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Colour Vision Abnormalities in Multiple 
Sclerosis 

Alexandra C. Harrison, Werner J. Becker and William K. Stell 

ABSTRACT: A battery of colour vision tests was employed to evaluate visual function in patients with multiple 
sclerosis (M.S.). Colour deficits were found in 45% of patients tested with the Ishihara plates and 42.5% of patients 
tested with the FM 100-Hue test. 65% of M.S. patients failed at least one of the tests. 

The colour vision deficits were not restricted to patients with optic neuritis or with visual evoked potential (VEP) 
abnormalities and there was no significant correlation between an abnormal VEP latency and a colour vision deficit. 
Colour vision testing may be a useful option to consider in the investigation of M.S. patients, even if there is no other 
evidence of visual system involvement. 

RESUME: Anomalies de la vision des couleurs dans la sclerose en plaques Une batterie de tests de vision des couleurs a 
servi a ̂ valuer la fonction visuelle de patients atteints de sclerose en plaques. Des deficits de vision des couleurs ont 
et& dStectes chez 45 % des patients evalues a 1'aide des plaques d'Ishihara et chez 42 % des patients dvalues a I'aide du 
test des nuances FM-100. Soixante-cinq pour cent des patients atteints de sclerose en plaques ont echoue a au moins 
un des deux tests. 

Les deficits de vision des couleurs ne se limitaient pas aux patients souffrant de nevrite optique ou d'anomalies des 
potentielsevoques visuels (VEP) et aucune correlation n'a ete relevee entre une latence de VEPanormaleet le deficit 
de vision des couleurs. Les tests de vision des couleurs pourraient se reveler une option utile dans I'investigation des 
malades atteints de sclerose en plaques, meme s'il n'y a aucune autre manifestation au niveau du systeme visuel. 

Can. J. Neurol. Sci. 1987; 14:279-285 

The diagnosis of multiple sclerosis is dependent upon objec
tive evidence of lesions in anatomically distinct parts of the 
central nervous system. Although autopsy studies indicate a 
predilection for plaques of demyelination in the visual system,1 

disturbances of visual function may not be detectable with the 
Snellen visual acuity chart. Tests which can objectively docu
ment visual symptoms ordemonstrate subclinical visual impair
ment may be valuable in establishing the diagnosis and evaluating 
the progress of the disease. 

In the past few years a number of sensitive visual tests, both 
electrophysiological and psychophysical, have been employed 
in the investigation of patients with M.S. The electrophysio
logical test most often employed is the visual evoked potential 
(VEP). A delayed response to a transient pattern-reversal VEP 
is regarded by some authors as "the most reliable index of optic 
nerve pathology"2 and "promises to provide the best test avail
able of the presence of optic nerve plaques".3 Psychophysical 
techniques, which require a conscious response from the subject, 
may utilize a variety of specific temporal or spatial stimuli.4 

Results with VEP and psychophysical testing may be corre
lated in some instances5 but not in others.6 This does not 
indicate that one test is necessarily 'best' but ratherthat comple
mentary information may be obtained by a battery of tests. 

Previous studies have analyzed colour vision and VEP's in 
patients with retrobulbar neuritis,7 in the recovery period fol
lowing acute papillitis,8 and with clearly documented previous 
optic neuritis.9 In the present study, we did not restrict our 
investigation to only those patients who had already been diag
nosed as having optic neuritis since it is often difficult to make a 
retrospective diagnosis of retrobulbar neuritis. This may con
tribute to the variability one finds in defining the relationship 
between optic neuritis and multiple sclerosis.9 In addition, we 
did not assume that patients with a prior history of retrobulbar 
neuritis could be a control population to validate the colour 
vision testing in M.S.10 because we queried whether the visual 
deficits might occur in anatomical sites other than the optic 
nerve. Theories and data regarding higher-order neurons which 
process information from the 'long', 'middle', and 'short' wave-
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length sensitive cones suggest that an enormously complex 
mechanism, which may well be post-chiasmal, is involved in 
the analysis of chromatic information." 

