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StraylIght IN aNterIor SegmeNt DISorDerS
 

 

 

 

Figure 2.1 Left: Normal ocular anterior segment, consisting of the cornea, anterior chamber, pupil and iris 
and lens. Right: Normal ocular anatomy. After passing through the anterior segment, the incoming light 
travels through the vitreous to reach the retina and form the retinal image. 

The retinal image is formed in the posterior segment of the eye, but light that falls into the 

eye first has to pass through the anterior ocular segment (to which tear film, cornea, anterior 

chamber, the pupil and iris, and the lens belong) to reach the retina. (Figure 2.1) The normal 

ocular anterior segment contributes considerably to visual functioning; e.g. for straylight, it is 

known that intraocular light-scattering is for the major part influenced by the anterior segment 

(for 1/3 by the cornea, for 1/3 by the lens and for 1/3 by the iris, sclera and fundus). (Figure 1.2)1-4 

Corneal and lenticular disorders (e.g. cataract) are commonly encountered in ophthalmological 

practice. Due to normal aging, or when pathology is present, the influence of the anterior 

segment on visual quality increases even more. Considering the large influence of the ocular 

anterior segment on the amount of intraocular straylight and the high prevalence of anterior 

segment disorders in ophthalmological practice, straylight problems can also be expected to play 

a large role in ophthalmological practice and to be experienced by many patients. Clarification of 

the role of straylight measurements in clinical practice and decision making is thus of importance.

aImS of thIS theSIS

When the research leading to this thesis was started, the clinical use of straylight measurements 

was largely unknown to many ophthalmologists. Visual acuity measurement was the main and 

in many cases only measurement of visual functioning performed in most ophthalmological 

practices. However, visual acuity measurements cannot account for all visual complaints of certain 

patients, as is known for patients with anterior segment problems such as Fuchs’ endothelial 

dystrophy, cataract or opacified intraocular lenses.1,5-18 As straylight hindrance can occur while the 
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patient has good visual acuity,1,5-23 the ophthalmologist may not correctly appreciate the nature 

of the patients’ complaints and patients may feel misunderstood. 

Furthermore, clinical ophthalmological investigation of the transparency of the ocular media is 

mainly based on slitlamp examination. (Figure 2.2) However, straylight complaints cannot be 

very well predicted or understood from slitlamp examination.14,24 The exact source and amount 

of straylight within the eye cannot be determined by the slitlamp. Straylight is based on forward 

scattered light, which is light scattered in the direction of the retina and in the direction in which 

it is perceived by the patient.2,7,9,17,18,24-27 Slitlamp examination is based on back scattered light, 

which is typically used only to assess the quality of the ocular tissues.2,7,9,13,14,17,18,24-28 Back scattered 

light is light scattered in the opposite direction, away from the patient and in the direction 

of the observer. Backward scattered light mainly reduces the amount of light reaching the 

retina, while forward scattered light reduces retinal image contrast by superimposing a veiling 

luminance upon the retinal image.2,16,17,18,24-26,28-38 Backward scattered light and forward scattered 

light are poorly correlated,2,5,7,9,10,17,18,25,27,28 and observations based on backward scattered light 

are not able to correctly assess the amount of forward scattered light or adequately locate the 

underlying source.2,7,13,14,25,26 A discrepancy may thus exist between the clinical observations of the 

ophthalmologist with the slitlamp and the complaints of the patient.

 

Figure 2.2 Slitlamp and images of the ocular anterior segment as seen with the slitlamp.  Upper left: diffuse 
illumination. Middle left: broad beam illumination. Lower left: slit illumination. (Figure taken from: http://
www.diytrade.com/china/pd/2104397/YZ5S_Digital_Slit_Lamp.html)
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This thesis aims to further clarify

1. the role of the healthy and diseased anterior ocular segment in the amount of intraocular 

straylight. Straylight was evaluated clinically and in-vitro for several common disorders 

of the anterior segment of the eye.

2. the role of straylight measurements in the clinical practice and decision making 

concerning corneal and lenticular disorders. The clinical usefulness and applicability of 

straylight measurement and the importance of straylight in comparison to the generally 

accepted and universally used visual acuity measurement were investigated.

INtroDuCtIoN to CorNeal lIght-SCatter

the cornea 

 

Figure 2.3 Corneal anatomy. The cornea consists of five layers (from anterior to posterior: epithelium, 
Bowman’s membrane, stroma, Descemet’s membrane and endothelium). 

The cornea is the clear anterior part of the eye and mainly responsible for focusing light on 

the retina. (Figure 2.3) The cornea consists of five layers (from anterior to posterior: epithelium, 

Bowman’s membrane, stroma, Descemet’s membrane and endothelium). The central cornea is 

around 0.52 mm thick and is made for 90% of stroma. Stroma is constructed from collagen fibrils, 

ground substance and keratocytes, which are arranged in a very precise way to preserve corneal 

transparency. The function of the endothelium is to maintain adequate corneal hydration, which is 

necessary to preserve normal corneal thickness and clarity. A normal, healthy cornea is avascular. 

