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ALTHOUGH of no small value as a clinical instrument when it is
recognized that its readings cannot in any sense claim to scientific
accuracy, the tonometer can in no sense be accepted as efficient for
accurate experimental registration of the intra-ocular pressure. It
is only by the method of manometry whereby the contents of the
globe of the eye are put in direct relationship with a recording
manometer by means of a cannula introduced into the anterior
chamber that this can be attained.
The essentials of any good manometer are: (1) That it inscribes

a curve which has a sufficient amplitude to show small changes in
gradient; (2) that it responds without appreciable lag; (3) that it
reproduces variations of pressure correctly as regards amplitude
and phasic relations. In the special case of the eye the issue is
complicated by the fact that if any flutid should enter or leave the
eye while the cannula is being inserted or during the establishment
of pressure equilibrium the intra-ocular conditions are gravely
upset. An attempt has been made to overcome this complication
by the use of a closed system of dimensions so small as to minimise
the error in the micro-manometer introduced by Hering (1869),
but an instrument of this nature suffers from the defect that the
variations recorded are of quite insufficient amplitude to be
adequately recorded. The great majority of observers have there-
fore employed a mercury (or saline) manometer provided with a
special compensatory mechanism to prevent any change in the
volume of fluid. The mercury manometer, however, violates the
other two desiderata required of a manometer: it responds with a
very appreciable lag, and the inertia of the mercury fails to repro-
duce the amplitude and phasic relations of the pressure curve with
any degree of accuracy. These faults can be overcome by the use of
an optical manometer whereby a column of mercury (or of saline)
is replaced by a beam of light, which, having no appreciable inertia,
responds to minute differences of pressure with the greatest
accuracy. Manometers of this kind have been used comparatively
rarely in ophthalmological research, and such types as have been
described suffer from the lack of an adequate compensatory
apparatus; moreover an optical manometer, like a spring balance,
regulates only the differential pressure while the actual pressure
level remains unrecorded. The instrument described in this paper,
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which we have been employing for over two years, seems to
circumvent these difficulties and may therefore merit a short note.
An optical manometer consists essentially of a small chamber

connected with the eye by a cannula, the distal end of the chamber
being closed by a membrane carrying a mirror. Variations of
pressure in the eye are communicated to the membrane, the excur-
sions of which are amplified and recorded optically by a beam of
light. The efficiency of such a manometer depends on (1) its
sensitivity and (2) the accuracy of its response. The sensitivity is
a static factor referring to the magnitude of its response (i.e., the
excursion of the membrane) on the application of pressure. It may

a

b
FIG. 1.

be increased by decreasing the tension of the membrane or by
increasing its diameter. The only influence which may disturb
the accuracy of the instrument is the natural frequency which every
membrane in tension possesses whereby it tends to vibrate in its
natural periodicity, and which may therefore interfere with the
record of pressure. The accuracy of the response is thus a dynamic
factor expressed by the ratio of the natural frequency of the man-
ometer to that of the shortest component which enters into the
pressure variation to be recorded. For accurate records the former
should be four or five times as great as the latter, and if this is not
obtained in practice, the registered curve will be distorted both in
amplitude and phasic relations. In intra-ocular pressure readings
a natural frequency of 150 to 200 is ideal.
The natural frequency is readily measured by observing the free

oscillations recorded after the sudden release of p,ressure on the
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membrane (Fig. 1): the natural period (T) is the duration of any
double vibration, and its reciprocal (or the number of vibrations
per second) is the natural frequency. In a simple manometer
system the natural frequency -varies directly as the " effective
mass " and inversely as the " volume-elasticity coefficient": the
first should therefore be kept as high as possible, and the second as
low as possible.*

The effective mass is the theoretical mass, which, concentrated near the elastic
membrane, determines the inertia of the system, and it is found to vary directly as
the length of the system and inversely as its cross-section. The effective mass of the
manometer is the sum of the effective masses of its component parts, the cannula, its
connections, and the glass chamber, and care must therefore be exercised in their
design so that no unnecessary constrictions exist and that they have the
greatest diameters and shortest lengths compatible with convenience. The
volume-elasticity coefficient is the ratio of the increase of pressure to the increase of
volume which it produces, and is represented by the pressure required to move a unit
volume of fluid past a cross section of the system near the membrane. In order to
increase it all elastic structures (e.g., rubber tubes) other than the membrane itself
should be eliminated, the size of the membrane should be decreased, and it should be
under great tension. There are, of course, limits beyond which the last two
expedients cannot be forced, for such a procedure, by reducing the excursion of the
membrane, lowers its sensitivity, although the effect may be compensated within
limits by increasing the length of the recording beam.
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FIG 2.

