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1.1  Low vision 

Low vision implies a visual impairment that restricts the ability to perform 

visual tasks of everyday life. This handicap cannot be corrected by ordinary 

glasses, contact lenses and/or medical intervention. Obvious types of visual 

impairments are the loss of visual acuity and the loss of visual field. Other 

examples include loss of contrast sensitivity, abnormalities in colour vision 

and night vision, as well as an increased sensitivity to light (photophobia). 

1.1.1  Definitions 
For the definition of visual impairment, the World Health Organisation (WHO) 

currently offers two classification systems. 

The first system is the ICD-10, the international statistical classification of 

diseases and related health problems. The ICD-10 describes blindness and 

low vision in Chapter VII, H541:

Low vision is defined as visual acuity of less than 0.3 but equal to or better 

than 0.05, or a corresponding visual field loss to less than 20 degrees in the 

better eye with best possible correction. 

Blindness is defined as visual acuity of less than 0.05, or a corresponding 

visual field loss to less than 10 degrees in the better eye with the best possible 

correction.

The second system is the ICF, the international classification of functioning, 

disability and health that complements the ICD-10 with a more functional 

perspective on disorders of the visual system. The ICF makes a clear 

distinction between the concepts impairment, disability and handicap.  

Impairment is defined as “any loss or abnormality of psychological, 

physiological or anatomical structure or function”. 

Disability is defined as: “any restriction or lack (resulting from an impairment) 

of the ability to perform an activity in a manner or within a range considered 

normal for a human being.” 

Handicap is defined as “a disadvantage for a given individual (resulting from 

an impairment or disability) that limits or prevents the fulfilment of a role that 

is normal (depending on age, sex and cultural factors) for that individual.”

1
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For reporting vision loss in clinical research, the ICO (the International Council 

of Ophthalmology) in cooperation with the WHO, recommends to classify 

vision loss into multiple ranges of vision, based on visual acuity (Table 1).  

The terms ‘moderate’, ‘severe’, ‘profound’ and ‘near-total’ vision loss have well 

defined meanings in this WHO/ICO classification. 

In cases where detailed reporting is not feasible, ICO recommends to use the 

definitions as recommended by the ICD-10. 

To further complicate matters, in the United States a different set of criteria is 

commonly employed. According to these criteria, low vision is defined as a 

best corrected visual acuity (BCVA) of less than 0.3 but no less than 0.1 in the 

better eye. Legally blind is defined as a BCVA of 0.1 or less in the better eye 

or a visual field of 20 degrees or less in the better eye. 

In 2002, the ICO adopted a resolution wherein the following terminology was 

recommended.2 

Blindness – to be used only for total vision loss and for conditions where 

individuals have to rely predominantly on vision substitution skills. 

Low Vision – to be used for lesser degrees of vision loss, where individuals 

can be helped significantly by vision enhancement aids and devices.

Table 1  Definition of the various types of vision loss according to ICO 

and WHO. 

Terms Visual acuity range

Normal vision ≥ 0.8

Mild vision loss < 0.8 ≥ 0.3

Moderate vision loss < 0.3 ≥ 0.125

Severe vision loss < 0.125 ≥ 0.05

Profound vision loss < 0.05 ≥ 0.02

Near-total vision loss (near blindness) < 0.02 ≥ NLP

Total vision loss (total blindness) NLP

NLP, no light perception.
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Visual Impairment – to be used when the condition of vision loss is 

characterized by a loss of visual functions (such as visual acuity and visual 

field, etc) at the organ level. Many of these functions can be measured 

quantitatively.

Visual Handicap – to be used when the condition is described as a barrier to 

social participation

Functional Vision – to be used when the vision loss is defined in terms of the 

individual’s abilities with regard to Activities of Daily Living (ADL). Functional 

vision therefore applies to the individual and not to the visual system. 

Vision Loss – to be used as a general term, including both total loss of vision 

(blindness) and partial loss of vision (low vision), characterized either on the 

basis of visual impairment or by a loss of functional vision.

1.1.2  Prevalence and causes of low vision
There are 37 million blind people in the world according the WHO classification 

(BCVA < 0.05 in the best eye). The main causes of global blindness are 

cataract, glaucoma, corneal scarring (from trachoma and a variety of other 

causes), age-related macular degeneration (AMD), and diabetic retinopathy.3 

In addition, there are an estimated 124 million low vision patients in the world 

(BCVA <0.3 and ≥ 0.05), excluding patients with uncorrected refractive errors. 

The prevalence of low vision in the Netherlands, as defined by the WHO, 

ranges from 0.1% in patients aged 55 to 64 years to 11.8% in patients aged 85 

and older (Fig. 1).4 

Age-related macular degeneration. The single largest group of patients in 

need of low vision aids (LVAs) are patients with AMD or age-related 

maculopathy (ARM).5;6 Early ARM is defined as the presence of (soft) drusen 

and retinal pigment epithelium (RPE) pigmentary abnormalities. The late 

stage of ARM is similar to AMD and includes both ‘dry’ AMD (geographic 

atrophy of the RPE in the absence of neovascular AMD) and ‘wet’ or 

neovascular AMD (RPE detachment, haemorrhages, and/or scars).7;8 

In The Netherlands, AMD is the cause of vision loss in 25% of the visually 

impaired patients over 55 years of age.4 As demonstrated in Figure 1, the 

prevalence of AMD increases dramatically with age. A Dutch group analyzed 

1
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the patients that were referred to the low vision specialist. This study showed 

that 38.9% of these low vision patients were diagnosed with AMD (Table 2). 

Eighty-eight percent of the patients in this study was older than 60 years and 

71% of the patients were female.5 These data were more or less confirmed by 

a longitudinal study in the United Kingdom spanning a period of 30 years. 

This study found 25-40% AMD patients. Overall, 60% of the patients were at 

least 60, and 56% was female.6

Figure 1  Age-specific prevalence and causes of blindness and visual 

impairment in an older population. 
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Patients with AMD typically present with scotomas in the central field of vision. 

These may evolve at a relative slow pace, as in geographic atrophy in ‘dry’ 

AMD, but may demonstrate a rapid onset, as in choroidal neovascularisation 

associated with ‘wet’ AMD. Scotomas surrounding the foveal area cause 

annoying field defects that may seriously affect the reading ability. When the 

fovea is affected, visual acuity often decreases to ≤ 0.05.  

Diabetic retinopathy. One of the complications of diabetes is diabetic 

retinopathy (DRP), which is characterised by functional abnormalities of the 

retinal vessels resulting in vascular leakage and occlusion. The main cause of 

visual impairment in patients with diabetes is macular oedema. 

Overall, some form of DRP occurs in approximately 40% of patients with 

diabetes.9 In a population with visual acuity <0.5, 11% of the subjects 

experienced visual loss as result of DRP.10 In the group of Dutch low vision 

patients, 16.1% was diagnosed with DRP (Table 2).5  

Patients with DRP may experience a loss of visual acuity and contrast 

sensitivity due to macular oedema. Intense panretinal photocoagulation may 

lead to a constriction of the visual field and night blindness.11 

Glaucoma. The most recent definition of glaucoma states that this is essentially 

an optic neuropathy characterized by cupping of the optic disc with an 

1

Table 2  Primary diagnoses in patients referred to the low vision  specialist. 

Diagnosis Van Rens et al.5 Crossland et al.6

 
(n=261) (n=1438)

AMD 38.9% 25-40%

diabetic retinopathy 16.1% n.a.

glaucoma 8.4% 3-7%

cataract 7.4% 1-10%

juvenile macular disease n.a. ~ 6%

AMD, age-related macular degeneration; n.a., not available.
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associated visual field defect.12 An elevated intraocular pressure is considered 

to be a risk factor for glaucoma. 

The prevalence of primary open angle glaucoma in the Dutch population is 

0.8%. It increases with age and occurs more often in men than in women.13  

In a group of Dutch low vision patients, 8.4% of the patients had glaucoma 

(Table 2).5 The UK study found a somewhat lower percentage (4.5%) in their 

group of low vision patients.6

The most characteristic visual field deficit in glaucoma is the Bjerrum scotoma: 

a nerve fibre bundle defect extending from the blind spot, sweeping around 

the macular region and ending in a straight line on the nasal side of the 

macula. In the end stage, the visual field may be severely constricted to less 

than 5%, prior to complete loss of vision. Glaucoma patients also demonstrate 

a loss of contrast sensitivity.

Cataract. When the lens looses its transparency the quality of the image is 

reduced. Cataract may be caused by a variety of factors but is predominantly 

an age-related disease.

Cataract is currently the leading cause of visual impairment in the world, 

accounting for almost half of all cases (47.8%).14 In the western world, cataract 

can be treated successfully with extracapsular cataract extraction and 

subsequent intraocular lens implantation. In a small number of patients, 

however, surgery may not be an attractive option. The percentage of patients 

with cataract as primary cause of the visual impairment, was 7.3% in the 

aforementioned Dutch study (Table 2).5 

Cataracts cause a generalized blurring of vision without a specific central or 

peripheral visual field loss. The low and high contrast visual acuity slowly 

reduces and a myopic shift may occur. There is a significant reduction of 

contrast sensitivity especially in the presence of a glare source. Finally, colour 

vision is affected since the cataractous lens acts as a yellow filter lens that 

absorbs the blue wave lengths of the colour spectrum.

Juvenile macular disease. A variety of inherited retinal disorders primarily 

located at the macula may lead to a decrease in visual acuity at a relative 

early age. Important examples are Best vitelliform macular dystrophy, 

Stargardt disease and X-linked juvenile retinoschisis. Although the exact 
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prevalence of these disorders is unknown, Crossland et al observed a linear 

rise in the patients with juvenile macular disease to approximately 6% of the 

low vision patients in 2003.6

The pattern of visual loss in patients with juvenile macular disease is highly 

variable. Patients with Best disease may be asymptomatic, but may also 

demonstrate severe visual loss. Pattern dystrophies are often characterised 

by a relative mild visual loss. The patients with macular dystrophies that are 

referred to the low vision clinic will often demonstrate central scotomas.

Miscellaneous. There is a large number of other causes of visual impairment 

in the patients that visit the low vision clinic. A limited number of representative 

disorders will be discussed in this section. 

Congenital retinal disorders such as Stargardt disease and Best vitelliform 

macular degeneration, cone- and cone-rod dystrophy cause loss of visual 

acuity and contrast sensitivity. Leber hereditary optic neuropathy (LHON) is a 

mitochondrial disorder that results in a central scotoma and a significant loss 

of visual acuity. 

Acquired maculopathies are frequently associated with choroidal 

neovascularisation. A variety of causes may lead to subretinal 

neovascularisation, examples include high myopia, angioid streaks, multifocal 

choroiditis and presumed ocular histoplasmosis. The resulting pattern of 

visual loss in these patients is identical to the visual symptoms associated 

with neovascular AMD.

Vascular occlusions may affect both the retinal arteries and venules. Besides 

a loss of visual acuity, these vascular disorders are often associated with loss 

of contrast sensitivity function, the occurrence of (para)central scotomas, as 

well as a variety of midperipheral visual field defects.15

Retinitis pigmentosa (RP) is a group of hereditary disorders that are 

characterized by a progressive and specific loss of visual field. Generally it 

begins with a midperipheral ring scotoma (40 to 60 degrees) that gradually 

enlarges towards the centre as well as the periphery.16

Cerebrovascular accidents and tumours along the visual pathway can cause 

a variety of monocular and binocular field defects depending on the exact 

localisation.17;18  

1
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1.2  Low vision aids 

1.2.1 General considerations in prescribing low vision aids
A low vision aid may be characterized as a device that improves vision and/

or helps to overcome poor vision. The goal of prescribing and fitting LVAs is 

to maximize the use of the residual visual functions of patients with low vision, 

thereby increasing their independence and quality of life. For most elderly 

patients, improvement of reading abilities is the main objective (75%).19 Other 

goals are to improve writing, watching television as well as the recognition of 

faces. 

Two large groups of LVAs may be distinguished: ‘optical’ aids and ‘non-optical’ 

aids. The latter encompasses things like large print books and audiotapes/ 

audio Daisy CD. Optical LVAs may be further divided into two groups. First, 

the devices aiming to optimize visual performance by improving the 

environment of the patient (non-magnifying optical aids). An example of such 

an LVA would be a lamp to provide adequate illumination. The second group 

is formed by LVAs that directly enhance the visual function by improving the 

patient’s observation (magnifying optical aids). An optical or electronic 

magnifying device would be an example of such an LVA. 

The majority of LVAs are used by patients with impairment of the visual acuity 

or the central visual field. For a satisfactory and effective use, the individual 

LVA has to be tailored to the specific needs of the patient. High contrast single 

character threshold visual acuity – common practice in clinical optometry and 

ophthalmology – is hardly a good predictor for successfully LVA prescription. 

In the selection of LVAs, all residual visual functions need to be taken in 

consideration, including visual acuity, visual field, reading speed, contrast 

sensitivity, binocular vision, photophobia, adaptation time, colour vision, 

fixation stability, as well as other limiting physical disabilities and concomitant 

medical conditions. The type of LVA and the required magnification has to be 

chosen based on the remaining visual abilities of the patient and the task at 

hand. 20-22 The complexity of the device has to be balanced with the abilities 

of the patient and the specific tasks that need to be performed with that 
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device. A “simple device” and “simple to use device” are often used terms 

that are not ones equivalent.

The various optical low vision aids will now be described in greater detail.

1.2.2 Non-magnifying low vision aids
Most optical low vision aids attempt to improve the visual abilities of the 

patient by enlarging the object of interest. A smaller number of devices aim to 

assist the low vision patient by improving the quality of the image rather than 

the size. In the following sections we will discuss the importance of adequate 

illumination, the phenomenon ‘glare’ and options to reduce glare, as well as 

the principles and indications of night vision equipment. Although eccentric 

viewing spectacles are also considered representants of the non-magnifying 

group of LVAs, these will be discussed extensively in Chapter 2 of this 

thesis. 

1.2.2.1 Illumination
A significant and often overlooked aspect in low vision rehabilitation is the 

importance of optimal illumination.19 The provision of adequate lighting 

enhances the contrast of objects and reading materials, thereby improving 

visibility.23;24 

Illuminance is measured in lux (lx) and may be defined as the amount of light 

that covers a surface. Luminance is the amount of light that is emitted from a 

surface and reaches the eye; luminance is measured in candela per square 

meter (cd/m2). Different surfaces create different amounts of luminance under 

equal illumination, depending on the characteristics of the surface. 

For individuals with low vision, the amount of illumination necessary for 

comfortable viewing is related to numerous factors, such as the extent and 

location of the visual impairment, the time of day, the specific task at hand as 

well as personal preferences. At home, the illumination at places where 

people tend to read is generally far from optimal. This is important because it 

has been shown that, in the early phase of an ophthalmic disorder, optimal 

illumination may restore reading capability. Several studies on this subject 

conclude that the majority of the visually impaired require additional task 

1
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illumination to maximize their reading performance.25-28 In patients with AMD, 

a reduction of luminance may result in a dramatic increase in the size and 

shape of the functional scotoma, which may lead to a decrease of visual 

acuity as well as reading speed.29 The majority of AMD patients will require 

task illumination of at least 2000 lx to maximize their reading performance.25 

It has been shown that this level of illumination leads to a significantly better 

reading acuity when compared to illumination levels commonly utilized in the 

domestic environment (50 lx) and consulting room (600 lx).30;31

Task lamps are available in a variety of models and types. To reduce glare, 

the position of the light source must be taken into consideration. Different light 

sources can be used, such as incandescent, halogen, fluorescent or light 

emitting diodes (LEDs). The optimal illumination and level of luminance must 

be determined individually. Besides subjective assessment of individual 

visual comfort, objective measures of performance, such as reading acuity, 

may be obtained.

1.2.2.2 Reduction of glare
As the individual ages, optical irregularities in the ocular media increase in 

number. These imperfections lead to the scattering of light. Two types of 

scatter may be discerned. First, the scatter that occurs at angles ≥ 90 

degrees, which is called backscatter. The second type of dispersion is 

directed at angles < 90 degrees to the incident source: forward scatter. Of 

both types, forward scatter appears the most visually disturbing. It leads to a 

veiling illuminance superimposed upon the retinal image and thus a reduction 

of retinal contrast.32 Glare is generally assumed to be the direct result of 

forward scatter and not backscatter.32-34 

As mentioned earlier, the amount of glare increases with ageing.35-37 Glare and 

subsequent scatter may, however, also result from pathologic conditions and 

as a consequence, these should be ruled out. Increased scatter occurs with 

corneal opacities or corneal oedema, cataract and vitreous opacities, such 

asteroid hyalidosis. Also, in diabetic retinopathy with macular oedema, scatter 

is markedly increased.34;38;39 
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Glare becomes particularly unpleasant when the source of the glare is located 

in – approximately – the same direction as the object of interest. This condition 

is known as ‘direct glare’. Glare may result in visual disturbances, notably a 

reduction in visual acuity and contrast sensitivity. A differentiation can be 

made on whether glare causes predominantly subjective complaints or 

objective visual problems. Discomfort glare is bothersome to the patient but 

does not interfere with visual performance.40 This type of glare ranges from 

mildly bothersome to extremely painful; it may be accompany by headaches, 

asthenopia or squinting.41 The second type of glare is disability glare, which 

is typically associated with some form of visual impairment; it does not 

necessarily includes subjective complaints.40 

A number of options are available to reduce the problems associated with 

glare. Optical solutions include filter lenses in different transmission 

specifications, selective band-pass filters, photochromic lenses, lenses with 

polarization and lenses that combine these different transmission 

characteristics.  Another approach is the reduction of glare by reducing the 

amount of light that reaches the eye. Examples are side shields mounted on 

spectacles, baseball caps, brow bars and other kind of visors. In some cases, 

for instance when the iris diaphragm is damaged, patients may be helped 

with tinted contact lenses or contact lenses that provide artificial pupils. When 

glare is caused by the reflection of light from the white paper during reading, 

a typoscope is a commonly prescribed device.13 This is a black coversheet 

with an open window that is placed over the text. Fashionable frames with 

glare protective shadow strips on top of the frame became recently 

available.42

1.2.2.3 Night vision goggles
History. Night time military movements are often the precursor to a combat 

victory. It is therefore not surprising that the development of night vision 

instruments has largely been an initiative of the military. In the Second World 

War, the United States, Great Britain, and Germany all worked on night vision 

technology.43 The first devices were large and cumbersome and thus of 

limited practical use. Almost 20 years later, in the early 1960’s, the first large 

scale use of night vision technology was demonstrated by the Americans in 
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the Vietnam War. The use of night vision goggles (NVGs) was put to its 

greatest test in the Gulf War, where the majority of operations were planned 

during the night. In addition to the military applications of NVGs, a number of 

civil purposes have emerged. Since the early 1970s, various night vision 

enhancement devices have been proposed to aid patients with night 

blindness.44

Principle. Currently, there are three methods to enhance night vision: the 

thermal-imaging method, the image intensifying method and a method which 

uses low-light sensitive video cameras. 

The thermal-imaging method utilises the upper portion of the infrared light 

spectrum, which is emitted as heat by objects. A processing unit sends the 

information to the display, where it appears in various colours depending on 

the intensity of the infrared emission. Since thermal-based systems do not 

rely on the presence of light, they can generate visible images in complete 

darkness. 

Figure 2  Commercially available night vision goggles for patients with 

impaired night vision. This system is based on video technology 

with an extremely low light digital sensor. (MultiVision Nivis II)
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Image intensifying technology captures minimal amounts of light, which it 

amplifies until the dimly lit scene becomes visible to the human eye. The light 

then enters a photocathode tube that converts the photons to electrons. 

These electrons are amplified and hurled against a phosphorus screen that 

transmogrifies the electrons in a clear green-hued image of the scene. 

The third system uses a video image of the object taken by a hypersensitive 

video camera (Fig. 2). Through a connecting cable, its signals are transferred 

to a computer processor, which uses an algorithm to enhance the luminance 

and contrast of the video image before presenting it to a liquid crystal 

display.45;46  

Applications. Night blindness is generally caused by an impaired function of 

rod photoreceptors; it is associated with several inherited retinal disorders, 

notably retinitis pigmentosa (rod-cone dystrophy). Others disorders that 

cause night blindness are choroideremia, cone-rod dystrophy and congenital 

stationary night blindness. Night blindness may also accompany end  

stage glaucoma and diabetic retinopathy with extensive panretinal laser 

coagulation. 47;48 11 

Night vision enhancement devices for patients with night blindness use image 

intensifying technology or sensitive video technology. The former is 

predominantly used as a handheld device because of its size.44;49 A number 

of studies report on the positive effects of NVGs in performing mobility 

tasks.44-46;50;51 It was shown that NVGs improve orientation, which results in a 

significant decrease of unintended contacts with obstacles. The outdoor 

mobility and walking speed are also positively influenced by these goggles.  

