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Measurement method of the anterior chamber volume
by image analysis
TAKEHISA KONDO,' MASAO MIURA,' AND MASATSUGU IMAMICHIP
From the 'Department ofOphthalmology, Kobe General Hospital, and 2San Contact Lens Co. Ltd, Japan

SUMMARY A new computerised method of measurement of the anterior chamber in the human eye
is described. Photographs of the anterior chamber were taken with a Zeiss slit-lamp 75-SL and
converted from an optical image into a true image by computer with a digitiser. We obtained data
on both the anterior chamber volume and also the anterior chamber depth, peripheral anterior
chamber volume, the diameter of the anterior chamber, and the degree of the iridocorneal angle.
These data were simultaneously displayed several seconds after in-put by the digitiser. In
mensuration by digitiser on three occasions from a single photograph of a given eye the mean
deviation rate was about 0-7%, and the mean deviation rate of 10 successive exposures of one eye
was 3-5%. By this image analysis technique an accurate profile of the anterior chamber is displayed
of the pupil margin, iris-root insertion, and central anteroposterior pupillary axis. These data help
us to understand the mechanism of primary angle-closure glaucoma.

Methods of measuring the anterior chamber volume
have been described. But they have been somewhat
difficult to apply in clinical examination and have not
been sufficiently perfected to be useful in an out-
patient setting. Recently Johnson etal. ' reported on a
new simple method for measuring the anterior
chamber volume, in which they used an unaltered,
commercially available slit-lamp camera system. In'
this method the anterior chamber volume is calcu-
lated from the anterior chamber scale obtained from
a plastic model eye together with a transparent
optically distorted grid overlay.
We have developed another convenient method of

measuring the anterior chamber volume. It is a new
computerised method for converting the optically
distorted image into a true image and for calculating
the volume from the true dimensions. We can
furthermore obtain a true profile of the anterior
chamber such as pupil margin and iris root insertion.
The true profile provides data for comparing normal
eyes with glaucomatous eyes.
The purpose of this report is, first, to describe our

new simplified optical method for measuring the
anterior chamber volume and for providing a dia-
gram of the anterior chamber profile by means of a
computer with a digitiser. Secondly, we discuss the
accuracy of the values obtained by this method.
Correspondence to Dr T Kondo, Department of Ophthalmology,
Kobe General Hospital, 4-6, Minatojima-Nakamachi, Chuo-ku,
Kobe 650, Japan.

Materials and methods

The profile of the anterior eye segment was photo-
graphed with Zeiss slit-lamp 75-SL. The vertical slit-
beam was projected along the visual axis of the eye,
and the camera was locked at an angle of 450 to the
left for the slit-lamp with the use of the longest slit.
Shutter speed was 1/60 second, photoadapter 14,
flash impulse 4, zoom factor 1.0, illumination of the
background 25%, width of the slit-beam 0 1, film
Kodak (ASA 400).
The colour photographs, developed and enlarged,

were analysed by a digitiser, and the optical image of
the anterior eye segment was converted into the true
image by computer. A given point (xi, yi) was
converted into the point (xr, y,) in the true image
according to the following equations:

ri = Vx2 +y2
,i = arc tan (yi/xi)
e = arc sin (ri/ri)
ft' = arc sin (sini¶/n)
r = rksin O-rk cos §.tan (i-§'

I-sin ,i-tan (f-i')
Z =r sin ,
X =r cos ^
Y =r sin ,
Xr =X
Yr = Vy2+Z2

where
xi is the distance from the axis in the optical image,

yi is the height at the xi point in the anterior chamber
668

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.70.9.668 on 1 S

eptem
ber 1986. D

ow
nloaded from

 

http://bjo.bmj.com/


Measurement method ofthe anterior chamber volume by image analysis

in the optical image, ri is the distance from the centre
of the true corneal radius to the point (xi, y,) in the
polar co-ordinate, and r is the true distance of ri, and
rk is the true corneal radius, n is the refractive power
of aqueous humor, xr is the distance from the optic
axis in the true image, yr is the height at the Xr point in
the true image, the x axis is set in the vertical plane,
the y axis is set in the horizontal plane, the z axis is set
in the rectangular plane to the x-y plane, x, is set in
the vertical axis and yris set in the optic axis in the true
image, and r is the true distance of ri, Ci is the angle in
the polar co-ordinate between the x axis and the line
from the point (xi, yi) to the centre of the corneal
radius, e¶ is the angle of incidence, and O' is the angle
of refraction.
The true depth of the anterior chamber at intervals