This research was conducted to determine whether standard 
clinical tests of colour vision might be useful in evaluating 
visual function in patients with multiple sclerosis and which 
colour vision tests are most appropriate fortesting M.S. patients. 
If colour vision is disturbed, we questioned which spectral 
regions are affected and whether the findings with colour vision 
testing, a psychophysical measure, correlate with other indices 
of visual function, particularly the VEP which is an electrophysio
logical test. 

MATERIALS AND METHODS 

Subjects 

Forty patients with M.S. were investigated. Three groups of 
patients were identified on the basis of the VEP results: 
Group 1 — VEP normal in one eye, delayed in the other eye (N 
= 14 patients) 
Group 2 — VEP delayed in both eyes (N = 19 patients) 
Group 3 — VEP normal in both eyes (N = 7 patients) 

A group of 27 control subjects matched to the patient group 
by age and sex, was also evaluated. 

Evaluation Procedure 
All patients were evaluated neurologically and also by the 

following visual tests: visual acuity — at 1/3 meter and six 
meters, visual evoked potentials following monocular and bin
ocular stimulation, a fundus examination, static visual fields on 
the Friedman analyzer, a binocular vision investigation, and a 
colour vision evaluation. All of these tests were completed on 
the same day. 

A history of optic neuritis was assumed if either: (a) there was 
a history of visual signs or symptoms including reduced (corrected) 
visual acuity or visual field deficits, or (b) there was optic 
atrophy (as evidenced by abnormally pale optic discs) at the 
time of this examination. Patients meeting either of these cri
teria will be referred to as ' 'having (or having had) optic neuritis", 
although none of them were in an acute phase when examined 
and tested. 

Following the neurological examination, patients were classi
fied by the criteria of McDonald and Hallidayl2 and their disabil
ity evaluated on a scale from KO to K10 suggested by Kurtzke.I3 

Patients were not diagnosed on the basis of the cerebrospinal 
fluid findings (increased proportion of IgG or oligoclonal bands) 
or the evoked potential findings. However, results on these two 
tests confirmed the clinical diagnosis and would have resulted 
in a more "definite" classification in a number of patients. 

Visual evoked potentials were elicited with a pattern reversal 
display and averaged with a Nicolet CA 1000 signal averager. 
The stimulus was a high-contrast 27.5 minute check pattern 
reversing at 1.88 Hz. Potentials were recorded from Oz to Cz 
electrodes with the ear as ground. VEP's were considered 
abnormal if the latency of the first major positive peak (P100 or 
PI) exceeded 116 milliseconds (msec), or if the interocular 
difference was greater than 6 msec (both criteria exceeded our 
normal mean by three standard deviations). 

Colour Vision Testing 
Monocular colour vision was screened with the City Univer

sity Plates, the American Optical-Hardy Rand Rittler Plates 
(AO-HRR), the Ishihara Plates (the first 25 plates of the 38-plate 
series in the 1981 edition), and the Farnsworth Dichotomous 
Test (Panel D-15). The Farnsworth-Munsell 100-Hue Test (FM 
lOO-Hue) was used to provide a more in-depth assessment of 
colour vision performance. Illumination for colour vision test
ing was one Verilux Daylight Bulb with a correlated colour 
temperature of 6,200°K and a colour-rendering index of 93, 
giving an illuminance of 645 Lux. Testing was done against a 
neutral grey flannel backdrop and table cover; test plates were 
positioned on a MacBeth Daylight Lamp stand to maintain a 
constant angle to the light source and the subject; the testing 
distance was one meter. All tests were used, unaltered, as 
received from the manufacturer, and except for the Farnsworth-
Munsell tests, were administered according to the instructions 
provided by the manufacturer. The Farnsworth-Munsell is a 
full spectrum arrangement test which assesses hue discrimination. 
The test consists of 85 "caps" containing different coloured 
discs which are equally distributed in 4 rectangular "boxes", 
each of which covers 'A of the full spectrum. The subject is 
required to arrange the caps in each box in a regular colour 
sequence between the coloured reference caps which are attached 
at each end of each box. The test is scored by checking the 
numbers on the underside of the caps. If the numbers do not run 
consecutively, an error score can be calculated and plotted on a 
polar diagram. 

