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N E W  T E C H N O L O G Y

ight scattering in the crystalline lens is a primary 
cause of image deterioration in cataract. Straylight 
in the human eye, as a result of light scattering, de-

grades image quality and deteriorates visual performance, es-
pecially when glare sources are present in the visual field.1,2

This work pertains to the use of a novel instrument3 for 
the measurement of straylight in a cohort of patients with 
cataract. The instrument measures straylight in the forward 
direction and therefore provides information on the visu-
ally relevant amount of straylight, which may be different4,5 
from backscattered light that is typically observed in a clini-
cal examination. The instrument is different from existing 
double-pass instruments because it uses visible (green) light 
and measures straylight at wider angles.3 The rationale of this 
study was to validate the new instrument in a clinical set-
ting and to evaluate its effectiveness in the characterization 
of cataracts in a clinically useful manner.

The need for standardization in diagnosis and streamlined 
decision-making in the treatment of cataract has led to vari-
ous approaches for the classification of cataracts or the quan-
tification of their optical effects.

In clinical practice, cataracts are often classified by the Lens 
Opacities Classification System (LOCS III).6 In the LOCS III, 
slit-lamp images of the crystalline lens are matched to photo-
graphic records of categorized cataracts in respect to the den-
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PURPOSE: To measure straylight in a cohort of patients 
with cataract using a novel optical instrument and to 
correlate optical straylight values with clinical grade of 
cataracts and psychophysical straylight values.

METHODS: Measurements were performed on 53 eyes 
of 44 patients with cataract admitted to the ophthalmol-
ogy service of the university hospital in Murcia, Spain, 
and 9 young volunteers with no known ophthalmic pa-
thology. Lens opacities were classified according to the 
Lens Opacities Classification System Ill (LOCS III) under 
slit-lamp examination. Intraocular straylight was addi-
tionally assessed psychophysically using the C-Quant 
straylight meter (Oculus Optikgeräte GmbH, Wetzlar, 
Germany).

RESULTS: Optical measurements of the logarithm 
of the straylight parameter ranged from 1.01 to 2.01 
(mean: 1.43 ± 0.244) in patients with cataract and 
0.80 to 1.08 (mean: 0.92 ± 0.104) in healthy young 
volunteers. Straylight differed by a statistically signifi-
cant amount among different LOCS III groups (P < .05). 
Moreover, the optically measured straylight parameter 
was positively correlated to the psychophysically esti-
mated value (r = 0.803, P < .05).

CONCLUSIONS: A new compact optical instrument 
suitable for clinical measurements of straylight in the 
human eye has been developed. Optically measured 
straylight values were highly correlated to those that 
were obtained psychophysically. Optical measurement 
of straylight can be used for the objective classification 
of cataract opacities based on their optical impact.
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sity, localization, and coloration of the opacities. For 
the current study, we selected nuclear opalescence as a 
single parameter to express the severity of cataracts.

The method of compensation comparison7 for the 
psychophysical assessment of straylight has been used 
for the measurement of straylight in eyes with cata-
ract.8 Straylight values that may be an indication for 
cataract surgery have been suggested.9 This approach 
cannot be performed by every patient and requires 
time and dedication for the examination.

Optical measurements of forward straylight using 
the new optical instrument were performed in a cohort 
of patients with cataract. The optical measurements of 
straylight were compared to the psychophysical mea-
surements of straylight and also to the subjective clas-
sification under the LOCS III system.

PATIENTS AND METHODS
OPTICAL INSTRUMENT

The peripheral skirt of the point-spread function in 
the human eye (angles ranging from 3° to approximate-
ly 30°) can be approximated by an inverse square law 
often referred to as the Stiles–Holladay law1,2 (point-
spread function [θ] = S / θ2). Although different mech-
anisms can contribute to straylight in the eye, this 
empirical approximation is remarkably accurate and 
indicates that the amount of straylight can be quanti-
fied using a single parameter S (straylight parameter). 
The instrument performs straylight measurements in a 
range of angles between 3° and 8° and quantifies it as 
the S parameter described above.

The new instrument for the measurement of stray-
light, named Sigma, is based on previous experience 
with imaging double-pass systems for the measure-
ment of the point-spread function of the eye10 com-
bined with the projection of extended discs (rather 
than a point source) according to the method of opti-
cal integration.11 With this approach, the sensitivity 
and the dynamic range of the measurement are great-
ly increased, making it possible to evaluate straylight 
for visual angles up to approximately 8°.11 Experi-
ments with various wavelengths indicated that opti-
cal measurements should preferably be performed at 
wavelengths near the peak of the spectral sensitivity 
of the eye.12 In this part of the spectrum, artifacts re-
lated to the diffusion at the ocular fundus are avoided 
and straylight is measured at the wavelength that is 
most significant for vision. The instrument, described 
previously in detail,3 uses a light source based on an 
array of green (528 ± 10 nm) high brightness light-
emitting diodes (LEDs) spatially homogenized by dif-
fusers. The source is divided in two concentric zones, 
a disc corresponding to a visual angle of 3° (radius) 