A follow-up study found that 2 years after the dispensing of the device, it was 

still in use by most of the subjects. The instrument was considered very useful 

in the daily lives of the subjects and the device had a positive effect on the 

subjects' experienced opportunities and sense of independence.52 The latest 

development in NVGs is a miniaturized “look through” model, that could be 

mounted on a regular pair of spectacles.53 

Another aid that may be used by patients with impaired night vision is a 

specially developed wide angle mobility lamp.47;54;55 
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1.2.3 Magnifying low vision aids
Optical magnification is the increase in size of an image produced by an 

optical system compared to the true size of an object. Magnification is 

therefore a dimensionless number. Many different types of magnification have 

been described, each of which are used in a different context. However, the 

precise meaning of the various types of magnification is not always clear. One 

person’s apparent magnification turns out to be another person’s conventional 

magnification, which is someone else’s effective magnification.56 In this 

section we will limit the discussion to relative size magnification, linear 

magnification, angular magnification and a special form of the latter: relative 

magnification. 

Relative size magnification increases the resolving ability of the observer by 

increasing the actual size of the object being viewed. Examples include 

Figure 3  Linear magnification is the ratio of the image size to the object 

size (h’/ h). If the image and object are in the same medium it is 

just the image distance divided by the object distance (-i /o).  

The negative sign acts as a reminder that the real image is inverted. 
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large-print books and cheques, personal computers with enlarged fonts and 

closed circuit television sets (CCTV).

The linear or transverse magnification is used for real images. It relates to the 

size of a real image projected on a screen and is the ratio of the image size 

to the object size. (Fig. 3).

Angular magnification is typically used for optical instruments with an 

eyepiece (ocular) such as microscopes and telescopes (Fig. 4). Linear 

magnification is meaningless here because these devices generally create a 

virtual image. When the angular size of an object is αo and the angular size of 

the image after passing through an optical system is αi then the angular 

magnification is defined as:

 (1) Mα = 
α i

    α o

For example: the angular size of the moon is 0,5 degrees. In binoculars with 

an angular magnification of 10x it appears to subtend an angle of 5 degrees.

The type of magnification most important in low vision practice is relative 

magnification, sometimes referred to as effective magnification or conventional 

magnification.57 The relative magnification is commonly used to classify 

magnifying devices. It compares the size of a retinal image when viewed 

through a magnifying device with the size of the retinal image produced by 

the object, when viewed at a standard distance without the magnifier. The 

standard distance is usually 25 cm. This distance has been termed the ‘least 

distance of distinct vision’. It is based on the assumption that a normally 

sighted individual would hold an object of interest at 25 cm for the best 

possible view. 

Viewing an object through a magnifying glass is most comfortable when the 

eye does not accommodate. This can be achieved by positioning the object 

in the anterior focal point of the magnifying glass, which places the image at 

infinity. The relative magnification can now be calculated by the ratio between 

the angle (α') that the image subtends at the eye with the magnifying device 

and the angle (α25) subtended by the object viewed without magnifier at  
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25 cm (Fig. 5). If small angles are assumed, the relative magnification is given 

by the relationships below:  

  α' tan α' F
 (2) Mrel =  ≈  =  
  α25 tan α25 4

Thus, in the unaccommodated eye, the relative magnification of a magnifying 

device can be calculated by dividing the lens power (F) by four. For instance, 

an elderly pseudophakic patient requires a + 8 dioptre lens for reading at 12,5 

cm. The relative magnification of this lens is 2x. 

For the remainder of this thesis, the relative magnification (Mrel) will be implied 

when the term ‘magnification’ is used.

 

The visual angle may be further increases by placing the object of interest 

inside the focal plane. The lens now has to accommodate to fully appreciate 

the virtual image that is created. 

Figure 4  The Keplerian telescope (see also Section 1.2.3.3) consists of a plus 

objective (obj) and a plus eyepiece or ocular (oc). The  diagram is not 

to scale: the angles αo and αi are in reality very small and therefore  

αo (in rad) = tan αo =  h / ƒoc and αi (in rad) = h / ƒobj. The angular 

magnification is αi / αo and thus approximates  ƒobj / ƒoc. 
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Shortening the distance from eye to the magnifying device provides a larger 

field of view.  When the device is placed in spectacle plane the maximal visual 

field is achieved and the effect is comparable with high-add spectacles and 

microscopic lenses (Section 1.2.3.1). 

Stand magnifiers often do not place their object in the focal plane. The 

nominal magnification therefore can only achieved by reducing the distance 

from the eye to the lens in combination with reading glasses or accommodation 

of the lens.  

1Figure 5  Relative magnification. A simple magnifier allows one to put the object 

closer to the eye than one could normally focus. The magnifier creates 

an enlarged virtual image. X-A depicts the maximal angle (α25) in  

the accommodated eye at the standard distance of 25 cm. X-B shows  

the angle (α’) in the unaccommodated eye with a magnifying glass.  

The relative magnification (Mrel) is α’/ α25 ≈ tan α’/ tan α25 = F / 4.
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1.2.3.1 High-add spectacles and microscopic spectacle lenses 
History. The Chinese are sometimes given credit for being the first to use 

magnifying aids; apparently, a Chinese emperor used lenses to observe the 

stars in 2283 B.C. No written records remain of the use of spectacles by the 

ancient Egyptians, Greeks and Romans. However, the famous Roman 

philosopher and dramatist Seneca is alleged to have read “all the books in 

Rome" by peering at them through a glass globe of water to produce 

magnification. 

Around 1000 A.D. the reading stone was introduced in Europe, possibly by 

the Venetians. The reading stone, or magnifying glass, was later refined into 

reading glasses.58;59 The spectacles were introduced around 1270-1280. 

Alessandro della Spina is generally credited to be the first to construct a pair 

of glasses by placing two lenses in a wooden frame.60 In 1289, di Popozo 

wrote: "I am so debilitated by age, that without the glasses, known as 

spectacles, I would no longer be able to read or write. These have recently 

been invented for the benefit of poor old people whose sight has become 

weak". In 1306 a monk of Pisa delivered a sermon in which he stated: "It is not 

yet twenty years since the art of making spectacles was discovered. I, myself, 

have seen and conversed with the man who made them first.” 

In 1925, Feinbloom was the first to draw attention to the clinical value of 

high-add spectacles and microscopic lenses as a reading aid for low vision 

patients.61 

Principle. When the accommodative abilities become insufficient for focusing 

at near distances, plus lenses are required for tasks such as reading and 

writing. This aging effect, called presbyopia, is corrected by adding plus 

power, the so-called reading addition, to the refractive error as found for 

distant vision. This reading addition should not be labelled as a low vision aid, 

because it solely compensates the accommodation insufficiency for reading 

distances (40 – 25 cm) in patients with a normal visual acuity. However, the 

adding of plus power may also be used to magnify a nearby object of 

interest.62;63 Reading adds of more than 4 dioptres, which will result in a 

working distance less than 25 cm, may be defined as high add magnifying 

glasses and are labelled as LVAs.62;63 High reading adds can be monofocal or 

bifocal. The binocular high add spectacles often have base-in prisms to 
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compensate for exophoria at this short working distance.64 Spectacles with a 

reading addition of +8 dioptres or more are called ‘microscopic (spectacle) 

lenses’, which are always fitted monocularly.

Single aspheric, aplanatic double and triple lens designs are used in these 

LVAs; they are made of high refractive index glass or organic material. 

Recently, diffractive optics have be added to the range of technical options; 

this allows for weight reduction as well as better cosmesis. 

Applications. High add spectacles and microscopic spectacle lenses are 

frequently used for reading, writing and other nearby tasks. These extra-strong 

reading glasses are simple, cheap and have a relatively normal appearance. 

Furthermore, patients have their hands free, which allows for bimanual tasks. 

Contrary to telescopic devices and hand magnifiers, high-add spectacles 

haves a relative unrestricted field of view. This enables eccentric fixation in 

patients with central scotomas as well as the eye saccades that are necessary 

for comfortable reading. 

Bifocal high add spectacles are also prescribed, although the overview of text 

is somewhat hampered by the smaller size of the bifocal segment. Bifocals, 

however, do have the option of continuous wear, so that proper magnification 

is always and everywhere available to the patient. 

The major disadvantage of high adds, and particularly the microscopic 

lenses, is the short working distance. An additional reading stand manuscript 

holder may be used to avoid strain of the arm, shoulder and neck regions. 

The magnification ranges from 1.25x (addition + 5.0 dioptres, working distance 

of 20 cm) up to 10x (addition 40 dioptres, working distance 2.5 cm). 

Theoretically, the maximum magnification is only limited by the nose of the 

patient. In practice, the maximum magnification that is accepted by the elderly 

group of low vision patients is often limited to 4x (addition 16 dioptres, working 

distance of 6 cm), although great variation exists among individual patients.   

1.2.3.2 Handheld and stand magnifiers. 
History. The oldest lens ever found came from the ruins of ancient Nineveh, 

the capital of the Assyrian Empire (1600 BC). However, most experts today 

agree that it would have been of little or no practical use as a lens, and 
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interpret it as a piece of decorative inlay. Most likely, the first lenses were 

primarily used as burning glass and not as a magnifying aid. Both Greek and 

Roman scriptures mention various applications for burning glasses; Roman 

artisans probably also used them as magnifying glass to assist in the creation 

of highly detailed artwork. 

Around the year 1000 AD, the reading stone – what we know as a magnifying 

glass – emerged in Europe. It consisted of a segment of a glass sphere that 

could be laid on the reading material to magnify the letters. During that time, 

the centre of optical sciences shifted from Europe to the Arab world. The main 

contributor to this field was Ibn Al-Haytham, perhaps better known as Alhazen, 

which is the Latinized version of his first name ‘al-Hassan’. He studied 

spherical and parabolic mirrors and gave a detailed description of the human 

eye. His seven volume work on optics, Kitab al-Manazir, is considered by 

many to be his most important contribution. The translation of this book, the 

Opticae thesaurus Alhazeni, in 1270, inspired many Europeans scientists. 

In 1621 the Dutch physicist Willebrord Snell van Roijen, better known as 

Snellius, empirically discovered the long-hidden ‘Law of Refraction’. By 

demonstrating precisely how rays of light are redirected on traversing a 

boundary between two media, Snellius laid the foundation for modern optics. 

René Descartes (1596-1650) was the first to publish the now familiar 

formulation of Snell’s Law in terms of sines. Descartes also calculated the 

ideal shape of a focusing lens; sadly, he lacked the necessary equipment to 

produce such a lens.

Principle. A handheld magnifier is an optical instrument that consists of a 

magnifying lens mounted in a lens holder with handgrip. Simple, single-lens 

magnifiers frequently consist of a spherical, mostly biconvex lens. In general, 

these lenses are made of glass or plastics (PMMA) and the quality of the 

image is poor. As demonstrated in Section 1.2.3, the optimal position of the 

object of interest would be in the focal plane of the magnifier. Unfortunately, 

this situation cannot be achieved by using magnifiers that are not optimal 

corrected for chromatic and spherical aberration. Holding the object in focal 

plane of these lenses will cause too much aberration and distortion. 
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The quality of the image may be improved by using aplanatic and aspheric 

lenses with anti reflex coating to reduce ambient reflections. Aplanatic lenses 

consist of two equally strong plano-convex lenses; the convex sides are arranged 

face-to-face. Aplanatic lenses markedly improve image quality. Aspherical lens 

surfaces may be used to correct for chromatic and spherical aberration. 

Stand magnifiers are based on the same principles, but do not require the 

user to hold them while viewing an object. Most stand magnifiers have built in 

halogen or LED illumination and because of the battery compartment they are 

more voluminous. These devices are placed on a newspaper, book, or 

magazine, and are moved across the page by the user. Therefore, stand 

magnifiers lend themselves to longer periods of reading especially when the 

reading material is placed on a bookstand. 

An alternative design involves a low power magnifier lens that is mounted in 

combination with a light unit on a gooseneck stand. This type of magnifier 

offers patients the use of both hands and a good illuminated wide field of 

view. The lens can be placed in any desired position and this type of LVA is 

applicable for several tasks such as writing, needlework, manicure and 

hobbies. Magnification of this LVA is limited to 1.75 x.  

It is often more meaningful to classify handheld magnifiers by lens power than 

by their (relative) magnification. This because a handheld magnifier is part of 

a variable optical system when used in conjunction with the eye. A higher 

magnification can be achieved by either moving the magnifier further from the 

object or by moving the eye towards the magnifier and the object. Therefore 

it can be stated that a handheld magnifier, in all its simplicity, is a device with 

a variable magnification. 

Stand magnifiers often does not have their object in focal plane when placed 

on the text so one should keep in mind to use them with proper reading 

glasses. The maximal magnification can only be achieved by reducing the 

distance from the eye to the lens. 

Applications. Handheld and stand magnifiers are the most frequently 

prescribed LVAs.5;6;65 Low power handheld and stand magnifiers (4 to 8 
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dioptres) are used for reading tasks. Some models allow the patient to sign 

their checks, but writing with a magnifier is generally not possible. 

Small diameter, high power (8 - 40 dioptres) handheld magnifiers are often 

used for spot reading, for example price tags or food labels. The disadvantages 

of these magnifiers are mainly found in ergonomic and practical issues. 

Holding the magnifier stable at a fixed distance from the text is often judged 

difficult by the elderly patient. Another disadvantage of small diameter 

magnifiers is that this type is intended for monocular use only. 

Stand magnifiers, including the gooseneck model, relief arm and hand 

function and are therefore ergonomically superior. The major disadvantages 

of stand magnifiers, however, is their size, which makes it difficult to move 

them and practically impossible to use them outdoors. The preferred use of a 

stand magnifier is therefore at home, while seated at a dining table. Although 

a gooseneck illuminated magnifier has several advantages, patients often 

complain about the amount of space that this LVA occupies.  

Magnifying lenses were initially used to start a fire; it is important to instruct 

patients in the safe use of these magnifiers to avoid a home fire. 

1.2.3.3 Telescopes
History. In 1608, Hans Lipperhey, a Dutch spectacle-maker, filed a patent 

application, requesting the exclusive rights to make and distribute ‘an 

instrument for seeing at a distance’. Many others have also claimed to be the 

inventor of the telescope; most likely, the telescope has been invented and 

reinvented many times. Lipperhey’s telescope consisted of a weak positive 

objective lens and a strong negative eyepiece or ocular (Fig 6). The potential 

for the telescope was soon recognized by Galileo Galilei, who built his own 

instrument and went on to discover the moons of Jupiter. Many historians 

agree that Galilei was probably aware of Hans Lipperhey’s invention. 

Nonetheless, Lipperhey’s design became known as the ‘Galilean telescope’.  

Less then a year from Galilei’s initial announcement of his astronomical 

discoveries, Johannes Kepler suggested another type of telescope in his 

classic work, Dioptrice (1611). The Keplerian telescope consists of positive 
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objective lens in combination with a strong positive eyepiece. This combination 

of lenses produces an enlarged, but inverted image. Kepler pointed out that 

the addition of a third convex lens would result in an erect image. In 1893, 

Ernst Karl Abbe improved this design by replacing the third lens by a prism, 

thereby shortening the Keplerian telescope considerably. 

The implementation of telescopes in low vision rehabilitation started in 1667, 

when Francesco Eschinardi prescribed a 2x magnification telescope for 

patient with moderate myopia.66 In 1908, a time when the common opinion 

held that the wearing of full-correction spectacles in cases of high myopia 

was harmful to the eyes, Carl Zeiss presented the first spectacle mounted 

telescopes for the correction of high myopia. The first paper that described 

the modern use of spectacle mounted telescopes in low vision was published 

by Stock in 1915.67 Stock was the first to apply the magnifying properties of 

this device by prescribing a spectacle mounted telescope to soldiers with 

traumatic loss of visual acuity. Until that time, telescopes were used for the 

correction of high myopia. 

Principle. Telescopes consist of a positive (converging) objective with a long 

focal length (fobj) and an eyepiece with a short focal length (foc). In the 

Galilean design, the eyepiece or ocular consists of a negative (diverging) lens, 

whereas in the Keplerian telescope the ocular is a positive lens. In both types, 

the focal points of the objective and ocular coincide (Figs 4 and 6). 

If the power of the objective is Pobj and the power of the eyepiece is Poc, then 

the magnification of the telescope (Mtel) of a telescope is given by this 

relationship:

  Poc ƒobj
 (3) Mtel    =  =  
  Pobj ƒoc

All Galilean telescopes produce an erect, virtual image as opposed to the 

Keplerian telescopes where the image is inverted and real. Galilean telescopes 

are shorter than equivalent Keplerian models, but they suffer from a limited 

field of view and a loss of brightness towards the edge of the visual field. 

Spherical and chromatic aberration becomes unacceptably high when the 
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magnification exceeds 2x. In the Keplerian design, the field of view is larger, 

the image is homogeneously bright and sharp throughout the whole visual 

field. In good quality Keplerian telescopes, magnification is not a limiting 

factor when spherical and chromatic aberrations are concerned.

Telescopic low vision aids may be used for viewing distant or nearby objects, 

or both if the telescope is fitted with a variable focus. Adaptation of a telescope 

for viewing at reading distance may be accomplished in several ways. First, 

an additional converging lens may be added in front of the objective. Such an 

additional lens, with a power Padd, is termed a reading cap. A second option 

involves the placement of an extra converging lens behind the ocular. The 

third way to focus a telescope at nearby objects is to increase the distance 

between the objective and the ocular.

Like high add spectacles and microscopic lenses, a relative magnification 

occurs when objects are viewed at close range. For a telescope with a 

Figure 6  Galilean telescope. The focal point of the plus objective coincides  

with focal point of the minus ocular. In reality, the eye is positioned  

just behind the ocular. The angular magnification is given by αo / αi. 
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reading cap, the relative magnification (Mrel) is given by:

   Padd
 (4) Mrel  =   Mtel                 
   4

Applications. Miniature versions of both types of telescopes may be used in 

low vision practice. Given the advantages and disadvantages of both models, 

Galilean telescopes are primarily used for magnifications not exceeding 2.5x. 

When higher magnifications (up to 12x) are required, Keplerian models 

become first choice. 

All telescopes that are used as LVAs offer the possibility to incorporate 

spherical and astigmatic corrective lenses to correct for the refractive error of 

the patient. Low vision telescopes can be monocular or binocular, handheld 

or spectacle mounted. 

Telescopes may have a fixed focus distance or may be fitted with a variable 

focus. The fixed focus model may have additional “lens-caps”, which enable 

the user to change the working distance of the telescope. The variable focus 

models are operated by manual adjusting the distance between objective 

lens and eyepiece. Recently developed autofocus devices are able to perform 

motorized focusing for near and distance, and the binocular version also 

adjusts the convergence of the telescopes to maintain binocular vision from 

infinity to near.68;69  

Handheld telescopes, most frequent monocular models, are generally used 

for spotting things like bus line numbers, train departure times and street 

signs, and thereby serve to improve the mobility of the low vision patient. The 

low vision student may use these handheld models in class without the need 

to always sit front row.  

Spectacle mounted telescopes are commonly used for watching television, 

theatre, sporting events or simply to enhance visibility of distant objects of 

interest. This model is also prescribed for reading, writing and other nearby 

vision tasks. Binocular versions may be configured with parallel or convergent 

optical axes, for respectively distant and nearby tasks. 

Contrary to high add spectacles and microscopic lenses, spectacle mounted 

telescopes allow the patient to perform nearby tasks at a normal working 

distance.70 When a spectacle mounted telescopes and high add spectacles 
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of identical power are compared, the working distance of the telescope 

roughly equals the task distance of the high add spectacles multiplied by the 

telescopic magnification. For example, the working distance of a microscopic 

lens with 3x relative magnification (+12 dioptres) is 8 cm. The working distance 

of a spectacle mounted telescope with 4x telescopic magnification (Mtel) and 

a reading cap of 3 dioptres (Padd) is 33 cm. The relative magnification (Mrel) 

of such a telescope is 3x (Equation 4). Both low vision aids provide a 3x 

relative magnification, yet it is obvious that most tasks are more easily 

performed at 33 cm instead of 8 cm.  

The importance of illumination is discussed in Section 1.2.2.1. Obviously, 

adequate illumination is difficult to achieve with the very short working 

distances associated with high add spectacles and microscopic lenses. This 

is less of a problem with telescopic low vision aids. 

Another advantage of maintaining a normal working distance is the option of 

binocular vision; this improves stereoscopic vision, contrast sensitivity and it 

completes visual field in patients with incongruent scotomas in both eyes.

One of the major disadvantages of spectacle mounted telescopes is the field 

of fixation,  which is restricted by the exit pupil of the telescope, resulting in a 

small field of view. This urges the patient to perform a combination of head 

movements and saccades for proper reading. This, however, does not differ 

from reading with a hand- or standmagnifier, where the patient needs to 

execute a hand movement and saccades for proper reading. In high-add and 

microscopic spectacles this is less a problem while saccades can be 

executed easily without the need of head movements, because of  the larger 

lensdiameter. It takes a lot of practice to get used to the reading technique 

with a spectacle mounted telescope and for this reason, not all individuals are 

able to adjust to this type of LVA, despite extensive low vision training. 

Another problem associated with spectacle mounted telescopes occurs in 

patients suffering from head tremor. For these patients it may be difficult to 

maintain telescopic fixation. This is seldom a problem with high add 

spectacles and microscopic lenses. 

Another disadvantage is the weight of spectacle mounted telescopes. 

