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A REVIEW OF THE FARNSWORTH MUNSELL TYPE COLOUR VISION TESTS
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Abstract

N This paper outlines the use of the Famsworth Munseil (FM} type tests. It discusses the FM 100 hue, ihe
] M D-15, the City University, the Lanthony Desaturated D-15, the Roth 28 hue and the Farnsworth F2
. Tritanopic Plate tests. With the exception of the 100 Hue test these tests cannot be used in isolation to
screen for congenital or acquired cclour vision loss. :
Ifa patient is found to have congenital colour biindness (ie congenital anomalaus trichromatic colour vision)
the Farnsworth tests can be used to give a qualitative assessment of the defect, The FM 100 Hue test
is the only one to give a quantitative assessment of the defect. (The 100 Hue can also be used as an
isclaied screening test although it is an extremely time consuming procedure). For suspected acquired
defect the Roth 28 test can be used as a starting point but it should always be foillowed by a 100 Hue
test as it is very important to quantify the defect to monitor any progress.
The paper suggests appropriate clinical investigation protocols for screening and evaluating colour vision
deficiencies.

Key words: Farnsworth Munsell, FM 100 hue test, FM D-15 test, City University test, Lanthony Desatu-

rated D-15 test, Roth 28 hue test, Farnsworth F2 Tritanopic Plates, colour vision screening.

INTRODUCTION

The Farnsworth Munsell (FM) type tests examine
the subject’s ability to discriminate between hues
which differ by a small amount when viewed
under constant illumination. In the Munsell
system colour is described in terms of hue (the
wavelength of the light), chroma (the saturation
or strength of colour) and value (the proportion
of black and white light). There are a number
of tests in the FM type test series including the
FM 100 hue, the FM panel D-15 test, the City
University colour vision test, the Lanthony
desaturated D-15 test, the Roth 28 hue test and
the Farnsworth F2 Tritanopic Plate test. All the
above-mentioned tests (except the F2 Tritanopic
Plate) use coloured targets of different hues
which are selected from the range of 100
coloured papers originally manufactured by the

Munsell Colour Company. {The Lanthony
Desaturated Test uses desaturated coloured
papers).

Any colour deficiency can be classified using
the FM type colour vision tests because colour
defective patients normally have greatest
difficulty with those parts of the spectrum which
are complementary to their deficiency. For
example a subject who has a red green deficiency
will have greatest difficulty with subtle shades
of blue or yellow as both these colours are ‘made
up’ from a mixture of small proportions of red
and green. These small proportions of red and
green are poorly perceived by subjects with red
green deficiency.

This paper discusses the FM tests with a view
to suggesting appropriate clinical investigation
protocols using the Farnsworth Munsell and
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other colour vision tests for patients with
suspected colour vision anomalies.’

FARNSWORTH MUNSELL 100 HUE TEST
(FM 100 hue)

The FM 100 hue has been designed to detect all
types of colour vision abnormality from the
mildest red green defect to total achromatopsia.
According to Farnsworth? its primary uses are,
firstly, to separate persons with normal colour
vision into classes of superior, average and low
colour discrimination and secondly to measure
the axes or zones of colour confusion in patients
with defective colour vision.

The FM 100 hue test is a test of hue discrimi-
nation consisting of 85 caps of perceptually equal
differences in hue. When placed in the correct
order in a circle the 85 caps form a perfect hue
circle of the visual spectrum. The hue circle is
divided into 4 parts {one part per box) for the
testing. Each has an additional fixed or pilot cap
at either end of the box and 22 or 21 loose caps.
The 4 boxes render it impossible to make errors
across the hue circle so patients cannot confuse
reds with greens or blues with yellows.

Subjects with normal colour vision arrange the
caps in order of hues between the pilot caps in
each box with a few errors but patients with
anomalous colour vision make errors in the
boxes that are complementary to their deficiency.
Contrary to popular belief there is NO time limit
on performing the test.? In every FM test the caps
have a hue spot in the centre which is 1.2cm in
diameter and subtends 1.5° at the nodal point
when viewed at 50 cms.

