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Cataract causes a decrease in 

green and blue color sensitivity 

in anomaloscopic examination. 

Intraocular lens implantation 

restores the previously 

deteriorated vision of green 

and blue. The most valuable 

anomaloscopic parameters 

which enable to determine 

cataract severity were M1, M2 

and R1.
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AbstrAct

Aim: To evaluate the impact of cataract on color vision detection using an 

anomaloscope. 

Methods: 12 patients aged 64–82 years with history of cataract surgery in one 

eye and mature cataracts in the other eye were examined for color vision using 

the Rayleigh and the Moreland anomaloscope tests.

Results: Different patterns of blue and green color vision deterioration have 

been observed in the eye with cataract as compared to the IOL eye. A decrease 

in M1 to approximately 1 (the minimum of the Moreland test scale) was ob-

served in 5 out of 12 participants, whereas an increase in M2 to 99 (the maxi-

mum of the Moreland test scale) was observed in 6 out of 12 subjects. R1 found 

in the Rayleigh test was significantly lower in the cataract eyes as compared to 

the IOL eyes (38.9 ± 2.3 vs. 43.4 ± 1.6; p < 0.001).

Conclusions: It has been shown that cataract causes a decrease in color sensi-

tivity, especially affecting green and blue colors. Following IOL implantation, 

the previously deteriorated vision of green and blue was clearly improved. The 

most valuable parameters of the anomaloscope test, which enable to determine 

cataract severity, were M1, M2 and R1.

Key words: cataract, color vision deficits, anomaloscope, Moreland test, Ray-

leigh test
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intrOductiOn

Color vision is an important part of visual function. Color 

perception depends on light transmittance via the optical 

system (i.e. the cornea, the pupil and the crystalline lens), 

light detection in the photoreceptors, transduction of 

post-receptor channels and signal decoding in the visual 

cortex [1–4]. All aspects of human color vision are signifi-

cantly affected by ageing [5–7] as color discrimination de-

clines with age, especially along the yellow-blue axis [8–11]. 

The knowledge concerning the extent and type of color vi-

sion deterioration in cataract patients is rather scarce since 

elderly subjects with cataract are usually excluded from 

such studies since the disease impairs contrast sensitivity 

and color vision sensitivity [12–14].

Cataract is one of the major causes of visual acuity deterio-

ration both in the elderly and in young individuals [15–22]. 

It is also the cause of color vision impairment, especially 

in the range of blue and green. A comprehensive analysis 

was performed by Ao et al. [23]. The authors described the 

results of color vision examination using Total Error Score 

(TES) of Farnsworth-Munsell 100-hue test (FM) in cataract 

patients, both prior to and following surgery, and in elder-

ly volunteers under photopic (1000 lx) and mesopic (40 lx) 

conditions. Impaired perception was observed in prior to 

surgery subjects at 1000 lx illumination in the yellow to 

green-yellow (Y-GY), green-yellow to green (GY-G), green 

to blue-green (G-BG) and blue-green to blue (BG-B) color 

bands (p < 0.003), which corresponds to the 470–580 nm 

range of the visible light spectrum. Under mesopic condi-

tions, the effect was extended to all color bands except for 

the yellow-red to yellow (YR-Y). Postoperatively, the results 

did not differ significantly as compared to the control group. 

The researchers also measured the parameters of cataract, 

using LOCS III scale, such as nuclear color (NC), nuclear 

opalescence (NO), cortical opalescence (C) and posterior 

subscapular opalescence (PS) and correlated them with the 

FM test results. They found that subsequent LOCS III pa-

rameters were correlated with different color ranges in the 

FM test. Under more sensitive mesopic conditions, NC was 

correlated mainly with the G-BG, BG-B and B-PB ranges 

and NO was correlated mainly with G-BG, P-RP and RP-R 

(R-red, P-purple) ranges in the FM test. This suggests that 

cataract patients may suffer from impaired vision in various 

hue ranges.

Another research, focused on the impact of cataract on color 

vision, was presented by Mehta et al. [24]. The researchers 

used the High-Definition Cone Contrast Test (CCT), pri-

or to and following surgery, to measure cataract-related 

changes in color vision. The CCT score difference between 

prior to and following surgery examinations was signifi-

cant for the blue (33.0 CCT units) and green cones (24.9) 

but not significant for the red cones (22.0). However, the 

study showed that in non-cataract subjects the test score 

decreased with age, mostly for the S-cones (CCT score vs. 

age, slope = -1.25), slightly less for the M-cones (slope = 

-1.13) and only slightly for the L-cones (slope = -0.49). 

