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A combination horizontal/vertical prism bar
A precisely calibrated tool for use in front of one eye
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Abstract The authors used an optical bench to investigate calibration
and errors from improper positioning of prism bars manufactured by R.O.
Gulden and Luneau. They urged Gulden to redesign its prism bars to be used
back-to-back in front of one eye. The horizontal bar is held with its flat face
posteriorly within a channel on the flat face of the vertical bar; the interface
is positioned perpendicular to the direction of the fixation object, which de-
mands that the horizontal prism bar be calibrated in the frontal plane posi-
tion and the vertical bar in the Prentice position. Analysis of calibration
demonstrated that Gulden’s new combination horizontal/vertical prism bar
can be used without significant error (within + 0.5A of labelled values). Gul-
den’s old vertical prism bar is also calibrated in the Prentice position.
Luneau’s horizontal and vertical prism bars are calibrated close to the frontal
plane position (within +1.0A and +0.4A respectively). Improper positioning
demonstrated an increasing error with larger prisms. Luneau’s 25A segment
measured 27.8A in the Prentice position, the 40A segment 67.5A. The 25A
segment of Gulden’s new and old vertical prism bars measured 23.25A in
the frontal plane position. Gulden’s vertical prism bars should always be
held with the flat surface toward the examiner. Luneau’s horizontal and ver-
tical prism bars should be held one in front of each eye when used simulta-
neously; thus, neither eye is looking directly at the fixation object and defin-
ing primary and secondary deviations is not possible.
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surgery

Introduction Errors in measurement of an ocular deviation can occur
if prisms are held in a position for which they are not calibrated,' and this
fact may help explain variable results in strabismus surgery.

There are three commonly used positions of prisms, each with a different
effect on the deviation measured (Fig. 1). The first is the Prentice position,
where the line of sight bends only at one face of the prism and strikes the
opposite face at right angles.* The second is the minimum deviation position,

A combination horizontal/vertical prism bar

GO 9508502

Correspondence to: Professor
David L. Guyton, M.D, The Wilmer
Ophthalmological Institute, B1-35,
The Johns Hopkins Hospital,
Baltimore, MD 21287-9009, USA.
FAX: (410) 955-0809.

This work was presented in part at
the Joint Meeting of the International
Strabismological Association and the
American Association for Pediatric
Ophthalmology and Strabismus,
Vancouver, 1994.

The combination horizontal/vertical
prism bar is manufactured by Gulden
Ophthalmics, 225 Cadwalader
Avenue, Elkins Park, PA 19117-
2097. The Luneau prism bars are
manufactured by Luneau Ophtal-
mologie, B.P. 252, 28005 Chartres
Cedex, France. The authors have no
proprietary or financial interest in
these products or in the companies
involved.

27




Fig. 1. In the Prentice position the
light bends at one face of the prism
only. At the opposite face the light
ray is perpendicular to the surface of
the prism. In the minimum deviation
position light bends equally at the two
faces of the prism. In any other posi-
tion the angle of deviation is greater.
In the frontal plane position the post-
erior face of the prism is held parallel
to the frontal plane. Light bends
slightly asymmetrically at the two
faces of the prism.
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where the line of sight bends symmetrically at the two faces of the prism and
travels inside the prism perpendicular to the line bisecting the apex angle.
The third is the frontal plane position, where the posterior face of the prism
is held perpendicular to the line of sight anterior to the prism (perpendicular
to the direction of the fixation object); this position has been advocated by
Thompson and Guyton because the posterior face of the prism can be posi-
tioned conveniently in the frontal plane for distance measurements in pri-
mary position;' for measurements at near and for measurements in the diag-
nostic positions of gaze, however, the prism should be rotated away from the
frontal plane of the patient’s head so that the posterior face of the prism re-
mains perpendicular to the direction of the fixation object.>®

Single plastic prisms are calibrated in the minimum deviation position’
but are most practically held in the frontal plane position.' Glass prisms are
calibrated in the Prentice position. The calibration of prism bars is not well
standardized, and they are often held in positions that are convenient rather
than necessarily accurate. If only one prism bar is used to measure either a
horizontal or a vertical deviation, the bar is usually held in the frontal plane
position. But, if horizontal and vertical prism bars are used in front of the
same eye, the prism bars are most conveniently held back-to-back. The rear
prism bar, being reversed from the usual position, will give an erroneous
measurement.