Especially the binocular Keplerian models may become uncomfortable after 

extended periods of wear. 
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In an  attempt to further miniaturize these telescopic systems, a Galilean 

model has been developed that consists of a plus spectacle glass (objective) 

and a minus contact lens (ocular).71-74 An alternative telescopic design consists 

of a high  minus mono- or bifocal intraocular lens combined with external 

high-plus glasses.75-79 The most daring design is the Galilean intraocular lens 

developed by Lipshitz and co-workers (Fig 7).80  An important consideration 

in the (partially) intraocular telescopic designs is the fact that these LVAs are 

in continuous use.  

An interesting design in spectacle mounted telescopes is the so-called 

BiOptic telescope. This tiny Galilean or Keplerian telescope is mounted in the 

upper portion of the spectacle lens. The position of the inconspicuous 

telescopes allows the visually impaired person to perform routine mobility 

tasks while enjoying a full visual field. When it is necessary to identify a distant 

object, a minor head tilt enables the patient to looks directly through the 

telescopes (Fig. 8).81 Although the original design dates as far back as 1915,82 

Feinbloom introduced the BiOptic telescope in the United States in 1958. He 
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Figure 7  Intraocular telescopic lens. (VisionCare IMT)
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then suggested the use of this LVA for visually challenged drivers.83  More than 

4000 licensed BiOptic drivers are currently registered in the United States.84 

Ongoing studies will have to demonstrate whether the BiOptic telescope may 

help visually handicapped Europeans to keep their driver licences.81

1.2.3.4 Electronic vision enhancement systems 
History. In 1945, the German refugee Herbert von Jehle, who was working at 

the Franklin Institute in Philadelphia, designed the Franklin Reader. This 

optical instrument, described as a ‘projection magnifier for the semi-blind’, 

projected reading material that was positioned under the instrument, on a 

ground-glass screen in front of the patient. The Franklin Reader was the first 

initiative for projection-magnification and was later followed by the Magnavisa 

made by American Optical. Both instruments boasted a dual magnification of 

3x and 5x, but the poor contrast enhancement rendered them virtually useless 

for general newsprint.85 

Figure 8  Driver wearing the BiOptic system (Ocutech VES).

A. Straightforward viewing enables the maximal visual field  through the regular  
spectacle glass. B. Head tilt gains the use of the telescopic system for magnification.
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The step from optical to electronic projection was made in the late fifties when 

developments in television technology gave birth to the closed-circuit 

television (CCTV).86 Electronic magnifying devices in low vision have been 

historically termed CCTVs, because of the direct cable link between the 

camera imaging system and monitor viewing system. However, this term is 

generally used for video surveillance systems; for that reason, the term 

‘electronic vision enhancement system’ (EVES) has been proposed.87

When compared to optical systems, CCTVs are capable of higher levels of 

magnification and can also manipulate the brightness and contrast of the 

image. Although there are numerous models, the concept of these systems is 

relatively simple. A video camera is used in real time to capture the image of 

the reading material and display it on a monitor (Fig. 9).

1

Figure 9  A closed circuit television system (PulseData MyReader).
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A radical departure from the original CCTVs design was introduced in 1992 

(Fig. 10). This new design consisted of a battery powered head mounted 

device equipped with three auto focus cameras, video displays for each eye 

and variable magnification optics up to a maximum of 10x.88 An important 

Figure 10  

Early battery powered  

head mounted low vision 

enhancement system 

(Visionics LVES). 

Figure 11  A more recent and slimmer model of a head mounted electronic 

visual enhancement system (EV Jordy).
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advantage of this low vision enhancement system or LVES  was the 

improvement of contrast sensitivity by the use of contrast enhancement 

electronics.89 Despite this promising design, the production of the LVES 

stopped shortly following its introduction. New head mounted models, 

inspired by LVES but with less technical options, are presently available for 

visual rehabilitation. (Fig. 11)

Recently, CCTVs with an integrated electronic text scanning mode became 

available. Text scanning substitutes the manual positioning of the reading 

material; another advantage is that it enables the low vision patient to adjust 

the layout of the text. 

Size and portability has always been an issue, especially with the early model 

CCTVs. New devices, however, combine camera and display in a hand-held 

housing. Depending their actual size, these models are labelled as moveable, 

portable (Fig. 12) or pocketsize (Fig. 13).

Principle. Basically, all CCTVs are built with following components: a video 

camera, a monitor, illumination and for the table models an additional XY-table 

for positioning the reading material. The video camera captures the object 

and converts it into an electric signal. Following processing, a video signal 

output is created that is displayed on a monitor. Monitors are available in a 

1Figure 12  

Portable EVES system used 

for reading printed material 

(Optelec Traveller).  
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variety of sizes, resolutions and designs. Current CCTVs have many features, 

including autofocus, colour options for fonts and backgrounds, full colour, 

split image, line markers, and options to interface with the personal computer. 

Optical and chromatic aberration, which must always be taken into 

consideration with optical means of magnification, is not an issue with 

CCTV.

The field of view of a CCTV seems larger than the field of a microscopic 

spectacle lens. At the standard distance of 25 centimetres, however, 

approximately the same numbers of letters are seen on the CCTV monitor 

compared with a microscopic lens that produces equal magnification.90;91 For 

example, a CCTV fixed at 5x linear magnification gives a relative magnification 

of 5x (at 25 centimetres viewing distance). The field that is projected on a 17" 

monitor will encompass 6 centimetres of the text, which is identical to a full 

diameter 5x (20 dioptres) microscopic lens. Although the field size is not 

actually increased, the re-creation of an entire reading field is in marked 

contrast to the restricted view through a spectacle lens.90

   

Applications. CCTVs may be the only alternative for patients with severe and 

profound vision loss. These electronic LVAs are mainly used for the 

magnification and contrast enhancement of printed material.87;92 

Figure 13  

Pocketsize EVES system 

(Optelec Compact) .
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Many low vision patients regain their ability to read with a CCTV device. It has 

been shown that patients are able to read for longer durations with these 

electronic systems when compared to optical magnifiers.93 Although reading 

certainly improves with the CCTV, the reading rate and duration of normally 

sighted individuals will never be reached.93-95 It is important to realize that high 

contrast enables the low vision patient to reduce the required 

magnification.96

In addition to reading, the CCTV may be used for other activities including 

writing and drawing. Text editing becomes possible when the CCTV is 

combined with a personal computer with magnification software in a split 

screen configuration. For low vision students, a portable CCTV or a camera 

connected to a laptop computer for reading as well as for distant magnification,  

are options that allows them to participate regular classes.

CCTVs are relatively easy to use: extensive training, as required for high 

magnification (≥ 4x) optical devices is seldom necessary. Patients can sit as 

close to the screen as they deem necessary. Another major advantage is that 

this device may be used binocularly, regardless of the degree of magnification, 

and excess convergence is not required. 

Among the disadvantages are the high costs and the problems related to the 

size of these devices. This is especially problematic for patients living in a 

home for the elderly or nursing home, where a lack of space is often a serious 

problem. These matters must also be taken in consideration when advising a 

CCTV. Conventional large screen CCTVs are necessarily stationary and they 

occupy a prominent place. The liquid crystal displays (LCD/TFT) are flatter 

and thus occupy less space when compared to ordinary cathode ray tube 

(CRT) monitors.  

Head mounted display systems are unsuitable for individuals with serious 

head tremors or for those patients physically unable to operate the controls or 

support the headset.97 Head mounted electronic LVAs may be used with more 

success in younger people and those familiar with modern technology and 

closed circuit televisions, particularly if they are highly motivated to undertake 

acuity-related tasks or read small print fluently.98

1
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Advertising for CCTVs sometimes may be aggressive and low vision patients 

may become convinced that electronic LVAs are the ultimate solution to their 

visual problems. It is the task of the low vision practitioner to introduce the 

patient to all the appropriate LVAs, optical and electronic. In general, it is wise 

not to expose a patient to a CCTV as his or her first experience with LVAs.  

An electronic LVA should be prescribed after efforts has been made to 

prescribe optical aids. Many people who successfully use the CCTV also use 

other optical devices for daily reading, spotting tasks or work activities.90 

1.2.4 The prescription of low vision aids
The assessment and management of low vision patients needs to target the 

individual tasks and goals of the patient. Over the years, the prescription of 

low vision aids has evolved from a trial and error method to a more structured 

procedure.99;100 Standardization of low vision rehabilitation ensures a higher 

rate of patient satisfaction and lower overall costs.99-104 This applies in 

particular to the calculation of the required LVA magnification. Other aspects, 

such as the selection of the best LVA depend on numerous factors and is 

therefore are much less accessible to standardization.  

A complete overview of the prescription of low vision optical aids is beyond 

the scope of this thesis. This chapter therefore aims to discuss the highlights 

in a problem oriented approach. 

1.2.4.1 Referral and basic examination   
In 2001, The American Academy of Ophthalmology presented guidelines for 

the referral to an institute for low vision rehabilitation.105 Recently, Dutch 

guidelines were developed by the Dutch Ophthalmologic Society.106;107 Among 

others, these guidelines define patients eligible for low vision rehabilitation. In 

addition, suggestions on the appropriate type of low vision rehabilitation are 

given for various subgroups, such as children, geriatric patients and patients 

with acquired brain damage. For further details, we refer the reader to these 

published guidelines.108

 

The first step in low vision evaluation is the patient history. Special attention is 

given to the chief complaint, as well as social, functional, and ocular health 

history. This is followed by the basic low vision examination that covers the 
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measurement of the refractive error, visual acuity testing for distance and 

near, as well as evaluation of the binocular vision and reading abilities. Further 

investigations, such as contrast sensitivity tests, colour vision tests and a 

routine eye examination, may be carried out when indicated to provide 

additional information. It is important that a low vision examination provides 

the practitioner with a clear overview of the number and the quality of visual 

deficits afflicting the patient, as well as the manner in which patients are 

adapting to their vision loss.

1.2.4.2 The amount of magnification 
Once the basic evaluation of the patient is completed, the required 

magnification for a specific task can be calculated. This section deals 

primarily with the various considerations associated with choosing the optimal 

magnification. Two major groups are discerned: LVAs for near magnification 

and for distant magnification. 

Low vision aids for near viewing

For most patients, the possibility to regain their reading ability is the most 

important reason to visit a low vision rehabilitation specialist.5;109 As a result, 

satisfaction on the performance of an LVA often revolves around the ability to 

read newspaper print.  

In the past, the magnification requirements of LVAs for reading tasks were 

calculated with formulas that routinely underestimated the magnification 

need.62;110;111 The prescribing rule tended to be “minimum magnification for a 

maximum field of view.” It was the tendency to choose for the lowest possible 

magnification “to see” newspaper print, ignoring the fact that the lowest 

magnification is often insufficient “to read” newspaper print. 

In the mid eighties, however, several studies offered new insights on the 

relation between the level of magnification and the reading speed.94;95;112 It was 

shown that, regardless of the level of vision, it is not possible to read fluently 

if the print size is at or close to threshold. With relative larger magnifications 

and the print size of a reading task larger than threshold, reading rates 

improve significantly.22;29;95;113 For this reason, Whittaker and Lovie-Kitchin 

1
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introduced the term ‘acuity reserve’.22 Acuity reserve is defined as the ratio of 

the print size that the patient intends to read, relative to threshold print size 

(also called text visual acuity). For example: a person with 2M (Snellen D=2.0) 

threshold at 25 cm, reads 4M (Snellen D=4.0) at 25 cm with an acuity reserve 

of 2:1. In this example, the 4M text is read fluently, whereas the 2M is read with 

difficulty (less than 10 words per minute [wpm]). 

Other visual reserves may be given for contrast (the ratio of the contrast of the 

print which the patient intends to read relative to the contrast threshold) and 

for field of view, defined by the number of characters visible in the field of view 

(Table 3). Readers are advised to use the data in this table with some caution 

because no clinical trials have been conducted to verify the validity of these 

findings.20;22 

For a particular reading task, the magnification does not only depend on the 

print size but also on reading rate required to perform that specific task. 

Reading a label on a can of beans requires a much lower reading rate than 

reading Leo Tolstoy’s classic ‘War and Peace.’ For spot reading, such as price 

tags and laundry labels, a rate of 40 wpm generally will suffice. To comfortably 

Table 3  Summary of visual requirements for reading (adapted from Lovie-

Kitchin and Whittaker).20;22

Visual requirement Spot  Fluent High fluent Optimum
 reading reading reading reading
 (40 wpm) (80 wpm) (160 wpm) (>160 wpm)

Acuity reserve 1.3 2 3 6 -18

Field of view
(scrolled text) 1 2-5 4-6 4-6

Field of view
(stationary text) 2 5 12 16-20

Contrast reserve 3 4 10 > 30

Wpm, words per minute. Field of view is defined by the number of characters visible in 
the field of view.
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read books and newspaper articles, normally sighted people generally read 

at 160 wpm (high fluent reading) or higher.114 A reading rate of at least 80 wpm 

(fluent reading) is required to read at an acceptable rate. As a consequence, 

different magnifications for reading LVAs may be recommended depending 

on the specific reading task and the associated required reading rates.

The amount of magnification always has to be balanced against the inevitable 

loss of visual field. It has been shown that the optimal reading size for 

horizontal displays is 12 characters, a size considered to be on average, 

between two and three words. In the majority of studies, displays with more 

than 12 characters did not further improve reading speed in the majority of the 

studies.94;95;115;116 Only one study reported an improvement of reading speed 

up to 30 characters.117

Discrepancies in the relation between visual acuity and reading performance 

may be observed in patients with (para)central scotomas, hemianopia and 

patients with severe visual field constriction.95;118;119 This is attributable to the 

visual field defect that affects the reading ability in addition to the visual acuity 

loss. For instance, patients with central scotomas often experience more 

difficulties with fluent reading when compared to other low vision patients with 

comparable acuity reserve, contrast reserve.22 The same is true for patients 

with poor reading performance associated with retinitis pigmentosa or 

advanced glaucoma. In these patients there is little potential for high-

magnification devices because the reading rate is primarily affected by the 

visual field constriction.120

Low vision aids for distance viewing

There are basically two ways in which people can improve their distance 

viewing: either by getting closer to the objects they want to see, or by using 

some kind of telescopic device. 

Handheld telescopes are typically used for short tasks such as reading street 

signs. Spectacle mounted models are more convenient for tasks of longer 

duration, such as watching television, sports or theatre. The available 

magnification for telescopes ranges from 2.5x to 12x for the handheld models 

and 1.8x to 7x for the spectacle mounted telescopes. Galilean telescopes are 

1
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commonly used for lower magnifications (< 2.5x). For higher magnifications, 

the Keplerian models offers significant optical advantages that outweigh the 

disadvantages associated with the larger design (Section 1.2.3.3). The lowest 

possible magnification should be chosen to meet the patient's needs, thereby 

keeping the field of view at a maximum. Another complication arising from the 

field loss associated with higher magnifications is the necessity to keep the 

device stable. This is especially important for the handheld models.

The optimal telescopic magnification is often determined by trial and error. 

There are, however, some guidelines that may be used in finding the 

appropriate magnification. 

Spot reading. A (handheld) telescope for spot reading is usually designed to 

achieve an equivalent (target) visual acuity of 0.5. Therefore, a patient with 

acuity of 0.1 will theoretically need 5x magnification.  Based on personal 

experience, the author would suggest some degree of acuity reserve. In other 

words, a telescope with a slightly higher magnification will improve recognition 

of text and objects without sacrificing too much of the visual field. As rule of 

thumb the magnification of a telescope for distance use may be calculated 

by: (target visual acuity / visual acuity) + 1. In the example above, this would 

result in a 6x magnification.

Face recognition. Visual acuity is closely associated with face recognition. 

Hence, a telescope can improve the recognition of familiar faces as well as 

facial expressions.121;122 The above mentioned rule of thumb may also be 

applied to this situation. However, the visual acuity that the individual patient 

requires to recognise a particular face is variable. Therefore, the distance in 

which face recognition occurs has to be determined for the individual patient. 

The required magnification can then be obtained by asking the patient at 

which distance he or she would like to recognize faces. For example: without 

telescope, a patient is able to recognize faces at 1 m. This patient would like 

to recognize faces at 3 m. The required telescopic magnification will then be 

(3 / 1) + 1 = 4x. This method corrects for misinterpretations that could be 

caused by a diminished cognitive status.122 
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Watching television. In the Western World, the television is an important source 

of news and entertainment. Thirty-four percent of the programs on Dutch 

television are in a foreign language and the large majority (94%) of these 

programs is subtitled.123 The inability to read subtitles is a frequently 

encountered problem among Dutch low vision patients. This represents a 

challenge for the low vision specialist because a reading speed of 110-120 

wpm is required for television subtitles. This corresponds with a reading level 

that lingers between fluent and highly fluent, necessitating an acuity reserve 

of 3 (Table 3). A television screen diameter of 70 cm (28") projects a character 

size of 18 mm (12M) which implies that a visual acuity of 0.2 or higher is 

needed to “recognize” the subtitles at 2.5 m viewing distance. To attain a 

visual acuity reserve of 3, necessary to read the subtitles at sufficient speed, 

a patient with visual acuity 0.2 has to reduce viewing distance 3 times (80 cm) 

or should use a 3x magnifying telescope. A 3x telescope has a visual field of 

approximately 13 degrees. Seated at 2.5 m, this will result in a field of view of 

60 cm which is sufficient for the required 12 characters. However, one should 

keep in mind that the field of view obtained through a telescope is a circle. 

Dutch subtitles are displayed at the bottom of the television screen. In order 

to maximize the number of characters visible through the telescope, subtitles 

must be displayed in the maximal horizontal diameter of  the circular field. 

This implies that only the lower half of the television screen can  be viewed 

when reading subtitles. 

When the visual acuity decreases to 0.1, the unaided viewing distance 

becomes 40 cm, which is a practical impossibility. The telescope with 6x 

magnification needed at 2.5 m limits the visual field to 30 cm. This is smaller 

than the television screen and therefore not a good option. Also, inadvertent 

movement becomes a serious problem with these high magnifications. In this 

case, a lower magnification may be used compensated by a reduction of the 

viewing distance. 

A relative new solution for patients experiencing problems with subtitles may 

be found in the KomFox or the Orion WebBox, both electronic devices that 

produces a talking version of subtitles in real time.

1
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An alternative approach to assist low vision patients in watching television is the 

Fresnel magnifying screen that is placed in front of the television. This results in 

a relative low magnification of approximately 1.4x with a lens power ≤ 2 D.  

The Fresnel screen is associated with a number of side-effects, most notably 

an obligate viewing angle of 90 degrees and a markedly reduction of contrast.

1.2.4.3 The type of low vision aid
Following the calculation of the optimal level of magnification, the selection of 

the right type of low vision aid becomes the logical next step. It must be 

emphasized that low vision aids are not intended as all-purpose aids. One 

device may be used for reading mail, another for watching movies, and yet 

another for seeing menus at a restaurant. 

The patient’s role in the selection process of LVAs is paramount, because he 

or she decides which LVA is the optimal choice in a particular situation.124  

In this way it is not so much ‘the prescription’ of low vision aids, but rather ‘the 

recommendation’ of low vision aids. 

The type and technical specifications of the LVA that satisfies the unique 

individual needs of the patient is not easily predicted, even by experienced 

practitioners. The technical details, such as magnification, binocularity, 

brightness, are only a part of the selection process. Often, the identification 

of the best type of LVA is far more difficult. 

The first step in selecting the appropriate LVA is a thorough identification of 

the problems encountered by the low vision patient. A wrong interpretation of 

the specific needs of the patients will almost certainly lead to disappointments. 

The fact that a patient complains “I cannot read anymore” does not 

automatically imply that he or she wants to read. 

Other factors also have to be taken into consideration. Besides the technical 

aspects, psychological, emotional, cosmetic and economical aspects may all 

be of influence on the type of the LVA. To prevent future frustrations, it is 

important to assess whether the patient’s expectations are realistic. In view of 

the high costs of these custom-made devices, an LVA must be beneficial to 

the patient for at least 5 years. 

It is impossible to present a universal set of rules that can be applied to the 

selection of an LVA: the selection process has to be tailored to the individual 
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needs of the low vision patient. Nevertheless, we have tried to provide general 

guidelines to assist in the selection of the appropriate LVA (Figs 14A-C). 

It essential to observe the low vision patient as he or she works with the 

device. For this reason, the inventory of the low vision examination room must 

1

The ‘short term’ reader

High add 
spectacles

Pocket 
CCTV

> 12x 7 - 12x4 - 6x 1 - 1.5x 2 - 3.5x

Hand 
magnifier

High add 
Spectacles

Hand 
magnifier

Illuminated stand 
magnifier

Illuminated stand 
magnifier

Microscopic 
lens

Microscopic 
lens

Illuminated stand 
magnifier

Illuminated stand 
magnifier

Figure 14  Guidelines for the selection of the type of LVA. The selection 
procedure consists of three consecutive steps. In the first step, 
the low vision patient is assigned to one of three categories: 

  A. the ’short term’ or ‘on-the-spot’ reader (50 words or less per 
day,. B. the reader of short texts (between 50 and 500 words  
per day) and C. the reader of long texts and books (between 
500 and 10.000 or more words per day). The second step 
 involves the required magnification, which depends on the 
 residual visual functions. The magnification is calculated with  
the method as explained in Section 1.2.4.2. This leads to step 3:  

a list of appropriate LVAs.