of about 0-5 mm from the optic axis of the eye to the
iridocorneal angle is read directly from the photo-
graph by a digitiser. According to the method of
estimation of the anterior chamber volume described
by Johnson et al.' the anterior chamber volume was
assumed to be equal to the volume of revolution of its
central sagittal section rotated 1800 about the optic
axis. The volume of such a solid can be approximated
from the sums of the volumes of a series of concentric
right circular cylinders, the heights of which are equal
to the anterior chamber depths at each of a series of
intervals. The upper half and the lower half of the
anterior chamber were estimated separately in the
present study. Each anterior chamber depth
measurement multiplied by computer gives the
volume of one of a series of concentric half cylindrical
sleeves, the sums of which equal half an anterior
chamber volume. The anterior chamber volume
consists of the sums of each half of the upper part and
the lower part (Fig. 1). These steps can be quickly
carried out with the aid of a computer, and, in

y

XI

Fig. 1 The upper halfand the lower halfofthe anterior
chamber were estimated separately. The anterior chamber
volume consists ofthesums ofeach halfofthe upperpart and
the lowerpart, consisting ofa series ofconcentric half
cylindrical sleeves.7

* True image Optical image
Fig. 2 The trueprofile ofthe anterior chamber was
displayed by convertingfrom the optical image to the true
image by the computer after input with a digitiser. The true
image is displayed on the leftside, the optical image on the
right.

addition to the data of the anterior chamber volume,
several kinds of data such as the peripheral anterior
chamber volume, the anterior chamber depth, the
diameter of the anterior chamber, the degree of the
iridocorneal angle, and the true profile of the anterior
chamber are displayed within several seconds (Fig.
2).
The magnification rate was evaluated by a micro-

meter disc (Zeiss) fixed on the pointer of the fixation

Fig. 3 Thepicture ofJa micrometerdisc
length is 0-01 mm.
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light. The micrometer disc (units of 001 mm) was
photographed on to the film for the anterior segment
of the eye (Fig. 3).
We used a PC-9801F (Nihon Electronic Co.)

computer and a Gradimate-SQ-3000 (Oskon Denshi)
digitiser for our study.
Our method has been developed from the follow-

ing assumptions. The corneal surface is spherical with
a radius of rk. The refractive indices of the cornea and
the aqueous humour are equal. The thickness of the
cornea is 0-6 mm over the entire surface of the
cornea. The interval between xi and xi+, on the iris
surface or the lens surface is linear. And the true
image of the iridocorneal angle is estimated as the
part surrounding both the corneal curvature and the
straight line along the iris surface beside the irido-
corneal angle.

Results

The consistency of the mensuration procedure was
examined by making three estimates of the volume
from a single photograph on separate occasions. The
results are shown in Table 1.
The consistency of the photographic technique and

mensuration procedure with a digitiser was examined
by taking 10 exposures of one eye and reading the
photograph with a digitiser. The results are shown in
Table 2.

Discussion

Several methods for measuring the anterior chamber
volume from a slit-image photograph have been
described. 7 Each method preceding that of Johnson
et al.' requires special equipment, with slit-lamp
modification. Johnson et al.' recently reported on a
simple optical method for measuring the anterior
chamber volume by means of an unmodified, com-
mercially available slit-lamp system and transparent
anterior chamber scales. We have developed a new
method of measuring the anterior chamber volume.
It is an image analysis method for conversion of the
optically distorted image into a true image and for
calculation of the volume from the dimensions by
computer with a digitiser. Both steps are simul-
taneously carried out by a commercially available
computer with a digitiser, and the entire mensuration
procedure takes less than 10 seconds. Our method
requires neither special equipment nor modification
of a standard slit-lamp system. From the distorted
image given by a slit-lamp photograph a correctly
dimensioned outline of the cross section of the
anterior chamber is derived, point by point, by means
of a digitiser. This method allows the anterior
chamber volume to be derived rapidly from the true

Table 1 Volume ofanterior chamber ofa subject by
mensuration on three occasionsfrom a singlephotograph of
the eye

Experiment 1 2 3

Volume (gil) 195-6 198-8 196-8

Mean deviation= 1-32 gl (0-7%).