In the studies mentioned above, different color vision tests 

were used to find the most sensitive and readily availa-

ble method useful for early diagnosis of cataract and its 

monitoring. In general, the "gold standard" for measur-

ing color vision deficits is an anomaloscopic examination 

[25]. The HMC Anomaloskop MR47700 includes two tests 

i.e. the Rayleigh test, which has been commonly adopted 

and measures the sensitivity to red and green colors, and 

the Moreland test, which measures the relation between 

the blue and green color sensitivity [26, 27]. The idea of 

the Rayleigh test is based on finding the proportion of red  

(666 nm) and green light (549 nm) intensity that results in 

a  hue impression identical to the yellow reference diode  

(589 nm). Similarly, in the Moreland test, the light emitted 

by the blue (430 nm) and green (490 nm) diodes is mixed 

and the resulting hue is compared against the reference cyan 

diode (480 nm). As shown in our previous studies [26, 27], 

the device is sensitive mainly to deficits in the red-green 

axis (the Rayleigh test, Oculus anomaloscope). Color vision 

changes in the blue-green axis are much harder to detect us-

ing the Moreland test provided by the Oculus anomaloscope 

[27]. As the crystalline lens begins to lose translucency with 

age, absorption of short-wave visible light increases, leading 

to tritanopia-like deficits [28, 29]. Therefore, a question aris-

es whether the Moreland test is actually useful for detection 

of color vision deficits in cataract eyes.

The aim of the current study was to perform an initial anal-

ysis concerning the potential use of anomaloscope for de-

termination of color vision deficiencies in cataract patients.

MAteriAls And MetHOds

subjects

The inclusion criteria were as follows: age over 50 years; 

diagnosed binocular age-related mature cataract (best cor-

rected visual acuity (BCVA) no more than 0.2 logMAR); 

2–4 weeks following cataract surgery in the eye with infe-

rior visual acuity (i.e. more advanced cataract); no ocular 

pathology confirmed during an ophthalmological examina-

tion using slit lamp with Volk lens (the examiner was an ex-

perienced ophthalmologist and one of the authors – Maciej 

Koszałkowski); no history of ocular pathology, ocular trau-

ma or strabismus; no history of color vision deficits.

Twelve subjects participated in the study (9 female and  

3 male) and 24 eyes were examined: 12 following cataract 

surgery (SE – surgery eye) and 12 prior to the surgery (CE 

– cataract eye). The subjects were aged between 64 and  

82 years. The mean best corrected visual acuity (BCVA)  

in the CE was logMAR 0.31 ± 0.14, while the mean BCVA 
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in the SE was logMAR 0.06 ± 0.06 (acuities were taken two 

to four weeks following the surgery). Detailed information 

about BCVA and cataract types is included in table 1 [30]. 

The IOL Auroflex, a  hydrophilic aspheric lens made of 

P-HEMA (poly hydroxyethyl methacrylate; Aurolab/India), 

was implanted in all the eyes.

The study has been approved by the local Ethics Committee 

at the Poznan University of Medical Sciences and the study 

protocol was designed in accordance with the Declaration 

of Helsinki (no. 1111/18). A  prior informed consent has 

been obtained in writing from each participant.

Procedure and analysis

The study was performed in the ER-MED Medical Center 

(located in Pila, Poland). All participants underwent cat-

aract surgery with intraocular lens (IOL) implantation 

(Auroflex, US) in one eye only. The implanted IOL was 

a  hydrophilic aspheric lens made of poly hydroxyethyl 

methacrylate (P-HEMA) with 25% water content. Color 

vision and visual acuity assessments were performed be-

tween 2 and 4 weeks following the cataract surgery. As pre-

sented in [26], two eyes of young healthy individuals did not 

differ significantly in terms of the results of anomaloscopic 

color vision test. Thus, the comparison was made between 

the cataract and surgery eyes for each subject. Due to the 

age of the participants and pandemic-related limitations of 

recruitment, the research was limited and both eyes were 

tested during the same study visit. The first measurement 

was taken in the SE in order to allow the subjects to get 

familiar with the research task using the eye with a better 

BCVA. Subsequently, the CE was examined. The VA test 

Best Corrected Visual Acuity (BCVA) in surgery eyes (SE) and cataract eyes (CE). Cataract classification according to LOCS III  

(Lens Opacities Classification System). Types of cataract: N – nuclear, C – cortical, P – posterior.