Corneal light-scatter 

Corneal light-scatter does not increase with age for healthy corneas,3,18,39,40 but small changes 

in corneal clarity at any level of the corneal anatomy can lead to an increase in intraocular 

straylight.18,25 The first part of this thesis will be dedicated to the influence of the healthy and 

diseased cornea on intraocular light-scatter. Disturbance of the highly organised ultrastructural 

configuration of healthy corneas, e.g. due to contact lens wear or refractive surgery, may lead to a 
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decrease in corneal transparency and an increase in corneal light-scatter.29 Corneal disorders and 

dystrophies may have a large effect on intraocular light-scatter, depending on the underlying 

pathology.29 

Corneal light-scatter by healthy corneas due to contact lens wear (figure 2.4) 
 

 

 
Figure 2.4 Left: a soft contact lens is inserted into the eye. Right: A soft contact lens in the eye. (Figures taken 
from: http://mcdougaleyes.com)

Previous studies have looked at the potential influence of habitual contact lens wear on quality 

of vision, as disability glare is a complaint often heard among contact lens wearers.18,28,,41-43 The 

results of these studies indicated an effect of contact lens wear on the amount of straylight,18,44 

but were inconsistent to the exact outcome. Increased straylight levels compared to age-

matched normal eyes or spectacle wearers were found among habitual wearers of both rigid gas 

permeable and hydrophilic contact lenses,2,28,41,44 although another study did not find any effect 

among hydrogel lens wearers.42 Rigid contact lens wear led to a higher amount of straylight than 

hydrophilic contact lens wear.28,44 However, in hydrophilic contact lens wearers the amount of 

straylight remained elevated  after contact lens removal compared to normal levels.28,43 Among 

these hydrophilic contact lens wearers, slitlamp examination did not show any clinical corneal 

pathology, so possibly subclinical corneal changes in the epithelium might be responsible for 

the deterioration in visual quality.28,45 Considering the many uncertainties which still surrounded 

quality of vision in contact lens wearers, and the high prevalence of contact lens wear, we have 

attempted to clarify and quantify the effects of rigid and soft contact lens wear on straylight 

further. Our study of straylight in 60 habitual contact lens wearers can be found in Chapter 3. This 

study investigated the correlations of the straylight scores of rigid and soft contact lens wearers 

with contact lens characteristics, corneal changes at the slitlamp and a questionnaire evaluating 

subjective straylight complaints. 
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Chapter 3: Straylight measurements in contact lens wear. Van der Meulen IJ, Engelbrecht LA, van 

Vliet JM, Lapid-Gortzak R, Nieuwendaal CP, Mourits MP, Schlingemann RO, van den Berg TJ. Cornea 

2010;29:516-522.

Corneal light-scatter by healthy corneas after laser refractive surgery (figure 2.5)  

 

Figure 2.5 Left: Laser in situ keratomileusis (LASIK) is performed on the corneal stroma after cutting and 
removing a superficial corneal lamella. Right: epithelial downgrowth is one of the complications of LASIK, in 
which epithelial cells grow into the interface between the anterior corneal lamella and the treated corneal 
stroma. (Right  taken from: Krachmer JH, Mannis MJ, Holland EJ, ed. Cornea. Second edition. Philadelphia: 
Elsevier-Mosby, 2005.)
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Patients undergoing refractive surgery usually wish to end up with perfect vision, and postoperative 

corneal light-scattering can be a profound source of dissatisfaction to the patient.46-50 Studies of 

healthy corneas undergoing laser refractive surgery (photorefractive keratectomy; PRK or laser 

in situ keratomileusis; LASIK) usually show good results concerning postoperative straylight, 

with average straylight values remaining unchanged or even improving.2,18,27,46-49,51 In some 

studies the straylight effect changed over time with continuing postoperative follow-up.27,46 

However, in individual patients, significant straylight increases can sometimes be found.2,18,,47-50 

Especially complications of the refractive procedure, such as epithelial ingrowth (Figure 2.5), 

haze, microstriae or interface debris, can be associated with large increases in the amount of 

straylight.18, 27, 47-50 This may lead to a visually handicapped and thoroughly unhappy patient. In 

Chapter 4 a study is reported of straylight values in eyes with epithelial ingrowth after LASIK. 

The amount of straylight slowly returns to acceptable levels after treatment of this well-known 

complication. 

Chapter 4: Straylight measurements before and after removal of epithelial ingrowth. Lapid-Gortzak R, 

van der Meulen I, van der Linden JW, Nieuwendaal C, Mourits M, van den Berg T. J Cataract Refract 

Surg 2009;35:1829-1832.

Corneal light-scatter by a diseased cornea due to fuchs’ endothelial corneal dystrophy 

 

   

 

Figure 2.6 Left: Slitlamp image of a cornea with Fuchs’ endothelial dystrophy with retrograde illumination. 
Right: The endothelium in Fuchs’ endothelial dystrophy. The regular endothelial pattern is disrupted by dark 
areas without endothelial cells (guttae). 

A diseased cornea may lead to decreased visual quality. One of the most frequently encountered 

corneal diseases diagnosed and treated at the corneal clinics in the Academic Medical Center in 

Amsterdam, the Netherlands, is Fuchs’ endothelial corneal dystrophy. (Figure 2.6) It is a relatively 

common corneal dystrophy (prevalence around 4% of the USA population over the age of 40 

years), which is slowly progressive and bilateral, though frequently asymmetric.52,53 It mostly 

affects females (female to male ratio of 2.5-3:1) and can be early-onset (manifesting around the 

3rd decade of life) or late-onset (becoming apparent around the 5th decade of life).52,53 Fuchs’ 
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endothelial corneal dystrophy is a disorder of the corneal endothelium, which forms a monolayer 

of cells on the inner portion of the cornea and preserves corneal clarity by its barrier and pump 

function.52 Fuchs’ endothelial corneal dystrophy is characterized by accelerated loss of endothelial 

cells, resulting in a slow increase in corneal hydration, eventually leading to corneal edema.52,53 

The associated focal drop-like depositions of abnormal collagen at Descemet’s membrane lead 

to the formation of corneal guttae, visible at the slitlamp as numerous small excrescences and 

considered essential in the diagnosing of Fuchs’ endothelial corneal dystrophy.52,53 The presence 

of guttae and stromal edema will lead to deterioration of quality of vision,52-54 but visual acuity 

and straylight may be affected in a different way in this disease, as is discussed in chapter 5. In this 

study straylight measurements are shown to be a valuable tool in helping to decide when surgical 

treatment can be of value for these patients. 

