 

1 9 1 2 · 0 0 0 0 0  

1 9 · 1 2 0 0 0  
3 · 2 5 1 3 6  

• 3 2 5 1 L! 
3 0 . 0 0 0 0 0  

1 2 . 0 0 0 0 0  

1 8 · 0 0 0 0 0  

1 5 7 0 · 0 0 0 0 0  

1 5 · 7 0 0 0 0  

2 · 8 2 30 7  

... 2 8 '.?. 3 1 
2 3 . 0 0 0 0 0  

1 0 . 0 0 0 0 0  

1 3 · 0 0 0 0 0  

ZR.R OR OT:" ,� {::,, 
!�I:rF! OR OF B 

· 2 9 2 2 8 5 6 5 5  

SUM OF 
S QU.A...RES 

7 8 9 · 0 0 0 00 
6 7  a L\Q/J, 9 8  

7?, J. · 5 9 5 0 2  

= 
= 

l · 62 6 5 5 5  
· 0 8 3 87 9  

7 . 9 5 9 7  
67 • .:'.1050 

7 - 3 63 2  



:_:> J_J�-�SE TERl:::I.�J.A1' ::�. RE�P OI-JS �S_ �j I T I-·i C .r�.R��� I �.c::�� _ RETT3 �� �\r .  
D D  YOU �-J I S R : T fJ �I\JTEE{ Dt�.TL�). F�S_ ()�;: T·� L� T"'tl-1 � ? - 1'10 
J-rA'VE "'{(JU" "EDZJ I P? �:��D �{ {)tJR. . . D .0.. �r P� .. F I L� ? .  �,.�- u 
.? L.3 .A..S .E: . t: �··JTE�·;: Ii.�-�� t"IE 02f' Y· Q1jj�l D.(�.--f(l l'' I J�:s . •  
RG 1 
r·-l!�j�:s ·OF� D.f-\.'fA F ! LE I .S 2 G  l 
C 0?4.R.T��c 'f ! . ..fES 
D 0 -y OU 1-T41]:£: ·.� ?�1E1!: F O�� �·:i I �··.: :�:; �J'T D �� T P� . F. I 1�?....: ? 

'i'°ES 

V£R · 3 · 0 
OB.E G ON S TATE U N I VERS I T Y  C O�·:PUT 2R. c z ::-JTER DA'!'E - 0 3 / lf� /7 1  
* * * * * * * * * * * * * * * * * * * * * * * 8 8 * * * * * * * * * * * * *� * * * * * * * * * * * * * * * * * * * � * *� * *  

PR. 0BLE �'1 I DENT I £i' l1. C AT I O :,: - ?R OB L'S t·� · I ' 

S .D..i"lP LS S I ZE = 1 0 0 

SUM OF X • • • • • • • • • • • • • • • • • •  

·�1EAl\J OF ;-c � • •  ., • .  • o .,: • •  o � • ci � o • 

S T  ANDA.RD 
STAND.A.>1.D 

DE V I 4T I ON O� X • • •  

EF!R Cf1 OF� I-1:.E r� �.J e o e o  

v· !.':. •· • • .. ei • " � "t> • e . • • • c • 
bl I .!\J f1'tJTJi··� �{ • o i,: ., Q $ • •  � .,. • • • • • o 

R.A:I\JGE 6F · �{ 

SUl': OF Y • e e o o • .• • • • a • e � • a Q � 

r-1E.:.!\0.1 0 F Y. •· • • • • • • • e • • o • a • ., I} 

S T.A..NDA.B.D DE\J! AT I 01'-J OF Y • • • 
STAND A.RD EEB. 02. OF I;:EA. N e • • • 

i''I;q_X I iX·U 1'·3 Y 
MI N if.::ur1J Y 
RANGE OF Y 

• · • � • e e • o o • 4 • o Q e ,  

• • • e • • e � • • o o • o • a 

• • • • o e • • o o e o • � 6 • 

RE GRE S S:I (frJ LI �0E y = !:'.\. + B *� ;� 

1 9 1 8 · 0 0 0 0 0  
1 9 -- 1 2 0 0 0  

3 . 2 5 1 3 6  
. 3 2 5 1 4 

3 0 . 0 0 0 0 0  
1 2  ·. 0 0 0 0 0 
1 8 · 0 0 0 0 0  

1 62 5  . 0 0 0 0 0 .  
1 6 · 8 50 0 0  

3 · 9 6 2 9 0  
· 3 9 6 2 9  

3 1  . 00 0 0 0  
9 . 0 00 0 0  

2 2 . 0 00 0 0  

A = 
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9 . 3 1� 4 1 7 5  
· 3 6 1 1 3 3 
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T OTAL 
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9 3  
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sm·i OF 