tAble 1

Subject SE BCVA logMAR CE BCVA logMAR CE LOCS III CE type of cataract

01 0.10 0.30 NC4, C2 N

02 0.10 0.30 NC3, C1 N

03 0.10 0.49 NC4, C2 N-C

04 0.05 0.49 NC4, C2 N-C

05 0.05 0.30 NC3, C2 N-C

06 0 0.10 NC2, C3 C

07 0 0.49 NC4, C2 N-C

08 0 0.40 NC3, C2 N-C

09 0 0.20 NC3, C1 N

10 0.05 0.10 NC2, P1 P

11 0.20 0.30 NC3, C3 N-C

12 0.05 0.30 NC3, P1 N-P

was performed using the Snellen chart at 5 meters. The re-

fractive error in the SE was compensated by the IOL. Spec-

tacle correction was used as necessary in front of the CE. 

Color vision test was administered in a dim room using the 

HMC Anomaloskop MR47700 (Oculus). The test protocol 

was in accordance with the device user's manual [31] and 

the same as described in our previous papers [26, 27]. Pri-

or to the test, the subjects adapted to the light conditions 

for 10 minutes. During the test, bright circular field (size of  

2 degrees) divided into halves was presented on the anoma-

loscope’s screen. The upper part of the circle served as a ref-

erence field and the lower part was the actual test field. In 

the manual mode, a researcher set the variable values (i.e. 

color proportions) of the reference field and the observer 

(i.e. the subject) had to adjust the brightness of the test field 

so as to achieve an equal color in both halves. In case a sub-

ject was unable to match the colors, he was asked to report 

it to the researcher. In the Rayleigh test, the proportion of 

red and green light was adjustable. In the Moreland test, 

blue and green light was used. Details of the procedure are 

described in [26].

The aim of the measurement was to define the limits of 

the range of color proportions in the reference field within 

which the subjects were able to match the colors in both 

halves of the test projection.

The following set of four parameters was analyzed from the 

data obtained in both the Rayleigh and the Moreland tests:

R
1
 – the lower limit of the matching range for the Rayleigh 

test, R
2
 – the upper limit of the matching range for the Ray-

leigh test, R
C
 = (R

1
+R

2
) / 2 – central matching for the Ray-

leigh test, R
W

 = R
2
 – R

1
 – the width of the matching range 
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for the Rayleigh test, M
1
 – the lower limit of the matching 

range for the Moreland test, M
2
 – the upper limit of the 

matching range for the Moreland test, M
C
 = (M

1 
+ M

2
) / 2 

– central matching for the Moreland test, M
W

 = M
2
 – M

1
  

– the width of the matching range for the Moreland test. As 

discussed in our previous studies [26, 27], the decrease in 

R
1
 corresponds mainly to the deterioration in green color 

visibility, while the increase in R
2
 mainly corresponds to the 

deterioration in red color visibility. Similarly, the decrease 

in M
1
 corresponds mainly to poorer blue color visibility and 

the increase in M
2
 to inferior green visibility. Increased R

W
/

M
W

 reflects a  lower ability to distinguish hues and tones 

in the red-yellow-green and the blue-cyan-green axes,  

respectively.

In case of four parameters, the comparison was made us-

ing the Student's t-test due to the rejection of the thesis 

concerning the abnormal distribution of both compared 

variables in the Shapiro-Wilk test. For the four parame-

ters (R
2
, R

W
, M

1
 and

 
M

2
), the comparison was based on the 

Wilcoxon test due to the abnormal distribution of one of 

the variables. An additional F-test analysis of the variance 

equality was performed to show significant changes in the 

ranges of the study parameters measured following cataract 

surgery. The test is able to detect the parameters which in-

crease or decrease, depending on the kind of the cataract, 

even though the mean value may not change significantly, 

the spread in the population will decrease.

Statistica 13.1 software (StatSoft) was used for statistical 

analysis. Statistical significance was achieved when the 

p-value was less than or equal to 0.05.

results

Table 2 shows the results of individually measured Rayleigh 

and Moreland test parameters for two eyes, one before 

cataract surgery and the other one following the surgery. 

It is noticeable that the parameters R
1
 and R

C
 showed high-

er values in the SE than in the CE (R
1
: 43.4 vs. 38.9; p < 

0.001 for the SE and the CE, respectively; R
C
: 45.9 vs. 42.6;  

p < 0.001, for the SE and the CE, respectively). Conversely, 

R
W

 showed lower values in the SE (5.0 vs. 7.5; p < 0.05). 

There were no significant differences for R
W

 and the re-

maining Moreland test parameters (p > 0.05). In the vari-

ance equality F test, M
2
 showed a significantly higher var-

iance in the CE than in the SE (std[M
2
]: 15.3 vs. 6.2; p < 

0.01). There was no significant difference in the variance 

prior to and after the surgery for the remaining analyzed 

parameters.