Table 2 Volume ofanterior chamber ofa subject obtained
from lOsuccessivephotographs

Experiment Volume (1d)

1 139-6
2 138-7
3 138-1
4 151-1
5 151-4
6 140-0
7 146-0
8 139-3
9 149-7
10 145-7

Mean deviation=5-04 gIl (3-5%)

image of the anterior chamber, and it also allows the
peripheral anterior chamber volume, the anterior
chamber depth, the peripheral anterior chamber
depth, the diameter of the anterior chamber, and the
degree of the iridocorneal angle to be derived at the
same time. Furthermore this method provides an
estimate of the profile of the anterior chamber-that
is, the relative positions of pupil margin, lens surface,
iris root insertion, and anteroposterior lens axis.
Although Heim2 pointed out that it is generally

impossible to obtain a view of both angles of the
anterior chamber together with vertical slit-beam,
fortunately the Zeiss slit-lamp 75-SL has a long
enough slit-beam to obtain a view of both angles even
with the vertical slit-beam, unlike other slit-lamps.
This enabled us to photograph the anterior chamber
with the vertical slit-beam. In addition the vertical
slit-beam has the advantage of making the measure-
ment accurately, because the width of the anterior
chamber angle does not seem to be equal in different
sections of the chamber, while there is a great
difference between upper half anterior chamber
volume and lower half. We recommend the evalua-
tion of data of the anterior chamber volume using the
sums of the values of both the upper half and the
lower half.

Nagataki et al.8 recently reported on a modified
method for calculating the anterior chamber volume.
The advantage of this method is that the true anterior
chamber dimensions can be measured in an eye of
any comeal curvature. By using a digitiser we can
also apply this method ofmeasurement to the cases of
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A-

A : Central antero-posterior lens axis
R : Iris-root insertion
P: Pupil margin
B: Base legth

Fig. 4 Pupil blockingforce (F) consists of
(D+E) cos a+S cos b. whereD ispupil
dilatingforce. E is iris-stretchingforce. S is
sphincter contractingforce.

radius of the corneal curvature, without the trans-
parent anterior chamber scales reported by Johnson
et al.I
The most important point for maintaining the

accuracy of measurement in the photogrammetric
method is the precise evaluation of the magnification
ratio of the pictures. We fixed a micrometer disc on
the fixation pointer to ensure that a constant distance
was maintained between the camera and the top of
the cornea. This method is particularly accurate for
estimating the magnification ratio, because the micro-
meter disc is photographed on to the film of the
anterior chamber. Each photograph was enlarged
5-6 times in the present study. In using a large
magnification we reduce the mensuration errors of
the digitiser. Using one photograph of a given
specimen we tested the mensuration by digitiser
three times, and obtained a mean deviation of about
0-7%. This suggests that the mensuration procedure
by digitiser is not a substantial source of error.
Another important point during the taking of

photographs is the centring of the slit-beam against
the cornea. Small errors in alignment of the centre of
the slit-beam with the optic axis of the eye are bound
to occur.39 In our studies the mean deviation of 10
successive exposures of one eye was 3-5%. Succes-
sively exposed pictures, except for those with mis-
alignment of the centre of the slit-beam, should be
selected for the estimation of the anterior chamber
volume.
From the true profile of the anterior chamber

Fig. 5 With a digitiser base length, pupil margin, iris-root
insertion, central anteroposteriorpupillary axis, angle a, and
angle b areprecisely estimatedfrom the true image.

drawn by computer with a digitiser we can evaluate
the direction of the vectors, such as pupil dilating
force (D), iris-stretching force (E), and sphincter
contracting force (S) as described by Mapstone. "' The
calculation of these vectors will result in the estima-
tion of the value of the pupil blocking force (F) by the
following equation:

F=(D+E) cos a+S cos b

where a is the angle consisting of both the vector
(D+E) and the line from the pupil margin to the
centre of the radius of the lens surface, and b is the
angle consisting of both the vector S and the line from
the pupil margin to the centre of the radius of the lens
surface (Fig. 4). These angles (a,b) are estimated
from the true image of the anterior chamber drawn
by digitiser (Fig. 5). Thus we can calculate the pupil
blocking force in each eye.

This new image analysis method of measuring the
anterior chamber volume is convenient for both
clinical examination and basic research. The precise
evaluation of the anterior chamber volume provides
beneficial data for physiopathological research into
the dynamics of the aqueous humour, and the
accurate profile of the anterior chamber provides
important data for an analysis of the mechanism of
glaucomatous attacks.
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