In this study we determined the calibration and correct position of various
prism bars manufactured by two companies, R.O. Gulden and Luneau. We
also measured the errors arising from improper positioning of the various
prism bars, and we urged Gulden to design a new combination horizon-
tal/vertical prism bar with the appropriate calibration for use in front of one
eye.

Materials and methods The new combination horizontal/vertical
prism bar is held with the horizontal prism bar anteriorly and the vertical
prism bar toward the patient. The horizontal prism bar slides vertically
within a channel created by rails along the flat surface of the vertical prism
bar (Fig. 2). The flat surfaces of both prism bars are thus held perpendicular
to the direction of the fixation object, which demands that the horizontal
prism bar be calibrated precisely in the frontal plane position, and the verti-
cal prism bar in the Prentice position.

We used an optical bench to investigate calibration of various prism bars
and errors arising from improper positioning (Fig. 3). The various prism bars
were placed at the designated angular position exactly 1m from a horizontal
centimeter scale, and the deviation of a 1.0 mW HeNe laser beam induced
by each prism was read directly from the centimeter scale.
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Results Table 1 shows the measurements of the old and redesigned Fig. 2. Gulden’s new combination
prism bars manufactured by Gulden and of the horizontal and vertical prism horizontal/vertical prism bar: the
bars manufactured by Luneau. From the deviations measured at the desig- horizontal bar is held with its flat face
nated angular positions, one can determine the position of the prism bar in- - posteriorly within a channel on the
tended by the manufacturer and the deviations produced by positioning the flat face of the vertical bar. The inter-
prism bars incorrectly. Measurements of the combination horizontal/vertical face is positioned perpendicular to the
prism bar designed by Gulden and of the horizontal and vertical prism bars direction of the fixation target.
designed by Luneau are plotted in the graphs of Figs. 4 and 5. One can eas- ) )

ily recognize the intended position of calibration of the various prism bars Fig. 3-Optical hench:anngement 1o

investigate calibration of various

by the plot that is closer to the line designating the intended deviation by the .
prism bars.

manufacturer. A given prism segment in the Prentice position produces a
larger deviation than in the frontal plane position and the difference of pris-
matic deviation produced at the two angular positions increases progres-
sively for larger prisms. It is readily apparent that significant errors result
from incorrect positioning only for values of 20A or higher.

One can see that the old horizontal prism bar manufactured by Gulden is
calibrated in the minimum deviation position, because when held in the fron-
tal plane position larger prisms produce slightly larger deviations than their
labelled values; the maximum is reached with the 40A segment which pro-
duces a 41.8A deviation (Table 1). Following our suggestion, Gulden rede-
signed its horizontal prism bar to be calibrated precisely in the frontal plane
position (measured deviations were within +0.45A of labelled values), and
the redesigned vertical prism bar is calibrated in the Prentice position
(within +0.5A). Gulden’s old vertical prism bar has also always been cali-
brated in the Prentice position (a surprise to the Company). When both Gul-

den’s old and new vertical prism bars are held by mistake in the frontal
plane position, the 25A segment produces only 23.25A of deviation; in the
Prentice position the 25A segment produces 25.4A or 25.5A of deviation.

The horizontal and vertical prism bars manufactured by Luneau, as we
have determined, are calibrated close to the frontal plane position (within
+1.0A and +0.4A respectively), and when held in the Prentice position, the
25A segment produces 27.75A or 27.8A of deviation and the 40A horizontal
segment produces 67.5A of deviation.
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TABLE 1. Measured deviations in prism
diopters in the frontal plane and Prentice
positions, versus the labelled values, for

various prism bars.