A visual inspection of the distribution of the M
1
 parameter 

in cataract patients showed that 5 out of 12 patients ob-

tained only minimal or nearly minimal values (4 subjects 

with M
1
 = 1 and 1 subject with M

1
 = 5) and the remaining 

7 subjects exhibited M
1
 between 20 and 43. This parameter 

represents mainly the deterioration in the blue color sensi-

tivity. Thus, due to the specific distribution of this param-

eter, an additional analysis was performed for the groups 

with M
1
 ≤ 5 (N = 5) and M

1
 ≥ 20 (N = 7). All five subjects 

from the M
1
 ≤ 5 group showed a higher M

1
 value in the SE 

ranging between 23 and 43. Table 3 presents the results for 

both eyes in the M
1
 ≤ 5 and M

1
 ≥ 20 groups.

It may be noticed that the subjects from the M
1
 ≤ 5 group 

(more severe blue vision deficits) differed significantly be-

tween the SE and the CE in terms of the following parame-

ters: R
1
, R

2
, R

C
, M

1
, M

W
 and M

C
 (R

1
: 43.7 vs. 38.4; p < 0.001; 

R
2
: 47.7 vs. 44.5, p < 0.05; R

C
: 46.2 vs. 41.5; p < 0.01; M

1
: 31.0 

vs. 1.8; p < 0.01; M
W

: 55.9 vs. 87.4; p < 0.01; M
C
: 58.9 vs. 45.5; 

p < 0.05). There were no significant differences in terms of 

R
W

 and M
2
. In the group with higher M

1
 values (M

1
 ≥ 20), 

a significant difference was observed only in the R
1
 and R

W
 

Rayleigh test parameters (R
1
: 43.1 vs. 39.3; p < 0.01; R

W
: 5.1 

Parameters of the Rayleigh and Moreland tests for eyes prior to and following cataract surgery. CE – cataract eye, SE – surgery eye.  

R
1
/R

2
 – the lower and the upper limit of the Rayleigh test match, R

W
 = R

2
-R

1
 – the width of the Rayleigh test match, RC = (R

1
+R

2
)/2 – 

central matching of the Rayleigh test. M
1
, M

2
, M

W
, M

C
 – analogue parameters of the Moreland test. 

tAble 2

Parameter
Cataract Eye 

(CE) 
N=12

Surgery Eye 
(SE) 

N=12

p 
t-Student (t) or Wilcoxon (W) 

(CE vs. SE)

p
F test for variance equality 

(CE vs. SE)

R
1

38.9 ± 2.3 43.4 ± 1.6 0.001*** (t) 0.292

R
2

46.4 ± 3.3 48.4 ± 2.6 0.092+ (W) 0.467

R
W

7.5 ± 3.5 5.0 ± 2.1 0.028* (W) 0.113

R
C

42.6 ± 2.2 45.9 ± 1.9 0.001*** (t) 0.635

M
1

18.8 ± 16.1 29.8 ± 13.7 0.108 (W) 0.607

M
2

87.8 ± 15.3 88.8 ± 6.2 0.964 (W) 0.005**

M
W

69.0 ± 22.4 59.1 ± 12.9 0.139 (t) 0.080+

M
C

53.3 ± 11.0 59.3 ± 8.4 0.182 (t) 0.395

*** p ≤ 0.001; ** p ≤ 0.01; * p ≤ 0.05; + p ≤ 0.1.
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vs. 8.4; p < 0.05). No significant difference was observed for 

the remaining parameters.

A  comparison of CEs between the M
1
 ≤ 5 and M

1
 ≥ 20 

groups showed statistical significance for M
W

 and M
C
 (M

W
: 

87.4 vs. 55.9; p < 0.01; M
C
: 45.5 vs. 58.9; p < 0.05).

However, a visual inspection of the distribution of the M
2
 

parameter in cataract patients showed that 6 out of 12 par-

ticipants exhibited the maximum value M
2
 = 99 and for the 

remaining six patients M
2
 ranged between 54 and 95. This 

parameter represents mainly the deterioration in sensitivity 

to the green color. Due to such distribution of the param-

eter, an additional analysis was performed for the M
2
 = 99 

(N = 6) and M
2
 ≤ 95 (N = 6) groups. In the M

2
 = 99 group, 

three subjects belonged to M
1
 ≤ 5 and three other to the M

1
 

≥ 20 group. All 6 subjects from the M
2
 = 99 group showed 

a decrease in M
2
 in the surgery eye and its values ranged 

between 75 and 95. Table 4 presents the results for the M
2
  

≤ 95 and M
2
 = 99 groups.