The manometer seen in Fig. 2 represents a combination of the
compensatory manometer with an optical manometer constructed
on these principles. A cannula (D) made of platino-iridum and
pointed with steel of an internal diameter of lmm., leads into a

* Frank's formula is T = 2 7rV/M, when T is the natural frequency, M the
E

effective mass, and E the elasticity coefficient.

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://bjo.bm
j.com

/
B

r J O
phthalm

ol: first published as 10.1136/bjo.15.10.575 on 1 O
ctober 1931. D

ow
nloaded from

 

http://bjo.bmj.com/


THE BRITISH jOURNAL OF OPHTHALMOLOGY

cylindrical glass chamber, the distal end of which is closed by a
stretched rubber membrane (M). This membrane carries affixed to
its edge a minute mirror from which a beami of light, derived from
the source 0 and passing through a slit and an optical system
(PI, P2, P3), is reflected on a moving photo-film in the camera (Q).
A second mirror (R) fixed immovably to the edge of the chamber
serves as a base line, and the tracing recorded from it is interrupted
by an electrically controlled time-marker (N). The glass chamber
communicates with a mercury manometer (B) tracing on a kymo-
graph (C) on which is recorded a* second time-marker (M)
synchronized with the first. Between the manometer tube and
glass chamber there is interposed a compensatory apparatus of the
type introduced by von Schulti (1884), consisting of a horizontal
graduated capillary tube (E) containing an air-bubble, the move-
ments of which can be coptrolled by a pressure syringe (F).
Between this and the glass chamber is a reservoir (A).
The whole apparatus is filled with Ringer's solution to the

entire exclusion of air, and the reservoir (A) is raised to the
approximate height of the anticipated intra-ocular pressure
(25 mm. Hg.) The cornea is nicked with a Graefe knife at the
limbus in such a way that the point almost (but not quite) enters
the anterior chamber: it is essential to prepare the way for the
entrance of a thick cannula in this manner if the pressure equi-
librium of the eye is not to be seriously disturbed. The stop-cocks
at G and H are opened, and, with the fluid ru.nning out of the open
cannula at this pressure, the latter is thrust through the cornea
near the limbus to lie parallel to the plane of the iris in the anterior
chamber. It is extremely important at this stage to avoid touching
the iris, for even if the cannula rubs against it, an axon reflex is
set up involving a capillary dilatation which upsets the intra-ocular
pressure for a period lasting over several hours. As soon as the
cannula is inserted, G is closed and equilibrium is established by
manipulating the syringe F so that an air-bubble introduced
into E is stationary: at this point the intra-ocular pressure is
recorded on the mercury manometer. The glass chamber (K) is
then clamped on to the same clamp-system which supports the head
of the animal so that no strain is carried by the eye, and any move-
ments are equally shared by the cannula and the animal's head.
When the pressure has remained at a steady level for 10 minutes,
the tap H is closed so that the chamber (K) alone remains in
association with the eye: thereafter variations in the pressure are
recorded optically on the film in the camera. After the experiment
is finished the absolute pressure is again recorded, and the excur-
sions of the beam of light on the film are calibrated from the
mercury manometer.
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Fig. 3 illustrates the results obtained in a simultaneous registra-
tion of the carotid pressure and the intra-ocular pressure of the dog.
The lower curve which represents the intra-ocular pressure shows

L, 0.
27m.m. Hq.

2m.

FIG. 3.

To obtain higher lateral magnification in the record
the tracing of the intra-ocular pressure is running
faster than that of the blood pressure (as 5: 3).

how faithfully it follows variations in the blood pressure. The
large waves follow the respiratory excursions, while the small
waves mark the pulse-beats on which a dicrotic notch can be made
out. It may not be generally recognized that in an adult dog
lying completely at rest under ether-chloralose anaesthesia the
former involves a pressure variation of 5 mm. of Hg and the latter
of P5 mm. of Hg.
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