Pacific University

CommonKnowledge

College of Optometry Theses, Dissertations and Capstone Projects

5-1971

A comparative study of Mackay-Marg, Durham-Langham and
Tonomat tonometry

L W. Gilge
Pacific University

J H. Rusk
Pacific University

J T. Shank
Pacific University

Recommended Citation

Gilge, L W.; Rusk, J H.; and Shank, J T, "A comparative study of Mackay-Marg, Durham-Langham and
Tonomat tonometry" (1971). College of Optometry. 326.

https://commons.pacificu.edu/opt/326

This Thesis is brought to you for free and open access by the Theses, Dissertations and Capstone Projects at
CommonKnowledge. It has been accepted for inclusion in College of Optometry by an authorized administrator of
CommonKnowledge. For more information, please contact CommonKnowledge@pacificu.edu.


https://commons.pacificu.edu/
https://commons.pacificu.edu/opt
https://commons.pacificu.edu/etds
https://commons.pacificu.edu/opt/326?utm_source=commons.pacificu.edu%2Fopt%2F326&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:CommonKnowledge@pacificu.edu

A comparative study of Mackay-Marg, Durham-Langham and Tonomat tonometry

Abstract
A comparative study of Mackay-Marg, Durham-Langham and Tonomat tonometry

Degree Type
Thesis

Degree Name
Master of Science in Vision Science

Committee Chair
Alfred Furie

Subject Categories
Optometry

This thesis is available at CommonKnowledge: https://commons.pacificu.edu/opt/326


https://commons.pacificu.edu/opt/326

Copyright and terms of use

If you have downloaded this document directly from the web or from CommonKnowledge, see
the “Rights” section on the previous page for the terms of use.

If you have received this document through an interlibrary loan/document delivery service, the
following terms of use apply:

Copyright in this work is held by the author(s). You may download or print any portion of this
document for personal use only, or for any use that is allowed by fair use (Title 17, §107 U.S.C.).
Except for personal or fair use, you or your borrowing library may not reproduce, remix,
republish, post, transmit, or distribute this document, or any portion thereof, without the
permission of the copyright owner. [Note: If this document is licensed under a Creative
Commons license (see “Rights” on the previous page) which allows broader usage rights, your
use is governed by the terms of that license.]

Inquiries regarding further use of these materials should be addressed to: CommonKnowledge
Rights, Pacific University Library, 2043 College Way, Forest Grove, OR 97116, (503) 352-7209.
Email inquiries may be directed to:.copyright@pacificu.edu


mailto:copyright@pacificu.edu

E&C!H(, IMvERSITY LIBRARY
F,OREST GROVE. OREQON

A COMPARATIVE STUDY OF
MACKAY-MARG, DURHAM=-LANSHAM

AND TONOMAT TONOMETRY

by

L.W. Gilge
J.H. Rusk
J.T. Shank

IN PARTIAL FULFILLMENT OF THE ;
REQUIREMENT FOR THE DEGREE:

DOCTOR OF OPTOMETRY

APPROVED 8Y:

(H 4(7#**-—-&'#1(?2/

Alfred Furie; “0WD

May 1971



The authors wish to express their appreciation to
Dr. Alfred furie for his help and quidance, to Dr. Richard Septon
for the use of the tonometers, and to Dr. M. Jessen and Richard Rue

for their assistance with the statistical computer program,



TASLE OF CONTENTS

INTRODUCTION ® & 0 00 500 0 000 00 0t OO T 2O OO 0 oo 1
DESCRIpTION OF’ TDNO“"ETERS.‘...‘..0.........'..
RESEARCH 9 0 00 2 000 9 0000 9 39 095 2 00 ¢C 2000 00 2000 O O

2
7
PRUCEDURER o5 wase aom sne sormners maons TR BE e & s1exem o v orge I 2
0

RESULTS AND CALCULATIONS

..'..l....‘..."'.‘..l

DISICASSTON AND: TONCL USIEOMNS® . ceues sje s o susus.s'e ¢ o 5 0sa 28



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 severzl tonometers 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 Durham=-Lanaham, and the Tonomat,
This study was done on 100 male optometry students at

Pacific University.