and an annulus (3° to 8°, corresponding to the stray-
light measurement range). The LEDs are square-wave 
modulated at 483 and 769 Hz for the disc and the an-
nulus, respectively. This source is projected onto the 
fundus and the reflected light from the central part of 
the fundus (approximately 1°) is coupled to a silicon 
photomultiplier device (Excelitas, Waltham, MA). 
Projection is made through the upper half of the pupil 
and imaging through the lower half to avoid backscat-
tering and spurious reflections. The Fourier transform 
of the recorded signal reveals the contribution of the 
annulus and the disc in the reflected signal. From 
this information the straylight parameter can be es-
timated.3 Figure 1 shows a schematic representation 
of the instrument’s optical layout and its principle of 
operation.

PATIENTS AND CLINICAL EXAMINATION
In this study, 44 patients with cataract (mean age: 

62.9 ± 5.08 years; range: 55 to 72 years) who were ran-
domly recruited at the ophthalmology service of the 
Hospital Virgen de la Arrixaca of Murcia and 9 young 
healthy volunteers (mean age: 34.6 ± 6.75 years; range: 
28 to 45 years) were enrolled. Although measurements 
were performed in both eyes, only one eye of the pa-
tients and healthy volunteers was used for the statisti-
cal analysis. After the standard clinical examination, 
patients with no pathology other than mild to severe 
nuclear cataract were informed about the objectives 
and methods of the current study. Those who consent-
ed underwent three consecutive measurements with 
the optical instrument (Sigma). The average value of 
these three measurements was used for analysis. The 
measurements were performed in an examination room 
with dim ambient light to allow natural pupil dilation.

Additionally, a subjective grade for each eye was 
obtained after classification according to the LOCS III 
system based on slit-lamp photographs acquired dur-
ing clinical examination. The value reported is the nu-
clear opalescence. A single investigator who was blind 
to the straylight data performed all classifications.

Finally, straylight for each eye was measured psy-
chophysically by using the compensation comparison 
method (C-Quant straylight meter; Oculus Optikgeräte 
GmbH, Wetzlar, Germany). After the psychophysical 
measurements, the patients received 1% tropicamide 
and 10% phenylephrine eye drops for mydriasis and 
the optical measurements were repeated.

The optical measurements were not feasible for 2 
cases with small pupil diameters (< 4 mm) prior to di-
lation. Furthermore, 5 patients with cataract could not 
complete the psychophysical measurement with the C-
Quant straylight meter.
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STATISTICAL ANALYSIS
SPSS for Windows software (version 22.0; IBM 

Corp., Armonk, NY) was used for the statistical 
analysis and interpretation of the data. Kolmogorov–
Smirnov and Shapiro–Wilk tests for testing the nor-
mal distribution and Levene’s test for testing the 
equality of variances were used. Furthermore, two-
tailed paired samples t test analysis was applied for 
the comparison of the results across the psychophysi-
cal and optical methods (before and after dilation). 
The Bland–Altman method and two-tailed paired 
samples t test were used to analyze the agreement be-
tween the two different methods of quantification of 
intraocular scattering. Additionally, analysis of vari-
ance with Bonferroni correction was used to analyze 
differences in optical straylight measurements be-
tween LOCS III groups.

RESULTS
The resulting P values of the Kolmogorov–Smirnov 

and Shapiro–Wilk tests revealed homogeneous distri-
bution of psychophysical and optical straylight mea-
surements with/without dilation (all P > .05). The 
Levene’s test verified the equality of the variances (ho-
mogeneous of variance) (P > .05).

The two-tailed paired sample t test revealed a sta-
tistically significant difference (mean: 0.061 ± 0.14; 
spherical equivalent [SE] = 0.020; t = 3.033; df = 50; 
P = .004) between the optical measurements of stray-
light before (mean: 1.34 ± 0.29; n = 51; SE = 0.042) and 
after dilation (mean: 1.28 ± 0.27; n = 51; SE = 0.039). 
The statistical outcome also showed high correlation 
between the two measurements (r = 0.879, P < .001). 
Although the statistical analysis revealed that the 0.06 
log(S) difference was significant, this difference is not 

Figure 1. (A) Optical layout of the illumination and recording arms. (B) Hypothetical eye with no scattering. The detector only receives a signal from the 
central disc. (C) Light scattering directs some light from the annulus into the central part of the field. The detector receives both the disc and annulus 
signal. The ratio of these signals is used to derive the straylight parameter S.
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of clinical importance. Thus, the following results per-
tain to the optical measurements without dilation.

