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A Comparison of Nagel Anomaloscope and Farnsworth Munsel 100-hue in
Congenital Color Vision Deficiency
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Purpose: To compare the classification and severity of congenital color vision deficiency using a Nagel anomaloscope and
Farnsworth Munsel 100-hue Test (FM 100-hue).

Methods: A total of 394 eyes of 197 patients diagnosed with congenital color vision deficiency were included. Examinations us-
ing a Nagel anomaloscope and FM 100-hue were performed, and color vision abnormalities were classified as a protan color de-
fect or deutan color defect by each test, and the degrees of color vision abnormalities were compared.

Results: The tests showed 64.3% (p < 0.001) agreement in the classification of color vision deficiencies. The Nagel anomalo-
scope was able to classify all cases, whereas 143 eyes (36.3%) could not be classified using the FM 100-hue test. In the case of
the same type of color vision abnormality in both eyes, 196 cases (99.5%) using the Nagel anomaloscope and 111 cases
(56.3%) using the FM 100-hue were observed. Regarding the degree of color defect, there was a moderate positive correlation
between the two tests (r = 0.43; p < 0.001). There were no significant differences in the total error scores between mild anom-
alous trichromacy and severe anomalous trichromacy as assessed using FM 100-hue (p = 0.087).

Conclusions: The Nagel anomaloscope was a more appropriate test for discerning the degree of color defect and binocular
classification. In severity assessments, there was a moderate positive correlation between the two test methods. However, there
were no significant differences in the total error scores between mild anomalous trichromacy and severe anomalous trichromacy
as assessed using FM 100-hue. Therefore, it was difficult to perform severity classification using the Nagel anomaloscope based
on the total error score of the FM 100-hue test.
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Table 1. Interpretation of color vision defects by type on Nagel anomaloscope* and FM 100-hue®

Defect type

Nagel anomaloscope (Monochromatic scale and Mixture scale)

FM 100-hue (Position of central cap
defining the axis of confusion)

Protan color defect
Protanomaly
range of 40 to 73
Extreme protanomaly
Protanopia
monochromatic scale 4
Deutan color defect

14-24 and 62-70

Monochromatic scale decreases as mixture scale increases within the

Protanomaly with mixture scale 73 fits to monochromatic scale 4
Mixture scale O fits to monochromatic scale 30 and mixture scale 73 fits to

12-20 and 56-61

Deuteranomaly Monochromatic scale is 15 as mixture scale within the range of 0 to 40
Extreme deuteranomaly  Deuteranomaly with mixture scale O fits to monochromatic scale 15
Deuteranopia Mixture scale 0 and 73 fits to monochromatic scale 15

FM 100-hue = Farnsworth Munsel 100-hue.
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Table 2. Clinical variables in CVD

. n = 197
Variable (eyes = 394)
Age (years) 28.5 + 9.8 (13-67)
Sex

Male 195 (99.0)
Female 2(1.0)

Ishihara color test

Anomaloscope (eyes)
Protan color defect 137 (34.8)
Deutan color defect 257 (65.2)
Non specific defect 0

FM 100-hue (eyes)

7.4 + 3.6 (0-14)

Protan color defect 97 24.7)

Deutan color defect 206 (52.3)

Non specific defect 91 (23.0)
Values are presented as mean + standard deviation (range) or num-
ber (%).
CVD = Congenital color vision deficiency; FM 100-hue =

Farnsworth Munsel 100-hue.

Table 3. Correspondence of CVD Classification between Anomaloscope & FM 100-hue in toal CVD

Number of eyes FM 100-hue ;
Protan Deutan Non specific Total
Anomaloscope Protan 75 (19.1) 28 (7.1) 34 (8.6) 137 (34.8)
Deutan 22 (5.6) 178 (45.2) 57 (14.4) 257 (65.2)
Non specific 0 0 0 0
Total 97 (24.7) 206 (52.3) 91 (23.0) 394 (100)

Values are presented as number (%).

CVD = Congenital color vision deficiency; FM 100-hue = Farnsworth Munsel 100-hue; Protan = Protan color defect; Deutan = Deutan color

defect.
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Figure 1. Correlation between Anomaloscope severity & FM
100-hue score. Bars indicate averaged FM 100-hue score in
each group. Error bars indicate standard deviations. *Statistically
significant difference between parameters (p < 0.05).
Spearman rank correlation (r = 0.43, p < 0.001).
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