DESCRIPTION OF TONOMETERS
MACKAY=MARG
The MacKay~Marg tonometer was invented by a physicist,
Or. Stuart MacKay, and an optometrist, Dr. Elwin Marg (1962).
The goal of these men was to invent 2 fast acting, accurate

tonometer 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 ahd encircled by
a magnetic field. The plunger extends 5 microns beyond the
end 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 amgplifier recorder. The recorder
translates the very small movements of the plunger into large
amplitude waves which are recored on heat sensitive paper.
ODURHAM-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.D., 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(1966) was developed.

The design and construction of the Durham-Langham tonometer
"is 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 reqgulator
where its pressure is reduced and continues via a silicone

rubber tube to the orobe.
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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
extension, against the inner surface of the flexible membrane,
and out to the atmosphere through the exit parts., Any re-
striction of this outflow during a continued inflow results

in an increased pressure in the cone chamber,



The pneumatic to electronic transducer situated in the
cabinet, senses alterations of the pressure in the cone chamber
by the use of strain guages. These gressure changes which
are transmitted by a readout tube, produce a proportionate
variation of the electrical signal derived from the guages.1

The amplifier magnifies these electrical signals -and
relays them te the recorder where they are recorded on heat
sensitiz¥d paper.

TONOMAT

In 1967 Posner and Inglima developed a modification of

the Maklokov tonometer which they called the Tonognat,
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Fig. 1: The Tonomat applanation tonometer. A
shows the instrument ready for use. B and C
show the two-part tubular handle. D- is the
stainless steel probe, consisting of shajt and

L
EE—»__-_jB retaining collar. E and F present two views of

the disposable plastic endplate; F shows the
F two orientation markers on the applanating
surface. D and E (together) constitute the probe

assembly; they weigh 5 grams.
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Rosenthal,“Jesse, and Werner, D. Leonard. JTonametry
and Glaucoma Detection (Chicage: Professional Press, Inc.,
1969), p. 131=-137.




It consists of a two part tubular handle, and a c@rtified
5 gm. stainless steel probte (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
diameter of the imprint that was formed by the contact with

the cornea,



RESEARCH

The following figures are from the Berkely Tonometer
Company and are oublished in the instruction manual for
the Berkely MacKay=-Marg Tonometer.
Up to 26mm of Hg == Normal
26 to 30mm of Hg == Questionable
Above 30mm of Hg == Abnormally High
According to Rosenthal and Werner, the Siotronics
MacKay-Marg Tonometer findings are 2mm lower than those
published for the Berkely model.
Allen and Wertheim (1363) say a finding of 26mm of Hg
is considered suspicious with 30mm of Hg as positive. A
diurnal variation of over 5mm of Hg is likewise indicative,
Waggoner (1965) compared results of the Mackay-Warg and

the Maklakov tonometers. He states his findings as follouws:

MacKay=-Marqg 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-farg Tonomat

Means= 19.17 = 3.20 TEO8 & | Bil B

The authors attribute the lower than normal mean of

the MacKay-Marg to their technique.



Borish says that Maklakov findings of over 22 mm of hg and
3 mm of hg or more difference in the 2 eyes are considered
suspicious.

Rosenthal and Wernzr state that none of 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 value until such a time
that future studies indicate otherwise,

Most, if not all, of the studies published to date that
have been done with the Tonomat have been done on the anes=

thetized corneas,



PROCEDURE

Subjects for this study were 100 male optometry students
at Pacific University. They were deemed by the experimenters
to be normal healthy young male pogulation.

The tonometers used were the Biotronics MacKay-Marq,

The Bausch and Lomb Applamatic and the Tonomat (Ocular
Products Inc.).