The Farnsworth-Munsell tests were administered according 
to the manufacturer's instructions, with two exceptions: (a) 
time allowed for each box was not restricted; and (b) the coloured 
caps with the Panel D-15 and FM 100-Hue were displayed for 
subject selection in random order on the neutral grey table 
cover to facilitate handling, since some of our patients had 
difficulty with fine motor control. In cases of severe disability, 
the patient would point to the cap he wished to select and the 
examiner would place it in the wooden case. 

RESULTS 

Screening Tests 
City University Test — In the patient group, errors were 

made in only 2 of 80 eyes tested (2.5%). In the control group, no 
errors were made. 

Panel D-15 Test — In the patient group, errors were made 
viewing with 12 of 80 eyes (15%). In the control group, errors 
were made viewing with 6 of 54 eyes (11.1%). No pattern was 
evident in the occurrence of errors in either the control group or 
the patient group. 

AO-HRR Plates — In the patient group, errors were made 
viewing with 26 of 80 eyes (32.5%) in 20 of 40 patients. Plate 
Number 3 was missed by all those who made errors and was the 
only misjudged plate in approximately half of the patients in 
which the errors occurred (i.e., 12/26 eyes). In the control 
group Plate Number 3 was missed by only one subject, using 
either eye, giving an error frequency of 2 of 54 eyes or 3.7%. 

Ishihara Plates (see Table 1)—In this study the most satisfac
tory Pass/Fail criterion was one error in the first 16 plates (i.e., 
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two or more errors were considered a failure). By this standard, 
approximately 30 percent of M.S. eyes (45% of patients) were 
abnormal and approximately 11 percent of control eyes (or 
subjects) were abnormal. 

Farnsworth-Munsell 100-Hue Test 
a) Norms 

Because of indications that hue discrimination decreases 
with age,14 we did not assume that a total error score of 100 or 
greater indicated "low discrimination" as suggested by the FM 
100-Hue Test Manual.I5 Rather, we used Verriest's age-related 
guidelines. '6 Our control population data were used to validate 
our testing methods and to confirm the suitability of Verriest's 
norms for this study. Our controls show lower scores than 
Verriest's subjects in most age categories (see table 2). By 
using Verriest's norms (maximum observed in 95% of his 

population) rather than our own control data, we adopted a 
conservative approach for assessing patient failure; in addition, 
widespread use of the Verriest standard facilitates comparison 
of results. 

B) Quantitative Assessment of Abnormalities 

Percentages Abnormal performance on the FM 100-Hue test 
was approximately five times more frequent in the M.S. patient 
group than in our control group. Using Verriest's criterion, 
28/80 eyes (35%) in 17/40 patients (42.5%) were abnormal, 
whereas 4/56 eyes in 2/28 control subjects (7%) were abnormal. 

Means (See Table 3) In six of seven age categories, the 
mean error scores for all M. S. patients were considerably higher 
than the means for Verriest's or our own control subjects. In 
principle, the elevation of means in M.S. could be due, either to 
an elevation of individual error scores to varying degrees in all 

Table 1: Ishihara Plates. The Number of Errors and the Most Common Confusions 

P , ^ Number of Errors (Eyes) Cnmrt 

Number Controls/54 Patients/80 Response 

Most Common Error 

Controls Patients 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

DEMONSTRATION PLATE 

2 (3.7%) 
— 

11 (20.4%) 
— 

8(14.8%) 
1 (1.9%) 

— 
12(22.2%) 
5 (9.3%) 

15 (27.8%) 
8(14.8%) 

13(24.1%) 
26(48.1%) 
15 (27.8%) 

1 (1.9%) 
— 
— 

1 (1.9%) 

5 (6.3%) 
4 (5.0%) 

13(16.3%) 
2 (2.5%) 

18 (22.5%) 
1 (1.3%) 
5 (6.3%) 