Chapter 5: Quality of vision in patients with Fuchs endothelial dystrophy and after Descemet stripping 

endothelial keratoplasty. Van der Meulen IJ, Patel SV, Lapid-Gortzak R, Nieuwendaal CP, McLaren 

JW, van den Berg TJ. Arch Ophthalmol. 2011;129:1537-1542. Epub 2011 

Corneal light-scatter by a diseased cornea after lamellar corneal transplantation

 

 

Figure 2.7 Upper: Eye after Descemet stripping endothelial keratoplasty (DSEK) with a posterior lamellar 
corneal transplant. Lower: slitlamp image of a cornea after DSEK with a posterior lamellar corneal transplant: 
the edge is visible at the inner side of the corneal contour. (Courtesy of C.P. Nieuwendaal)
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The current treatment of choice for corneal endothelial dysfunction is the surgical removal of 

the diseased endothelium and Descemet membrane and replacing this by transplanting a thin 

layer of donor stroma, Descemet membrane and endothelium (Descemet stripping endothelial 

keratoplasty; DSEK; Figure 2.7).54-59 Compared to penetrating keratoplasty (PK), which has been 

the gold standard for decades, DSEK results in rapid visual rehabilitation, lower postoperative 

astigmatism, maintenance of better globe integrity and stability and absence of suture-related 

complications.54-57 DSEK leads to a significant improvement in quality of vision postoperatively.54 

Although straylight improvement after DSEK and PK was found to be comparable in some 

studies,56,57 one study found straylight values to remain higher after DSEK than after PK.59  The 

graft-host interface or chronic ultrastructural changes in the anterior corneal stroma of the 

host could increase forward light-scatter postoperatively.54-56 Our study of patients who have 

undergone DSEK shows that postoperative quality of vision improves significantly up to 1 year 

postoperatively (chapter 5). In chapter 6, the long-term follow-up of these patients is described 

and quality of vision is evaluated several years postoperatively.

Chapter 6: Correlation of straylight and visual acuity in long-term follow-up of manual Descemet 

Stripping Endothelial Keratoplasty. van der Meulen IJ, van Riet TC, Lapid-Gortzak R, Nieuwendaal CP, 

van den Berg TJ. Cornea. 2012;31:380-386.

INtroDuCtIoN to leNtICular lIght-SCatter

the lens

 

Figure 2.8 The human crystalline lens is completely transparent and positioned inside a capsular bag. This 
bag is attached with zonules to the ciliary body and is situated behind the iris. (Figure taken from: http://www.
laramyk.com)
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The human crystalline lens is a transparent structure, positioned inside a capsular bag behind the 

iris and in front of the vitreous body. (Figure 2.8) The lens attributes to the refractive power of the 

eye to focus incoming light on the retina.60 Growth of the lens continues throughout life and with 

age, the lens stiffens and progressively loses its transparency, resulting in presbyopia and vision 

loss due to cataract formation. (Figure 2.9)60-62 

Figure 2.9 Left: slitlamp image of nuclear cataract. Right: mature cataract. (Figure taken from: http://webeye.
ophth.uiowa.edu/eyeforum/atlas/pages/mature-cataract-3.html)

Cataract extraction is the most commonly performed surgical procedure worldwide.15,63 The 

cataractous crystalline lens is removed  by phacoemulsification. After removal of the crystalline 

lens,  the capsular bag is cleaned to remove as much lens epithelial cells as possible and an 

intraocular lens implant (IOL) is placed inside the bag (Figure 2.10), in these ways reducing the 

chance of postoperative capsule opacification.63

lenticular light-scatter

The young human lens is clear and transmits nearly 100% of incident light.62 Disturbance of the 

high spatial order of the lens fibres and aggragation of proteins within the lens with increasing 

age result in cataract formation and increased forward light-scattering (Figure 2.11).7,18,60,62 

Separate parts of the lens contribute in a different manner to intraocular forward scatter, which is 

a predominant cause of visual loss in early cataract.64,65  Straylight is better correlated to cataract 

severity than both visual acuity and contrast sensitivity,2,60,66 and a better predictor of functional 

visual loss than visual acuity measurement.9,11 All forms of cataract give rise to increased straylight, 

although cataracts with components of posterior subcapsular cataract usually elevate straylight 
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Figure 2.10 Intraocular lens implant (IOL) inside the capsular bag after cataract extraction. 