Once completed each box is shut and inverted
then reopened. A number is seen underneath
each cap. The order in which the patient has
arranged the caps is recorded. The score for each
individual cap is calculated by summing the
difference between adjacent caps. For example
if the cap order was ‘2’, ‘4’, ‘8’, ‘57, ‘3, ‘6, T
etc the score for cap ‘4> would be as follows

The absolute difference between the preceding

cap ‘2’ and cap ‘4’ is 2.

The absolute difference between cap ‘4’ and

the following cap ‘8’ is 4.
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The sum of the absolute differencesis2+4=6

hence the score for cap ‘4’ is 6.

With this method of scoring the minimum
score for any cap is 2. For example if the cap
order was ‘87, ‘97, €10°, ‘11°, ‘12’ etc the differ-
ence between adjacent caps is 1. The sum of the
absolute differences is 1+ 1=2. This corresponds
to the lowest score marked on the vertical axis
of the score sheet.

The total error score is also calculated for the
FM 100 hue test by adding the scores for each
individual cap. As there are 85 caps with a
minimum score of 2 per cap a perfect score is
170 (or 85 x 2 = 170). Some clinicians referto a
perfect score of ‘0°. To do this they subtract 2
from the individual score for each cap thus in
the above example the score for cap ‘4” would
be 4 (or 6—2=4). Alternately they subtract 170
from the total error score. For example, a total

SCORING OF FARNSWORTH MUNSELL 100 HUE
5 3 1 7 3

VNIV

DIFFERENCE 2 4 3 2
BETWEEN CHIPS

PATIENT'S
CHIF ORDER

EUM OF ABSOLUTE
DIFFERENCES 6§ 1 5 5 4 3
(le SCORE)

THEREFORE THE SCORE FOR CHIP '4’ IS &

THE SCORE FOR CHIP '8' IS5 7

Figure I: Scoring of the FM 100 hue test.
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Figure 2: Typical FM 100 hue test error patterns.
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error score of 275 is the same as a total error
score of 105 (or 275 —170=105).

According to the manual a perfect score is 170,
superior discrimination occurs with a score of
171-186, normal discrimination occurs with a
score of 190-270 and low discrimination occurs
with scores above 270 and no particular zones
of loss. The absolute error score increases with
age showing the deterioration in colour appreci-
ation which occurs with increasing age. Optimal
colour discrimination occurs between the ages of
16 and 35.% After 55 years of age, fine colour
discrimination is impaired especially blue yellow
or violet, blue green discrimination.

Although some clinicians only refer to total
error score when discussing FM 100 hue test
results, the score alone tells the examiner nothing
about the type of colour vision anomaly. To be
able to differentiate the various anomalies the
clinician must plot the individual scores on the
FM 100 hue test graph. The inner circle of the
graph gives the cap number and the vertical axis
at 12 o’clock gives the score (see figure 1). When
the patient has normal colour vision the plot is
around the inner circle. The areas of high score
in patients with anomalous colour vision are
usually clustered together along certain axes
known as poles of confusion (see figure 2). When
there is a clustering of errors along poles in two
regions which are almost opposite then the type
of colour vision defect can be diagnosed.

The position of the mid points of the pole
regions is also of diagnostic value. Protans or so
called red ‘blind’ patients (protanomalous or
protanopic) have a midpoint between caps 62 and
70 thus this is their greatest area of trouble. These
are the bluish-purple to purple caps in boxes 3
and 4. Protan patients also have problems distin-
cuishing the yellow and yellow-green hues from
caps 16 to 22 in box 1 but they score well in the
red and green areas (see figure 2).