Techniques used were taken from the instruction manuals
which accompanied each instrument,

R random rotation amang the three experimenters and the
three tonometers was used. Tonometry was done at various times
of the day from 9:00 a.m. to #:00 p.m. Two of the three tono-
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 (1368) 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, QOregon.
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RAW DATA

Subject Mackay-Marg Tonomat Durham~-Langham
0D 0S oD oS 0D 0S
1. J.P. 16 16 13 15 16 15
2., L.J. 15 15 11 11 14 14
3, D.G. 24 24 15 16 18 17
4, J.D. 28 22 15 17 22 22
5, D.G. 24 22 14 13 15 16
6., M.E. 24 22 13 15 14 13
7% Sl 28 26 14 14 17 16
8., L.F. 14 14 15 15 20 17
9, J.S. 22 20 14 15 17 18
100 o Rs 20 18 k5 14 14 14
11. L.G. 21 22 14 13 14 13
12, B.E. 18 20 15 14 19 18
13, C.S. 16 18 13 16 12 12
14, G.S, 19 19 15 15 12 12
15 IRA 18 18 18 15 13 13
16, J.D. 19 20 13 14 13 12
17. D.B. 18 18 15 17 17 15
18, J.W. 20 20 13 13 15 17
19. B.L. 22 22 15 16 16 17
20, G.T, 20 22 16 16 14 16
21, R.H, 23 22 18 18 9 12
22, R.R, 15 16 13 13 15 11
23, W.M, 20 21 14 15 13 10
24, M.O. 20 22 11 11 10 9
25, D.W. 22 24 18 21 20 20
26, J.H. 18 18 17 13 17 17
27, M.C. 16 16 15 15 13 17
28, J.B. 22 20 13 13 15 14
29, R.S. 24 23 13 13 18 18
30, W.B. 20 20 12 12 16 17
31, BWRL 19 17 14 14 13 16
32, P.N. 24 24 12 12 14 13
33, M.B. 20 19 14 14 15 16
34, R.B. 20 20 14 13 16 17
35, G.I. 16 16 13 14 13 15
36, S.B. 19 20 13 14 11 11
37. D.G, 21 20 18 20 23 22
38, K.B. 18 18 11 11 18 17
39. D.A. 20 20 13 13 15 15
40, J.O. 18 18 16 15 12 13
41, J.M. 22 18 14 14 10 10
a3, J.&8 18 18 16 16 17 14
43, R.M, 19 20 16 17 12 9
44, S.0. 23 30 15 15 25 23
T.S. 20 22 17 16 18 15

45,



RAW DATA (continued)

Subject Mackay-Marg Tonomat Durham=-Langham

oD 0s oD 0s 0D 0s
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
51, -E.G. 20 20 16 14 15 13
52. G.S. 22 24 19 21 23 23
53. T.M. 14 16 14 14 14 12
54, B.G. 20 20 18 16 17 15
S5 ID%Rs 18 18 16 14 20 16
oG, BBl 14 14 13 13 12 10
e J.LE 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, D.c. 24 26 16 17 19 17
6k, . &, 16 16 16 17 16 18
G2, Sivge 18 17 18 19 21 19
654 BESk 18 17 14 12 18 17
64, J.T. 12 12 14 13 - 13 12
6b. BEgSk 14 14 . 13 12 13 12
66 =518 14 14 17 16 15 15
67: D.A. 18 18 21 18 25 23
685  T.bl, 16 16 15 15 24 24
69, 18 Wk 18 138 18 17 25 22
70, .M, 17 16 17 16 17 15
71. H.G, 22 19 23 22 27 25
2. 1.8, 20 20 20 20 23 21
18a (Gl L: 15 14 17 16 15 13
T4 TR, 20 20 16 17 16 13
75. LB, 16 16 18 18 17 16
76. B.W. 19 20 18 18 15 15
77. AW, 15 18 16 18 14 14
78, J.M. 16 18 16 16 18 18
79, “JeB, 17 20 15 18 18 17
8oL, &, B\ 15 13 11 11 16 14
81l. 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.M, 18 18 19 21 15 19
85. D,H, 16 16 18 16 23 23
86. D.M. 17 17 10 10 11 13
87. J.M, 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 Mackay-Marg Tonomat Durham-Langham
(0))] (O] oD 0s 0D 0S