Figure 2.11 Left: when the crystalline lens is clear, the incoming light is focussed on the retina and a clear 
and distinct image is formed. Right: Cataract formation disturbs the high spatial order of the lens fibres and 
increases the amount of intraocular forward scattered light. The retinal image becomes hazy and blurred.
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levels most. 10,18,24,26,60,67  The effect of cataract on straylight values is comparable to that of extreme 

aging of the lens2,18,39 and increasing cataract severity elevates levels of intraocular straylight 

proportionately.10,60,66 Mean intraocular straylight for a mild cataract is around 1.4log(s), which is 

approximately a threefold increase compared to young, healthy eyes, but in advanced cataract 

straylight levels can be much higher.60,66 

As cataract and subsequently cataract surgery are highly prevalent among the population,10,14,63 it 

is necessary to obtain a precise understanding of the functional vision losses and accompanying 

complaints due to lens opacities, and the visual improvement which can be expected from cataract 

surgery. The second part of this thesis will be dedicated to further elucidating the influence of the 

cataractous lens, the lens capsule and IOLs on quality of vision and intraocular straylight. 

lenticular light-scatter and cataract surgery

As cataract is such a prevalent disorder and so many resources are spent on cataract surgery, 

it is adamant to be able to predict postoperative outcome as good as possible. Although 

postoperative results of cataract surgery are generally good, outcome occasionally surprises 

and gives an unhappy patient and consequently doctor. Indications for cataract surgery are 

usually based on slitlamp examination and visual acuity measurement.26,67 As the slitlamp 

image consists of backscattered light and visual acuity testing may underestimate functional 

impairment,1,8,10,15,16,18,25 these preoperative examinations may be insufficient for effective 

preoperative surgical counseling.5-7,9,12,17,18,26,66-68 Other tests which more faithfully reflect functional 

vision loss may be needed to improve the preoperative decision process.5,7,9,12,18,25,66-68 Because 

forward scatter is known to have functional importance9,26,66 and is not correlated with visual 

acuity,7,9,14-16,63,66,67 additional preoperative straylight measurement could be a useful addition to 

the surgical decision making.2,18,67   

In chapter 7, the value of straylight measurements in patients with cataracts is evaluated. It is 

shown that straylight is almost equally important as visual acuity for subjective quality of vision 

and that straylight measurements are very helpful in determining the right moment for cataract 

surgery.

Chapter 7: Straylight measurements as an indication for cataract surgery. Van der Meulen IJ, Gjertsen 

J, Kruijt B, Witmer JP, Rulo A, Schlingemann RO, Van den Berg TJ. J Cataract Refract Surg 2012;38:840-

848. 

lenticular light-scatter in pseudophakic eyes

After cataract extraction, restoration of straylight levels to those of normal, healthy, young eyes is 

expected.16,18,38 The old and opacified crystalline lens is replaced by a clear, thin IOL, which scatters 
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even less light than a young, transparent crystalline lens, one might assume.4 This makes the 

situation after cataract extraction comparable to or better than that of  a young, healthy eye as 

far as intraocular lenticular forward light-scatter is concerned. Several studies have shown that 

straylight improves after cataract extraction in pseudophakic eyes,10,16,18,33 in some cases even to 

the level of young, healthy eyes or better,16,38 but that this is certainly not true for all pseudophakic 

eyes.1,2,10,16,18,69 Surgery or other unknown factors might play a role postoperatively in keeping 

straylight levels elevated, as well as opacification of the capsular bag or the IOL.1,10,16,18,33,69 Age-

related changes to the eye, such as age-related pigmentation changes or vitreous turbidity, may 

play a role as well.10,69 

The capsular bag helps in adequately centering the IOL in pseudophakic eyes. It envelops the 

posterior part of the IOL and a ring of anterior capsule usually partly covers the front part of the 

IOL, depending on the size of the capsulorhexis (the opening in the anterior lens capsule through 

which the cataract is extracted during the operation). After cataract extraction, both the posterior 

part (posterior capsule opacification; PCO; Figure 2.12) as the anterior part of the remaining 

capsular bag may opacify or contract with migration and proliferation of residual lens epithelial 

cells.33,63,70 Capsule opacification is common after cataract surgery and will decrease visual quality 

after cataract extraction.11,13,14,38,63,69-71 Although standard visual acuity measurement is of limited 

value in predicting loss of visual performance in patients with capsule opacification,11,13,14,38 

straylight measurement is very sensitive to the presence of central PCO.11 Increased light-

scatter values were found in eyes with PCO, despite relatively good visual acuity,11,13,14,38 and the 

straylight value was shown to be proportionate to the percentage of pupil area which is occupied 

by opacified lens capsule.69 

Figure 2.12 Posterior capsule opacification (PCO). (Left image: http://www.avclinic.com/yag_capsulotomy.
htm. Middle image: www.salemretina.com. Right image: http://webeye.ophth.uiowa.edu/eyeforum/atlas/
pages/posterior-capsular-opacity-PCO-following-cataract-surgery.html)
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Chapters 8, 9, 10 and 11 focus on the effect of opacification of the capsular bag on quality of 

vision after cataract extraction. Chapter 8 describes a clinical study in which is shown that an 

opacified anterior lens capsule contributes to elevated straylight levels after cataract extraction. 

The effect of capsulorhexis size and opacity on the amount of straylight is quantified, and an 

advice is given concerning minimum dimensions of the capsulorhexis which are needed to 

prevent straylight problems in twilight. 

Chapter 8: Contributions of the capsulorrhexis to straylight. van der Meulen IJ, Engelbrecht LA, 

Van Riet TC, Lapid-Gortzak R, Nieuwendaal CP, Mourits MP, van den Berg TJ. Arch Ophthalmol. 

2009;127:1290-1295. 