Deutans or so called green ‘blind’ (deuter-
anomalous or deuteranopic) have mid points
between 56 and 61. Thus they have most confu-
sion trying to distinguish between blue and
bluish-purple caps in box 3. Deutan patients
make a few errors with orange-yellow caps
between 14 and 18 in box 1 and mostly normal
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responses in the green and red areas of the spec-
trum (see figure 2). As a result the graph of a
typical protan patient has more ‘horizontal’ poles
than that of a deutan patient.

Tritans or so called blue ‘blind’ (fritanomalous
or tritanopic) have a mid point between 46 and
52 thus they have most problems distinguishing
between the greenish-blue caps in box 3. They
also make mistakes distinguishing the different
red hues between the red caps 84 and 4 (boxes
4 and 1) hence the more ‘vertical’ appearance of
the graph. Tritans typically have no trouble
distinguishing pure blue hues or yellow hues thus
score well in those areas of the graph (see figure
2).

Patients who have a generalised loss of colour
vision (due to an advanced retinal disease for
example) will show errors right around the spec-
trum (see figure 3).

The FM 100 hue test is the most comprehen-
sive of the Farnsworth Munsell type tests giving
both differential diagnosis and score (thus
progression) of the disease. The test can be used
to screen for any type of colour vision loss. The
major disadvantages of the test are the time it
takes especially when a patient has an acquired

~

~ . RE SCORE 642
GENERALISED COLOUR VISION LOSS

Figure 3: Generalised colouc vision loss on the FM 100 hue
test.
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FARNSWORTH 15 HUE TEST
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Figure 4: Axes of Confusion seen on the FM Panel D-15 test.

loss and thus must be tested monocularly. Also
the differences between adjacent hues are so
slight that some patients are frustrated by the fact
that they cannot distinguish between them at all.
Patients must be able to arrange the caps and
thus must not have problems with the concept
of ordering the colours into a natural colour
sequence.

FARNSWORTH MUNSELL PANEL D-15
(FM D-15)

This test’s full name is the Dichotomous Test®
although it is commonly known as the FM Panel
D-15. It was so named because to a colour defec-
tive patient the colour circle is virtually cut into
two halves along an axis of confusion, (dichoto-
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mous means cut into two halves). For deutan
patients this axis of confusion is the green to
bluish red and for protan subjects it is along the
bluish green to red diameter. For tritan patients
the axis runs from yellow to blue. These axes are
printed on the score sheet (sce figure 4).

The FM D-15 test was not designed for
screening. This was emphasised by a number of
authors*® including Linksz® who stated that
¢¢..the Farnsworth D-15 Test is not designed to
separate colour normals from colour defectives.
It is also not a test to separate the colour
anomalous from the dichromat. It separates
sufficiently affected deutans from sufficiently
affected protans. It also separates sufficiently
affected deutans and protans from those not seri-
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ously affected once the PRESENCE OF THE
DEFECT has been established by SOME
OTHER MEANS”. For example, a strongly
affected deutan will confuse green plus yellow
(which is lime green to normal observers) with
red plus purple plus vellow (which is orange to
normal observers). Both colours appear vellow
to the deutan patient who is strongly affected.
A mildly affected deutan patient will not confuse
these colours on the FM D-15 test as the chroma
(or saturation) used is strong enough to enable
the patient to distinguish between the lime green
and orange caps. Although the mild deutan
patient perceives these two colours differently
from the colours perceived by the normal
observer the patient is able to distinguish between
them.

The FM D-15 test consists of 15 loose caps and
one fixed cap (the reference cap) in one box (all
with Munsell value 5 and chroma 5). The hue of
cach cap has been chosen so that adjacent caps
have approximately equal hue differences. When
the caps are arranged in order out of their box
they form a hue circle. As a result errors can be
made across the hue circle (ie patients can place
red caps next to green ones or blue caps next to
yellow ones).

When doing the test the patient is instructed
to arrange the caps in order in the box starting
next to the fixed reference cap. Once completed
the box is shut, inverted and reopened. A number
is seen on the underside of each cap. The order
in which the patient has arranged the caps is
recorded on a score sheet (see figure 4). Starting
at point ‘P’ the points on the hue circle on the
score sheet are connected according to the order
given by the patient.