A
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include all major types of low vision devices, as well as a number of objects 

to practice most common tasks. The low vision specialist has to determine 

whether the patient has the mental and physical abilities to make optimal use 

of the proposed low vision device. 

1.2.4.4 Training and follow-up
The selection of the optimal LVA is important in the acceptance or rejection of 

the device. However, vision rehabilitation involves more than the prescription 

of a low vision device. It is equally important to instruct and train the patient 

on the use of their LVAs. Significant changes in patient reading speeds can 

be achieved with training and practice.125-127 Even with short-term in-office 

practice an improvement in LVA reading performance can be observed.125  

To simply hand the LVA over, or even worse, send the LVA by mail, is contra 

productive and should therefore be avoided in all circumstances.

A distinction has to be made between the technical handling of the device and 

the actual “training to read.” The former consists of a set of instructions on a 

variety of subjects such as the technical options of a CCTV or the replacement 

of batteries or bulbs in an illuminated magnifier. The complexity of such tasks 

for the low vision patient is often underestimated. It is not unusual for an 

effective low vision device to end up in the back of a drawer because of 

insufficient instructions on how to operate the device. 

The amount of reading training that is required depends on several factors. 

On one hand, the complexity of the device and the specific task to accomplish 

and on the other, individual factors including visual and cognitive status and 

the presence of other disabling factors. Training sessions are not necessarily 

done by the prescribing optometrist or ophthalmologist. Often, other 

professionals, such as low vision trainers and occupational therapists, are 

more capable of helping patients to acquire the necessary LVA skills. In 

general, five sessions of optical aid training and seven sessions of CCTV 

training are needed to maximize the reading speed.126 It would be ideal to 

schedule a number of training sessions at the office, supplemented by a 

number of sessions at home. This enables the LVA trainer to evaluate and 

customize the home environment, particularly with regard to lighting, glare 

1
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reduction and ergonomics. Unfortunately, this ideal procedure is seldom a 

realistic option in view of the lack of time, funds, patient compliance or the 

limited travel options because of other health related impairments.   

Follow-up visits are an essential part of the prescription and training of LVAs. 

Not only is follow-up important for the patient, it also serves as feed-back to 

the practitioner. Listening to the patients personal experiences, solving 

problems or finding alternative solutions, will greatly motivate the patient and 

at the same time enhance the knowledge level of the practitioner. A patient 

that cancels a follow-up visit should be contacted by phone and encouraged 

to come. Perhaps there is a minor technical problem that can easily be 

solved. It could also be that the disease progression has caused a 

deterioration of the visual acuity or that additional LVA training is needed.
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2.1 Prisms

Prismatic lenses play numerous roles in optical applications. The prism may 

serve as a dispersive device (dispersing prism), as it does in a variety of 

spectrum analyzers. As such, it is capable of separating, to some extent, the 

various frequency components in a polychromatic beam of light. In 

ophthalmology, dispersing prisms are commonly employed to effect an 

image shift of an object. A second group of prisms (reflecting prisms) are 

often used in optical instruments to fold the system into a confined space, 

such as in Keplerian telescopes. 

Prism spectacles are frequently used in ophthalmology. A variety of medical 

indications exist for these spectacles, as will be discussed in sections 2.2.3 

and 2.4.

2.1.1 Basic optics
Missionary reports from Asia in the early 1600s indicated that prisms were 

well known and highly valued in China because of their ability to generate 

colour. At that time a number of scientists, in particular Marci, Grimaldi and 

Boyle, had made some observations regarding the physical properties of 

prismatic lenses. The definitive study, however, on the prismatic dispersion 

of light was performed by Sir Isaac Newton. On February 6, 1672, Newton 

presented his classic paper to the Royal Society entitled “A new theory about 

light and colours”. In this study, he concluded that white light consisted of a 

mixture of various colours and that the process of refraction was colour-

dependent.1 

Prisms are blocks of optical material with the sides arranged at precisely 

controlled angles. A prism will deflect, deviate and rotate beams of light, as 

well as dispersing their wavelengths. Its performance is affected by many 

variables and these must all be taken into consideration if the anticipated 

effect for the patient is to be obtained. 

In an optically rare medium, a ray of light deviates toward towards the prism 

base. As a consequence, when observing an object through a prism the 

(virtual) image will be displaced towards the apex of the prism. 

2
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A plano prism consists of two flat refractive surfaces joined at and angle. The 

line of intersection between the surfaces is the apical edge (dihedral edge or 

refracting edge) of the prism (Fig. 1). The principal section of a prism lies in 

a plane perpendicular to the apical edge and may be defined as the plane 

that contains a normally incident ray and its refracted ray. For a flat plano 

prism, the principal section lies in a plane perpendicular to the refracting 

edge. The angle a between the two surfaces in a principal section is the 

prism angle (apical angle or refracting angle). The base of the prism is the 

side opposite the prism angle. The angle between the emergent ray and the 

incident ray is the angle of deviation (d). The angle of deviation (d) depends 

Figure 1  A refracting prism consists of two refractive surfaces joined at the 

apical angle (α), with the base situated opposite the apical angle. 

A principal section is perpendicular to the apical edge.

Refracting 
surfaces

Apical edge

α

Principal section

Base

α
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on a number of factors. These include the properties of the prism: the prism 

angle (α), the refractive index of the prim material (n') and refractive index of 

the surrounding medium (n). The fourth factor is the angle of incidence (i1).

In ophthalmic optics it will be assumed that the prism is surrounded by air 

(n = 1). 

An incident ray into a glass prism is deviated due to refraction. This refraction 

occurs twice, once at the boundary separating air-glass and next at the 

boundary separating glass-air, as shown in Figure 2.

2

Figure 2  Principal section of a prism with an apical angle (α) made of 

 material with an index of refraction (n') placed in air (n), illustrating 

the angle of incidence (i1) at the first surface, the angle of refraction 

(i'2) at the second surface, and the angle of deviation (δ).
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The angle of the incident ray is i1. The angle of refraction of the emerging ray 

is denoted as i’2. Both refractions obey Snell’s law of refraction. The angle of 

deviation for any plano prism is expressed:

 (5)   δ = i1 + i’2 - α  

The angle of deviation is not constant for a prism. It varies according to the 

angle of incidence (i1). Prisms are typically characterized by their angle of 

minimum deviation (δmin). This minimum deviation is achieved by adjusting 

the incident angle until the ray passes through the prism parallel to the 

bottom (Fig. 3) 

Figure 3  The minimum angle of deviation (δmin) occurs when a ray of light 

traverses the prism symmetrically (so that i1 = i'2). The ray passes 

through the prism parallel to the bottom.
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The minimum angle of deviation occurs when the ray of light traverses the 

prism symmetrically, so that i1 = i'2. This minimum angle of deviation (dmin) 

satisfies:

           sin [ (α + dmin )  /  2 ]
 (6)  n' =    
  sin ( α / 2)

In the examples above, the ray is refracted only by the two refracting surfaces. 

The base of the prism does not contribute. However, the prism base becomes 

of importance in internal reflection. This occurs when the angle of incidence 

on the second surface is too large. The ray will be internally reflected toward 

the base, where it may be internally reflected again. Internal reflection also 

occurs when a small percentage of light is reflected on the second surface. 

Such reflections may be a cause of discomfort for the patient. 

Prisms used in vision applications are termed ophthalmic prisms. These have 

an apical angle of less than 10º and are therefore considered ‘thin prisms’ 

(wedge prisms). When a thin prism is held so that light enters nearly 

perpendicular to the first surface, the angle of incidence is very small. In 

these small prisms, the resulting angles of refraction of both the incident and 

emerging ray will be small, and therefore the angle of deviation of these 

prisms will be small. 

For small angles, expressed in radians, the sine of the angle is approximately 

equal to the angle itself. Applying this small angle approximation to each of 

the sines in equation 2 yields a much simpler expression: 

 (7)  d = (n’ - 1)α

For a prism material with n' = 1.5 (such as CR39 plastic lenses [n' = 1.50] and 

spectacle crown glass [n' = 1.52]) the angle of deviation is then approximately 

half the prism angle. For instance, a prism angle of 1° (a = 1º) in a prism made 

of spectacle crown glass (n' = 1.52) results in a deviation (d) of 0.5°. 

In ophthalmic prisms, the deviating power (d) is most commonly designated 

in prism dioptres and not in degrees. The prism dioptre (international 

2
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denotation: prism dioptre D) was introduced by Prentice.2 One prism dioptre 

(1∆) is defined as the prism power that is needed to deviate a ray of light 1 

centimetre at a distance of one meter. If angle of deviation and the distance 

are known (Fig. 4), the power of the prism can be calculated by this formula: 

Power in ∆ = deviation (cm) / distance (m). The relationship between the 

deviation in prism dioptres (d (∆)) and the angle of deviation (d) is given by:

 (8)       δ (∆) = 100 tan δ

The equivalent of 1° in prism dioptres is 1.75∆ and the angle of one prism 

dioptre is 0.57°. 

Figure 4  Prism dioptres. The power of a prism in prism dioptres can by 

 calculated by the deviation in centimetres (X) divided by the 

 distance in meters (Y).The angle of deviation is δ.

X

Y
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2.1.2 Fresnel Prisms 
The French physicist Fresnel created a thin prismatic lens that reduces 

spherical aberration significantly. The Fresnel prisms that are presently used 

in ophthalmology and orthoptics consist of thin membranes (barely 1 mm) 

made of flexible plastic. They are usually applied to the back surface of 

spectacles. The Fresnel design is a ‘zone-lens’ that consists a series of small 

prisms of identical apical angle and, therefore, identical power. These prisms 

are adjacent to one another's apex to base on a carrier of zero refractive 

power. Because the small prisms cover the entire surface of the carrier, all 

incident light will be deflected identically as though a single prism as large 

as the carrier was present. However, a single prism of that size would be 

much thicker and heavier than the Fresnel prism.

Fresnel prisms are associated with a number of side-effects that limit the use 

of these thin prismatic lenses. The main disadvantage is that Fresnel prisms 

reduce visual acuity due to the grooves between the base of one element 

and the apex of the adjacent element that cause light scatter and increased 

diffraction. These adverse effects are more notable with decreasing element 

width (more prismatic power). In powers over 5 prism dioptres the present 

obtainable Fresnel prisms causes a significantly greater high and low 

contrast acuity reduction when compared with conventional prisms.3;4

2.1.3 Prismatic aberrations 
Images seen through prismatic lenses are degraded by aberrations. In 

general, two types of non-ideal lens actions may be discerned. Chromatic 

aberration arises from variations in the refractive indices of the different 

wavelengths in visible light. Geometrical (spherical) aberration is related to 

imperfections of the shape of the lens. 

Chromatic aberration occurs because the angle of deviation is larger for the 

short end of the spectrum than for the large end of the spectrum. Thus, the 

angle of deviation for blue light (db) is larger than for the yellow light (dy), 

which in turn is larger than for the red light (dr). 

If a white object against a black background is viewed through a prism   

(Fig. 5), white light from each of the points in the white object is spread into 

2
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a spectrum of colours (blue – yellow – red) with blue above and red below. 

For the observer, the upper edge of the image will have a bluish fringe, and 

the lower edge will show a reddish fringe.

 

Geometric aberrations may result in a number of different distortions.5;6  

For flat non-spherical prisms, the components of distortion depend on the prism 

power, the apical angle, and the index of refraction. They do not depend on 

the distance between the eye and the prism or the prism thickness.7 Some of 

the effects that are typically associated with prisms are:

 1. A non-uniform increase in angular magnification from base to apex. 

 2.  A curving of lines perpendicular to the base-apex line such that the 

ends of the lines point toward the apex of the prism.

 3. A slanting of lines parallel to the base-apex line.

Figure 5  Chromatic aberration in a prism. A white square on a black 

 background viewed through a base-down prism is displaced upward; 

due to chromatic aberration, it has a bluish fringe on top and a  

reddish fringe on the bottom. The angle of deviation for  respectively 

blue (db), yellow (dy) and red (dr); b, blue; y, yellow; r, red. 
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 4.  Different magnifications in the planes parallel and perpendicular to 

the base-apex line. 

For flat prisms, the components of distortion depend on the prism power, the 

apical angle, and the index of refraction. They do not depend on the distance 

between the eye and the prism or the prism thickness.7 

For prism in a lens, curvature of lines perpendicular to the base-apex line 

cannot be eliminated by changing the base curve of the lens. It can be 

minimized by using very steep front curves.7 

2.1.4 The effect of prisms on eye movements
An observer looking at an object through a prism will notice a displacement 

of the image toward the apex of the prism. When a prism is placed in front of 

one eye while the other eye is covered, the eye will rotate toward the apex of 

the prism to view this displaced image. These monocular movements of the 

eye are termed ductions. If the prism base is located at 270°, an upward 

rotation (sursumduction or supraduction) will be observed. Alternatively, if the 

prism base is located at 90°, an infraduction of the eye will occur (Fig. 6). 
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Figure 6  Location of prisms in relation to the eyes. 

BU, base up; BI, base in; BD, base down; BO, base out. 
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If both eyes move in the same direction and the angles between the lines of 

sight remain constant, the eye movements are termed ‘versions’ or ‘conjugate 

eye movements’. If two prisms of equal power and direction are positioned in 

front of both eyes (yoked prisms), a conjugate eye movement will occur. The 

extent and direction of the movement is related to the power of these prisms 

and the location of the prism base.  

Eye movements that change the angle between the lines of sight are termed 

disjunctive or vergence movements. Such movements will occur when two 

prisms with a different direction are placed in front of both the eyes. For 

instance, if two small base-out prisms base out (OD 180° and OS 0°) are held 

in front of the eyes, both eyes will move in the nasal direction, a movement 

called convergence. Alternatively, if base-in prisms (OD 0° and OS 180°) are 

held in front of the eyes, both eyes will move in the temporal direction 

(divergence). The resultant prism effect is defined as the net amount of prism 

that causes a change in the angles between the lines of sight. The effect of 

yoked prisms are conjugate eye movements, characterized by a constant 

angle in the lines of sight and therefore a zero resultant prism effect.7

The effect of a given prismatic correction on the movement of the eye is not 

constant. In other words, the effective power (de) of a prism is not constant. 

The reason for this is the fact that the prismatic effect is, amongst others, 

related to the angle in incidence (2.1.1). This is illustrated in Figure 7.  

For a near object (Fig. 7A), the angle of rotation is less than the prism angle 

(d). For distant objects the effective prism (de) is the same as the prism power 

regardless of prism position (Fig. 7B).7 

   d . l
(9)  de  =  
   l + Z

From this equation it can be concluded that he angle of rotation decreases 

as the prism is held farther from the eye. In addition, two situations will make 

the effective power (de) equal to the prism angle (d). The first situation is 

non-existent and involves the prism being placed at the centre of rotation  

(Z =0). The second condition, however, does occur when the object distance 
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(l) is infinite, as illustrated Fig. 7B. For a near object, the eye does not rotate 

as much as the prism power.  
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Figure 7  The effective power (δe) of a prism is the angle of rotation of 
the eye caused by the prism. The object (M) is located a 
distance (l). The prism is located at distance Z from the centre 
of rotation (CR) of the eye. The image (M') of the object viewed 
through the prism is displaced angle δ, the power of the prism. 
For the same effective power a less powerful prism is needed 
when a distant objects are viewed compared to close objects.
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2.2 Eccentric viewing spectacles

The use of prisms in ophthalmic practice dates as far back as the end of the 

nineteenth century. At that time, renowned physicians like Krecke, Donders, 

von Graefe and Javal employed prismatic corrections in the treatment of 

strabismus.8-11 Also important was the work of Ernest E. Maddox, who wrote 

“The Clinical Use of Prisms and the Decentring of Lenses” in 1889.12 It took 

more than a century  before a specialized book on the clinical uses of 

ophthalmic prisms was published. This book described novel applications, 

such as image displacement with yoked prisms.13;14 

A recent development is the use of prism spectacles in patients with central 

scotomas for continuous use. The prisms of these eccentric viewing 

spectacles (EVS) are used to relocate the image away from the damaged 

fovea to the best alternative: the preferred retinal locus. 

2.2.1. The fovea
The retinal area associated with the most acute vision is named the fovea.  

The fovea measures approximately 1.5 mm in diameter and characterized by 

highly specialized cones with extremely high packing density. The fine grain 

of this foveal cone mosaic accounts for the upper limits of visual acuity.  

The centre of the fovea is called foveola or foveal pit and is completely devoid 

of cells with the exception of red and green cones (Fig. 8). The fovea is on the 

visual axis of the eye and is the preferred locus of fixation in the normal eye.

Surrounding the fovea is the area centralis or macula. In region immediately 

adjacent to the fovea, the foveal rim, the ganglion cell layers are piled into 6 

layers, which makes this the thickest portion of the retina. 

Visual acuity falls rapidly as we move away from the fovea. This is not 

unexpected in view of the fall in density of cone photoreceptors and the 

decrease in relative numbers of ganglion cells available to carry the 

information to the brain. The exact fall in visual acuity strongly depends on 

the target used, but acuity falls roughly to 0.5 at 1 degree and to 0.25 at 5 

degrees. 
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2.2.2. Eccentric fixation
Introduction. Humans explore and analyse the visual world by moving their 

fovea from object to object. In order to aim the fovea to an object of attention 

in the peripheral visual field, fast exploratory eye movements, called 

saccades, are conducted. However, when a subject actively looks at an 

object in the visual world, a saccade to a peripheral object would interfere 

with the visual analysis. An active fixation system prevents saccades made 

to distracting objects.   

Once fixation is established, the eyes continuously execute small, involuntary 

movements. The pattern is a mixture of three involuntary movements, each 

with distinct characteristics. The first is a tremor (30-100 Hz) with an amplitude 

of approximately the size of a cone. The second component is the slow drift 

(<0.5 Hz) crossing approximately 15 cones per second. Both components are 

2

*

†

Figure 8  The centre of the retina. The star symbol is located at the 
 centre of the fovea (foveola); the dagger sign (†) indicates  
the densely packed cone photoreceptor cells. The arrow points 
at the ganglion cell layer that is more than one cell thick, 
 characteristic of the macula (area centralis).
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not correlated between both eyes, contrary to the third component: the rapid 

or micro saccade. The duration of these micro saccades is 10-25 msec, the 

amplitude is 5-min arc (~15 cones). Unlike a normal handheld camera, the 

three involuntary movements do not smear the retinal image, but rather seem 

to be an essential prerequisite to normal vision. When, in an experimental 

setting, the retinal image is stabilised, the visual image fades within seconds. 

Apparently, for vision to be possible, there have to be eye movements. 

When a person fixates a visual stimulus in primary gaze position, the 

retinocentric image is coaxial with the “egocentric” axis, in which case the 

oculomotor system is at point zero. If a person fixates a stimulus in another 

then the primary gaze direction, the retinocentric fixation is re-established. The 

oculomotor system indicates to the person its deviation from “egocentricity”, 

by means of the efferent copy of the position-control signal.15;16 Vestibular and 

neck proprioceptive signals are also known to be used in judging the locations 

of objects in space and relative to the body.17;18

Various age-related changes in eye movements are found, especially for the 

upward gaze which seems to decrease with advancing age.19;20

  

Patients with central scotomas
Acquired central scotomas may be observed in disorders such as ‘dry’ and 

‘wet’ age-related macular degeneration (AMD), myopic maculopathy, 

choroidal subretinal neovascularisation regardless in a variety of underlying 

conditions, as well as macular hole. In addition, an equal wide range of 

congenital retinal disorders exist where the foveal function is absent or 

compromised, including Stargardt disease, Best vitelliform macular 

degeneration and central areolar choroidal atrophy.

In longstanding central lesions the principal visual direction may become 

associated with an extrafoveal fixation area and motor behaviour may be adjusted 

accordingly.21-30 In eccentric fixation, one or more areas outside the fovea will 

perform the visual tasks that are normally associated with the fovea, such as 

fixation, reading and tracking.22;24;27;28  The retinal locus where objects are 

projected during eccentric viewing is known as the preferred retinal locus (PRL). 

16,19,20,22  The term PRL was first introduced by Timberlake et al. in 198724;25 

Verezen.1021-Proefschrift.indd   84 06-12-2008   07:03:44



85

The concept of PRL is seldom used for normally sighed individuals. 

Nevertheless, normal subjects ‘choose’ the fovea over other retinal areas, 

and thus the fovea can be referred to as their PRL. The PRL develops 

naturally and reliably in patients with central scotomas. Often, this occurs 

without the conscious knowledge of the patient. In a large study on PRL 

characteristics, approximately 84% of these eyes showed an established PRL 

and only 4.4% of the patients did not demonstrate a PRL in either of their 

eyes.28 Eccentric fixation may be performed by deviation of the eye, 

adjustment of the position of the head (torticollis), and often a combination 

of both. The motor adjustment to retinal elements adjacent to the dysfunctional 

central region has already been reported by Kestenbaum in 1946.31 In an 

early case report it was found that an bilateral eccentric fixation was 

established in one year from the onset of a bilateral macular dystrophy, in a 

10 year old boy.32 By the 12-month follow-up visit, 11 of 20 AMD patients and 

all 5 juvenile MD patients automatically used their PRL. The median time to 

make this adaptation was 6 months for the AMD patients and 1 month for the 

juvenile patients.33

The term ‘eccentric viewing’ was introduced by von Noorden and co-workers. 