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.i, 16 16 16 18 13 13
98. R.D. 20 20 16 18 20 20
990 lliluB . 19 20 16 17 17 17

100, J.J. 18 18 17 17 16 17
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SUMMARY OF

MACKAY-MARG
mean = 19.08 mm of
standard deviation

DURHAM-LANGHAM

mean = 16.51 mm of

standard deviation

TONOMAT
mean = 15,62 mm of

standard deviation

CORRELATICNS:

Mackay=-Marg to Tonomat =
Mackay~Marg to Durham-Langhem =

Tonomat to Durham-Langham =

-28 =

FINDINES

= 3.26 mm of

ha

= 4,00 mm of hg

hg

= 2,77 mm of

.23588
J27ES

.5802
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DISCUSSION AND CONCLUSIONS

There are few published norms for the Tonomat and the
Bausch and Lomb Applamatic Tonometer.

Normal readings for the Biotronics MacKay-Marg Tonometer
(Rosenthal and Werner) is up to 24mm of Hg with 24 to 28mm of Hg
considered questionable and above 28mm of Hg considsred
abnormally high., The same authors consider a reading of
22mm of Hg as criticzl for the Bausch and Lomb Applamatic
Tonometer,

Waggoner (1265) found the mean for the MacKay-Marg to be
21.69 mm of Hg % §,253.

Means derived from this study are as follows:

MacKay-Marg 19.88mm of Hg % 3.26
Durham~Langham 16.51 mm of Hg % 4,00
Tonomat 15.63mm of Hg £ 2,77

The correlation between the MacKay-farg and the Tonomat
is .23838, between the MacKay-Marg and the Applamztic is .2768,
and between the Tonomat and the Applamatic is .5802. These
correlations are all statistically significant to the .05
confidence level but the correlation between the Tonomat and
the Applamatic is by far the best.

When this study began, the authors were interested
in any significant difference between the two eyes which could
be attributed to the technique used. Upon examination of the
correlations and standard deviations between left and right
eye taken on all three instruments, it was found that variables

in the technicue had no significant effect,
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R subjective evaluation of the three tanometers is
included in the following paragraphs.

The MacKay=fiarg is a fast, easy to use instrument.

The disposable probe tip covers offer a maximum in sterile
technique. The disadvantages must include patient dis-
comfort, repeatability of the findings and the chance of
corneal abrasion.

Among the disadvantages of the Tonomat is the fact that
the patient must be reclining or have his head so positioned
so the probe is perpendicular to the cornea which necessitates
the head being almost parallel to the flbor. The Tonomat
requires more time to use but is equally sterile because of the
gisposable plastic endplates. Very little patient discomfort
was encountered.

The Applamatic Tonometer had the least amount of patient
discomfort probably because the procedure was scleral and not
corneal, Sterilization is acﬁomplished by applying the tip of
the probe to an alcohol pad. Care must be taken to allow the
alcohol to evaporate before applying the tip to the eye. To
be completely sterile, the tip should be resterilized when
changing from one eye to the other. This is a time consuming
procedure. The authors found some doubt about the comglete ster=-
ility of the tip with the procedure suggested by the manufacturer.
It is the opinion of the authors that a mechanism for sterilization
of the probe tip could and should be included in the probe
holder.

The tip of the probe and its membraneous covering are very
delicate and great care must be taken when r2moving and re-

placing the probs in its holder.
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In summary, the authors found the means of their
instruments to be lower than those found in the published
data., This could be a. function of the age and sex of 5ur
sub ject population. The best correlation was found to be
between the Tonomat and the Applamatic. All three instrumants
were found to have their individual advantages and disadvantages

but none was decidedly more advantageous than the other.
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