Patients with a colour vision anomaly suffi-
cient enough to affect their performance will
make characteristic errors across the hue circle
(see figure 4). For example protans or deutans
frequently place the purple cap 15 next to the
blue cap 1. They then continue to confuse the
bluey greens and purples and so on. Tritans tend
to confuse cap 7, a yellow-green with the purple
cap 15 placing them side by side (see figure 5a).

Subjects with normal colour vision or mild
anomalies that are not sufficient enough to affect
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their performance may make one or two minor
errors such as reversing adjacent caps (see figure
5b and 5¢). According to the manual their errors
will not usually be across the hue circle or they
may have only one error across the circle.” The
major single error that can occur commonly in
subjects with otherwise normal colour vision is
placing cap 7 (green) next to cap 15 (purple) then
caps 14, 13, 12, 11, 10, 9 and 8 (see figure 5d).
This occurs because of the marked colour differ-
ence between caps 7 and 8; however, it is not
considered to be indicative of colour vision
anomaly.® Minor errors are reported to be
common when testing young children.®® In the
author’s experience such minor errors in those
patients who have had a normal result in the
screening tests such as the Ishihara warrant
further investigation on the FM 100 hue test to
rule out more marked colour vision anomaly,

The FM D-15 is designed to differentiate
between those patients with congenital
anomalous trichromatic colour vision whose
daily tasks or work tasks will be affected by the
abnormality from those who will not. According
to the manual any patient with congenital
anomalous trichromatic colour vision diagnosed
by another test such as the Ishihara who has a
normal result on the FM D-15 test should have
almost no difficulty in performing most tasks in
which colour vision is a factor.

The FM D-15 test is very portable, quick and
easy to perform. As a result it is tempting to use
it as a screening tool. However it must be remem-
bered that it must be used in conjunction with
another colour vision test as the FM D-15 is
designed so that mildly affected colour defective
patients will pass. It is also an effective test to
use to monitor the effect of ageing on colour
perception.'®

CITY UNIVERSITY TEST

The City University test was derived from the FM
D-15 for use with patients who have problems
with the concept of sequencing or ordering
needed to put the caps in the correct order in the
FM D-15 box. The original aim of the test was
to provide a version of the FM-D 15 which was
more simple to perform.'* Like the FM D-13,
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FARNSWORTH MUNSELL FM D-15 TEST RESULTS

A)

(C)

C))

)

Figure 5: Characteristic error patterns seen on the FM Panel D-15 test; (a) Tritan defect, (b) normal result, {c) normal
result with 2 reversals, (d) normal result with 1 major single error.

when used to test patients with congenital
anomalous trichromatic colour vision, it distin-
guishes those who are likely to experience
difficulty with their anomaly from those who are
not. It was also designed to allow those with only
a mild anomaly to ‘pass’ the test.

The 2nd edition (1980) of the test consists of
11 plates including a control plate. Each plate

FARNSWORTH MUNSELL TESTS

has one coloured spot in the centre, the central
reference spot and 4 surrounding spots known
as the comparison spots. Plate A is the control
plate.

In each plate the patient is asked to look at
the central reference spot and tell the examiner
which of the comparison spots is most similar
in colour to the central reference spot.
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CITY UNIVERSITY COLOUR VISION TEST (2nd Ed, 1980}

ADTrOEE L. e Patient _..._._...
EXBminer ... ..........c..ociiie. Male/Femute Oute.... 24 4 10, g,
Spaciacies warn? YES/NO AEALEEE}

Mumination t Type . i devel

FORMULA: Hera are 4 colour spots susrounding ona in the cantra. Tell me which spot looks most
near in colour to The one in 1he canire, Use the words “TOP", "BOTTOM®™, “RIGHT"” ot
“LEFT™. Please do not touch the pages.