1 5 54 · 75000 
1 3 ;J . 5 2 7:� 9  

1 .'.� 1 8  • ::-� 2 2  7 1  

2 · 2 3 0 3 1 1  

· 1 1 7 5 9 2  

· S QUARE 

1 5 - 7 0 4 5. 
1 3 6 - 5 2 7 3  

1 4  • L17 1 7 
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1 .. :EP.� i\J OF �x · 
• • • 
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C Qq?E LAT I ON C OE FI' tC I EN'f R = 

A.-NP�.J_,YS l S OF -\lAB. I (\ t'-IC E 

S OUBG E OF. 
VAR IAT i mJ 

T OTA.L 

DEGilEES OF' 

9 9  
1 

� ?F: 
ERR 

1 5 70 · 0 0 0 0 0  
1 5 - 70 0 0 0  

2 · 82 3 0  7 
. 2 823 1 

2 3 · 0 0 0 0 0  
1 0 · 0 0 0 0 0  

1 3 · 0 0 0 0 0  

1 6 2 8 · 0 0 0 0 0  
1 6  .. 2 so oo 

4 · 00 8 73 
· 4 0 0 2 7  

3 1  · 0 0 0 0 0  
9 .0 0 0 0 0  

22 . 0 0 0 0 0  

()l� OF A ::: 
OR OF B = 

· 5 6 8 8 7 6 7 3 .L\  

SUM OF 
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1 · 87 3 7 0 5  
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S QUI-'L2E 

1 6 · 0 2 1 3  
S l 3· • 3  l L1 3  

10 . 9 ll7 ll  
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S U M M A R Y  OF F I ND I Nf S 

M A C K A Y - rn A R G  

me a n  = 1 9 . 0 8 mm of h g  

s t a n d a r d  d e v i a t i o n = 3 . 2 6 mm o f  h g  

D U R H A M-L A N G H A M  

m e a n = 1 6 . 5 1 mm o f  h g 

s t a n d a r d  d e v i a t i o n  = 4 . 00 m m  o f  h g 

T O N O ff! A T  

m e an = 1 5 . 6 3 m m  o f  h g 

s t a n d a r d  d e v i a t i o n = 2 . 7 7 m m  o f  h g 

C O R R E L A T I O M S : 

M a ck a y - M a r g  t o  T o n o m a t  = . 2 3 8 8  

M a ck a y -M a r g t o  D u r h am-L a � g h e m  = . 2 7 6 8  

T o n o m a t  t o  Dur h a m -L a n g h a m  � . 5 8 0 2  
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DI S C U S S I O N AN D C O N C L U S I O N S  

T h e r e  a r e  fe w p u b l i s h e d  n o r m s  f p r t h e  T on o rn a t  a n d  t h e  

B a u s c h  a n d L o m b  App l a m a ti c T o n o m e t e r . 

N o r m a l  r e a d i n g s f o r  t h e  B i o t r o n i c s M a c K a y - M a r g T o n om e t e r  

{ R os e n t h a l  a n d  W e r n e r ) i s  u p  t o 2 4 m m  o f  H g  wi t h  2 4  t o  2 8 mm o f  H g  

c o n s i d e r e d  q u e s t i on a b l e  a n d a b o v e  2 8 m m  o f  H g  c o n s i d e r e d  

a b n o r m a l l y h i g h . Th e s a m e  a u th o r s  c o n s i d e r  a r e a d i n g o f  

2 2rn m  o f  H g  a s  c r i t i c a l f o r  t h e  B a u s c h a n� L om b  A p p l a m a t i c 

T o n o m e t e r . 

Wa g g o n e r  ( 1 9 6 5 )  f o u n d  t h e  m e a n  f or t h e  M a c K a y - M a r g  t o  b e  

2 1 . 6 9 m m  o f  H g  ± � - 2� J .  
M e a n s  d e r i v e d  f r om t h i s  s t u d y  a r e  as f o l l o ws : 

M a c K a y - M a r g  1 9 . B B m m  o f  H g  ± 3 . 2 6 
D u r h a m - L a n g h a m 1 6 . 5 1 m m  o f  H g  = 4 . 0 0 
T o n o m a t  1 5 . 6 3m m  o f  H g  � 2 . 7 7 

Th e c or r e l a t i o n b e t we e n  t h e  M a c K a y - M a r g  a n d  t h e  T on om a t  

i s  . 2 3 8 8 , b e t w e e n  t h e  M a c K ay - M a r g a n d  t h e  Ap p l a rn a ti c i s  . 2 7 6 8 , 

a n d b e t we e n  t h e  T o n o m a t  a n d  t h e Ap p l a m a t i c i s  . 58 0 2 .  Th e s e  

c o r r e l a t i o n s  a r e  a l l  s t a t i s t i c a l l y  s i g n i f i c a n t  t o  t h e  . 0 5 

c on fide n c e  l e v e l  b u t  t h e  c o r r e l a t i o n b e t w e e n  t h e  T o n om a t  a n d  

t h e  A p p l a m a t i c i s  b y  f a r  t h e  b e s t . 