Figure 2.13 An Nd:YAG capsulotomy is the treatment of choice for posterior capsule opacification. With a 
laser a central opening is made in the opacified posterior capsule, clearing the visual axis. In the left lower 
image the slitlamp image is shown of PCO with retrograde illumination. In the right lower image the same 
eye is shown after Nd:YAG capsulotomy, with a central hole in the posterior capsule and a clear visual axis. 
(Upper image: http://www.avclinic.com/yag_capsulotomy.htm. Lower image: http://www.avclinic.com/yag_
capsulotomy.htm)
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Nd:YAG capsulotomy is the treatment of choice for posterior capsule opacification (Figure 

2.13).11,38,63,70,71 With a laser a central opening is made in the opacified posterior capsule, clearing the 

visual axis. The size of the posterior capsulotomy is important for the resulting visual performance 

after laser treatment.69 Previous studies have shown that after laser capsulotomy in most cases 

visual quality improves and the amount of forward light-scatter diminishes.13,38,69 In some cases 

no improvement or even deterioration in straylight is documented after Nd:YAG capsulotomy, 

but this could be caused by an insufficiently sized capsulotomy. Small capsulotomies were 

shown previously to have unsatisfactory effect on quality of vision.13,69 Although visual acuity may 

improve adequately with a small capsulotomy, straylight was shown not to improve as much or 

even to deteriorate and to remain significantly higher than in eyes with wide capsulotomies.13,69 

Capsule remnants or the capsulotomy border which remain visible in the pupil area could 

increase straylight after laser treatment, so it is advised to create a capsulotomy larger than the 

pupil diameter.69 

Chapter 9 illustrates the functional problems which may arise from a small capsulotomy by 

describing a patient with glare complaints and increased straylight due to the capsulotomy edges, 

which were visible in the pupil area. Straylight levels returned to normal and the complaints 

disappeared after widening the capsulotomy. 

Chapter 9: Alleviating debilitating photophobia and secondary exotropia caused by increased 

straylight by widening a small posterior capsulotomy. Lapid-Gortzak R, van der Meulen IJ, 

Nieuwendaal CP, van den Berg TJ. J Cataract Refract Surg. 2011;37:413-414.

lenticular light-scatter in-vitro

Previous studies have attempted to relate patients’ visual disability to the severity and extent 

of PCO14 or the morphological classification of capsule opacities.13 Clinically, 2 morphological 

types of PCO are recognized, the fibrosis type (which produces folds and wrinkles in the 

posterior capsule) and the pearl type.63 Variable PCO morphology may explain diverse effects 

on visual acuity and straylight, as fibrous plaques, Elschnig’s pearls and non-uniform clouding 

are supposed to cause different visual symptoms.13,69 Compact fibrosis which may appear to be 

clinically severely disturbing may be less harmful to visual functioning than more transparent 

areas with pearl formation, as these last areas will cause more intraocular forward light-scatter.14 

PCO is typically very heterogeneously distributed and its visual effect varies depending on the 

relation with the visual axis and pupil dilation.14 

In-vivo, retro-illumination cameras in combination with computer systems have been used to 

measure the percentage of PCO and analyze the texture.11,14,69 These images are compared to 

visual function tests, such as low contract visual acuity or straylight measurements.11,14,69 However, 
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data on the effect of PCO morphology on straylight are limited.69 Clinical assessment remains 

problematic as PCO is evaluated with backscattered light, while the patient’s vision is degraded 

by forward scattered light, which leads to a poor correlation between the clinical appearance at 

the slitlamp and the patient’s visual symptoms.14,69 Images acquired by retro-illumination and 

backscattered-light  may overrate the visual impact of PCO.69 

As in-vivo light-scattering by the crystalline lens or IOL is difficult to separate from the visual 

influence of other ocular media, in-vitro studies are required to obtain a better understanding of 

the isolated light-scattering characteristics of the lens, the lens capsule or the IOL.4,24 An optical 

set-up was designed and validated to measure light-scatter of crystalline lenses,24,64,65,72 IOLs,4,71 

potential cataract-stimulating filters73,74 and spectacle lenses (Figure 2.14).75 With this set-up, 

a clear, monofocal IOL was shown to have a lower straylight value than a normal, transparent, 

healthy human crystalline lens, irrespective of its age.4 Clean spectacle lenses were shown to 

generate a clinically insignificant amount of straylight compared to the normal level of intraocular 

straylight.75 

Figure 2.14 Simplified drawing of validated in-vitro set-up for optical measurements of forward light-scatter 
from intraocular lenses (IOL).

This set-up was used to study and quantify the effect of lens capsules and opacified IOLs in-vitro. 

In chapters 10 and 11, the isolated light-scattering characteristics by opacified capsular bags 

were measured in-vitro and were compared to the specific morphology and severity of capsule 

opacification. Small-particle light-scattering was shown to be important in PCO, while PCO may 

also have a refractile component.

Chapter 10: Imaging of forward light-scatter by opacified posterior capsules isolated from 

pseudophakic donor eyes. Van Bree MC, van der Meulen IJ, Franssen L, Coppens JE, Reus NJ, Zijlmans 

BL, van den Berg TJ. Invest Ophthalmol Vis Sci. 2011;52:5587-5597. 
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Chapter 11: In-vitro recording of forward light-scatter by human lens capsules and different types of 

posterior capsule opacification. Van Bree MC, van der Meulen IJ, Franssen L, Coppens JE, Zijlmans BL, 

van den Berg TJ. Exp Eye Res. 2012;96:138-146.. 

lenticular light-scatter of opacified Iols 

Figure 2.15 Explanted opacified intraocular lens with a fine, pigmented deposit covering the central 
anterior part of the optic.