race %’ﬂ"’é;:"? o pugGHaSIS
dormmngiont | A : L :nnm #OTAN DEUTAN TRITAN
1 i iRr| BT ® L T
g 2 i 18| RD L T
s L LR R U] B
gl L iL| RD 3} 8 T
PlL.S P b @4 i 8 R
& i L]l B © T A
gl 7 ot v d o R 8
e 11 8b [ © | e ] 7
g 9 ' L] BO @ T A
: 10 Vel Ty ® t a
atcuaoms rouR | 1 /6 4/6 L] /9
SCORE  ATEHAOMA TWO 4 474 /4 74
OVERALL 10 /710 wig 10

Probabletype P;PA EPA MIXED
of Daltomsm D, DA, EDA
TRITAN

Figure 6: City University test score sheet.

The patient’s responses (ie the comparison
spot to the right R, left L, top T, or bottom B)
are recorded on the score sheet provided with the
test (see figure 6). If most errors fall in the protan
column, for example, then the patient has a
protan defect.

According to the test manual, two errors,
particularly in plates 7 to 10, suggests that the
subject is on the borderline of being handicapped
by his/her colour vision anomaly."? Errors on 3
or more plates indicates an ‘‘unsafe’” degree of
colour vision deficiency.

In plate A and plates 1 to 6 the coloured spots
are 8mm in diameter which subtend 1.5° when
viewed at 35cms. Plates A and 1,2,4,5 and 6
contain the same Munsell hues as the FM D-15
with the Munsell value 5 and chroma 5. Plate 3
contains two additional comparison hues with
Munsell value 5 and chroma 5.

In plates 7 to 10 the spots arc 4mm in diameter
and subtend 0.6°. In these plates the Munsell
hues are desaturated with Munsell chroma 2.
(Munsell value 5 remains the same).
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In the second edition of the City University tegt
the control plate (plate A) has a green centre spot
which 1s identical to cap 6 in the FM D-15. The
correct comparison spot is the one that is the
SAME hue as the reference spot thus is also iden.-
tical to cap 6 in the FM D-15. It sits directly
below the central reference spot. The remaining
three comparison spots are all the same purplish
hue which is identical to cap 13 in the FM D-15
test. This is designed so that patients with
anomalous colour vision can and should respond
correctly on this plate. If the patient makes an
error or does not respond to this plate there is
no point in continuing with the test as the patient
is either malingering or their vision is too poor
to do the test.

In the remainder of the plates the correct
answer is the comparison spot that is the adja-
cent hue to the central reference spot hue. For
example in plate 1, the central reference spot is
identical to FM D-15 test cap ‘14’, and the
comparison spot below it is identical to FM D-15
test cap ‘13’ which sits adjacent to cap *14° when
the FM D-15 caps are placed in the correct order
in the box. The normal subject would thus choose
the bottom comparison spot (B).

The three remaining comparison spots are
chosen from the opposite side of the hue circle
and in plate 1 they are the same hues as caps ‘1’,
‘3> and ‘8’ in the FM D-15. (All these caps are
from the other end of the box when the FM D-15
caps are placed in the correct order.)

Thus a patient with a protan defect would
choose the comparison spot on the right (R) which
is equivalent to the FM D-15 cap 1; a deutan
patient would choose the comparison spot on the
left (L) which is equivalent to the FM D-15 cap
3 and a tritan patient would choose the compar-
ison spot on top (T) which is equivalent to the
FM D-15 cap 8.

As these three remaining spots are comprised
of hues from the FM D-15 that represent the most
isochromatic confusion for protan, deutan and
tritan patients a characteristically incorrect
response i1s given by patients with anomalous
colour vision.