30

Prism  Labelled Measured deviations
bars values  In frontal plane position In Prentice position
Gulden Gulden Luneau Gulden  Gulden Luneau
new old new old
(PD) (PD)  (PD) (PD) (PD) (PD) (PD)
h I 1.15 0.85 1.0 I.1 0.8 0.8
0 2 2.25 1.9 2.0 2:2 1.9 1.9
r 4 4.1 4.05 3.9 4.0 4.0 3.8
i 6 5.9 6.0 5.9 5.9 5.9 5.8
z 8 7.9 7.9 7.9 8.0 7.85 7.8
0 10 9.9 10.0 9.9 10.1 10.1 9.9
n T2 121 120 11.9 123 122 121
t 14 14.1 14.0 13.95 14.5 14.45 14.2
a 16 16.3 16.15 15.8 17.0 16.9 16.4
1 18 18.4 18.25 17.8 18.4 19.2 18.6
20 19.9  20.45 19.7 21.5 21.8 20.9
25 25.0 25.5 24.7 28.4 28.75 27.75
30 30.45 30.6 29.25 38.0 36.8 35.2
35 353 36.6 34.1 48.5 50.2 45.6
40 40.1 41.8 39.0 67.0 69.25 67.5
N peme—p— ———ee e - —
v T I.1 1.0 1.0 1.3 1.0 1.0
e 2 2.15 2.0 2.0 2.25 2.0 2.0
r 3 3.3 3.0 3.0 3.4 3.0 3.0
t 4 4.2 4.0 3.9 4.25 4.0 4.0
i 5 5.05 5.0 4.9 5.1 5.0 5.0
c 6 6.1 6.1 5.9 6.2 6.0 6.0
a 8 8.15 8.1 7.9 8.1 8.15 8.0
1 10 10.3 10.0 9.9 10.35 10.0 10.1
12 12.2 11.9 11.9 12.35 12.2 12.35
14 13.9 13.9 13.9 14.3 14.25 14.45
16 15.8 15.7 15.6 16.25 16.1 16.5
18 17.5 17.4 17.7 18.25 18.35 19.0
20 19.3 19.2 19.8 20.55 20.3 21.4
25 23.25  23.25 24.6 25.4 25.5 27.8

Discussion The amount of ocular deviation neutralized by an ophthal-
mic prism depends on how the prism is held with respect to the patient’s line
of sight.'?

Prism bars are routinely held in various positions. When only one prism
bar is used, it is most conveniently held in the ‘frontal plane’ position, that
is with the posterior face perpendicular to the direction of the fixation object.

But when the horizontal and the vertical prism bars are used simultaneously,
they are usually held back-to-back in front of one eye. The light ray from the
fixation object enters the front prism bar appropriately but enters the rear
prism bar effectively at right angles, that is, in the Prentice position.
Gulden’s new combination horizontal/vertical prism bar can be used in
front of one eye without any significant error, with the interface held perpen-
dicular to the fixation object (Table 1, Fig. 2). The horizontal prism bar is
calibrated precisely in the frontal plane position (within £0.45A); its flat face

U.R. Fliieler et al.
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is held posteriorly within a channel on the flat surface of the vertical bar.
This design ensures that the horizontal prism bar is not held with its flat face
anteriorly, in which case large deviations would be grossly underestimated
(a 67A ocular deviation would measure 40A). Gulden’s new vertical prism
bar is calibrated precisely in the Prentice position (within +0.5A), and
whether used in the combination or by itself, it should be held with the flat
face anteriorly, toward the examiner.

As we discovered, Gulden’s old vertical prism bar is also calibrated in the
Prentice position. The old horizontal prism bar was determined to be cali-
brated in the minimum deviation position because when used in the frontal
plane position prismatic deviation measured slightly more than the labelled
values, at maximum 1.8 prism diopters more for the 40A segment (Table 1).

Luneau’s horizontal and vertical prism bars, as we determined, are each
calibrated close to the frontal plane position (within +1.0A and 0.4A respec-
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Fig. 4. Measured deviation in prism
diopters in the frontal plane and Pren-
tice positions, versus the intended
deviations, for Gulden’s redesigned
horizontal prism bar (left) and Lu-
neau’s horizontal prism bar (right).

Fig. 5. Measured deviation in prism
diopters in the frontal plane and Pren-
tice positions, versus the intended
deviations, for Gulden’s redesigned
vertical prism bar (left) and Luneau’s
vertical prism bar (right).
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