In pseudophakic eyes, the transparency of the implanted IOL has an important influence 

on postoperative quality of vision. IOL opacification may lead to severe visual impairment, 

such that it even justifies IOL explantation (Figure 2.15).19-23,76,76 However, it may be difficult to 

evaluate clinically the visual disturbance of an opacified IOL, as visual acuity may remain at a 

reasonable level despite severe subjective complaints of reduced visual quality, which may lead 

to under-detection and underestimation of the problem.19-23,76 In some patients visual acuity 

even diminished after explantation of the opacified IOL, while these patients rated postoperative 



42

Chapter 2  

2

quality of vision better than before IOL explantation.22,76,77 Visual acuity measurement alone 

turns out to be an insufficient criterion to rely upon during preoperative decision making, and 

additional tests which measure other aspects of visual performance are necessary.19-23 Straylight 

measurements are particularly sensitive in documenting the visual effects of opacified IOLs.19

This can be explained by our findings in chapters 12 and 13. The optical set-up (Figure 2.14) offers 

an excellent opportunity to evaluate and isolate the visual effects of an opacified IOL in-vitro. 

In chapter 12 is shown that opacified IOLs lead to a severe increase in the amount of forward 

light-scatter, while having little effect on visual acuity. Chapter 13 describes the unique chance 

to link in-vitro optical measurements of light-scatter of an explanted IOL with in-vivo functional 

measurements of straylight. These measurements correlate exceedingly well. Chapters 12 and 

13 support the conclusion that straylight measurements are a useful addition to the surgical 

decision making process in case of a patient with subjective complaints and an opacified IOL. 

Chapter 12: Light-scattering characteristics of explanted opacified Aquasense intraocular lenses. Van 

der Meulen IJ, Porooshani H, van den Berg TJ. Br J Ophthalmol. 2009;93:830-832. Epub 2008. 

Chapter 13: Comparison of functional and optical straylight measurements of an opacified intraocular 

lens. Van der Meulen IJ, Nieuwendaal CP, Lapid-Gortzak R, van den Berg TJTP. Submitted.



Straylight in anterior segment disorders of the eye

 43 

2

refereNCeS
1. Witmer FK, van den Brom HJB, Kooijman AC, Blanksma LJ. Intra-ocular light-scatter in pseudophakia. 

Documenta Ophthalmologica 1989;72:335-340.

2. Van den Berg TJTP, Franssen L, Coppens JE. Ocular media clarity and straylight. In: Darlene A. Dartt, 
editor. Encyclopedia of the Eye, Vol 3. Oxford: Academic Press; 2010. pp. 173-183. 

3. Cerviño A, Montes-Mico R, Hosking SL. Performance of the compensation comparison method for retinal 
straylight assessment: effect of patient’s age on repeatability. Br J Ophthalmol 2008;92:788-791.

4. Van der Mooren M, van den Berg T, Coppens J, Piers P. Combining in-vitro test methods for measuring 
light-scatter in intraocular lenses. Biomed Opt Express 2011;2:505-510.

5. Elliott DB, Bullimore MA. Assessing the reliability, discriminative ability, and validity of disability glare 
tests. Invest Ophthalmol Vis Sci 1993;34:108-119.

6. Elliott DB, Hurst MA, Weatherill J. Comparing clinical tests of visual function in cataract with the patient’s 
perceived visual disability. Eye 1990;4:712-717.

7. Elliott DB. Evaluating visual function in cataract. Optom Vis Sci 1993;70:896-902.

8. Koch DD. Glare and contrast sensitivity testing in cataract patients. J Cataract Refract Surg 1989;15:158-
164.

9. Elliott DB, Hurst MA, Weatherill J. Comparing clinical tests of visual loss in cataract patients using a 
quantification of forward light-scatter. Eye 1991;5:601-606.

10. Nischler C, Michael R, Wintersteller C, et al. Cataract and pseudophakia in elderly European drivers. Eur J 
Ophthalmol 2010;20:892-901.

11. Meacock WR, Spalton DJ, Boyce J, Marshall J. The effect of posterior capsule opacification on visual 
function. Invest Ophthalmol Vis Sci 2003;44:4665-4669.

12. Amesbury EC, Grossberg AL, Hong DM, Miller KM. Functional visual outcomes of cataract surgery in 
patients with 20/20 or better preoperative visual acuity. J Cataract Refract Surg 2009;35:1505-1508.

13. Goble RR, O’Brart DPS, Lohmann CP, Fitzke F, Marshall J. The role of light-scatter in the degradation of 
visual performance before and after Nd:YAG capsulotomy. Eye 1994;8:530-534.

14. Jose RMJ, Bender LE, Boyce JF, Heatley C. Correlation between the measurement of posterior capsule 
opacification severity and visual function testing. J Cataract Refract Surg 2005;31:534-542. 

15. Nischler C, Michael R, Wintersteller C, et al. Iris color and visual functions. Graefes Arch Clin Exp 
Ophthalmol 2013;251:195-202.

16. Van den Berg TJTP, van Rijn LJ, Michael R, et al. Straylight effects with aging and lens extraction. Am J 
Ophthalmol 2007;144:358-363.

17. Rozema JJ, van den Berg TJTP, Tassignon MJ. Retinal straylight as a function of age and ocular biometry 
in healthy eyes. Invest Ophthalmol Vis Sci 2010;51:2795-2799.

18. Van den Berg TJ, Franssen L, Kruijt B, Coppens JE. History of ocular straylight measurement: a review. Z 
Med Phys 2013;23:6-20.

19. Blundell MSJ, Mayer EJ, Knox Cartwright NE, Hunt LP, Tole DM, Dick AD. The effect on visual function of 
Hydroview intraocular lens opacification: a cross-sectional study. Eye 2010;24:1590-1598.

20. Saeed MU, Jafree AJ, de Cock R. Intralenticular opacification of hydrophilic acrylic intraocular lenses. Eye 
2005; 19:661-664.



44

Chapter 2  

2

21. Fernando GT, Crayford BB. Visually significant calcification of hydrogel intraocular lenses necessitating 
explantation. Clin Experiment Ophthalmol 2000;28:280-286.