38 (47.5%) 
6 (7.5%) 

30 (37.5%) 
18(22.5%) 
18(22.5%) 
45 (56.3%) 
20(25.0%) 

PROTAN DEUT 

5 (6.3%) 
5 (6.3%) 
4 (5.0%) 
3 (3.8%) 

12 
8 
6 

29 
57 

5 
3 

15 
74 

2 
6 

97 
45 

5 
7 

16 
73 
No 

Number 
Pattern 
Only 

: " PLATES 

20 

71 

20 
67 

71 

87 
46 

8;23 
* 
2 

45 
* 

28 
— 
— 
86 

87 
* 

78;23 
5 

2;8 
* 
* 

28 
4 
3 
9 

22 
23 
24 
25 

26 
42 
35 
96 

No consistent error. 

No error made. 

Table 2: Farnsworth-Munsell 100-Hue Test: Norms 

Verriest Controls 

Age 

20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-56 

N (Subjects) 

94 
51 
33 
37 
32 
30 
38 
31 

Observed = Maximum Score Observed 

Volume 14, No. 3 --August 1987 

2S.D. 
Observed Above-Mean 

74 
92 

106 
120 
134 
144 
154 
164 

in 95% of Population. 

98.7 
106.2 
125.1 
125.2 
119.4 
169.0 
134.1 
180.5 

N (Eyes) 

8 
8 

14 
8 
6 
4 
4 
2 

2S.D. 
Above Mean 

64.9 
167.2 
116.0 
51.3 

278.1 
103.8 
80.5 

108.0 
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patients, or to an increase in the number of patients having an 
elevated error score. Therefore, we further subdivided the 
patient data into two groups, one representing eyes with "normal" 
error scores and one representing eyes with "abnormally high" 
error scores. The means for the "normal" group were in fact 
equivalent to the means for both Verriest's and our own control 
groups, whereas the means for the "abnormally high" group 
were about 2-3 times as large as the means for controls. The 
increase in mean error scores of M.S. patients, therefore, reflects 
the fact that some patients have much higher error scores than 
normal, whereas others perform within normal limits on the 
FM lOO-Hue test. This suggests that the discrimination ability 
in the M.S. patients was normal and that the abnormally high 
error scores were due to disturbances in colour vision function, 
not just diminished discrimination ability. 

C) Spectral Location of Abnormalities 

Circular Graphs A circular graph of error scores may be 
constructed on the score sheet diagram to determine in which 
area of the spectrum errors occur. Visual inspection of the 28 
charts of eyes with abnormal error scores revealed a general
ized decrease in discrimination in most subjects. The majority 
of defects (18) involved "blue" losses. 

Linear Graphs To further investigate which area of the spec
trum was affected, mean partial scores were plotted for the 10 
caps representing hues identified on the FM lOO-Hue circular 
diagram (see Figure 1). The data were plotted in five-year age 
categories for five groups of subjects including: three patient 
groups — (a) those with normal FM lOO-Hue scores, (b) those 
with abnormal FM lOO-Hue scores, and (c) the total group of 
patients in each category; and two control groups: (d) Verriest's 
and (e) our own. 

The information was analyzed in greater detail for the two 
largest groups of patients with abnormal error scores, ages 25 to 
29 and 35 to 39. Mean partial scores for all 85 caps for these 
groups were plotted against Verriest's norms for the same 
groups (Figure 2). 

Table 3: Farnsworth-Munsell 100-Hue Test: Mean Total Error Scores 

Age 
Category 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

TOTAL N (Eyes) 

Norms 
(Verriest) 

36.3 

47.4 

54.7 

56.8 

62.4 

90.4 

71.5 

M.S. Patients with 
Normal Scores 

(N Eyes) 

56.0 
(7) 

50.5 
(9) 

47.0 
(13) 

58.9 
(10) 

89.8 
(4) 

89.5 
(4) 

66.6 
(5) 

(52) 

M.S. Patients with 
Abnormal Scores 

(N Eyes) 

210.0 
(3) 

139.1 
(9) 

127.7 
(5) 