W h e n  t h i s  s t u dy b e gan , t h e  a u t h o r s  w e r e  i n t e r e s t e d  

i n  a n y  s i g n i f i c an t  d i f f e r e n c e  b e t ws e n  t h e  t w o  e y es w h i c h  c o u l d 

b e  a t t r i b u t e d  t o  t h e  t e c h ni q u e  u s e d .  U p o n  e xa m i n a t i o n o f  t h e  

c o r r e l a t i o n s  a n d  s t a n d ar d d e v i a t i ons b e t w e e n  l e f t a n d  r i g h t  

e y e  t ak e n  on a l l  t h r e e  i n s t r u m e n t s , i t  w a s  f ou n d t h a t  v a r i a b l e s  

i n  t h e  t e c hn i que had n o  s i g n i f i c a n t  e f fe c t . 
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A s ubjec t i ve eval uation of t h e  t h r e e  t a n om e t e r s  i s  

i n c l u d e d  i n  t h �  fo l l owing p aragra�h s. 

The MacKay-mar g is a fast, easy t o  use ins trument . 

The d isp osable probe tip covers offer a m a x i m u m  i n  s t e r i l e  

t e c h ni q u e . Th e d i s a d v a n t a g e s  must i n c l u de pat i en t  dis­

c omf ort , repea t abi li ty of t h e  f i n di n gs and the chance of 

c orneal abrasion. 

Among t h e  disad vantages of t h e  Tonomat i s  the fact tha t 

the p ati ent must be reclining o r  h a v e  hi s  head s o  p os i ti oned 

s o  t h e probe i s  perp endicular t o  t h e  c o r n e a  wh i ch necessitates 

th e head being a l mos t p a r a l l e l  t o  t h e f'Joor . The Tonomat 

r e quires more time to us e bu t i s  equ a l l y  s teri l e  because o f  t he 

di s p os ab l e  p l asti c endplates . V e r y  little p a tien t  di s c o m f o r t  

was e n c o u n t e r e d • 

. The A p p lama t i c  T o n ometer had t he leas t am ount of p a t i e n t 

d i s com f or t  probab l y beca u s e  t h e  p r o ce dure was s cl er a l  and not 

c o r neal . S teri l i z a t i on i s  accomplished b y  applying the tip of 

th e probe t o  an alc ohol p ad .  Care must b e  taken to a l l ow the 

alcoh ol t o  evap orate bef ore ap p lying the ti p to the eye. To 

be c ompletely s teri l e , the tip shoul d be res t eri l i zed when 

changin g fr om one ey e to th e o ther . Thi s  i s  a t i m e  c o n s um i n g 

p r ocedure . The auth ors f ound s o me d o u b t  abou t the c omp l e t e s te r -

i l i t y o f  t h e  t i p  wi t h  t h e  pro c e du r e  s u g ges ted by  the manufacturer • 

. I t  i s  the opi n i o n of the au thor s that a mechanism f o r s teri l i z a ti o n 

o f  the p robe t i p c ould and sho uld b e  i n c l uded i n  t h e p r ob e 

h ol der . 

The t i p  of the p robe a n d  i t s m e m b r a n e o u s  c ov e r i n g  a r e  v e r y 

d e l i c a t e  a n d  o r eat care must be taken when r e m o vino and re-- -

p l a c i n g  the probe i n  its h o l der . 
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I n  s ummary , t he aut hors fo u n d  t h e  m e a n s  of th e i r  

i ns tr u m e n t s to b e  l ow e r t h a n  t hos e foun d in th e pub l i s h e d  

data . T h i s  coul d b e  a function of the a o e  and s e x of our 
. �  

s ub j e c t  p o p ula t i on . T h e  b e s t co rrela tion was f oun d to b e  

b e t w e e n  t h e Tonomat a n d  t h e  A pplam a t i c .  A l l  t h r e e  i ns tr um e n t s 

w e re foun d to h av e  t h e i r i n d i v i d u a l  adva n ta g e s  a n d d is a dva n t ag e s  

b u t  non e was d e c i dedly m o r e  adv a n ta g eo u s  t h an t h e  o th e r. 
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