22. Altaie RW, Costigan T, Donegan S, et al. Investigation and management of an epidemic of Hydroview 
intraocular lens opacification. Graefe’s Arch Clin Exp Ophthalmol 2005;243:1124-1133.

23. Dagres E, Khan MA, Kyle GM, Clark D. Perioperative complications of intraocular lens exchange in 
patients with opacified Aqua-Sense lenses. J Cataract Refract Surg 2004;30:2569-2573.

24. Van den Berg TJTP, IJspeert JK. Light-scattering in donor lenses. Vision Res 1995;35:169-177.

25. Piñero DP, Ortiz D, Alio JL. Ocular scattering. Optom Vis Sci 2010;87:E682-E696.

26. De Waard PWT, IJspeert JK, van den Berg TJTP, de Jong PTVM. Intraocular light-scattering in age-related 
cataracts. Invest Ophthalmol Vis Sci 1992;33:618-625.

27. Li J, Wang Y. Characteristics of straylight in normal young myopic eyes and changes before and after 
LASIK. Invest Opthalmol Vis Sci 2011;52:3069-3073.

28. Elliott DB, Mitchell S, Whitaker D. Factors affecting light-scatter in contact lens wearers. Optom Vis Sci 
1991;68:629-633.

29. Jinabhai A, O’Donnell C, Radhakrishnan H, Nourrit V. Forward light-scatter and contrast sensitivity in 
keratoconic patients. Cont Lens Anterior Eye 2012;35:22-27.

30. Franssen L, Coppens JE, van den Berg TJTP. Compensation comparison method for assessment of retinal 
straylight. Invest Ophthalmol Vis Sci 2006;47:768-776.

31. Van den Berg TJTP. On the relation between glare and straylight. Doc Ophthalmol 1991;78:177-181.

32. Van den Berg TJTP, IJspeert JK, de Waard PWT. Dependence of intraocular straylight on pigmentation 
and light transmission through the ocular wall.  Vision Res 1991;31:1361-1367.

33. Van Gaalen KW, Koopmans SA, Hooymans JMM, Jansonius NM, Kooijman AC. Straylight measurements 
in pseudophakic eyes with natural and dilated pupils: one-year follow-up. J Cataract Refract Surg 
2010;36:923-928.

34. Coppens JE, Franssen L, van Rijn LJ, van den Berg TJTP. Reliability of the compensation comparison 
straylight measurement method. J Biomed Opt 2006;11:34027.

35. IJspeert JK, de Waard PWT, van den Berg TJTP, de Jong PTVM. The intraocular straylight function in 129 
healthy volunteers; dependence on angle, age and pigmentation. Vision Res 1990;30:699-707.

36. Franssen L, Tabernero J, Coppens JE, van den Berg TJTP. Pupil size and retinal straylight in the normal 
eye. Invest Ophthalmol Vis Sci 2007;48:2375-2382.

37. Kruijt B, Franssen L, Prick LJJM, van Vliet JMJ, van den Berg TJTP. Ocular straylight in albinism. Optom Vis 
Sci 2011;88:E585-E592.

38. Van Bree MCJ, Zijlmans BLM, van den Berg TJTP. Effect of neodymium:YAG laser capsulotomy on retinal 
straylight values in patients with posterior capsule opacification. J Cataract Refract Surg 2008;34:1681-
1686.

39. Van den Berg TJTP. Analysis of intraocular straylight, especially in relation to age. Optom Vis Sci 
1995;72:52-59.

40. Van den Berg TJTP, Tan KEWP. Light transmittance of the human cornea from 320 to 700 nm for different 
ages. Vision Res 1994;34:1453-1456.

41. Applegate RA, Wolf M. Disability glare increased by hydrogel lens wear. Am J Optom Physiol Opt. 
1987;64:309-312.



Straylight in anterior segment disorders of the eye

 45 

2

42. Applegate RA, Jones DH. Disability glare and hydrogel lens wear – revisited. Optom Vis Sci 1989;66:756-
759. 

43. Mitchell M, Elliott DB. Light-scatter changes due to corneal oedema and contact lens wear. J Br Contact 
Lens Assoc 1991;14:183-187.

44. Nio YK, Jansonius NM, Wijdh RH, et al. Effect of methods of myopia correction on visual acuity, contrast 
sensitivity, and depth of focus. J Cataract Refract Surg 2003;29:2082-2095.

45. Elliott DB, Fonn D, Flanagan J, Doughty M. Relative sensitivity of clinical tests to hydrophilic lens-induced 
corneal thickness changes. Optom Vis Sci 1993;70:1044-1048.

46. Lorente-Velázquez A, Nieto-Bona A, Villa Collar C, Ramón Gutierrez Ortega A. Intraocular straylight and 
contrast sensitivity ½ and 6 months after laser in situ keratomileusis. Eye Contact Lens 2010;3:152-155.

47. Lapid-Gortzak R, van der Linden JW, van der Meulen I, Nieuwendaal C, van den Berg T. Straylight 
measurements in laser in situ keratomileusis and laser-assisted subepithelial keratectomy for myopia. 
J Cat Refract Surg 2010;36:465-471.

48. Beerthuizen JJG, Franssen L, Landesz M, van den Berg TJTP. Straylight values 1 months after laser in situ 
keratomileusis and photorefractive keratectomy. J Cataract Refract Surg 2007;33:779-783.

49. Lapid-Gortzak R, van der Linden JW, van der Meulen IJE, Nieuwendaal CP, Mourits MP, van den Berg 
TJTP. Straylight before and after hyperopic laser in situ keratomileusis or laser-assisted subepithelial 
keratectomy. J Cataract Refract Surg 2010;36:1919-1924. 