The mean value of log(S) was 1.30 ± 0.27 (n = 46; SE 
= 0.040) for the optical and 1.14 ± 0.24 (n = 46; SE = 
0.036) for the psychophysical measurement. The mean 
difference of log(S) was statistically significant (mean: 
0.17 ± 0.16; SE = 0.024; t = 6.851; df = 45; P < .001). 
The correlation of the psychophysical and the optical 
measurement was statistically significant and the Pear-
son correlation coefficient was 0.803 (P < .001). The 
correlation of the optical and the psychophysical mea-
surements is shown in Figure 2.

Bland–Altman analysis (Figure 3) was also used for 
further understanding of the agreement between the 
two different methods of quantification of intraocular 
scattering. The calculated variables (differences and av-
erages) for Bland–Altman analysis were normally dis-
tributed (Kolmogorov–Smirnov and Shapiro–Wilk, P 
> .05) and equality of the variances were verified (Lev-
ene’s, P > .05). The differences of means for the optical 
and the psychophysical measurements were significant. 
The mean difference was 0.17 ± 0.16 (SE = 0.02). The 
line of equality was not within the confidence intervals 
(down: 0.12, up: 0.22). Thus, the bias was significant. 
Furthermore, linear regression analysis revealed there 
was no proportional bias (P > .05) (Figure 3).

An anaylsis of variance test with Bonferroni cor-
rection was used to reveal the difference of the optical 
measurements of straylight in the following groups 
(healthy volunteers, grade 1 and 1.5, grade 2 and 2.5, 
grade 3 and 3+). The results (Figure 4) revealed sta-
tistically significant differences between groups (P < 
.004).

DISCUSSION
A new optical instrument for the measurement of 

straylight in the human eye (Sigma) had been previ-
ously validated in laboratory conditions using stan-
dard diffusing filters3 and a limited number of young 
healthy volunteers. The current study pertains to the 
application of this technology in a clinical setting to 
evaluate its efficiency in detecting different amounts 
of straylight in a larger population and compare its 
measurements with subjective classification of cataract 
(LOCS III) and with psychophysical straylight mea-
surements (C-Quant straylight meter).

Previous experience with double-pass optical meth-
ods has shown that it is possible to use a double-pass 

Figure 2. Scatter plot showing the correlation between psychophysical 
and optical measurements of straylight (solid line is diagonal for refer-
ence).

Figure 3. Bland–Altman plot to evaluate the agreement between the opti-
cal and psychophysical measurements.

Figure 4. Straylight values for different Lens Opacities Classification 
System III (LOCS III) groups. Data of young healthy volunteers are plotted 
for reference.
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instrument to characterize the severity of cataracts.13 
In a recent study using a commercial version of the 
double-pass method (HD Analyzer; Visiometrics SL, 
Terrassa, Spain), Galliot et al.14 reported that the meth-
od is sensitive and efficient for the early detection of 
cataract in patients. A variant of the double-pass meth-
od using a Shack–Hartmann sensor has been recently 
introduced for the objective straylight assessment in 
the human eye.15 The instrument quantifies straylight 
in a clinically relevant parameter (S, the straylight pa-
rameter) using visible light, is sensitive,3,10 and is by 
design minimally affected by artifacts associated with 
the diffuse fundus reflectance12 and residual refractive 
errors and aberrations.3

The optical instrument quantifies straylight in the 
forward direction that is relevant to the optical effects 
of cataracts.4,5 The measurement is performed in the 
central zone of the pupil having a diameter of 4 mm. In 
the case of nuclear cataracts (as in the current study), 
it is possible that the optical measurement overesti-
mates the severity of straylight when compared to other 
measurements involving wider pupils, such as the psy-
chophysical measurement (C-Quant straylight meter) 
that was performed in a generally wider natural pupil. 
Moreover, it must be kept in mind that although the two 
instruments report the same quantity (the straylight pa-
rameter), they arrive at its value using different methods 
and assumptions. The Sigma instrument analyzes scat-
tering in the optics of the eye to estimate the straylight 
parameter, whereas the C-Quant straylight meter uses a 
psychophysical task to estimate a visual value.

The optical technique is performed quickly and 
without requiring the patient’s active participation. 
The optical measurement of straylight with the sigma 
instrument is feasible in all eyes that have a pupil di-
ameter larger than 4 mm. This requirement is defined 
by the instrument’s design and is related to the fact 
that fixed parts of the pupil are used for illumination 
and sensing. Measurements in eyes with smaller pupil 
diameters are not recommended because backscatter-
ing from the iris and blocking of the returning light 
from the fundus may result in measurement error.

We have used a compact optical straylight meter for 
the first time in a clinical setting. It allows quick mea-
surements of a straylight parameter in both healthy 
eyes and eyes with cataract under standard clinical 
conditions. This new instrument may be a step toward 
the comprehensive evaluation of the optics of the hu-
man eye in the diagnosis and treatment of cataract.
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