It is typically associated with patients who have experienced recent loss  

of foveal function.22 In these patients extra-foveal fixation occurs by an effort 

of will rather than an automated response. The patient still has the sensation 

of looking above, below, or to either side of the fixation target to see the 

fixation target. Eccentric fixation, on the other hand, refers to fixation 

performance in which the patient has the sensation of looking directly at  

the fixation target. This condition should be separated from the concept  

of eccentric viewing. Sometimes, patients fail to discover the benefits of 

extra-foveal fixation. This occurs more often in elderly patients with AMD, 

presumably because these patients lack the flexibility for switching to 

eccentric fixation.34 In these cases, eccentric viewing training may help these 

patient develop a PRL.34 

   

Fixation stability, pursuit and saccadic eye movements are three of the most 

important eye movements. It is thought that these eye movement tasks 

represent measurable parameters of the quality of the PRL for visual 

2
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performance. That is, to function optimally as an alternative retinal locus for 

fixation, the PRL needs to a visual image in a discreet an stable retina area 

Table 1  Preferred Retinal Locus (PRL) scoring system (adapted from 

Fletcher and Schuchard28). A score of F4/4, P4/4 and S4/4 is 

consistent with a fully established PRL.

Fixation Stability Scores

F4/4 Steady, consistent fixation in a small discreet area (PRL fixation area 
 ≤ 600µ (2°) in diameter). ‘Normal’ eye pattern

F3/4 Consistent fixation in a larger discreet area (PRL fixation area > 600µ 
 (2°) in diameter).

F2/4 Demonstrates a PRL for fixation but is not stable within the area. 
 Wandering fixation eye movements.

F1/4 Can appreciate fixation target but no pattern of fixation can be
 appreciated. No pattern to fixation efforts or attempts fixation within 
 scotomas. No established PRL

F0/4 No appreciation of steady fixation target

Pursuit Movement Scores

P4/4 Maintains fast moving target within PRL for pursuit (moving target 
 speed >5°/sec). ‘Normal’ eye pattern.

P3/4 Maintains slow moving target within PRL for pursuit (moving target 
 speed <5°/sec). Loses fast moving target

P2/4 Movement of eye in the same direction as movement of target but 
 cannot maintain target within PRL. Loses fast and slow moving targets.

P1/4 Can appreciate moving target but cannot move eye in direction of 
 target movement. No established PRL.

P0/4 No appreciation of moving target

Saccadic Movement Scores

S4/4 Consistently moves PRL to presented, appreciated target. Consistently 
 fixates targets that are jumping once per second. ‘Normal’ eye pattern.

S2/4 Inconsistent ability to move PRL to presented, appreciated target. 
 Inconsistent ability to fixate targets that are jumping once per second. 
 May make more than one saccadic eye movement to target.

S0/4 No ability to move PRL to the jumping target
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(fixation stability), to track moving objects through space (pursuit) and to 

move rapidly and reliable to objects of interest in the peripheral field of vision 

(saccadic). To evaluate PRL performance on each of these three aspects a 

PRL scoring system has been proposed (Table 1).28 Training techniques may 

be used to improve the functionality of the PRL.35-40 According to the 

classification system in Table 1, complete eccentric fixation only applies for 

scores that fulfil the criteria’s F4/4, P4/4 and S4/4. 2
Figure Z  Impression of a scanning laser ophthalmoscopic investigation 

of the borders of dense scotomas in relation to the PRL.  
The dotted outline describes the border of the dense central 
scotoma. The solid outline describes the border of the PRL.  
In this eye, the PRL has three scotomatous borders caused by 
geographic age-related macular degeneration. 

Adapted from Fletcher DC et al 41.
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The final stage of a complete eccentric fixation occurs when parts of the 

visual cortex that normally respond only to central visual stimuli are activated 

by peripheral stimuli. This is illustrated by two adult AMD subjects in whom 

bilateral foveal vision had been completely.42 This foveal activation, 

demonstrated using functional MRI, is centimetres away from the cortical 

region that normally responds to peripheral stimuli, indicating a large-scale 

reorganization of visual processing in human adults deprived of foveal vision. 

This reorganization of visual processing in AMD will likely prove important in 

the development of new rehabilitation strategies for AMD subjects. 

The location of the PRL
It seems that there is a kind of decision-making in the visual system where to 

locate the PRL. In all likelihood, the PRL represents the centre of an area that 

has an optimal trade-off between visual quality (e.g. acuity), interference by 

the scotoma (e.g. obscuration of text), and proximity to the fovea.24 Therefore, 

the size, form and remaining threshold sensitivity of the central scotoma 

influence the utilization and location of the PRL.28;41 Cheung and Legge 

categorised three hypotheses to this question; function-driven, performance-

driven and retinotopy-driven.43 

The function-driven hypothesis is based on the assumption that for a 

particular task there is an optimal PRL in relation to the location of the 

scotoma. During reading, for example,  a visual field loss to the right of 

fixation point would occlude part of the upcoming text when reading from left 

to right. Nilsson et al. demonstrated that reading speed could be significantly 

enhanced with a trained retinal locus (TRL) which places the scotoma 

outside the line of reading,38;44 although others could not always corroborate 

this finding.45-48 

The performance-driven hypothesis is based on the fact that the visual 

system selects a PRL to maximize the visual performance. An example is that 

the visual system places the PRL at a location that has the best visual acuity 

or the location with optimum visual attention. Many studies found that the 

horizontal meridian had a higher visual acuity than the vertical meridian, 

which implies that for the best visual acuity the displacement of the central 
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field loss should in the horizontal meridian.49-53 Also, the visual performance 

in detection or identification of objects often increases with attention and the 

horizontal meridians have better attention than vertical meridians54-56.  

This implies that training a PRL for reading in the vertical meridian could be 

undesirable for mobility and activities of daily living. We the discrepancy in 

the time spent on reading and the time spent on all other activities by the 

elderly is taken into account, one should carefully reconsider whether a TRL 

for reading does not bring a negative effect on PRL development for most 

other activities and tasks. 

This discussion is somewhat complicated by the fact that patients sometimes 

use different PRLs and alternate between these PRLs depending on the 

specific task as well as environmental conditions.29;57-59 Timberlake and 

co-workers differentiated and labelled PRLs. He introduced the fPRL which is 

the PRL used for inspecting small visual objects as fixation targets, a single 

letter or a short word and the tPRL that is used as PRL for text-scanning.60 

Consequently, the visual system could select different PRLs for all kind of 

objects or develop typically task based PRLs. 

The third hypothesis on the elements that determine the PRL location is the 

retinotopy-driven explanation. This hypothesis stems from the organisation of 

the visual cortex and suggests that PRL selection might be a result of 

spontaneous reorganization and predicts a PRL at the border of the scotoma. 

The findings on the location of the PRL placement and the scotoma borders 

as found by Fletcher and Schuchard as well as by Sunness and co-workers, 

seem to agree with this theory.28;61-63

 

Various methods have been described to identify the location of the 

PRL.24;64-67 An exciting new tool is the scanning laser ophthalmoscope (SLO) 

that is able construct a detailed overview of the fixation behaviour in patients 

with dense scotomas (Fig. Z). 

The SLO allows accurate analysis of the central visual field by means of 

macular perimetry with direct retinal observation of fixation and perimetry 

target.21;66;68-70 

2
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Fletcher and Schuchard described the characteristics of  PRL and central 

scotomas in 1339 eyes in a typical low vision population.28 There was a 

dense scotoma within 2.5 degrees of the PRL and a significant number of 

PRLs (17.4%) were surrounded by a dense scotoma (ring scotoma). In 39.7% 

of the eyes the PRL had one scotomatous border, 19,0% had two scotomatous 

borders and 9,0% of the PRLs showed three scotomatous borders.

2.2.3 The prescription of eccentric viewing spectacles
Introduction. The preferred retinal locus (PRL) for normal subjects is located 

at the fovea and measures from 0.2 to as much as 2 degrees in diameter.  

For patients who have central scotomas an eccentric PRL for fixation 

develops that may measure as much as 9 degrees. It is not unusual for 

patients to use two or more eccentric retinal areas to place the fixation target 

(multiple PRLs).

Unlike the fovea, this alternative area of fixation is not located on the visual 

axis of the eye. Therefore, in order to use the eccentric PRL, the patient has 

to alter the eye or head position, which may cause discomfort after prolonged 

periods of eccentric fixation.56 To facilitate the use of the PRL in patients with 

central scotomas, the image of the object of interest may be relocated with 

eccentric viewing spectacles (EVS). These devices are yoked prism spectacles 

with identical prism power and direction of the prism base for both eyes. EVS 

enable patients with bilateral central scotomas to use their PRL continuously 

without the need to adjust their eye and/or head position.

Patient selection. Most patients with central scotomas will develop an 

eccentric viewing technique using a PRL that is ‘spontaneously self 

discovered’. In patients that are unacquainted with the phenomenon of 

eccentric fixation a training program must be considered. Such eccentric 

fixation training is part of many comprehensive visual rehabilitation 

programs. It aims to optimize the efficient use of the eccentric PRL and 

ideally establishes that the eccentric PRL becomes the new reference for 

oculomotor control. This will ensure ‘true’ eccentric fixation, a fixation 

performance in which the patient has the sensation of looking directly at the 

fixation target.
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Patients, who are able to perform eccentric fixation but experience problems 

with maintaining the abnormal position of their head or eyes are considered 

excellent candidates for EVS. Also, patients uncomfortable with the fact that 

their conversation partners sometimes take offence at their eccentric fixation 

behaviour may be good candidates. A prerequisite for all indications is that 

the macular lesions must be relative long-standing and non-evolving. This 

will ensure a stable eccentric PRL. 

It is imperative in EVS prescription that only patients with absolute, central 

scotomas are selected, since scotoma density strongly influences eccentric 

fixation behavior.29 A relative straightforward technique for determining the 

density of a scotoma is presented in the section below. It is important to 

realise that an absolute scotoma under artificial lighting conditions may 

actually be a relative scotoma when tested under daylight conditions.

Prism selection. The initial visual acuity must determined with eccentric 

fixation, the so-called off-centre visual acuity.35 This will enable the practitioner 

to compare the visual acuity with and without the EVS. To obtain the best 

off-centre visual acuity, patients are encouraged to move their eye in different 

directions. The use of special designed low vision acuity charts is favoured. 

If these charts are unavailable, the regular chart distance may be reduced 

and the correct visual acuity can be calculated with the Snellen quotation. 

Count fingers and hand motion are considered inaccurate methods of 

recording functional visual acuity and thus obsolete, especially in patients 

with eccentric viewing and poor fixation.71 

As stated above, EVS candidates must demonstrate absolute, central 

scotomas. To avoid possible differences in fixation behaviour under different 

illumination situations, the high luminance filament of a monocular 

ophthalmoscope should be used as fixation object. This helps to discriminate 

between patients with absolute central scotomas and patients with relative 

central scotomas who are still able to use foveal fixation for bright objects. 

Suitable patients are unable to perceive the 1 mm2 filament of an 

ophthalmoscope, without eccentric viewing. Introduce this glaring point light 

source at the lowest intensity and gradually intensify the light source to 

2
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maximum intensity (luminous intensity 15 candela) at a distance of 75 cm.  

It must be explained to patients that perception of light, originating from 

retinal illumination by diffused light of the filament, musts not be confused 

with directly observing the filament. Patients unable to see the high luminance 

filament without using eccentric fixation clearly demonstrate absolute, central 

scotomas. 

The patient is then encouraged to locate the light source with both eyes and 

eccentric fixation. According to the Hirschberg test72, the position of the 

target reflection on each cornea is observed and the deviation from its 

normal location is estimated. When the displacement is difficult to ascertain, 

a 4x monocular handheld telescope, may be used at target distance.  

To determine the eye that induces binocular eccentric viewing gaze direction 

(EVGD) a monocular retest must be performed once the retinal afterimage 

has disappeared. The eye that shows an identical EVGD as the binocular 

EVGD is used to establish the prism power and the direction of the prism 

base. Sometimes both eyes exhibit identical EVGDs. In such cases, the eye 

with the highest visual acuity is selected. 

To avoid diplopia, the assessment of prism power and direction must be 

executed monocular, while the other eye remains occluded. The patient 

maintains eccentric fixation to observe the light source and the trial prism is 

introduced with its base in the direction of the EVGD. The eye will then make 

a movement to a more or less orthophore position due to prismatic 

displacement of the light source. A prism bar is used to refine the prism 

power. The direction of the prism-base can be optimized by minor rotation of 

the prism-bar. 

In Chapter 3 a ‘multiple dot chart’ is used as an additional technique to 

check the effect of the EVS and to demonstrate its action to the patient. In 

subsequent studies, we no longer used the multiple dot chart. Instead, we 

placed yoked prism in a binocular trial frame and asked the patient to fixate 

on the centre of the observers face. We then checked whether the eye 

position was in the primary position and whether eccentric viewing gaze 

occurred once the trial frame was removed.  
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There are technical limitations to the prism power that can be incorporated in 

a spectacle frame. In addition, optical distortion, weight and other parameters 

limit the maximal prism power to approximately 25D. If the prismatic power 

of the EVS is inadequate to restore primary gaze, it may be used to reduce 

torticollis or the degree of eccentric fixation. The correction of the refractive 

error for the EVS may be copied from the regular spectacles unless there is 

an indication that the refraction has changed significantly. 

It is important that patients are adequately informed about the fact that EVS 

facilitate fixation but are not prescribed to improve the visual acuity. In 

addition, the possible side effects associated with high power prism 

spectacles should be discussed. These include disorientation, dizziness, 

altered eye-hand coordination, optical image deformation, and presence of 

coloured fringes around bright objects.67 EVS patients must be urged to walk 

very carefully during at least the first two weeks. Visual rehabilitation by a 

certified orientation and mobility trainer could help patients adjust to the EVS 

and improve patient compliance.

The effects that may be experienced while adapting to the EVS are described 

in more detail in the following section.

2.2.4 Adapting to eccentric viewing spectacles
The majority of the patients who start using EVS will experience problems 

with their coordination. Adaptation to the conflicting information that results 

from the introduction of EVS appears to be a complex process that involves 

adjustment of both the proprioceptive and visual systems.  

Prismatic displacement. The impaired eye-hand coordination that patients 

experience in the adjustment period, is mainly caused by prismatic 

displacement. Simple, everyday tasks, such as walking, the grasping of 

objects and the pouring a cup of tea becomes challenging. Normally, people 

quickly adapt to the prismatic displacement of their environment by adjusting 

their aim.73;74 Conversely, a post adaptation shift – in which the subject again 

misses its target – occurs once the prism is removed.75

2
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In the 19th century, Von Helmholtz theorized that the impaired coordination 

was the result of an error in judgment of the direction of gaze. Adaptation 

occurs only when the optical displacement was compensated for by a 

change in the perceived eye position.76 It was not until 1960, when specifically 

designed experiments were conducted aimed at elucidating the underlying 

mechanisms of prism adaptation, that Von Helmholtz was proved wrong.  

The initial work focused on eye-hand coordination only, but subsequent 

studies addressed adaptation of perceptual judgment, motor performance 

and clarification of the conditions under which adaptation occurs.74;77;78 

It was shown that adaptation is, in part, proprioceptive in nature. Propriocepsis 

may be defined as the sense of the position of parts of the body, relative to 

other neighbouring parts of the body. Proprioceptive adaptation can easily 

be induced by viewing one’s hand through a prism for a few minutes.79;80 

Adaptation to optical displacement appears to occur in both the visual and 

the proprioceptive systems. The visual adaptation occurs less readily than 

the proprioceptive adaptation. The visual adaptation appears to replace an 

initial quick acting proprioceptive adaptation during long-term prism 

exposure.81 Visual adaptation requires that a great variety of non-visual 

stimuli are put into conflict with the visual information as perceived through 

the prism. This may be accomplished, for instance, by viewing most of one’s 

body through a prism.82;83 

The amount of adaptation is larger when the displacement of the visual 

scene is introduced suddenly, as in subjects who start using EVS, compared 

with a gradual introduction of the prismatic displacement.84 Not surprising, 

adaptation improved with longer periods of exposure.85 The amount of 

adaptation increases when prismatic displacement is increased but only up 

to 20º (35∆), after which adaptation tends to decline.86 Presumably, 

displacements of that magnitude are too large for the system to cope with. 

Furthermore, it has been shown that the opportunity for error correction is an 

important factor in prism adaptation,87 and the error feedback is not limited 

to a visual feedback.88-91 

Verezen.1021-Proefschrift.indd   94 06-12-2008   07:03:45



95

Recent studies suggest that whole body movements through space invokes 

a more general system for visuomotor remapping, involving recalibration of 

higher-order, effector-independent brain regions. In contrast, prism adaptation 

during isolated movements of the limbs is probably recalibrated by effect  

or-specific mechanisms. The cerebellum is an essential component in the 

network for both types of prism adaptation.92 

Adaptation to prism spectacles is not accomplished equally in all individuals. 

Some people adapt more readily than others, under objectively similar 

conditions. Some people show more adaptation of the sense of position of 

the eyes and others show more adaptation of the sense of position of the arm 

in a pointing task.93 Subjects who are more precise at visually tracking a 

target and repositioning the gaze into a previously held position, are more 

likely to show changes in the felt position of the arm after adapting to prisms. 

Subjects who are more precise at repositioning an arm in a previously held 

position are more likely to show changes in the felt position of the eyes.94 

In a study concerning the influence of age on prism adaptation (30∆)  

the aged group that consisted of subjects 50-78 years old (mean 64) adapted 

more slowly than the younger subjects that aged 18-24 years (mean 20) 

although both groups finally reached the same levels of adaptation. 

After removing the prisms, the aged group demonstrated a larger after-effect. 

These findings suggest that both adaptation and after-effect are negatively 

influenced by ageing.95 For the prescription of EVS this implies that the 

elderly need a longer period of time to adapt to the new situation. 

In conclusion, a number of factors may be discerned that determine  

the effectiveness of adaptation to discordance, such as arises following the 

introduction of EVS.78;96

1.  The extent to which the subject is convinced that the discordant stimuli 

arise from the same object or part of the body. 

2. The vividness of the display of the discordance. 

3.  The precision of the propriocepsis of the various joint involved in the task 

being executed. 
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Figure 9  Prismatic distortion as result of 15∆ prisms in various directions

15∆ base up

15∆ base left 15∆ base rightNo prism

15∆ base down
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Prismatic distortion 
Depending on angle of the eye in relation to the prism, the EVS will cause 

(See section 2.1.3):73

- Spectral dispersion producing chromatic fringes around bright objects.

- Curvature of straight lines. (Fig. 9).

- Differential image displacement of a fixed target with head movements.

- Compression and expansion of a fixed target with head movements.

Pick and Hay compared the adaptation to a 20∆ prism spectacles with base 

right or left, in nine healthy subjects.97 Subjects wore the spectacles 

continuously during waking hours and adaptation was evaluated at 3 days 

and at 42 days of wearing these spectacles. The peripheral vision was 

eliminated by means of an occluder. At 42 days, an almost complete 

adaptation (90%) was found for kinaesthetic localization of visual targets. 

However, only 10% adaptation was found for differential image displacement 

as well as compression and expansion with side to side head movements. 

Adaptation to the curvature of lines occurred in 30%, adaptation to chromatic 

fringes in 34%, adaptation to tilting of lines with up-down head movements in 

15% and adaptation to convergence of parallel lines towards the apex of the 

prism occurred in 51% of the subjects. These data were accumulated in 

relative young subjects with excellent vision. It may be anticipated that 

adaptation to EVS related optical distortion may be a problematic for at least 

some of the elderly AMD patients.

Walking with the EVS
As we move through the world almost everything that we see is also moving 

on our retinas. The pattern of this retinal motion is termed "optic flow" and is 

highly dependent on the motion of the observer. The specific direction of 

movement is indicated by the focus of expansion (FoE). More than 50 years 

ago, it was suggested that optic flow, rather than object position, is used to 

control our direction of locomotion.98 Numerous studies have provided 

experimental and theoretical evidence in support of the optical flow 

hypothesis.99 Fairly recently, however, the use of egocentric direction was 

implied as an alternative source of visual information.100 Egocentric direction 

may be characterized as the sum of extra-retinal gaze direction and retinal 
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location. Most likely, both optic flow and egocentric direction provide the 

information that is used to reach a target. 

Rushton and co-workers showed that walkers wearing yoked prism spectacles 

follow curved trajectories determined by the perceived direction of their 

target.100 Interestingly, the use of these prisms dissociates the information 

provided by optic flow and direction-based strategies.100 Given that the 

differential properties of the flow field is not affected by prisms, the FoE will 

still coincide with the image of the target. Thus, if the FoE is used to control 

locomotion, the observer should walk a straight path to the target. On the 

other hand, if egocentric direction controls the direction of locomotion, the 

subject will walk towards the prismatic displaced image of the target rather 

than the target itself. The constant heading error will cause them to walk a 

curved path. Since this curved trajectory is observed in patients who are 

adapting to displacing prisms, egocentric direction strategy is probably the 

dominant system under low flow (walking) conditions.101

Rogers and Spencer provided convincing evidence for the role of optic flow 

in recalibrating visual direction. Subjects wearing yoked prism spectacles 

showed a deviated initial walking path, which was identical for a situation 

wherein there was an absence of ground plane optic flow as well as in the 

presence of this flow. Only when ground plane optic flow was available 

during subsequent trails, the deviation of the walking paths became 

significantly smaller over time. 102

  

In our patients the visual acuity is 0.05 or less in most cases, which implies 

that perception of optic flow as well as egocentric direction diminished as in 

normal subjects and could probably cause an prolonged adaptation time. 