161.3 
(8) 

181.0 
(2) 

— 
(0) 

163.0 
(1) 

(28) 

All M.S. 
Patients 
(N Eyes) 

114.0 
(10) 

94.8 
(18) 

70.9 
(18) 

104.4 
(18) 

120.2 
(6) 

89.5 
(4) 

82.7 
(6) 

(80) 

Mean scores for M.S. patients' eyes with 'normal' FM lOO-Hue total error scores were similar to mean scores for Verriest's norms. 
(Mean scores for M.S. Patients with abnormal total error scores, and mean scores for all M.S. patients in each category are much 
higher than those of norms.) 

FARNSWORTH-MUNSELL 100-HUE TEST. 
Mean Partial Scores for 10 Selected Caps 

AGE GROUPS 25-29 YRS 

VERRIEST 
n = 54 

m 
ILI 

CONTROLS O 

PATIENTS 
Normal 
Scores 

n=9 

Abnormal 
Scores 

n=9 

VERRIEST 
n=37 

CONTROLS 
n = 8 

PATIENTS 
Normal 
Scores 
n=10 

Abnormal 
Scores 
n=8 

AGE GROUPS 35-39 YRS 

2 h 
1 

O 
U 2 m 

1 

. . / 

J I L J L 
CAP NUMBER 

HUE R 

10 
YR 

27 

GY 

36 

G 

46 

BG 

54 

B 

62 

PB 

71 

P 
78 
RP 

Figure I — M.S.patientswithnormalFM-lOOHuescoresdemonstratecolour 
discrimination which is similar to the Verriest control population. M.S. 
patients with abnormal error scores on the FM-100 Hue test demonstrate 
a generalized loss in wavelength discrimination which is most pronounced 
in the blue to green area of the spectrum. 
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With both these methods of analyzing the data, M.S. patients 
with abnormal error scores demonstrated generally higher mean 
partial scores, indicating a generalized reduction in wavelength 
discrimination which was most pronounced in the blue to green 
areas of the spectrum. 

Noticeable minima occur in these score-vs-cap (hue) functions 
near the location of the reference caps. To examine the "Box 

FARNSWORTH-MUNSELL 100-HUE TEST 
Mean Partial Scores for All Caps 

4.0 

3.0 

2.0 

1.0 

0 

- _ 
^ 

- II 

- . 

" ' 

VERRIEST jj 

AGE GROUP 25-29 YRS 

M.S. PATIENTS WITH ABNORMAL 
ERROR SCORES 

CAPS ADJACENT TO 
REFERENCE CAPS 

ii 
II 
II 

A AAM H 1 
1V Ir \>'n 
' ill 

i r i 

ij 
H 
H 
i' 1 
H 1 I'l i i IS 
"1 I t U I 

in A N i l I I hill IT U U III I N F 

</> \rVAvr II r v v 
H 

ii 
1 i! 

1 ' i ' < 

i! A 1 " h. A In I ' N / V In • / \ | i / In kU V \ / 

. i V M 

• • . - . 

CAP 

HUE 

NUMBER 10 20 30 40 50 60 70 80 
R YR Y GY G BG B PB P RP 

AGE GROUP 35-39 YRS 

3.0 

1.0 -

II 
II 
II 
II 
II 

r \ i' h 1 1 • H 1 
- . 1 1 mi II / A 1 l_fn" 1 

• i i i 

• II 
i II 
A II 
11 II i Ml H 1 I i l ' I H A . T 

hi \" Iiki 
wi |n MAI 

In MIW 

A A / n V 
1W it 
' • I I u 

• i 

IV, I I I ' 
• I 1 II 
AJ 1 n ' 1 1 II • 

Kill » i 1 i 
Vn M • i " • \/ l i W 

II VII ' 
A I' I 

1 1 1 

CAP NUMBER 

HUE R 

10 
YR 

20 30 40 50 60 70 80 
Y GY G BG B PB P RP 

Figure 2 — By plotting the data for all 85 FM-100 Hue caps, the wavelength 
discrimination losses for M.S. patients with abnormal FM-100 Hue scores 
are very evident compared with the Verriest norms. 