When used to evaluate colour vision anomaly
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on patients who fail one of the tests designed to
test for congenital anomalous trichromatic colour
vision, (such as the Ishihara), patients who subse-
quently pass the City University test have a slight
colour vision defect which is not likely to affect
their performance in everyday tasks. Those who
fail the Ishihara and have between one and 5
errors on the City University test have a moderate
colour vision defect and those with more than 5
errors on the City University test can be consi-
dered to have a more severe colour vision loss. '3

One criticism of the City University test is that
the small targets in the diagnostic plates (plates
7 to 10) make them extremely vulnerable to false
positive results thus mixed protan deutan diag-
nostic responses occur as an artifact of the test
format.'* The targets often give false positives for
a tritan defect.

Neither the 1st nor 2nd edition of the City
University test, like the FM D-15 test they were
derived from, were designed to be used for
screening.''? In a study in 1984 Birch?! tested
patients with known colour defects including 64
patients with congenital anomalous trichromatic
colour vision and 166 eyes with acquired colour
blindness (secondary to diabetes). She reported
that neither edition of the test was effective for
colour vision screening. Her study concluded that
the City University test can be used in a test
battery to provide information about the severity
of the colour defect if a test format other than
the FM D-15 is necessary.

A situation where a test other than the FM
D-15 was needed to assess colour vision was
reported recently in a paper presented by
Deveraux,'* who reported on a population of
young adult under achievers learning to use
computers. Colour vision assessment with the
EM D-15 was not possible in a number of cases
as the subjects could not manage the concept of
ordering the colours in the natural colour
sequence. In every case the subjects were able to
perform the City University test.

Just like the FM D-135 test the City University
test is quick and easy to perform but it has the
added advantage of being able to be used on
patients who have problems with ordering the
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colours into the correct sequence. Once again it
is tempting to use the City University test for
screening but it should only be used in conjunc-
tion with one of the other colour vision tests.

LANTHONY’S DESATURATED D-15 TEST
This test was designed to be used in conjunction
with the FM D-15 test; however, it can be used
independently as part of the colour vision test
‘battery’. The test is performed and is scored in
exactly the same way as the F'M D-15 test with
the caps in cach being exactly the same hues as
those used in the FM D-15 test, The only differ-
ence is that Lanthony’s Desaturated test uses
lower chroma (less saturated) hue caps than the
FM D-15. The chroma is reduced to 2 on the
Munsell scale and the value (the proportion of
black and white) is increased to 8. As a result
there 1s exactly the same difference between adja-
cent caps in the desaturated D-15 and the normal
FM D-15 but it is more difficult to distinguish
between the hues.'®

If a colour vision abnormality is found when
using one or the other colour vision tests the
Lanthony’s Desaturated test will establish
whether or not the defect is likely to affect the
patient. As previously stated when a patient is
found to have a colour vision defect on one of
the other colour vision tests which does not show
up on the FM D-15 test it is considered that they
are unlikely to be handicapped by their distur-
bance in colour vision. If a patient with the
colour vision abnormality has a normal result on
the Lanthony’s Desaturated test as well as the
FM D-15 test it is extremely unlikely to affect
their performance in colour related tasks. Alter-
nately a defect may be apparent on the
Lanthony’s D-15 test which is not apparent on
the FM D-15 test. This adds a further classifica-
tion to those only mildly affected by their defect.

As the Lanthony’s Desaturated test is more
sensitive than the FM D-15 it may be used to
detect abnormalities in colour vision which are
very mild thus not apparent on the FM D-15 test.
It may also be used to follow the progression of |
acquired colour vision loss. One author has
reported that the Lanthony’s Desaturated test is

33



more sensitive in detecting deterioration in colour
discrimination associated with increasing age.'®

Once again clinicians should be reminded that
this test alone is not a screening test for colour
vision abnormalities.