2.3 Review of the literature

The literature on EVS spectacles 
In 1982, Romayananda and co-workers demonstrated the effect of yoked 

prisms spectacles on patients with disorders of the central retina.103 It was 
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theorized that the use of low power prism would displace the retinal image 

away from the damaged fovea to the remaining functional areas of the retina. 

The technique this group used to determine the optimal prismatic correction 

was named “prismatic scanning”. The technique positioned a 4 dioptre prism 

in a regular trial frame and scanned the perifoveal zone by rotating the prism 

in order to find the best projection spot (Fig. 10). 

If no improvement was observed, successively stronger prisms of 5 to 10 

dioptres were applied. Romayananda’s primary interest was in reading tasks 

and used relative low power prisms (≤ 10∆). This technique was successful 

2
Figure 10 The technique of prismatic scanning, as described by  

  Romayananda et al.103 The star symbol indicates the position of  

the fovea. 

Adapted from Romayananda N, et al. 103
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in regaining reading ability in 59 patients with macular lesions. It was 

concluded that this yoked prism spectacles were able to improve near vision 

in patients with central visual loss to a more functional level. These results 

were doubted by a number of authors, perhaps best summarized by Bailey, 

who stated: “Logic dictates scepticism here”.104;105 These sceptics reasoned 

that a prism will simply initiate a shift in eye position and will therefore be of 

no use in macular disorders.104;105 In hindsight, however, these authors failed 

to take into consideration that in patients with eccentric fixation, the normal 

PRL for fixation (the fovea) is reliably replaced by an eccentric PRL.  

This would suppress any shift in eye position. On the other hand, the patients 

in this study obviously did not use eccentric fixation. In our opinion, it is likely 

that structured eccentric fixation training would have resulted in the same 

improvement of reading ability in the majority of patients. 

Seven years later, Rosenberg and co-workers reported results of yoked 

prisms in a controlled clinical trial with 30 subjects suffering from  

various central retinal disorders.106 Spectacles were prescribed in patients 

who demonstrated an immediate improvement with prism correction.  

The randomized treatment group received spectacles with low power yoked 

prisms (≤ 8∆). The control group received a pair of spectacles that resembled 

prism glasses in weight, thickness and appearance, but without the prismatic 

component. The percentage of subjects that experienced an improvement in 

visual acuity and function after 3 months was 43% in the treatment group and 

18% in the control group. In the control group, 36% experienced no change 

in visual acuity or function versus 5% in the treatment group. In addition, 

patients in the treatment group performed better on locomotion tests, which 

was explained by the authors as a probably result of the normal head an 

eye-position in this group. The study is not clear whether the visual acuity 

that was recorded at the initial visit was an off-centre visual acuity. 

Presumably, this is not the case and the recorded visual acuity was probably 

suboptimal (Section 2.2.3). This consideration should always be taken into 

account when claims of visual improvement with EVS are made. 

In 1994, a glaucoma patient with an abnormal eye position and head posture 

was described in a case report. This patient experienced advanced 
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scotomatous visual loss and used eccentric fixation to optimize the use of the 

residual functioning retina.107 In absence of binocular vision, a monocular 

prism spectacle was prescribed that enabled this patient to maintain a 

normal head posture and significantly decreased the visual search time.  

The prism enabled him to read large-print books, which he was previously 

unable to do. 

A much larger series was presented at the Vision’96 international conference 

on low vision by Medina and co-workers.108 This group demonstrated the 

positive effects on near and distance visual acuity of yoked prism spectacles 

in 163 patients. The underlying pathology was diverse, but the majority of 

participants had been diagnosed with AMD (74%). In 62 %  the power of de 

prism used was 8∆ prismdiopter, the maximum allowed prism power was 

10∆. Orientation of prismbase was measured with the Amsler grid, perimetry 

or by observing the torticollis of the patient. The prismbase was found 

predominantly (56%) in the superior position. An improvement in visual acuity 

was found in 55% of the patients without using prisms and in 79 % of the 

patients fitted with prisms, although the quality of the statistical analyses was 

dubious. The authors stated that head position was altered while determining 

visual acuity. However, this observation does not automatically imply that the 

individual actually used the PRL. A head turn is often noticed when observing 

inexperienced eccentric viewers, but often this does not change the line  

of fixation.

In the same year, we coined the term ‘Eccentric Viewing Spectacles’ (EVS) 

for yoked prism spectacles in patients with central scotomas. We described 

the effects of these spectacles when used daily in endstage AMD patients 

with large dense central scotomas (Chapter 3).67 At that time, only low power 

prismatic corrections were used (generally ≤ 8∆) for relocation of the image 

with as primary goal the enhancement of reading skills.103;106 As a consequence 

of the large scotomas in our study,  the prismatic power of lenses that were 

used in these patients was much higher (≥15∆). Our patients were asked to 

use the EVS continuously during daytime hours as we wanted to evaluate the 

effect of EVS during their daily activities. In contrast with other studies, none 

of the patients in our study demonstrated an improvement in visual acuity 

2
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with the EVS in comparison to off-centre visual acuity.103;106 Also none of the 

patients were able to read without the additional use of LVAs. Although the 

optical distortion, heavy weight and disorientation was a concern, patients 

were in generally satisfied with the effect. Sixty-one percent of the patients 

considered the EVS to be an improvement and continued the use of the 

device. In the group of patients that decided to discontinue the use of the 

EVS, half the patients stated that they stopped because they did not 

experienced the intended result. The other half of the group that stopped 

using the device stated that the disadvantages made them decide to stop, 

although they experienced the intended positive effects. 

In 1997, the positive effects of yoked prism spectacles on visual acuity, contrast 

sensitivity and colour vision in 14 AMD patients was described.109 Only low 

power prisms (4∆ and 5∆) were used. The authors stated that the prisms allowed 

for an optimal use of the corresponding eccentric fixation areas.

In 1999, we described the positive influence on visual search time of the EVS 

in 16 patients with dense scotomas (Chapter 4).110 Visual search time is the 

total time from the appearance of a object to the moment the observer 

responds, which includes latency time, eye movement time and identification 

time.58 It is a known fact that patients with a macular scotoma have impaired 

visual search ability and that the time needed for eye movements to project 

the target onto the PRL for identification is the major cause for this prolonged 

visual search time.58;111 The visual search time with the EVS was reduced by 

34% when compared to the visual search time without this prismatic 

correction. We hypothesized that this would have a positive effect in daily 

performance.

In 2001, Leat, Woo and Lankin performed SLO studies on normally-sighted 

individuals and demonstrated that a re-fixation occurred after placement of 

the prismatic correction.112 Although no subjects with central scotomas were 

investigated, the authors consider it likely that many subjects with low vision 

will also refixate behind the prism. Therefore the prescribing and wearing of 

bilateral prisms was deemed to have little effect in the training or demonstration 

of eccentric viewing. 
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In our EVS patients a refixation as a result of the prismatic shift also occurred 

(as predicted by Leat and co-workers). However, in our patients it was a 

refixation from an eccentric gaze to a primary gaze and that was exactly the 

effect we wanted to achieve. The discussion concerning the eye movements 

following a prismatic shift was clarified by Bailey as he criticised the claims 

given in the first study on image relocation by Romayananda.103;105 A refixation 

is a normal counteraction in case the object of fixation is relocated. This 

relocation can be a real relocation of the object itself or an optical relocation 

caused by prisms. The subjects in Leat’s study made an eye movement from 

primary gaze to an eccentric gaze when the prism was introduced and our 

patients just achieved the opposite effect, i.e. from a diverted gaze to a 

primary gaze. Eubank and co-workers published in 2001 a multiple case 

report study of patients benefiting from prism spectacles.113 The report is 

based on four clinical cases in which visual functions are compromised due 

to different disorders that affect the visual system. Etiologies ranged from 

more-acute insults to the brain as result of CVA, to those of more-chronic and 

insidious onset (Freidreich’s ataxia and AMD). The Freidreich’s ataxia patient 

received prescription for base in prisms, whereas yoked prism spectacles 

were prescribed successfully in the other cases. The yoked prism spectacle 

helped to compensate problems of disruption of visual field; mobility; and 

insecurity in reaching, grasping, an walking. The report demonstrates that 

the benefit of prisms can be reaped by patients whose visual defects are due 

to disorders that impair different stages of the visual pathway, this while 

earlier studies were focussed on enhancement of visual acuity in patient with 

central field loss. 

One year later, Cacho et al investigated the relationship between the prism 

prescribed, and de size and location of the central scotoma.114 Static 

(Humphrey Visual Field Analyser, HFA) and Kinetic (Bjerrum screen) 

perimetry were used to identify the size and location of the central scotoma. 

The subjectively chosen prism was determined while subjects with a bilateral 

central scotoma caused by AMD, were asked to look at a projected 

photograph. According the technique as described by Romayananda103, an 

initial prism of 6∆ base 90° was introduced and systematically rotated while 

the subject was asked to identify when vision was “clearest”. The mean 
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power in this group of 17 subjects was 6.4∆ and most subjects (56%) chose 

prismbase superior position. The position of plotted scotoma at the Bjerrum 

screen had a better correlation (0.45) with the prism power compared with 

the Humphrey field analyser (HFA) (0.28). Also the correlation of the direction 

of the scotoma and the direction of prismbase was better with the Bjerrum 

screen than with the HFA. It was advised to use the Bjerrum screen as a 

starting point followed by a subjectively refinement, when prescribing EVS. 

In 2003, the same team of researchers investigated the relationship between 

the prism power/base direction and distance/direction of the closest 

non-scotomatous retinal location to the fovea in a group of 243 AMD patients. 

Near and distance visual acuity, contrast sensitivity and the size of the 

scotoma were investigated as possible predictors of prism power.64  

The prism powers in this study ranged from 2∆ to 23∆ (mean 7.8∆) and 

similar to other studies the fast majority chose prism base in superior 

direction. They found that the subjectively prescribed prism power shows 

strong associations with visual acuity, word reading acuity, contrast sensitivity 

and the area of scotoma. However the variance in prism powers explained by 

visual function variables was relatively small, implying that for a large number 

of patients, the predicted power would not closely match the power obtained 

by the subjective method.

In 2004, Vettard et al selected 31 AMD patients with central scotomas to 

evaluate the visual improvements with prism spectacles.119 Visual acuity, 

reading ability, contrast sensitivity function (CSF), subjective visual comfort 

and the level of autonomy after 3-6 months of prismatic treatment were 

compared with baseline findings. Visual acuity remained unchanged in 52% 

of the patients and improved by at least one line in 36% and decreased in 

13% of the subjects. Reading ability was unchanged for 45 %, improved by 

at least one line for 39% and decreased for 16%. Contrast sensitivity function, 

with Mentor apparatus, was determined for three spatial frequencies and 3 

levels of contrast (98%, 50% and 25%). It was found that CSF was improved 

for all levels. Visual comfort improved immediately after prismatic treatment 

of 90% of the patient and 81% of patient wore their prismatic correction 

regularly. The authors concluded that prismatic treatment mainly improved 

contrast sensitivity and visual comfort, and that prismatic treatment provides 
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patients better initiation and stabilization of their eccentric viewing. In this 

study no placebo control group participated. 

In 2005, Smith et al presented a randomized, placebo controlled, double 

masked trial to determine the effectiveness of yoked prism spectacles for 

patients with AMD.115 The participants were randomized into three groups. 

The first group (n=80) received a customized pair of yoked prism spectacles 

that matched the participants preferred power and base direction. The second 

group (n=81) received a standard power (6∆  base up or 10∆ base up, 

depending on their VA). The third group (n=82) received a placebo, that 

matched in weight and thickness the spectacles as used for first and second 

group, but without the prismatic effect.  The primary outcome of the study 

was the visual acuity, but others endpoints as reading speed, visual 

functioning questionnaires (NEI-VFQ-25 and the MLVQ) as well as the 

Melbourne Low-Vision ADL Index (part 1 (with reduced number items) &  

part 2) were taken. The results of the study demonstrated that prism 

spectacles were not effective in improving visual acuity in AMD patients. The 

authors describe some potential limitations of the trial and one of the 

essential ones is the quote that “it is possible that they were already habitually 

using eccentric viewing (without training) and that the introduction of a prism 

did not change this habit”. The authors reconfirm the earlier described 

phenomenon (Chapter 2.2.3), that prism spectacles are intended to perform 

a similar function as eccentric viewing. In addition, yoked prism spectacles 

should enable patients to position their gaze and posture centrally while 

using their noncentral PRL.   

In 2006 Al-Karmi and Markowitz presented a retrospective comparative 

interventional case series of 100 patients with AMD.116 The use of yoked 

prisms resulted in a significant and sizable improvement in visual acuity. The 

effect was, according of the interpretation of the authors,  probably created 

by a reduction of fixation instability as a result of the prism which facilitates 

oculomotor function. The mean visual acuity at baseline for the group that 

received the prism spectacles was 0.99 (SD 0.35)logMAR (Snellen 0.1). At the 

final visit this group demonstrated a mean visual acuity 0.66 (SD 0.27)

logMAR (Snellen 0.22). The control group that consisted patients that did not 
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show beneficial effects on prisms at initial visit, had mean VA 0.88 (SD 0.33) 

logMAR (Snellen 0.13) and at final visit VA 0.83 (SD 0.34)logMAR  

(Snellen 0.15). Again, in this study it is likely that the visual acuity with foveal 

fixation (scotoma) was compared to the visual acuity with the PRL, resulting 

in the improvement of visual acuity.

Ten years after our first study on EVS, we conducted a study to evaluate 

long-term success and patient satisfaction of EVS.117 In a retrospective 

cross-sectional study, we reviewed the low-vision rehabilitation records of all 

patients who received EVS since 1993. Using a 18-item survey, 191 patients 

were questioned about the wearing characteristics, advantages, and 

disadvantages of the EVS. The vast majority (69%) of the patients had a 

central scotoma caused by AMD, but also non-maculopathies such as optic 

neuropathy (2.6%) and glaucoma (2.1%) were included. The mean “off-centre” 

visual acuity in the better eye was 1.32 (SD 0.32) (Snellen 0.05) which 

equalled visual acuity with the EVS. Mean prism power in the study population 

was 19∆ (SD 4.3) and predominant prism base direction was to the right 

(170°-190°). After an average follow-up time of 4.5 years, 40% of all patients 

still used the EVS. The main disadvantage of EVS, mentioned predominantly 

by the non-users group, included the heavy weight, perception of curved 

lines, dizziness during walking, and poor cosmetic appearance. Many 

successful long-term users considered the EVS suitable for home activities 

and walking the street. They reported that EVS reduced eccentric viewing 

and that it created better vision in the centre of their visual field, although.  

In the group that continued the wear of EVS, 64% reported that EVS helped 

with recognition of objects and faces. It was concluded that patients who 

experienced difficulties with eccentric fixation are most likely to benefit from 

EVS because this device helps to overcome difficulties with maintaining 

eccentric viewing gaze. 

Conclusion 
When reviewing the literature on EVS or yoked prism spectacles, it is 

important to keep in mind that it is the current opinion in low vision 

rehabilitation that visual acuity is still paramount in defining the success or 

failure of any intervention. We encountered a number of reports that mention 
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improvement of  the visual acuity in patients with central field loss, following 

EVS prescription. 103;106-109;116;118  By contrast, other reports argue that 

improvement of visual acuity is not possible with EVS.105;112 Yet other studies 

also could not confirm improvement of the visual acuity, but did find other 

beneficial effects of EVS on other visual and non-visual parameters.67;110;113;117;119 

Finally, one report that could not find any positive effect of EVS.115  

In the aforementioned studies that report visual improvement this effect is 

attributed to the prescribed prismatic correction. Unfortunately, none of these 

papers define how the initial visual acuity was determined. Patients who are 

unaware of their PRL will use primary gaze and the projection of a presented 

optotype will be in their central scotoma. This will obviously result in a very low 

visual acuity. However, in patients aware of their PRL and in patients who are 

encouraged to use eccentric viewing and given adequate time to find the 

optotype, an much better visual acuity is found. Other factors that might 

influence the visual acuity are the type of presentation (e.g. single character vs. 

multiple characters) and the environment (e.g. presence or absence of 

peripheral stimuli) will affect the visual acuity. Furthermore, in the absence of 

peripheral stimuli it is often more easy for a patient with central field loss  to use 

eccentric fixation. Determining visual acuity in a dark exam room, using single 

character projection and allowing the patient enough time to find best fixation 

locus, will therefore have positive effects on the visual acuity. In the absence of 

procedures on how to determine visual acuity in patients with CFL, any effect 

on the visual acuity by any intervention, should be interpreted with caution. 

The same type of argument applies to studies that discuss the preferred 

viewing direction and/or the direction of prism. Whether the subjects had an 

self discovered eccentric viewing technique or whether the subjects were 

trained in eccentric viewing and for how long the subjects were adapted to the 

eccentric viewing technique, is often not mentioned. This is important because 

the literature on eccentric viewing training promotes a superior gaze. It is 

therefore logical to assume that a superior gaze and subsequently a superior 

positioned prism base are found more frequently in the group of trained 

subjects. This in contrast with patients with spontaneously self discovered 

PRLs who often demonstrate eccentric viewing gaze to the right.30;61;62;67;117 
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In my opinion the EVS serves only to help the patients in the use of their PRL. 

EVS perform a similar function as eccentric viewing, but enable the patients 

to look straight forward, while diminishing the visual search time. When the 

visual acuity with EVS is compared the visual acuity with eccentric viewing 

an improvement of the visual acuity is not to be expected, as demonstrated 

in our studies.110

2.4 Other indications for prism spectacles

There are a number of medical conditions that warrant the use of prism 

spectacles. Some of these disorders, such as strabismus and nystagmus, 

are commonly seen in clinical ophthalmology. Neurological conditions such 

as visual spatial neglect and progressive supranuclear palsy, on the other 

hand, may be alleviated by prism spectacles but are seldom encountered by 

the ophthalmologist. 

Though far from complete, the following section aims to give an overview of 

the various indications for prisms spectacles. 

Strabismus. Like most predators, humans have eyes set on the front of their 

heads so they can use binocular vision to track their prey. Binocular vision 

may be defined as the coordination and integration of what is received from 

the two eyes separately into a single binocular perception.120

  

The term ‘strabismus’ implies ocular misalignment, whether caused by 

abnormalities in binocular vision or by anomalies of the neuromuscular 

control of ocular motility. Manifest deviation of the eyes places the patient at 

risk for a number of different visual phenomena, notably visual confusion and 

diplopia. Visual confusion arises from the simultaneous perception of two 

different objects onto corresponding retinal areas. Diplopia, or double vision, 

is usually the result of an acquired misalignment of the visual axes that 

causes an image to fall simultaneously onto the fovea of one eye and a 

non-foveal point in the other eye. The symptoms of diplopia are variable but 

are strongly related with the age of onset. The younger the patient, the 

greater the ability to suppress, or inhibit, the non-foveal image.
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A myriad of conditions may lead to ocular misalignment. The various 

therapeutic options for strabismus depend on the underlying cause and the 

planning of an optimal treatment strategy may therefore by complex. 

Prisms are primarily employed in the treatment of binocular diplopia. If the 

angle is relatively small, prismatic corrections are preferable since extra 

ocular muscles surgery is unreliable under those circumstances. Prisms with 

a power up to 10∆ may be used (angles ≤ 5°); larger prismatic corrections will 

cause annoying aberrations. In addition, base-in prisms may be prescribed 

for patients who experience difficulties with convergence. For this reason, 

high add reading spectacles have base-in prisms incorporated.121

Ocular torticollis. The term ‘torticollis’ means twisted neck and is derived 

from the Latin words ‘tortus’ (twisted) and ‘collum’ (neck).122 It is a contracted 

state of the muscles in the neck that constitutes in an unnatural position of 

the head. Torticollis may be the result of non-ocular and ocular disorders. 

Non-ocular causes comprise a wide array of disorders such as: congenital 

muscular torticollis, deformities of the cervical spine and the craniocervical 

junction, neurological problems, skin webs and trauma.122;123 

An abnormal head position for ocular reasons is usually assumed in order to 

maintain binocular vision and/or to optimize visual acuity. A congenital or 

acquired trochlear (nerve IV) palsy is an important ocular cause of torticollis. 

A head tilt toward the shoulder opposite the site of the paresis may occur in 

an attempt to compensate for the paralysis of the superior oblique muscle. 

Another example of ocular torticollis is an abducens (nerve VI) palsy; the 

head is rotated in the direction of the affected muscle. A good test to 

differentiate between ocular and non-ocular causes is the cover test. In 

ocular torticollis, covering the affected eye usually results in spontaneous 

correction of the abnormal head position.