End Effect" a frequency histogram was constructed for a con
trol population with normal FM 100-Hue error scores (Figure 
3). The number of subjects who made any errors was recorded 
for each of the caps. There was a noticeable reduction in the 
number of errors just before or just after each reference cap. 
Since it is in the blue-green spectral areas that M.S. patients 
had the most difficulty, the most artefact-free test for M.S. 
patients would be a double box, with caps 25 to 65 uninter
rupted by reference caps. 

Colour Vision Deficit 
Although half of the patients tested (20 out of 40) reported 

AO-HRR plate number three incorrectly (one or both eyes), the 
majority of these subjects (17 of 20) also made errors on Ishihara 
plates and/or the FM 100-Hue test. The three subjects whose 
only demonstrable colour vision weakness was an abnormal 
response on one AO-HRR plate were not categorized as col
our deficient. A colour deficit was assumed if: 
1. A subject reported two or more of the first 16 Ishihara plates 

incorrectly in one or both eyes (45% of patients, 11% of 
controls); 
or 

2. A subject had an abnormally high age-correlated error score 
in one or both eyes, on the FM 100-Hue test (42.5% of 
patients, 7% of controls). 

By these criteria 65% of patients and 15% of controls demon
strated defective colour vision. 

CORRELATION OF TEST RESULTS 

The data in Table 4 are provided to investigate the relation
ship between various indicators of visual function. The VEP 
findings for each eye were compared with the results of colour 
vision testing and the presence or absence of optic neuritis. The 
chi-square statistical test for evaluating independence between 
variables was performed. The null hypothesis was that the 

FARNSWORTH-MUNSELL 100-HUE TEST 
Number of Times an Error Was Made on Each Cap 

CONTROLS N=36 

25 

3 20 

15 

10 

CAP NUMBER 10 

HUE R YR 

BOX DIVISIONS 
i I i i I 

1^ ^ 1 ^ ^ I T ' 1 * ^1 

1 
i , I j . i ,i 

~ 1 1 1 1 1 1 1 1 1 

20 30 
GY 

40 50 
G BG B 

60 70 80 
PB P RP 

Figure 3 — There is a reduction in the number of errors made near the refer
ence caps at each end of the four FM-100 Hue boxes. 

Table 4: Visual Function Test Results (VEP Results Compared with 
Colour Vision Testing and Optic Neuritis) 

Optic Neuritis 
No (Normal) 
Yes (Abnormal) 

Ishihara 
Normal 
Abnormal 

FM 100-Hue 
Normal 
Abnormal 

Colour Vision 
(Ishihara or 
FM 100-Hue) 
Normal 
Abnormal 

Norma 

22 
8 

30 

22 
8 

30 

23 
7 

30 

17 
13 

30 

VEP 

Abnormal 

13 
37 

50 

30 
20 

50 

30 
20 

50 

19 
31 

50 

35 
45 

52 
28 

53 
27 

36 
44 

Ch 

X2 

17.07 

2.64 

Square 

Significance 

p < 0.001 

p > .1 
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variables are independent. There was a statistically significant 
relationship between the findings with VEP testing and the 
presence of optic neuritis. In addition, the results of these two 
indicators of visual function correlated well. In 74% of eyes 
tested, the results of the two tests agreed, i.e., the eyes tested 
were either normal or abnormal on both tests. No statistically 
significant relationship was evident when the VEP results were 
compared with the results of colour vision testing. 

If the results of both the Ishihara and the FM 100-Hue test are 
considered together, 16% (13/80) of eyes tested demonstrated 
colour vision deficits even though the VEP was normal. In 24% 
(19/80) of eyes tested, there were abnormal VEP findings but 
normal colour vision. Therefore, the detection of visual system 
abnormalities is enhanced if both VEP results and colour vision 
tests are used. 