ROTH 28 HUE TEST

This test consists of 28 different hue caps. It was
designed to overcome the shortcomings of the
FM D-15 and the FM 100 hue; namely that the
FM D-15 test has a large variation in hue around
the circle so it is not very sensitive to overall dimi-
nution of differential shade perception'® and the
FM 100 hue test is very time consuming. The FM
100 hue test provides a better quantitative esti-
mation of colour vision deficiencies than the
Roth 28 hue test. However the FM 100 hue test
is very time consuming, especially when testing
monocularly for acquired colour vision defects

UNIVERSITY OF SYDNEY, OEPT. CLNICAL OPHTHALMOLOGY

ROTH 28 HUE TEST SCORE SHEET

NAME: HOSP  NO:

AGE/DOB: SEX:

DATE TESTED:

RIGHT EvE: | 82 3 13 4. 8 12 & 43 3o
£ 52 55 Bl b4 §B O3F H B 4
2B 35 3 W 1 B 13 e~ EMAN

LEFT EYE 23 1L ¢ 3 10 B 9 b 21 325
B I} B 6 43 s 41 W 2
e ¥ 5% 61 b b4 0 - PROTAN

LEFT . RIGHT

Figure 7: Roth 28 hue test score sheet.
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and, as the closeness of the hue shades used can
prove difficult to some normal subjects, the Roth
28 hue test was designed to be used in its place,

The Roth 28 hue test is made up of every third
cap from the 100 hue test (1,4,7,10....82) and the
numbers underneath the caps have not been
altered. Cap number one is used as the reference
cap and the other 27 arc arranged in order of
successive shades in the one box.

The order that the patient places the caps in
the box is plotted directly on to a score sheet
graph (see figure 7). Each hue is represented on
the graph in the same position as it is on the FM
100 hue test graph. Like the FM D-15 test errors
may be made across the colour circle as all the
caps arc presented to the patient from the one
box. On average it takes between 2 and 3 minutes
to do the test (per eye).

Results may be normal (in which case the plot
looks like a circle) or minor errors can occur, for
example reversing adjacent caps. Such errors are
said to be insignificant unless they are clustered
in one particular area. When abnormalities are
present the lines joining the cap numbers cross
the hue circle. Like the FM D-15 test these lines
may be parallel to the deutan, protan or tritan
axes depending on the type of anomaly present
(see figure 7).

The Roth 28 hue test also has 2 other axes;
tetaran and scotopique. Lines are parallel to the
tetaran axis when the patient has an extremely
rare acquired colour vision anomaly known as
tetaranopia. This is a type of blue vellow colour
blindness in which blue and yellow are confused
and red and green are not. This differs from
other forms of blue yellow ‘blindness’ where red
and green are confused and blue and vellow are
not.

If colour vision testing is performed in
scotopic conditions responses are parallel to the
scotopique axis. This may also occur when a
patient has total achromatopsia (ie totally colour
blind) or alternately the responses from such
patients may be totally confused. (The term
scotopique suggests scotopic or rod vision only).

The main problem with the Roth 28 hue test
is that sometimes the first cap put into the box
may be incorrect. The patient will then arrange
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the next couple of caps incorrectly then returns
to normal. This will result in a few responses
being parallel to an axis of abnormality in a
patient with normal colour vision. Its advantages
are that it is easier to do than the FM 100 hue
test and it is reported to be less confusing then
the FM D-15 test.

The literature reviewed suggests that this test
should not be used in isolation for screening;
however, it can be used in conjunction with other
colour vision tests for screening.'” (In practice
the Roth 28 hue test can be used in isolation in
cases of suspected congenital anomalous trichro-
matic colour vision; however, like the FM D-15,
very mild cases can ‘pass’ the Roth 28 hue test.)

In the case of a suspected acquired colour
vision abnormality the Roth 28 hue test may be
used for screening; however, if a defect is found
it should be followed by a FM 100 hue test to
quantify the defect so that the defect can be
monitored for future progression. The test can
also be uséd to differentially diagnose between
colour vision anomalies.

FARNSWORTH F2 TRITANOPIC PLATE
This test consists of a single pseudoisochromatic
plate (ie plates such as those used in the Ishihara
test}. The background spots are light mauve in
colour and there are 2 overlapping squares
superimposed on the background in the same
manner as the numbers on the background in the
Ishihara test. To the normal observer one square
is yellow-green and the other is blue. The tritan
patient sees only the blue square.