There is a lack of literature on the subject of torticollis resulting from eccentric 

fixation in patients with central scotomas. Although current opinion in 

eccentric viewing literature acknowledges the occurrence of abnormal 

compensatory head positions to place the image on the PRL, it has been not 
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investigated whether this torticollis causes the patient neck strain. In my 

practice patients with neck strain as result of eccentric viewing are not 

uncommon. Some of these patients were treated with physiotherapy for 

sternomastoid/trapezius muscle pain and experienced relief of complaints 

after they adapted to the new situation with EVS. This item, however, is not 

well documented and only has anecdotic value but should be of interest for 

further study. 

There is evidence that uncorrected ocular torticollis can cause musculoskeletal 

problems.124 The correction of ocular torticollis is usually surgical. Besides 

yoked prism spectacles in eccentric fixation, the use of prisms in torticollis is 

limited to small comitant or nearly comitant deviations superior oblique palsy 

and horizontal muscle palsies. 

Nystagmus. The disciplines of ophthalmology and neurology are both familiar 

with the concept of nystagmus. This ocular motility disorder is characterized 

by an involuntary, rhythmic to-and-fro oscillation of the eyes. In the evaluation 

of nystagmus it must be determined whether this condition is a sign of a 

neurological abnormality, an ocular abnormality or a relative simple motor 

defect. In most children, nystagmus has an ophthalmic cause.

In certain types of nystagmus, the abnormal ocular motility may be less 

pronounced in some part of the motor field (the null point area), which may 

lead to an abnormal head position or torticollis. To reduce these abnormal 

head positions and improve visual acuity, prisms may be used.125  Fresnel 

prisms are ideal to shift the image to the null point area because powers of  

10∆-20∆ are often necessary and regular prisms of this power demonstrate 

significant adverse effects.126-130

Base-out prism spectacles may also be used to stimulate fusional 

convergence, which dampens the nystagmus. This may also improve the 

distance acuity quite dramatically.131

Homonymous hemianopia. The loss of visual field on one side in both eyes is 

termed homonymous hemianopia. In general, the macula is spared.   
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This condition is often the result of acquired brain injuries caused by stroke, 

tumour or trauma. The visual field loss affects mobility and navigation: 

patients frequently complain of bumping into obstacles. Visual rehabilitation 

training encourages patients to perform large scanning saccades which 

improves object localization and reduces search time.132-134 This technique is 

limited by the fact that it requires intentional scanning and does not increase 

the field of vision.

Various optical devices are used or have been used in the management of 

hemianopic field defects, including reversed telescopes, mirrors135, partially 

reflecting mirrors136;137, dichroic mirrors138 and various types of prisms. 

Reversed telescopes enlarge the field of vision but decrease the overall size 

of objects.  Devices with mirrors are able to project objects that are situated 

in the blind field type on the unaffected area. A small, reflecting prism may 

be used instead of mirrors. The advantage of such a device lies in the fact 

that objects are not left-right reversed as in the mirror construction. 

One of the prismatic devices suggested in the treatment of hemianopia are 

full diameter yoked prisms. These spectacles relocate the complete visual 

field to the unaffected retinal area.139 However, since the macula is commonly 

unaffected in these disorders and normal fixation is therefore maintained, a 

prism induced eye movement will occur as the shifted object of attention is 

fixated.

The most commonly used devices in the optical treatment of homonymous 

hemianopia are probably binocular sector prism spectacles.139-142  

These spectacles only provide field-of-view relocation while looking through 

the prism sector. Advocates of sector prism spectacles claim that the 

relocation of the visual field provides an increase in ‘field awareness’. 

Subjective improvement has been reported but the beneficial effect could not 

be substantiated with static perimetry.143 There is reason for doubt since 

patients with central fixation and hemianopia will quickly re-fixate following 

prismatic displacement of the image. However, some effect may be 

experienced because the delay in fixation correction might induce a short 

moment (milliseconds) of subjective improvement of the visual field. It is 
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doubtful whether this should be labelled as functional visual field enhancement 

because the awareness is quickly neutralized once re-fixation is complete. 

A relative new technique for the rehabilitation of hemianopia with prisms was 

presented by Peli.144 The technique employ’s high power (30-40∆) base-out 

prism segments above and below the horizontal line of sight. The prisms are 

prescribed only for the eye with the temporal visual field defect (i.e. the right 

eye in case of right-field hemianopia or in front of the left eye in left-field 

hemianopia). The specific location of the prism segments causes exotropia 

of the eye with the temporal field defects. Thus, the top and bottom part of 

objects from the absent field of view are superimposed in the combined 

visual field of both eyes.

At present, there is no scientific consensus with respect to the sense of 

prescribing prism lenses to hemianopic patients.145

  

Visuospatial neglect. Cerebral injury from stroke or other trauma may cause 

visual neglect. This condition is characterized by a passive unconscious 

decreased awareness of part of the visual field or other stimuli to the 

contralesional side of the body. It may occur without a loss of field but, in 

general, it is accompanied by a visual field defect. Emerging evidence suggests 

that neglect is a syndrome consisting of several components, including the 

impaired representation of corporeal and extrapersonal space.146

It has been shown that patients with right hemisphere lesions and left 

visuospatial neglect may benefit from a prismatic shift of the visual field to 

the right.147 Right-shifting yoked prismatic lenses with a power of 36∆  

(20 degrees) have been used as training device in a number of studies. After 

a period of prismatic adaptation,  Frassinetti and co-workers observed a 

positive effect, which was preserved during the 5-week period following 

treatment.147 Amelioration of the neglect was found in standard as well as in 

behavioural tests and in all spatial domains. By contrast, control patients did 

not show any improvement in neglect. Marvita and co-workers reported that 

prismatic adaptation reduced tactile inattention in stroke patients with 

unilateral neglect.148 Also, prismatic adaptation improved tactile perception 

even for tasks requiring no exploration or spatial motor responses.148   

These finding were corroborated by a number of studies that demonstrated 
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that adaptation to a prismatic shift is effective in achieving long-lasting 

improvement in the multiple sensory abnormalities in patients with neglect.146-149 

There is, however, evidence that although prism adaptation modulates the 

function of the parietal lobe, such as eye movement control, it fails to 

influence the underlying mechanisms of neglect. This was demonstrated in a 

patient who showed a clear shift of the exploratory eye movements toward 

the left following prism adaptation, but still showed no awareness for the left 

side of the stimuli he was now actively exploring.150

Postural imbalance following stroke. Left-hemiparetic patients demonstrate a 

more pronounced postural imbalance when compared to right-hemiparetic 

patients. The explanation lies in the function of the right side of the brain that 

seems crucial for generating internal maps used for perceptual and premotor 

processing of spatial information. The postural imbalance associated with 

right-brain damage is thought to result from a distortion of this internal 

postural map. 

Tilikete and co-workers investigated the effect of prism adaptation on 

postural imbalance in left-hemiparetic patients.151 Patients were either 

adapted to neutral prisms or prisms that deviated the visual field to the right 

or the left side. Interestingly, a prism adaptation of 3 minutes was sufficient 

to reduce postural imbalance, but only when prisms were used that displaced 

the visual field to the right.

Syndrome of postural deficiency. A defect in the reception, transmission and 

integration of the proprioceptive and visual information results in an alteration 

of tonic and postural equilibrium in the syndrome of postural deficiency. 

A new therapy is based on low power prismatic corrections and seems to be 

extremely effective.152;153 The prisms are prescribed according to two theories. 

Without going into detail, the Paris school uses prisms to obtain a 

re-equilibrating hypertonia, whereas the Lisbon school attempts to create an 

equilibrating relaxation  Most authors prefer the Lisbon method since this is 

an easier, quicker method that can be performed during ophthalmologic 

consultation.
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Compensation for abnormal head or body position
Reflecting prisms as well as wedge prisms deviate the optical axis at a 

precise known angle without changing image orientation (Fig. 11).

Prism spectacles may be prescribed in ankylosing spondylitis. With 

progression of spinal involvement, the patient with ankylosing spondylitis 

develops an increasing flexion deformity of the cervical spine to such a 

degree that the patient has difficulty looking forward (Fig. 12).154 In selected 

patients, prism spectacles are able to displace the field of interest 

downward.155-158  

Another application concerns patients who have to maintain facedown 

positioning after vitrectomy with postoperative gas filling. A reflecting prism 

spectacle makes it possible to maintain this position and at the same time 

make optimal use of the normal fellow eye during conversation, eating and 

watching television.159

Progressive supranuclear palsy. Prism lenses may be prescribed to 

compensate for deficits in eye movements in patients with progressive 

supranuclear palsy.160  In particular, this refers to the inability for patients to 

Figure 11 Example of a 45° reflecting prism.
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look down on command. To facilitate activities such as reading and eating, 

60 or 90 degrees reflecting prisms may be prescribed.160-162 

Ménière disease. The symptoms of Ménière disease are episodic rotational 

vertigo, hearing loss and tinnitus due to abnormalities in the labyrinth. 

In 1941, Utermöhlen described low power base-in prism spectacles, often 

not exceeding 3∆, in the treatment of vertigo in Ménière patients.163;164  

In theory, this effect is based on the reduction of convergence, i.e. on an 

alleviation of the convergence impulse. The positive effect of these spectacles 

was reconfirmed in 1952165 and, more recently, in 1988 when the experiments 

2

Figure 12 Prism spectacles in ankylosing spondylitis. A. normal situation. 

 B. Patient with flexion deformity, the dotted line indicates the 

 normal gaze without prisms.
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were repeated in a group of 30 patients.166 From an ophthalmologic 

perspective, such low power prisms are unlikely to be effective because 

fusion would suppress the prismatic effect instantaneously. It was argued, 

however, that these prisms only assist the eyes in assuming the position 

desired by the labyrinth.  

Motion sickness. One report mentions the positive effect of prism spectacles 

on motion sickness.167 Despite the fact that this study was not conducted to 

investigate the treatment of carsickness, a significant reduction of the 

symptoms was reported following the prescription of prisms spectacles. 

Interestingly, the symptoms of carsickness returned as soon as the spectacles 

were discontinued.
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Abstract

Background. Most patients with end-stage age-related macular degeneration 

(AMD) depend on eccentric viewing for distance and near vision. 

Purpose. The purpose of this study was to evaluate the subjective effects of 

eccentric viewing spectacles (EVS) that were prescribed to use the functional 

perimacular regions in the primary gaze position.  

Method. We prescribed EVS to patients with a central scotoma secondary to 

end-stage AMD. After determining the preferred retinal locus, high power 

prism glasses were adjusted to this area. After a follow-up period of at least 

3 months, patients filled in a questionnaire concerning the positive and/or 

negative effects of the EVS.  

Results. Twenty-three of 38 patients considered the EVS beneficial. 

Conclusion. EVS may be helpful for the rehabilitation of patients with a central 

scotoma resulting from AMD.

Verezen.1021-Proefschrift.indd   130 06-12-2008   07:03:50



131

Introduction

Age-related macular degeneration (AMD) is the leading cause of blindness 

in the western world for patients above the age of 65 years.1-3 End-stage AMD 

is characterized by dysfunction of the macular area, resulting in a central 

scotoma. A central scotoma creates a serious handicap for both near and 

distance vision. Some patients use the next best available retinal area, but 

are unable to maintain steady fixation.4;5 A previous study on reading with a 

macular scotoma, using a scanning laser ophthalmoscope to map the retinal 

locations of scotomas in three patients with long-standing macular scotomas, 

showed that each patient used a single, idiosyncratic retinal area, immediately 

adjacent to the scotoma to fixate, and did not attempt to use the non-functional 

foveola. The fixation stabilities of the patients studied were poorer than 

normal foveal fixation, but as good as or better than the fixation stability of 

normal subjects trying to fixate eccentrically. 6  However, other studies found 

poorer fixation stability in their patients with macular disease7-9 or 

amblyopes.10 

When areas of the occipital cortex lose their retinal input, other retinal cells 

feed information to those central processing areas. They develop a preferred 

retinal locus (PRL) also called preferred viewing locus (PVL) (Figs. 1 to 3). 

The PRL is the centre of an area that represents an optimal trade-off between 

visual quality (e.g. acuity), interference by the scotoma (e.g. obscuration of 

text), and proximity to the fovea.6 The brain does two types of visual 

processing, focal and ambient. The fovea, used for detail discrimination and 

object recognition, is responsible for focal visual processing in the occipital 

cortex. The peripheral retina is primarily used for ambient visual processing, 

which is responsible for balance, spatial orientation, and mobility. A person 

with AMD in whom the fovea no longer works shifts the focal visual processing 

function to a new area.11;12 

Optimum use of residual functional retina is the major goal of fitting 

magnifying low vision aids and illumination control. Eccentric viewing 

exercises, in order to train eccentric viewing, have been described.13-17  

In 1985 Fonda reported the use of bilateral base in prism correction in 

3
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Figure 1 Schematic side view of an eye with a central scotoma in primary 

 gaze position. Light that reaches the eye with an angle a regard to 

 the visual axis, is projected at the PRL.

Figure 2 Eccentric viewing position. Objects straight ahead of the patient 

 will be projected at the PRL. The same deviation of the light path 

 can be achieved with an EVS..

C =  Centre of rotation. N = Nodal point. F = Fovea.  Sc = Scotoma. To achieve the 

same projection, the eye has to assume an inferior eccentric viewing angle, angle α.
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so-called “half-eye spectacles magnifier”.18 He showed the relation of 

eccentric fixation to central scotoma in patients with Stargardt's disease, and 

noticed that generally patients with Stargardt's disease fixate above the 

object or letters that they are reading. In Fonda's study, prisms were 

incorporated to support convergence, because the reading distance of a 

half-eye spectacles magnifier is extremely short. Near-vision, low power 

prismatic lenses (≤ 8∆), in patients with macular diseases were reported by 

Romayananda et al., using a prismatic scanning technique at the perifoveal 

region.19 Near-vision spectacles were fitted in order to improve the reading 

ability in 59 patients with macular lesions. In this study prism corrections 

were fitted only for near-vision tasks in patients with small central scotomas. 

Another technique was described by Faye using a diagnostic device called 

“Prism Image Relocator”.20 In 1989 Rosenberg et al evaluated 19 patients and 

a control group of 11 similar patients in whom prism glasses were given for 

distance, intermediate and near correction.21 They mentioned that a slight 

head turn of 6∆ to 8∆ was difficult for their subjects, so we assumed that 6∆ 

3

Figure 3 Eye is restored to primary gaze position and the projection is at the PRL.

Prism power 10∆ dioptre (5º43 min arc) in the visual axis creates a new location 1.7 mm 

 displaced from the fovea in the direction according to the position of the prism base. 15∆ 

dioptre (8º32 min. arc),  location movement  2.5 mm. 20D dioptre (11º19 min. arc), location 

movement  3.5 mm.
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to 8∆ lenses were fitted in this study. In all the mentioned studies the highest 

prismatic power was 10∆. In our study we wanted to evaluate the effect of 

high prism powers  (≥ 15∆) for daily wear in patients with a large central 

scotoma resulting from end-stage AMD.

Methods

We selected 49 patients with a dense central scotoma in both eyes caused 

by end-stage AMD. Only those patients who understood that the eccentric 

viewing spectacles (EVS) could not cure their macular lesion or enhance their 

visual acuity were included. The patients were acquainted with the concept 

of eccentric viewing and the influence of eccentric viewing on their visual 

acuity.  Patients with other ocular disorders were excluded, with the exception 

of cataract or pseudophakia. Patients were excluded from this study if a 

Figure 4 The so called “multi-dot chart.” Patients had to point out the 

 absence dots, while fixating at the centre.
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significant new refractive correction was prescribed to improve acuity. Those 

patients who made compensatory eye movements following the introduction 

of the eccentric viewing prism were also excluded. 

Fully corrected visual acuity with eccentric viewing was measured in both 

eyes separately at a viewing distance of 1 metre, on a Snellen chart, calibrated 

for 1 metre test distance, illuminated with 500 lux at room illumination of 100 

lux. For testing the eccentric viewing prism, the eye that showed the best 

combination of visual acuity, light sensitivity, visual field, and field quality was 

used. In cases where there was not a manifest difference between the two 

eyes, the eye that showed the same eccentric viewing as demonstrated in 

binocular vision was used. To locate the PRL, the dislocation in angle and 

direction of the corneal reflex was estimated while the patient fixated the 

ophthalmoscope light at a distance of 50 cm with eccentric viewing. After this 

procedure, when the ophthalmoscope light afterimage had disappeared, the 

patient was asked to release eccentric viewing. A multiple-dot chart (Fig. 4) 

was then held in the visual axis at 50 cm at room illumination of 500 lux. The 

square is equivalent to a 20º visual field width. The patient had to point out 

the missing dots while they were asked to fixate the centre of the square.  

A prism of the tentative power with base in the eccentric viewing direction was 

inserted in the trial frame. The patient reported that the central region became 

visible or more complete. In those cases where the patient noticed that a 

small angle of eccentric viewing in the initial direction improved the image of 

the multiple-dot chart, the prism power was increased in increments of 2∆. In 

patients with a release of eccentric viewing and a good central multiple-dot 

chart image, decrements of 2∆ were tried. The effect of a small rotation of the 

prism base on the visual quality was evaluated. In 8 patients in whom the 

location of the PRL was not obvious, static visual field measurements were 

performed by means of a Rodenstock Peritest (single and multiple stimuli with 

17 luminance steps of 0.2 logU; background luminance 1 cd/m2). The size and 

shape of the central scotoma, demonstrated by the visual field map, shows in 

which direction to move the projection and the power of the EVS. The locus to 

choose from the visual field map must have an optimal trade-off between 

proximity to the fovea, interference by the scotoma (e.g., obscuration of field), 

and visual quality (e.g., acuity). 

3
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Prisms were fitted bilateral and identical in power and prism base direction 

to avoid the risk of possible diplopia, as well as for cosmetic appearance and 

weight balance. One type of frame, in 2 sizes, was selected to mount the 

lenses (Brendel mod. 5041 sizes 43-19 and 45-19). The lenses were made of 

Table 1  A schematic overview of the results presented in this study.

Patients deceased 3/49   

Total Patients Fitted 49

Female 21/49  (43%) and male 28/49 (57%)

Age range 70 to 88 yr (AVERAGE 80)

Eccentric viewing visual acuity     Range 0.01  to 0.13 (LogMAR 0.89 to 2.0 )
Mean 0.06 (sd 0.03) (LogMAR1.3 (sd 0.2))
<= 0.05 24/49    patients 49%
>   0.05 26/49    patients 51%  

No response   8/49

Remain for evaluating results 38 patients

23/38    61 %
Positive / Wearers EVS Negative / Nonwearers EVS

15/38    39 %

Full -time wear
14/38 37%
14/23 61%

Part -time wear
9/38 24%
9/23 39%

Only indoors, only private residence
5/38 14%
5/23 22%

Only indoors, everywhere
2/38 5%
2/23 9%

Indoors everywhere and outdoors 
only in well known areas

2/38 5%
2/23 9%

Absence of the 
intended result and
other disadvantages

8/38 21%
8/15 53%

Presence of the 
intended result 
but too many 
disadvantages

7/38 18%
7/15 47%
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titanium-glass, refractive index n=1.706.  Abbe number 42, non-coloured and 

antireflection coated. Only single vision EVS for distance use were fitted. The 

average weight of an EVS was 55 g. Spectacles were assembled by Ergra 

Low Vision, The Hague, The Netherlands. For the subjective evaluation of the 

effects of EVS, patients were asked to fill in a questionnaire after follow-up of 

at least 3 months.

Results
 

Of the 49 patients (21 female, 28 male) in whom EVS were fitted, 3 patients 

died within the follow-up period. Of the remaining 46 patients, 8 patients did 

not respond to the questionnaire. The period from the initial EVS use to the 

completion of the questionnaire ranged from 3 to 25 months (average 13 

months). The age of the remaining 38 patients ranged from 70 to 88 years 

(average 80 years). Visual acuity ranged from 0.01 to 0.13 (LogMAR 0.89 to 

3

Table 2  Frequency of the disadvantages mentioned by wearers and 

non-wearers of EVS. The figures represent the total number of 

disadvantages reported. Some patients reported two or more 

disadvantages.

Subjective findings wearers EVS non-wearers EVS

Dizziness while walking 4 7

Dizziness while sitting - 5

Optical image deformation 9 4

Lack of improvement - 4

Headaches 3 5

To bump objects/furniture - 1

High weight 11 2

Chromatic aberration - 2

Non-cosmetic appearance - 1

Nausea - 1 
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2.0) with a mean of 0.06 (sd 0.03) (LogMAR 1.3 (sd 0.2)). In 24 patients (49%) 

visual acuity was less than or equal to 0.05, and in 26 patients (51%)  

visual acuity was higher than 0.05. In general 13∆ to 16∆ were fitted in 

patients with visual acuity range 0.05 to 0.1 (LogMAR 1 to 1.3) and 17∆ to 20∆ 

were fitted in patients with a visual acuity of less than or equal to 0.05 (< =1.3 

LogMAR). 

Fifteen of the 38 patients (39%) had stopped using the EVS. In this 

“discontinued-wearers” group, 8 of 15 reported a lack of results (reduced or 

abolished eccentric viewing and restoration of central vision), whereas the 

other 7 patients reported achieving the desired results but they stopped 

wearing the EVS because of other problems. The trial period in this 

nonwearers group ranged from 4 h to 600 h, average 150 h. Twenty-three of 

38 patients (61%) continued to wear the EVS and achieved an improvement 

of their visual capacities. In this group of 23 patients, 14 patients (61%) 

reported full-time EVS wear and 9 patients (39%) are part-time wearers.  