Table 5 provides general information about patients based on 
their clinical diagnosis. Of the clinically definite patients (22/40), 
most had little or no physical disability (73% K0-K.2); in one or 
both eyes tested there was a high proportion of probable (or 
history of) optic neuritis (86%), VEP abnormalities (81%), and 
colour vision defects (73%). The early probable patients (7/40) 
were less affected, with all having K0 to K2 disability and a 
lower incidence of visual abnormalities (29% optic neuritis, 
43% abnormal VEP, 43% colour vision defects). The most 
severely affected were those patients classified as progressive 
probable. This group included the most severely disabled patients 
(86% K5-K7) with a high incidence of visual disturbances (optic 
neuritis 86%, VEP abnormalities 100%, and colour vision defects 
71%). 

The VEP results were the original criterion for patient selection. 
Patients with normal VEP's in both eyes (N = 7 patients), had 
the least frequent evidence of optic neuritis (17% of patients) 
but, surprisingly, still had a significant proportion of colour 
vision defects (57%). 

DISCUSSION 

Colour Vision Performance 

Colour vision losses were demonstrated in a significant pro
portion of M.S. patients: 42.5% of patients tested with the 
Farnsworth-Munsell IOO-Huetest(FM 100-Hue test), 45% tested 
with Ishihara Plates, and 65% if the results of both tests were 
considered. 

Table 5: M.S. Patients According to Clinical Diagnosis Demonstrating the 
(VEP Delays, Colour Vision Defects or Optic Neuritis) 

Disability 
Diagnosis 

Clinically 
Definite 

Early 
Probable 

Progressive 
Probable 

Progressive 
Possible 

Suspected 

TOTAL 
(Patients) 

# Patients 

22 

7 

7 

3 

1 

40 

Mean Age 

30 

34 

40 

37 

42 

33 

KO-2 

16 

7 

0 

0 

1 

24 

K3-4 

3 

0 

1 

2 

0 

6 

K5-

3 

0 

6 

1 

0 

10 

Colour vision abnormalities occurred in patients with multi
ple sclerosis regardless of whether or not they had a past history 
or persistent evidence of optic neuritis. In our study, 44 of 80 
eyes, in 28 of 40 patients, had optic atrophy or a history of optic 
neuritis. There was a positive statistical correlation between 
optic neuritis and abnormal delays in the visually evoked 
potentials. This finding agrees with the results of numerous 
other studies3,217 and, therefore, supports our diagnosis of 
optic neuritis. Although there was a highly significant positive 
correlation between a history of optic neuritis and an abnormal 
VEP, there was no such correlation between a history of optic 
neuritis and colour vision abnormalities. Some patients with 
optic neuritis demonstrated defects in colour vision. However, 
colour vision defects also occurred in patients without optic 
neuritis. In addition, the profile of colour vision disturbances 
evident on the FM 100-Hue test differed from that normally 
associated with optic neuritis. In this study, with the FM 100-Hue 
test, the defect presented as a generalized loss in colour 
discrimination, particularly in the blue area of the spectrum. 

Colour Vision Tests 

The colour vision tests used in this study differed in their 
clinical usefulness. The city university test was not very helpful 
since very few patients (2.5%) and no controls made errors on 
the test. The panel D-15 was also somewhat insensitive (15% 
errors in the patient group) and poor at distinguishing patients 
from controls (11% errors in the control group). It might be 
possible to increase the sensitivity of the test using the Lanthony 
desaturated version which was designed for use with acquired 
colour vision disturbances.I8 The AO-HRR was more sensitive 
and better at differentiating patients from controls. (Errors with 
32.5% of eyes in 50% of patients and by 3.7% of eyes or subjects 
in the control population.) However, in half of those who failed 
the test an incorrect response on plate number 3 was the only 
error. We did not diagnose a patient as colour deficient on the 
basis of only one missed plate and would not recommend the 
AO-HRR as the sole test for assessing colour vision performance. 
It would, however, be a useful addition to a battery of colour 
vision tests. 