In the M
2
 = 99 group (more severe green vision deficits) 

the SE showed higher R
1 
and R

C
 values and lower levels of 

the M
2
 parameter as compared to the CE (R

1
: 43.2 vs. 38.3;  

p < 0.001; R
C
: 45.8 vs. 42.4; p < 0.05; M

2
: 88.3 vs. 99.0; p < 

0.05). In the group with lower M
2 

values (M
2
 ≤ 95), a sig-

nificant difference was observed for the R
1
, R

C
, M

2
 and M

C
 

parameters (SE vs. CE: R
1
: 43.6 vs. 39.5; p < 0.05; R

C
: 45.9 vs. 

42.9; p < 0.05; M
2
: 89.3 vs. 76.7; p < 0.05; M

C
: 62.3 vs. 48.8;  

p < 0.05). A significant difference between M
2
 = 99 and M

2
 

≤ 95 groups was also noted in the M
W

 parameter in the cat-

aract eyes (M
W

: 82.3 vs. 55.7; p < 0.05).

Rayleigh and Moreland test parameters in the groups characterized by low M1 value (M
1
 ≤ 5, N = 5, more severe deterioration 

in blue visibility) and normal M
1
 values (M

1
 ≥ 20, N = 7). CE5 – cataract eye, M1 ≤ 5 group, SE5 – surgery eye, M

1
 ≤ 5 group,  

CE20 – cataract eye, M
1
 ≥ 20 group, SE20 – surgery eye, M

1
 ≥ 20 group. 

tAble 3

Cataract eye
M

1
 ≤ 5

(CE5)

Surgery eye
M

1
 ≤ 5

(SE5)

Cataract eye
M

1
 ≥ 20

(CE20)

Surgery eye
M

1
 ≥ 20

(SE20)

t-test
CE5 vs. SE5

t-test
CE20 vs. SE20

t-test
CE5 vs. CE20

R
1

38.4 ± 0.9 43.7 ± 0.9 39.3 ± 2.9 43.1 ± 2.1 < 0.001*** 0.008** 0.532

R
2

44.5 ± 3.6 48.6 ± 3.0 47.7 ± 2.5 48.2 ± 2.5 0.049* 0.696 0.094+

R
W

6.1 ± 3.7 4.9 ± 2.5 8.4 ± 3.3 5.1 ± 2.1 0.411 0.013* 0.279

R
C

41.5 ± 1.8 46.2 ± 1.9 43.5 ± 2.2 45.7 ± 2.0 0.005** 0.072+ 0.116

M
1

1.8 ± 1.8 31.8 ± 8.8 31.0 ± 7.5 28.3 ± 16.9 0.002** 0.634 -

M
2

89.2 ± 19.8 89.0 ± 5.7 86.9 ± 12.9 88.7 ± 6.9 0.978 0.770 0.808

M
W

87.4 ± 19.3 57.1 ± 12.2 55.9 ± 13.7 60.4 ± 14.2 0.008** 0.337 0.008**

M
C

45.5 ± 10.2 60.4 ± 4.2 58.9 ± 8.1 58.5 ± 10.8 0.034* 0.938 0.028*

*** p ≤ 0.001; ** p ≤ 0.01; * p ≤ 0.05; + p ≤ 0.1.

Rayleigh and Moreland test parameters in the groups showing a maximum M
2
 value (M2 = 99, N = 6, more severe deterioration  

in green visibility) and lower M
2
 values (M

2
 ≤ 95, N = 6). Groups: CE99: Cataract Eye, M

2
 = 99 group; SE99: Surgery Eye, M

2
 = 99 group; 

CE95: Cataract Eye, M
2
 ≤ 95 group; SE95: Surgery Eye, M

2
 ≤ 95 group. 

tAble 4

Cataract eye
M

2 
= 99

(CE99)

Surgery eye
M

2 
= 99

(SE99)

Cataract eye
M

2 
≤ 95

(CE95)