This is the only one of the FM tests mentioned
that does not test the patient’s ability to
discriminate between hues. It can be used as a
screening test for a tritanopic defect.

CONCLUSIONS

When testing for possible colour vision anoma-
lies clinicians generally want to screen for defects,
diagnose the type of defect present and grade (or
score) the severity of the defect. Unfortunately,
with the exception of the FM 100 hue test, no
individual Farnsworth type test can fulfil all three
requirements. Although the FM 100 hue test will
perform the task of screening it is extremely

FARNSWORTH MUNSELL TESTS

impractical as it is so time consuming, especially
when testing must be performed monocularly
when an acquired defect is suspected.

When attempting to screen for colour vision
defects possible congenital defects must be sepa-
rated from possible acquired defects.

(a} Acquired defects

When patients complain of symptoms such as
altered colour perception, desaturated appear-
ance of colours, reduced visual acuity (without
adequate explanation), central visual field loss, -
or when the patient is taking certain drugs or
toxic substances or if there are any other obser-
vations which may be associated with altered
colour vision acquired colour vision loss would
be suspected.

In such a case the FM 100 hue test (performed
monocularly) is the most appropriate. The Roth
28 hue test which is a less time consuming alter-
native will usually reveal an acquired defect but
it does not give an exact score. (If the Roth 28
is performed first and the result is normal a FM
100 Hue test should be performed.)

Alternately the FM D-15 test, City University
test or the Lanthony Desaturated D-15 may be
performed as a starting point but it must be
emphasised that if the results on these tests are
normal further investigation must be carried out.

If a defect is found on any test a FM 100 hue
test must be performed if the severity of the defect
is to be graded. This is most important as acquired
defects may be progressive passing through
trichromatic, dichromatic to a monochromatic
stage. The FM 100 hue test is the only one of the
Farnsworth type tests to give a quantitative assess-
ment of the defect and thus can be used to assess
the effect of treatment in some instances.

With the exception of the Hardy Rand Rittler
test (HRR) none of the pseudoisochromatic tests
(ie Ishihara, Guys, Matsubara, SPP etc) tests are
appropriate to test for acquired colour vision
defects. These tests were designed to test for
congenital red green colour ‘blindness’ (ie
anomalous trichromatic colour vision).
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(b) Congenital defect

When screening for congenital anomalous trichro-
matic colour vision which affects up to 8% of
males and 0.4% of females, the pseudo-
isochromatic tests such as the Ishihara or,
alternately, the anomaloscope tests are generally
the most appropriate as they are quick and easy
to use. If an abnormality is found it can be clas-
sified into protanomaly or deuteranomaly by the
pseudoisochromatic tests. It can be roughly
graded into mild, moderate or severe using the
FM D-15 test, the City University test or the
Lanthony Desaturated D15 test. Exact quantita-
tive grading can be given by the FM 100 hue test
but this is probably unnecessary as the condition
is non progressive. Testing for suspected congen-
ital anomalous trichromatic colour vision can be
done binocularly to save time as the condition is
usually bilateral and symmetrical.

Very rarely cases of suspected congenital
anomalous trichromatic colour vision are not
found on the pscudoisochromatic tests. In such
cases the FM 100 Hue or an anomaloscope test
should be performed. (Anomaloscopes can be
used as a quick, easy and effective screening test
for congenital or acquired colour vision loss;
however, as they are so expensive they are rarely
available in clinics.)

With the exception of anomaloscopes there is
no individual quick and easy test that will screen
for both congenital and acquired colour vision
loss giving a differential diagnosis and a qualita-
tive assessment. As a result a battery of tests may
be necessary using a ‘less sophisticated’ test to find
a defect then a more ‘sophisticated” (and usually
more time consuming) test to evaluate it. However
it is imperative that the appropriate battery of
tests be used, especially when initially screening.
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