In this study, using the pass/fail criteria described in Results, 
the Ishihara test was quite useful in detecting disturbances of 
colour vision (31% of eyes; 45% of patients). However, further 
control studies are necessary to validate our pass/fail criteria. 

of Physical Disability and Visual Impairment 

Abnormal Colour Vision 

Optic Neuritis VEP Delay ISH FM BOTH TOTAL 

19 18 5 6 5 16 

2 3 2 1 0 3 

6 7 2 0 3 5 

0 1 0 1 1 2 

1 1 0 0 0 0 

28 30 26 
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Although the Ishihara test may be useful in detecting colour 
vision anomalies it has two serious deficiencies: (1) there is no 
provision for assessing 'blue' deficits which we have found 
occur in M.S. patients and (2) since the defect cannot be relia
bly quantified, it is inappropriate for monitoring patients, partic
ularly during therapy trials. 

The F.M. 100-Hue is a full-spectrum hue-discrimination test 
which allows a comprehensive quantitative and qualitative assess
ment of colour vision disturbances. This provides a sound basis 
for monitoring a patient's visual function. However, before the 
test can be used to monitor the progress of patients on therapy, 
further studies are needed to determine colour vision perfor
mance with this test during the natural course of the disease. 
The Lanthony New Colour Test19 is another arrangement test, 
designed specifically for use in acquired colour vision defects. 
It allows determination of neutral zones (colours confused with 
grey) and evaluation of discriminative ability at each of four 
chroma (saturation) levels. This test was not used in our study 
but might be useful in future studies concerned with the clinical 
assessment of colour vision losses in M.S. patients. 

There were distinct differences in performance on the bat
tery of colour vision tests between subjects with known congeni
tal colour vision deficiencies and M.S. patients. Subjects with 
congenital colour vision disturbances made a great many errors 
on the screening tests; in some instances all responses were 
incorrect. Errors occurred along a red-green axis of confusion 
on both the screening tests and on the FM 100-Hue test. On the 
FM 100-Hue test the total error scores were high but not exces
sively so, and in some cases the scores were even within normal 
age limits. In contrast, the profile of colour vision losses in 
M.S. patients was quite different. M.S. patients with colour 
vision losses tended to do well on the screening tests (with the 
exception of the Ishihara plates) but poorly on the FM 100-Hue 
test. In most cases the FM 100-Hue test error scores were 
clearly abnormal, with significant increases in total error scores. 
There were overall losses in wavelength discrimination particu
larly in the 'blue' area of the spectrum. 

It is important to use more than one test to assess colour 
vision performance in M.S. patients. A battery of tests should 
include at least one screening test, to rule out a congenital 
disturbance, and a full-spectrum hue discrimination test such 
as the FM 100-Hue test to assess the severity and type of 
abnormality present. If the demonstration of a colour vision 
deficit is used (in conjunction with other findings) to confirm a 
diagnosis of M.S., the error score on the FM 100-Hue should be 
well above the norm expected for the age group. If the error 
score is on the border of normal limits, particularly in just one 
eye, the F.M. 100-Hue test should be repeated to confirm the 
colour defect. An additional investigation with an anomaloscope 
which allows a full-spectrum match would be extremely valu
able although this is seldom possible in a clinical testing situation. 

In summary, colour vision defects were present in a signifi
cant number of patients with multiple sclerosis, whether or not 
they had optic neuritis or visual evoked potential abnormalities. 
The defects presented as a generalized loss in wavelength 
discrimination, with some predilection for abnormalities in the 
"blue" area of the spectrum. These losses were the result of 
specific disturbances in hue discrimination by some patients 
rather than a generalized reduction in the discriminative abili
ties of all M.S. patients tested. There was a positive statistical 
correlation between a history or signs of optic neuritis and an 

abnormal VEP latency which supported the diagnosis of optic 
neuritis. However, there was no significant correlation between 
VEP results and colour vision test results. Since both tests 
uncover a significant number of clinically silent lesions, both 
are useful in the evaluation of patients with multiple sclerosis. 
The assessment of colour vision may be useful in the clinical 
evaluation of patients with multiple sclerosis, even if there is no 
evidence of optic neuritis or if other indicators of visual function 
(including visual evoked potentials) are normal. 
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