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whereas usually the posterior capsule (PC) itself remains transparent.13 Two morphologically 

different PCO types can be distinguished. Regeneratory PCO, or pearl-type PCO, generally 

has a lustrous appearance, and is thought to be caused by proliferation and swelling of 

LECs.13 Fibrotic PCO, generally has a whitish, matte appearance, and is thought to be caused 

by LEC transdifferentiation.11;12 PCO causes light entering the eye to be scattered, which 

reduces VF. VF can be restored by capsulotomy: opening the PC using a neodymium-doped 

yttrium aluminium garnet (Nd:YAG) laser.

1.5 Straylight in laser refractive surgery

Refractive problems are errors in the eye’s ability to accurately refract and focus light rays, 

which causes blurring of an object’s retinal projection. Refractive errors include (1) myopia 

(nearsightedness) which is an inability to clearly focus distant objects on the retina, (2) hy-

peropia (farsightedness), which is an inability to clearly focus near objects on the retina, and 

(3) astigmatism, which is an inability to focus light rays that propagate in two perpendicular 

planes, at a single point on the retina. In subjects with a desire to reduce or eliminate their 

dependence on spectacles or contact lenses, laser refractive surgery can be used to correct 

refractive errors by permanently altering the shape of the cornea. Unfortunately, suboptimal 

corneal wound healing after laser refractive surgery can cause corneal haze (clouding of the 

cornea) (Figure 6). Corneal haze may cause increased light-scatter, resulting in night vision 

problems and glare sensitivity.14‑17

Figure 6. Corneal haze after laser refractive surgery. Photograph from Teus MA, De Benito-Llopis L, Alio JL. 
Mitomycin C in Corneal Refractive Surgery. Surv Ophthalmol. 2009;54(4):487-502.
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1.6 Clinical straylight measurement

In ophthalmic practice, intraocular straylight can be measured using an instrument called 

C-Quant (Oculus Optikgeräte GmbH, Wetzlar, Germany) (Figure 7A).18 The C-Quant instru-

ment uses the Compensation Comparison (CC) method for straylight measurement, which 

is a psychophysical technique.19 The CC method uses a circular test field that is divided into 

two semicircles, and surrounded by a flickering annulus (Figure 7B). The flickering annulus 

serves as a straylight source. Light originating from the flickering annulus enters the eye 

of the observer, is scattered and projected on the retinal image of the circular test field. 

As a result, a flicker is perceived in the circular test field. The more intraocular light-scatter 

(straylight), the stronger the flicker perceived by the observer. The perceived flicker resulting 

from straylight can be extinguished (compensated) by presenting light in counter phase.19 In 

one of the semicircles such compensation light in counter phase is presented. The intensity 

of the compensation light can be adjusted, whereas the intensity of the flickering annulus 

is constant. If the amount of counter phase compensation light is equal to the amount of 

straylight, the flicker in the semicircle with compensation light is extinguished. So, if the 

amount of counter phase compensation light needed to extinguish the flicker is known, 

then the amount of intraocular straylight is known. Precise details of the test are explained 

elsewhere.19 The observer’s task is to decide in which of the two semicircles the flicker is 

strongest, by pressing a button corresponding to that semicircle (Figure 7A). This is repeated 

for a series of stimuli with variable amounts of compensation light. The observer’s responses 

are recorded and used for fitting a psychometric curve.19 This curve can be used to deduce 

the measurement result, which is the straylight parameter s, usually used with its logarithm 

(log[s]).19 As mentioned earlier in this section, the CC method is a psychophysical technique, 

which indicates that the observer’s responses to observed stimuli are used to quantify 

A

3

1 2

B

Figure 7. C-Quant instrument (A). Circular test field divided into two semicircles (1, 2) and surrounded by 
a flickering annulus (3) (B).
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intraocular light-scatter. Therefore, the straylight parameter is a functional measure of VF. 

Because observation accuracy determines measurement reliability, the CC method provides 

reliability parameters for each individual straylight measurement.20‑22
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2.1 Aim

The aim of this thesis is to evaluate whether the straylight parameter may be suited as an 

additional VF indicator. Such an indicator should provide the ophthalmologist objective guid-

ance in monitoring VF. In this thesis, two possible applications of the straylight parameter as 

an indicator of VF were studied.

First, it was evaluated whether the straylight parameter could be used as a predictor of 

beneficial treatment. In ophthalmic practice, predicting whether treatment will be benefi-

cial can be complicated by several factors, such as heterogeneity of the condition. PCO is 

heterogeneous with respect to severity and morphology. Moreover, PCO severity can be 

differentiated into PCO density (PCO thickness), and PCO fraction (the extent to which the 

PC is covered by PCO). All these PCO characteristics (density, fraction and morphology) are 

expected to affect VF. This thesis contributes to the understanding of the effect of PCO on 

VF, by studying the relation between the PCO characteristics and their effect on the small 

(VA, CS testing) and large angle domain (straylight testing) of VF. In addition, the effect of 

PCO on the straylight domain was documented in detail, by studying light-scatter by PCO 

isolated from light-scatter by other ocular structures. An in-vitro set-up1;2 and PCO specimens 

obtained from donor eyes, allowed the detailed study of light-scatter by PCO. Moreover, 

light-scatter by isolated PCO areas of particular severity and morphology could be studied in-

vitro. Improved understanding of the impact of PCO on different aspects of VF, derived from 

the in-vivo and in-vitro sections of this thesis, can be used in a clinical guide for appropriate 

capsulotomy referral of PCO patients.