Surgery eye
M

2 
≤ 95

(SE95)

t-test
CE99 vs. SE99

t-test
CE95 vs. SE95

t-test
CE99 vs. CE95

R
1

38.3 ± 0.8 43.2 ± 1.3 39.5 ± 3.1 43.6 ± 2.0 0.001*** 0.014* 0.400

R
2

46.5 ±3.8 48.5 ± 2.4 46.3 ± 3.0 48.3 ± 3.0 0.273 0.228 0.902

R
W

8.2 ± 3.8 5.3 ± 1.9 6.7 ± 3.4 4.7 ± 2.5 0.058+ 0.150 0.513

R
C

42.4 ± 2.0 45.8 ± 1.7 42.9 ± 2.6 45.9 ± 2.2 0.026* 0.044* 0.737

M
1

16.7 ± 17.4 24.2 ± 16.1 21.0 ± 15.9 35.3 ± 8.8 0.515 0.064+ 0.662

M
2

99 ± 0 88.3 ± 6.9 76.7 ± 14.7 89.3 ± 5.9 0.013* 0.038* -

M
W

82.3 ± 17.4 64.2 ± 12.3 55.7 ± 19.4 54.0 ± 12.3 0.133 0.804 0.031*

M
C

57.8 ± 8.7 56.3 ± 10.8 48.8 ± 11.9 62.3 ± 4.2 0.802 0.025* 0.166

*** p ≤ 0.001; ** p ≤ 0.01; * p ≤ 0.05; + p ≤ 0.1.
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discussiOn

The aim of the study was to analyze the influence of cataract 

on anomaloscopic parameters of color vision. To date, the 

influence of cataract on color vision was analyzed using the 

Farnsworth-Munsell 100-Hue test [23] and the Cone Con-

trast Test [24]. Anomaloscopic examination was used only 

to determine potential differences in color vision following 

the implantation of different IOLs in the same subjects or 

to compare color vision in IOL eyes with a control group 

[32–34]. However, it has not been used before to determine 

the changes in color vision caused by lenses affected by 

cataract. Thus, the answer to the question concerning the 

use of anomaloscope to monitor cataract-related changes 

remains unclear.

The analysis of the results obtained in the present study 

leads to the conclusion that the impact of cataract is ev-

ident primarily in the red-green axis of the Rayleigh test. 

A statistically significant improvement in this test follow-

ing surgery was found for the R
1
, R

W
 and R

C 
parameters. 

The above results suggest an improvement in vision in the 

green area as compared to red (increase in R
1 
as a result of 

surgery). The R
2
 parameter showed a  slight increase but 

it did not reach the threshold of statistical significance. It 

might be the result of a subtle deterioration in red vision 

due to the spectral properties of the implanted lens or an 

improved transmittance of green light in the IOL, which 

also might affect the R
2
 parameter to a  lesser extent [35]. 

The R
C
 and R

W
 parameters were calculated based on the R

1
 

and R
2
 values and changed mainly due to the increase in R

1
 

and to a lesser extent due to the R
2
 increase. A significant 

narrowing of R
W

 indicates a  better hue discrimination in 

the lemon-yellow-orange range following surgery.

As mentioned earlier, the M
1
 parameter showed a two peak 

distribution, with five subjects achieving low values of M
1
 

equal to 1 or 5. The remaining seven subjects showed nor-

mal values in the range between 20 and 43. The normal 

range of this parameter, as estimated by the authors [26], 

was 28.5 ± 21.2 with a median of 27.25 and min-max range 

of 1–77. It should be pointed out that in [26] 36 out of 178 

(20.2%) healthy eyes of young volunteers showed M
1
 ≤ 5. 

In the present study, 5 out of 12 CEs (41.6%) showed M
1
  

≤ 5. However, all the subjects showed a significantly high-

er value of this parameter in the postoperative eye, rang-

ing between 23 and 43. This observation allowed research 

team to perform an additional analysis for the M
1 
≤ 5 group  

(N = 5) and for the M
1
 ≥ 20 group (N = 7). The results for the 

above mentioned five subjects (CE5 and SE5 subgroups) and 

for the remaining seven subjects (CE20 and SE20 subgroups) 

are presented in table 3.

Nevertheless, six subjects reached the maximum values M
2
 

= 99 in the Moreland test. The reference range for this pa-

rameter, as estimated by the authors [26], was 84.6 ± 5.3 

with a  median of 85.5 and a  min-max range of 61–92.5.  

All the subjects showed lower M
2
 values in SEs ranging 

from 75 to 95. It is worth mentioning that none of 178 eyes 

analyzed in the paper [26] reached the value M
2
 = 99.

As presented in table 2, the measured parameters of the 

Moreland test did not reach the statistical significance lev-

el between cataract and surgery eyes. However, the differ-

ences were significant in the analysis of subgroups M
1
 ≤ 5, 

M
1
 ≥ 20, M

2
 ≤ 95 and M

2
 = 99. M

1
 was significantly higher 

following surgery in the M
1
≤ 5 subgroup, which indicates 

a more pronounced increase in blue color visibility in the 

group with higher blue vision deterioration.