50. Van Bree MCJ, van Verre HP, Devreese MT, Larminier F, van den Berg TJTP. Straylight values after refractive 
surgery: screening for ocular fitness in demanding professions. Ophthalmology 2011;118:945-953. 

51. Nieto-Bona A, Lorente-Velázquez A, Villa Collar C, Nieto-Bona P, González Mesa A. Intraocular straylight 
and corneal morphology six months after LASIK. Curr Eye Res 2010;35:212-219.

52. Elhalis H, Azizi B, Jurkunas UV. Fuchs endothelial corneal dystrophy. Ocul Surf 2010;8:173-184.

53. Bergmanson JPG, Sheldon TM, Goosey JD. Fuchs’ endothelial dystrophy: a fresh look at an aging disease. 
Ophthal Physiol Opt 1999;19:210-222.

54. Patel SV, Baratz KH, Hodge DO, Maguire LJ, McLaren JW. The effect of corneal light-scatter on vision after 
Descemet stripping with endothelial keratoplasty. Arch Ophthalmol 2009;127:153-160.

55. Patel SV. Keratoplasty for endothelial dysfunction. Ophthalmology 2007;114:627-628.

56. Patel SV, McLaren JW, Hodge DO, Baratz KH. Scattered light and visual function in a randomized trial of 
deep lamellar endothelial keratoplasty and penetrating keratoplasty. Am J Ophthalmol 2008;145:97-
105.

57. Cheng YYY, van den Berg TJTP, Schouten JS, et al. Quality of vision after femtosecond laser-assisted 
descemet stripping endothelial keratoplasty and penetrating keratoplasty: a randomized, multicenter 
clinical trial. Am J Ophthalmol 2011;152:556-566.

58. Ahmed KA, McLaren JW, Baratz KH, Maguire LJ, Kittleson KM, Patel SV. Host and graft thickness after 
Descemet stripping endothelial keratoplasty for Fuchs endothelial dystrophy. Am J Ophthalmol 
2010;150:490-497. 

59. Seery LS, McLaren JW, Kittleson KM, Patel SV. Retinal point-spread function after corneal transplantation 
for Fuchs’ dystrophy. Invest Ophthalmol Vis Sci 2011;52:1003-1008.

60. Michael R, Bron AJ. The ageing lens and cataract: a model of normal and pathological ageing. Phil Trans 
R Soc B 2011;366:1278-1292.



46

Chapter 2  

2

61. Augusteyn RC. On the growth and internal structure of the human lens. Exp Eye Res 2010;90:643-654.

62. Bron AJ, Vrensen GFJM, Koretz J, Maraini G, Harding JJ. The ageing lens. Ophthalmologica 2000;214:86-
104.

63. Awasthi N, Guo S, Wagner BJ. Posterior capsule opacification. A problem reduced but not yet eradicated. 
Arch Ophthalmol 2009;127:555-562.

64. Van den Berg TJTP. Depth-dependent forward light-scattering by donor lenses. Invest Ophthalmol Vis 
Sci 1996;37:1157-1166.

65. Van den Berg TJTP. Light-scattering by donor lenses as a function of depth and wavelength. Invest 
Ophthalmol Vis Sci 1997;38:1321-1332.

66. Michael R, van Rijn LJ, van den Berg TJTP, et al. Association of lens opacities, intraocular straylight, 
contrast sensitivity and visual acuity in European drivers. Acta Ophthalmol 2009;87:666-671.

67. Bal T, Coeckelbergh T, Van Looveren J, Rozema JJ, Tassignon MJ. Influence of cataract morphology on 
straylight and contrast sensitivity and its relevance to fitness to drive. Ophthalmologica 2011;225:105-
111.

68. Frost NA, Sparrow JM. Use of vision tests in clinical decision making about cataract surgery: results of a 
national survey. Br J Ophthalmol 2000;84:432-434.

69. Montenegro GA, Marvan P, Dexl A, et al. Posterior capsule opacification assessment and factors that 
influence visual quality after posterior capsulotomy. Am J Ophthalmol 2010;150:248-253.

70. Schaumberg DA, Dana MR, Christen WG, Glynn RJ. A systematic overview of the incidence of posterior 
capsule opacification. Ophthalmology 1998;105:1213-1221.

71. Kruijt B, van den Berg TJTP. Optical scattering measurements of laser induced damage in the intraocular 
lens. PLoS One. 2012;7:e31764. 

72. v.d. Berg TJTP, Spekreijse H. Light-scattering model for donor lenses as a function of depth. Vision Res 
1999;39:1437-1445.

73. v.d. Berg TJTP, Franssen L, Coppens JE. Straylight in the human eye: testing objectivity and optical 
character of the psychophysical measurement. Ophthal Physiol Opt 2009;29:345-350. 

74. De Wit GC, Franssen L, Coppens JE, v.d. Berg TJTP. Simulating the straylight effects of cataracts. J Cataract 
Refract Surg 2006;32:294-300.

75. De Wit GC, Coppens JE. Straylight of spectacle lenses compared with straylight in the eye. Optom Vis Sci 
2003;80:395-400.

76. Syam P, Byrne P, Lewis G, et al. Hydroview lens implant calcification: 186 exchanges at a district general 
hospital. Eye 2008;22:325-331.

77. Altaie R, Loane E, O’Sullivan K, Beatty S. Surgical and visual outcomes following Exchange of opacified 
Hydroview® intraocular lenses. Br J Ophthalmol 2007;91:299-302.