Second, it was evaluated if straylight can be used as a visual quality standard for ocular 

fitness. As mentioned in Chapter 1, VF preservation has recently gained importance. A typical 

example is the increasing popularity of laser refractive surgery for the correction of refrac-

tive errors. Nowadays, laser refractive surgery is not only popular in persons who consider 

dependence on spectacles or contact lenses a burden, but also in applicants for demanding 

professions, e.g., military, pilots. Among applicants for demanding professions, refractive 

errors are a frequent disqualifying factor because applicants have to meet strict requirements 

for uncorrected distance VA. Laser refractive surgery should not only correct refractive er-

rors, but should also preserve other aspects of VF, such as straylight, especially in applicants 

for demanding professions. In this thesis, straylight measurement was used as a screening 

method for ocular fitness in applicants for demanding professions and a history of laser 

refractive surgery.
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2.2 Outline

In Chapter 3, the impact of light-scatter by PCO on different aspects of visual function was 

illustrated by making pictures through PCO specimens obtained from donor eyes. Through 

the specimens, different scenes of the outer world were photographed: (1) a letter chart, 

(2) a traffic scene with headlight simulation of oncoming traffic. The pictures illustrate how 

patients with PCO may perceive these scenes.

In ophthalmic practice, the indication for posterior capsulotomy in PCO is usually based 

on VA testing and slit-lamp examination. However, there is often a discrepancy between 

those two assessments and subjective visual impairment experienced by the patient. The 

discrepancy might be caused by visual impairment due to increased straylight. In Chapter 4, 

the effect of PCO on the parameters straylight and VA, which represent distinct aspects of 

visual function, was studied in-vivo.

The extent to which PCO patients benefit from posterior capsulotomy is difficult to predict. 

Especially in clinically apparent, but less severe PCO. It would be useful to have a clinical 

guide for the prediction of postcapsulotomy VF improvement, based on precapsulotomy 

VF parameters. Benefit might depend on heterogeneous PCO characteristics, such as PCO 

severity and morphology. In Chapter 5, the effect of PCO severity and morphology on VF 

parameters (e.g., VA and straylight) is assessed. It was evaluated whether straylight can serve 

as a valuable, additional indicator for appropriate posterior capsulotomy referral.

In Chapter 6, light-scatter by PCO was studied isolated from light-scatter by other ocular 

structures, by isolating PCO specimens (opacified lens capsules including the IOL) from donor 

bulbi and documenting light-scatter with an in-vitro set-up.1;2 In most PCO cases, the central 

part of the PC is composed of several heterogeneous PCO areas, e.g., PCO areas of different 

severity. As a result, the straylight value measured in-vivo, is composed of mixed contributions 

of heterogeneous PCO areas. In Chapter 6, light-scatter was documented in correspondence 

to an in-vivo situation: light-scatter by the central part of the PCO specimens was docu-

mented. The PCO specimens had a fibrotic or regenerative appearance, and most of their 

central parts included both clear and opacified PC areas. Straylight was studied in detail, by 

documenting the optical characteristics of light scattered by PCO. The optical characteristics 

of scattered light, such as angular and wavelength dependence, can be used to assess the 

characteristic size of scattering PCO particles. Particles much larger than the wavelength of 

light, have weak or no wavelength dependence and strong angular dependence. They refract 

light, and are expected to predominantly affect the small-angle domain of VF. Particles much 

smaller than the wavelength of light, have strong wavelength dependence and weak or no 

angular dependence. They scatter light, and are expected to predominantly affect the large-
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angle domain of VF. Depending on the ratio between small and larger PCO particles, PCO is 

expected to predominantly affect the small or the large angle domain of VF. In Chapter 6, the 

optical characteristics of light scattered by different PCO types were documented to elucidate 

the effect of PCO morphology on the large angle (straylight) domain of VF.

In addition, the PCO specimens and in-vitro set-up1;2 were used to study light-scatter by 

specific, capsule areas, i.c., anterior capsule (AC) areas, clear PC areas, areas of fibrotic PCO 

and areas of regeneratory PCO. The capsule areas studied in Chapter 7 were either clear or 

opacified, and the opacified areas had different morphology and severity. The isolated study 

of scatter characteristics of specific, homogeneous capsule areas adds to a better under-

standing of (in-vivo) light-scatter experienced by the PCO patient, in which the contribution 

of heterogeneous capsule areas is combined.

In this thesis it was also evaluated if straylight can be used as a visual quality standard for 

ocular fitness. Poor uncorrected distance VA is a frequent reason for medical disqualifica-

tion of applicants for demanding professions. Medical disqualification may be prevented 

by correction of refractive errors, using laser refractive surgery. However, approval of laser 

refractive surgery in demanding professions is controversial, because of possible postopera-

tive complications. Suboptimal postoperative wound healing may lead to corneal haze, re-

sulting in increased glare sensitivity caused by straylight. So, although laser refractive surgery 

may improve uncorrected distance VA (small angle domain of VF), postoperative VF can be 

impaired by increased glare sensitivity (large angle domain of VF). Increased glare sensitivity 

may reduce visual performance in difficult conditions, such as night time military operations. 

Therefore, for proper assessment of ocular fitness, different VF domains should be tested. 

In Chapter 8 the possible introduction of the straylight parameter as an additional ocular 

fitness criterion in demanding professions was evaluated.
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