Another observation which should be mentioned here is 

the M
2
 parameter, which is mainly related to green vision 

quality. The parameter did not differ between cataract and 

surgery eyes, however, the variance of this parameter de-

creased significantly in the eye which underwent surgery. 

Visual inspection of the obtained data led the authors to 

the observation that the parameter increased in five cases 

following surgery and decreased in seven cases. It was sig-

nificantly lower following surgery in the M
2
 = 99 group but 

significantly higher in the M
2
 ≤ 95 group. Assuming the in-

crease in R
1
 in all groups is mainly related to the increase in 

green visibility following surgery, the presented results for 

M
2
 indicate that certain cataract patients are characterized 

by a higher deterioration in blue and others in green color 

vision. Certain individuals might also show similar deterio-

ration both in blue and green. This observation is in general 

consistent with the results of Ao et al. [23] which showed 

different patterns in color vision deterioration depending 

on the type of cataract.

The other parameter that differed significantly between cat-

aract and surgery eyes in different groups is M
W

. It mainly 

indicates the ability to distinguish between different hues 

and tones in the blue-cyan-green range. Significant differ-

ences were observed between the CE5 vs. SE5, CE5 vs. CE20 

and CE99 and CE95 groups. It may be concluded that, in case 

of patients with more severe color vision deteriorations 

(CE5 and CE99 groups), the deterioration in hue and tones 

visibility is also exacerbated. This effect is most evident in 

the CE5 group with blue vision deterioration. The stand-

ard deviation for this parameter decreased from 22.4 to  

12.9 following surgery, which was close to the level of sig-

nificance and also pointed to inter-subject variability of cat-

aract-related color vision deterioration.

The M
1
 ≤ 5 group represents subjects characterized by 

inferior ability to see blue color as compared to the re-

maining ones. A comparison of the examined parameters 

shows that, in the case of M
1
 ≤ 5 group, cataract surgery 

significantly improved 6 of the measured parameters, i.e. 

R
1
, R

2
, R

C
, M

1
, M

C
 and M

W
. Their statistical significance 

was similar or higher despite the lower number of subjects  

(N = 5) than in the main group (N = 12). The M
1
 difference 

between the cataract eye (M
1

CE = 1.8) and the surgery eye  
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(M
1

SE = 31.8) reached the level of statistical significance. 

The postoperative increase in M
1
 was accompanied by 

a narrowing of M
W

 and an increase in M
C
. These observa-

tions lead to the conclusion that the visibility of blue color 

was improved as compared to green. Patients in this group 

also experienced an increase in R
1
, which denotes an im-

provement in green vision. It may be concluded prelimi-

narily that this group represents individuals in whom the 

dominant vision disorder in the cataract eye is the weaken-

ing of blue vision. It is also accompanied by the weakening 

of green vision but to a lesser extent.

As opposed to the M
1
 ≤ 5 group, no improvement in  

M
1
 following cataract surgery was observed in the M

1
 ≥ 20 

group. The remaining parameters of the Moreland test also 

did not improve in this group as a result of cataract surgery. 

However, similarly to the M
1
 ≤ 5 group, an improvement 

of the green vision in the Rayleigh test was observed as an 

increase in R
1
 value from 39.3 to 43.1. The above results 

lead to a  cautious conclusion that the perception of blue 

and green in this group deteriorated to a  similar extent 

and, therefore, the Moreland test did not detect significant 

changes in the values of the measured parameters. The only 

change is the Rayleigh test parameter R
1
, which confirmed 

the improvement in green color vision following surgery.

When analyzing the impact of blue light sensitivity on the 

visual system, the effect of cyanopsia must also be taken 

into account. It results in increased sensitivity to blue light 

immediately after cataract surgery [36]. It is a purely sub-

jective state which may be caused by a  physical or func-

tional condition of the eye or brain or may be purely psy-

chological. Cyanopsia, if unaccompanied by any other sign 

or symptom, is not an indication of any disease or disorder. 

The time scale of the effect measured using the achromat-

ic-point settings comprises mainly the first 5–8 hours fol-

lowing the surgery [36]. Thus, it is recommended to per-

form color vision measurements at least 24 hours following 

cataract surgery in order to avoid false results related to 

cyanopsia. It was one of the reasons why the anomaloscop-

ic parameters were measured 2 to 4 weeks following the 

surgery.  

The current study compared the IOL eye with the cataract 

eye, however, the extent of color vision deterioration in cat-

aract eye due to the natural aging of visual system remains 

unclear. This study did not compare anomaloscopic pa-

rameters with age-matched non-cataract subjects but with 

eyes following IOL implantation. As described by Mehta 

[24], color vision deterioration in elderly cataract patients 

depends, to a certain extent, on natural aging of the lens. 

Therefore, the effect of cataract itself might be less signifi-

cant than described in this paper. The issue requires further 

future analysis. Another concern is related to the differ-

ences in the absorption spectra between IOLs and human 

lenses. Such spectra of human lenses of different age and 

three  exemplary IOLs were presented by Artigas et al. [35]. 

They showed that the transmittance of the analyzed trans-

parent IOL was significantly higher in the range of approx-

imately 400–530 nm as compared to crystalline lenses of  

40–80 years old subjects. This observation may partial-

ly explain the improvement in green and blue color vi-

sion following surgery and the slight differences between 

the SEs and the normal ranges based on the examination  

of 178 eyes, which was discussed in our previous study [26].

The initial results obtained using an anomaloscope in order 

to determine color vision disorders in cataract patients are 

in general consistent with the previous quantitative studies 

performed by Ao et al. and Mehta et al. [23, 24]. The dete-

rioration of color vision affected mainly the blue and green 

range. However, the severity of deterioration affecting the 

two colors may differ between individuals. Thus, certain 

subjects exhibited mainly a  deterioration in the range of 

blue color and, to a lesser extent, in the range of green. The 

subjects exhibited a decrease in M
1
 to the lower limit of the 

scale (M
1
 = 1) in the cataract eye. Other subjects exhibited 

similar deterioration in both color ranges (blue and green), 

which resulted in a  relative difference between blue and 

green. It was not visible in the Moreland test but only in the 

R
1
 parameter of the Rayleigh test which was shifted towards 

green (worse green visibility). Finally, certain individuals 

might show a more severe deterioration in green color vis-

ibility as compared to blue, which caused an increase in M
2
 

up to the upper limit of the scale (M
2
 = 99) and a  larger 

decrease in R
1
. Such differences depend most probably on 

the type of cataract. Nevertheless, interpersonal differenc-

es in blue-green color vision might significantly influence 

the results. Thus, the conclusions discussed above must be 

treated with caution. In all the analyzed subgroups, a de-

crease in the R
1
 parameter of the Rayleigh test was observed 

in cataract eyes, which indicates a general deterioration in 

green color visibility in the cataract eyes. The increase in 

R
1
 following surgery was observed in 11 subjects but a de-

crease, from 43 to 42, was noted only in one case.

limitations of the study

A relatively small number of subjects participating in the 

study suggests that the results should be treated with cau-

tion. The results indicate different types of color vision de-

terioration depending on the characteristics of cataract. 

However, it is difficult to estimate the actual proportion of 

these types in a larger cataract patient population. In order 

to clarify that, it is required to repeat the measurements in 

a larger group of cataract patients.

In this study, due to the age of the participants and highly 

advanced cataracts in the SEs, color vision was compared 

between both eyes rather than in the same eye before and 

after the surgery. It seems interesting to study the cata-

ract-related changes in the same eye, both prior to and fol-
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lowing cataract surgery, and this aspect will be subject to 

further research of this team in the future.

cOnclusiOns

It may be concluded that the most suitable anomaloscopic 

parameters, which seem useful for detecting cataract-in-

duced changes in crystalline lens transparency, are: R
1
, M

1
 

and M
2
. M

2
 seems to be the most specific and valuable pa-

rameter as it increased to the upper limit of the scale (M
2
 = 

99) in 6 out of 12 subjects, especially that such increase was 

not observed in our previous study including 178 eyes. The 

decrease in M
1
 to the lower limit of the scale (M

1
 = 1) might 

be characteristic of cataract, however, similar results were 

also obtained in certain healthy subjects [26]. The results 

presented in this initial study must be treated with some 

caution due to the relatively small number of participants. 

The presented mean values and statistical significance may 

differ when larger cataract and surgery patient popula-

tions are analyzed. Primarily, the results which are close to  

p = 0.05 may change in larger populations. Similarly, it is 

difficult to predict the exact percentages of different color 

vision deterioration types (dominant blue / dominant green 

/ similar for blue and green) in a large population. This as-

pect will also become the subject of the authors’ further 

research. Nevertheless, the presented statistics showed 

a high level of significance (reaching p < 0.001) in a number 

of comparisons, which indicates a relatively strong impact 

of cataract and surgery on color vision.
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