The results of this study are shown in Tables 1 to 3.  An example of a patient 

without and with the EVS is depicted in Figs. 5 and 6.

Table 3   Subjective judgment on usefulness in 23 positive/wearers EVS. 

Visual item Σ Grading

Regression of eccentric viewing 21/23 7.3

Restoring  “central vision” (not visual acuity) 21/23 5.8

Usefulness indoors 21/23 7.2

Usefulness outdoors 20/23 6.7

Enhancement of recognizing persons 22/23 6.0

Enhancement of recognition objects 22/23 5.9

Enhancement of restored “eye-contact”  20/23 5.9
(noticed by others)

Σ Represents the number of patients who replied to this particular question. The grading 

results were: 10 excellent, 9 very good, 8 good, 7 more than sufficient, 6 sufficient,  

5 insufficient, 4 worse than sufficient, 3 poor, 2 bad, and 1 very bad.

Verezen.1021-Proefschrift.indd   138 06-12-2008   07:03:51



139

3

Figure 5  A 35mm photograph of a patient, without EVS, viewing the fixation 

light mounted on the camera lens. Note: Patient is functional  

monocula (left eye); there is a constant exotropia of the right eye.

Figure 5  The same patient as Fig. 5, with EVS, viewing the fixation light 

mounted on the camera lens. Note that the fixation light reflex has 

moved toward the centre of the pupil of the left eye.
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Discussion

Initially, the effects of low power prisms (≤ 8∆) for reading tasks were 

described by Romayananda et al. in patients with macular diseases.19 Seven 

years later, in 1989, Rosenberg et al. published the results of 19 patients with 

macular dysfunction who received spectacles with prismatic lenses and a 

control group of 11 comparable patients. In this study, 90% of the patients 

who received with prisms showed an improvement in acuity and performed 

better on locomotion tests.21  

Fitting high power (≥ 15D) prismatic lenses for distance use daily wear, to 

patients with a central scotoma resulting from AMD, is presented in this 

study. Sixty-one percent of the patients reported EVS as an improvement. 

EVS cause a prismatic image-shift toward the PRL and that seems to be 

effective in helping patients using their PRL without any or much less 

eccentric viewing. In eight patients this improvement did not occur. Dizziness 

was the most frequent reason to stop wearing EVS. Optical distortion at the 

periphery of the lens is the most probable explanation. Another possible 

explanation for this dizziness can be found in the interaction between the 

vestibular and visual system. Little is known about this interaction.22 

Furthermore, the high weight of EVS was considered to be a major 

disadvantage. We assume that lens materials other that used in this study, 

for instance high index plastic lenses, can offer some solutions. 

Romayananda et al.,19 in a sample of 59 patients with various macular 

pathology, claimed that all 59 patients were rehabilitated successfully. Their 

near vision improved to a level that satisfied their functional needs. Smaller 

angles of eccentric viewing, corrected with prisms of 6∆ , 7∆, or 8∆ in most 

cases and 10∆ in one case, were fitted in this study. In both studies19;21 there 

was improvement in acuity. None of the patients in our study showed 

improvement in visual acuity with EVS in comparison to eccentric viewing 

visual acuity. None of the patients in our study were able to read without the 

additional use of low vision aids. In his evaluation of the Romayananda et al. 

procedure, Bailey stated23 that after fitting prismatic lenses, the eye will make 

a movement to resume its attention. In our opinion this only applies to 
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patients with some residual function of the central retina. In our study with 

bilateral dense scotomas due to AMD and subsequent eccentric viewing, 

eyes did not make this movement to resume fixation. In order to prove the 

beneficial effects of EVS, quantitative methods will have to be developed.

Conclusion 

The results of this study show that high-power prisms can be beneficial to 

end-stage AMD patients with a dense central scotoma by reducing eccentric 

viewing. Fitting EVS to end-stage AMD patients with a dense central scotoma, 

substantially improved the quality of life in 61% of the patients. The technique 

of fitting EVS is within the scope of optometric management and should be 

considered by practitioners in low vision care for carefully selected patients. 

Further research on this area of low vision care, may lead to improved 

methods of fitting EVS and possibly reducing disadvantages like dizziness 

and the weight of the spectacles. Furthermore, it would be helpful to quantify 

the positive effects of EVS.
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Introduction

Age-related macular degeneration (AMD) is the leading cause of blindness 

in the western world for people above the age of 65 years. Endstage AMD is 

characterized by a dysfunction of the macular area, resulting in a central 

scotoma. A central scotoma creates a serious handicap for near and distance 

vision, and results in emotional distress and loss of independence. The 

impact of vision loss associated with AMD can be ameliorated with 

appropriate rehabilitation programs.1 The preferred retinal locus (PRL) is the 

centre of an area that represents an optimal trade-off between visual quality 

(e.g., acuity), interference by the scotoma (e.g., obscuration of text), and 

proximity to the fovea (Fig.1).2 

Eccentric viewing and eccentric fixation
There are techniques, instruments and materials to teach people to reliably 

refixate at the PRL. Eccentric viewing training attempts to make patients 

aware of the fact that the use of the PRL as their new fixation locus improves 

their visual functions.3-6 It needs no explanation that fixation at the PRL gives 

a better visual acuity, compared to central fixation, in patients with a dense 

central scotoma. Depending on the size of the scotoma the visual acuity will 

be severe low-vision to near-blindness (visual acuity ranging from 0.1 to 0.02). 

This is related to the anatomy and visual function of the extra-foveal retina. 

The (mid) peripheral retina is primarily used for ambient visual processing, 

which is responsible for balance, spatial orientation and mobility. The fovea, 

on the other hand, is used for detail discrimination and object recognition. In 

many cases, there is not a single PRL but several PRLs that are being used 

depending on the task at hand.2;7-9 

An important aspect of eccentric viewing training is the determination of the 

part of the retina that is best suited as PRL. A patient that uses his or her PRL 

shifts fixation from the central scotoma to the adjacent retina, which results 

in a more or less complete central field of vision. With eccentric viewing, 

objects of interest are recognized by scanning the outline of these objects.  

In most cases, patients also develop a torticollis in the same direction as the 

eccentric viewing direction. People who perform eccentric viewing are aware 

4
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Figure 2  An eye in eccentric viewing position. 

Figure 1  Schematic side view of an eye with a central scotoma in primary 

gaze position. 

Objects straight ahead of the patient will be projected onto the PRL. The same deviation of light 

can be achieved with a high power yoked prism in eyes with a dense scotoma in patients that 

do not make a prism induced repositioning eye movement on the presentation of a high power 

yoked prism. In case a patient makes this eye-movement to compensate the image jump, EVS 

will be without any effect.

Light that reaches the eye with an angle a regard to the visual axis, is projected at the  

PRL.C =  Centre of rotation. N = Nodal point. F = Fovea.  Sc = Scotoma. To achieve the  

same projection, the eye has to assume an inferior eccentric viewing angle, angle α.
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of the fact they fixation lies beside the object of interest. Eccentric viewing 

has to be differentiated from eccentric fixation, which applies to the situation 

where eccentric retinal elements have become associated with the principal 

visual direction.10 For example, in patients with long standing macular scars, 

such as in Stargardt’s disease, eccentric viewing often leads to eccentric 

fixation. When this occurs, patients are no longer aware of the fact that the 

foveal fixation is eccentric to the object.11

Therefore, in recently developed macular lesions, the term ‘eccentric viewing’ 

is preferable to ‘eccentric fixation’. 

High power ‘yoked’ prisms for eccentric viewing
As described above, persons who are using their PRL have to perform eccentric 

viewing. They are no longer looking straight at objects but are fixating beside 

the object of interest. This leads to an abnormal eye posture, but may also lead 

to fatigue of the cervical muscles due to an abnormal head position. Moreover, 

these patients no longer have normal eye contact with his family and friends. 

4

Figure 3  With the fitting of an EVS the eye, position is restored to primary 

gaze position and the projection is onto PRL. 

Prism power 10∆ dioptre (5°43 min arc) in the visual axis shifts to a new location 1.7 mm displaced 

from the fovea in the direction according to the position of prism base. 15∆ dioptre (8°32 min arc) 

2.5 mm and 20∆ dioptre (11°19 min arc) 3.5 mm.
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A study were high power yoked prisms, so-called eccentric viewing 

spectacles (EVS), were prescribed to reduce these negative effects of 

eccentric viewing showed that EVS were beneficial to end-stage AMD 

patients with a dense central scotoma. Fitting EVS in end-stage AMD patients 

with a dense central scotoma substantially improved the quality of life in the 

majority of patients without any enhancement of other visual functions, 

compared to eccentric viewing.12 Other studies, however, found better visual 

acuity, contrast sensitivity or colour vision.13-16 

 

Visual search time in patients with eccentric viewing
Elimination of foveal function by macular scotomas reduces reading rate to a 

few words per minute compared to a reading rate of hundreds or words per 

minute (150 wpm to 300 wpm) for subjects with normal vision.17-19 Reduced 

visual search time (VST, the total time from the appearance of the target up 

to the moment the observer responds which includes latency time, eye 

movement time and identification time) can be observed in patients with 

central scotomas during visual acuity assessments.9 In order to determine 

differences in VST of the first and second method, as mentioned in Figure 2 

and 3, we evaluated 16 patients labelled as a full-time EVS wearer over a 

period of at least 6 months.

Material and methods

Test room and objects
The tumbling-E-test was projected by the use of four standard slide projectors 

located two on each side behind the patient. Luminance of the projected 

E-type was calibrated at 220 cd/m2 using a variable projector lens-aperture. 

General projection screen luminance 45 cd/m2 at fluorescent room illumination 

of 300 lux. In order to present equal spatial frequency thresholds for all our 

subjects, the actual size of the tumbling-E differs for each individual. For this, 

E-hooks were first projected straight-ahead subjects’ position while seated at 

2 meter in front of the projection screen. The threshold E-hook size for an 

eight of eight faultless score was found by slowly decreasing the projector to 

screen distance, initial E-size 20M. This actual projector to screen distance 
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for testing VST was twice the threshold distance, to ensure that insufficient 

VA was not a restrictive factor in testing VST. During this procedure, subjects 

get familiar to the tumbling-E-test. Subjects were explained the four possible 

positions and to use the words top, bottom, right or left to indicate the open 

side of the tumbling-E. Subjects were encouraged to perform this task with 

the highest possible speed from the moment the projection was located to 

the moment of identification the open side of the tumbling-E-optotype.  

To avoid an auditive influence on the results, the projectors left and right were 

simultaneously used, with a blank slide in one and the tumbling-E at the 

other projector. Tumbling-E projection locations are showed in figure 4.  

After each presentation of one tumbling-E, the subject had about 10 seconds 

to rest and to regain primary gaze, before the next E-hook was presented. 

This time was not recorded because we wanted to measure the VST for each 

object and not the total time for a serial presentation.

4

Figure 4  The tumbling E-test to investigate the visual search time. 

Point X is projected in front of the subject. Points A1-4 are located at a 27° angle and points 

B1B3 are located at a 37° angle and points B2B4 at 45° from the straight line connecting the 

eye of the subject with the X.
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The locations and positions of the tumbling-E’s as illustrated in figure 4, were 

identical in all subjects and also identical in the first and second test 

(sequence: A1, B4, A2, B1, A3, B2, A4, B3). Projections A1,2,3,4 were located 

27° (right superior, right inferior, left inferior, left superior) from point X, a point 

straight-ahead of subjects nose position. Projections B1, B3 were located 37° 

(superior, inferior), from point X. Projections B2, B4 were located 45° (right, 

left) from point X. Eight of sixteen subjects (group A) were first tested with 

their EVS and we ensured that subjects had their EVS on for at least 4 hours 

before testing. The other eight of sixteen subjects (group B) were asked not 

to ware EVS from the moment they woke up on the testing day. Subjects were 

scheduled in a way that it was possible to meet this time demands in wearing 

EVS at least 4 hours for group A and not-wearing EVS at least 4 hours for 

group B. After the morning session subjects of group A were asked to take 

off their EVS and group B was asked to put on their EVS. The late afternoon 

session took place when subjects of group A and group B were adapted their 

new orientation for at least 6 hours. The time required to find the projected E 

and to appoint the open side be measured. Subjects were not told whether 

the answer was good or false. In case the answer was false, this single 

attempt was kept out of our calculations. In case two or more answers were 

false, the complete presentation of eight E-hooks was repeated. The time to 

complete this test of eight tumbling-E hooks was divided by eight.

Subjects
A group of 20 otherwise healthy subjects with end-stage AMD in both eyes 

was randomly selected from a population of low-vision patients labelled as 

full-time wearers of EVS over a period of at least 6 months. From 20 invited 

patients, 16 patients were willing to participate in our study. Age distribution 

from 59 to 85 with an average of 75 (7 male and 9 female). All subjects 

suffered from a long existing dense central scotoma in both eyes and all had 

an established PRL with consistent fixation stability. Extra-ocular motilities of 

all subjects showed no restrictions. Twelve out of sixteen subjects did not 

have binocular vision in eccentric viewing. The subjects were acquainted with 

eccentric fixation and the medical and technical background of the effect of 

using their PRL for visual tasks. In all subjects, the prismatic power of the 

EVS was adequate to maintain primary gaze while using their PRL for fixation. 
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As discussed before subjects were not aware of the fact they looked to either 

side, under or above objects so this made us think that subjects could be 

classified as patients with eccentric fixation.10 Another classification which 

states that eccentric fixation is a situation in which the motor aspect of the 

fixation reflex and the principal visual direction are adjusted to the PRL, made 

us decide to label our subjects as subjects with eccentric viewing because 

VST was abnormal prolonged compared to VST in patients with a normal 

fixation reflex.10

Results

The vertical axes (figure 5) represent 1/8 of the total time in seconds 

necessary to proper identification of the direction of the open side for  

8 tumbling-E hooks. The mean VST for our 16 subjects without using EVS 

was 6.22 seconds, and with EVS was 4.13 seconds. The median VST was  

4.5 seconds without and 3.3 seconds with EVS (Wilcoxon Signed Ranks Test 
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Figure 5  Overview of the visual search time (VST).  

Grey bars represent the VST without prismatic correction; white bars represent the VST with the 

eccentric viewing spectacles (EVS).  
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p: 0.006). This effect was found in group A as well as group B. (5.4 vs. 3.2 in 

group A and 4.0 vs. 3.3 in group B). Mean improvement in 16 subjects was 

34% shorter VST with EVS compared to without the use of EVS. 

Discussion

Results of fitting low power prisms (8∆) for reading tasks was first described 

by Romayananda et al. (1982) in patients with macular diseases.15 In 1989 

Rosenberg et al published the results of 19 patients with macular dysfunction 

who received spectacles with prismatic lenses and a control group of 11 

similar patients. In this study 90% of those fitted with prisms showed an 

improvement in acuity and performed better on locomotion tests.14 

Romayananda, Bertrand, Rosenberg and Medina reported a better VA, and 

immediate subjective improvement of the visual function with yoked prisms.13-16 

We presented fitting high power (≥ 15∆) prismatic lenses for distance use 

daily wear in our previous study. 12 We described subjective findings of 49 

patients with EVS. A group of 61% was satisfied and a group of 39% was not 

satisfied. Mean causes of rejection were dizziness, headaches, optical image 

deformation or lack of improvement. None of the patients in our first study 

showed improvement in visual acuity with EVS in comparison to eccentric 

viewing visual acuity or was able to read without the additional use of low-vision 

aids. The result of our study showed that high-power prisms are beneficial to 

end-stage AMD patients with a dense central scotoma, by reducing eccentric 

viewing and torticollis. Fitting EVS to end-stage AMD patients, with a dense 

central scotoma, substantially improved the quality of life.

Conclusions 

In this study, we tested 16 patients. For this group the visual search time in 

an “E” optotype was 34% faster with an EVS compared to without. Although 

this difference was significant, in 4 patient’s subjective finding of EVS were 

positive but could not be objectified in this test. In conclusion, in continuous 

wearers, visual search time was significantly shorter with EVS. One of the 
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probable explanations for this reduction of VST could be the fact that the eye 

movements with EVS are initiated from a primary gaze eye position. This 

condition was a normal situation for many years in patients that are affected 

by a central dense scotoma at high age. The elderly are probably good 

eccentric viewers, and became even better eccentric viewers with training, 

but to our clinical experience only a minority of the eccentric viewing elderly 

changes to real eccentric fixation.10 In macular lesions of this kind, with an 

onset at younger age, we more frequently experience the shift from eccentric 

viewing to eccentric fixation. Further research on this area can probably give 

us answers why this difference appears in both types of maculopathy.

4
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Abstract

Purpose: Yoked prism spectacles (eccentric viewing spectacles, EVS) 

facilitate eccentric viewing in patients with bilateral central scotomas.  This 

study was conducted to evaluate the long-term success and patient 

satisfaction of this type of low vision aid.

Methods: In this retrospective cross-sectional study, we reviewed the low 

vision rehabilitation records of all patients who received EVS since 1993. With 

an 18-item survey, 191 patients were questioned about the wearing 

characteristics, advantages and disadvantages of the EVS. Descriptive and 

non-parametric statistics were applied to compare regular users with those 

persons who no longer use the EVS. 

Results: The response rate was 83.2% and the average follow-up time was 

4.5 years. Forty percent of all patients still used the EVS. The main 

disadvantages of these spectacles, mentioned mainly by the non-users, 

included the heavy weight (41%), perception of curved lines (46%), dizziness 

during walking (46%) and poor cosmetic appearance (25%). Many successful 

long-term users considered the EVS suitable for home-activities (86%) and 

walking in the street (70%) and reported that this device reduced eccentric 

viewing (77%), created a better vision in the centre of their visual field (67%) 

and helped with recognition of objects and faces (64%). 

Conclusions: The prescription of EVS aids eccentric viewing in patients with 

dense central scotomas. Although associated with a number of disadvantages 

and side effects, 40% of the patients continued to use EVS. The results of this 

study indicate that patients who experience difficulties with eccentric fixation 

are most likely to benefit from these low vision aids. A thorough explanation 

of the advantages and disadvantages of the EVS is important to prevent 

unnecessary disappointments.

Verezen.1021-Proefschrift.indd   160 06-12-2008   07:03:54



161

Introduction

Dense central scotomas are a prominent feature in a number of ophthalmic 

disorders, including age-related macular degeneration (AMD) and macular 

dystrophies.1 These scotomas severely impair visual performance in reading, 

face recognition and visual search. 2-5 In patients with longstanding bilateral 

central scotomas, the visual system develops one or more eccentric fixation 

areas - termed preferred retinal loci (PRLs) - that are used for fixation, 

reading, tracking and other visual tasks that the damaged fovea is no longer 

able to perform.2;5-13 PRLs may be found in every direction surrounding a 

central scotoma.10;12-15 The size, form and density of the central scotoma are 

all of influence on the location of the PRL.11;14 Single or multiple PRLs may 

exist and depend on the sort of object, the task at hand and environmental 

conditions such as luminance.11-13 To use this alternative area of fixation the 

patient has to alter the eye or head position, often for a prolonged period of 

time, which may cause a number of complaints.16

Eccentric viewing spectacles (EVS) are yoked prism spectacles with identical 

prism power and direction of the prism base for both eyes. The EVS is used 

to shift the image of an object towards the PRL. The EVS enables patients 

with bilateral central scotomas to use their PRL continuously without the need 

to adjust their eye and/or head position. A number of studies have discussed 

the technique of EVS prescription and short-term (average 13 months) 

results.17-22 In a previous study, evaluating the short-term results of EVS, we 

found that 61% of the patients used these spectacles full-time.19 Although 

none of the patients experienced an increase in visual acuity, the EVS 

alleviated abnormal eye position and/or torticollis. However, little is known 

about the long-term patient satisfaction and compliance of EVS.  The current 

study was performed to address these long-term issues in EVS prescription. 

Patients and Methods

Visual rehabilitation files of all patients who received an EVS in the period 

1993-2001 were retrospectively analyzed. A minimal follow-up of 12 months 

5
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was required. An 18-item questionnaire was developed to evaluate the 

patient satisfaction as well as the compliance with regard to the EVS.  

This study adhered to the tenets of the Declaration of Helsinki. IRB approval 

was acquired and a written informed consent was obtained for all patients.

 

Data collection from patient charts consisted of demographics, ocular pathology, 

best-corrected visual acuity (BCVA) before and after prescribing the EVS, prism 

power, direction of prism base, and follow-up time. The best corrected monocular 

and binocular visual acuity was determined on a logarithmic letter symbol chart 

with eccentric viewing, the so called off-centre visual acuity.23;24 Before 1999, the 

Keeler A-series low vision chart was used; after 1999, the Precision Vision® 

Colenbrander became the low vision chart of choice. The visual acuity for a 

patient was always tested on the same chart. The test chart viewing distance 

was 1 meter, the chart luminance was 250 cd/m2 and the background luminance 

was 50 cd/m2 at a general room luminance of 100 Lux. 

Patients received a letter in which they were asked whether the EVS was still in use 

and if they were willing to complete a questionnaire concerning their personal 

experiences with the EVS. The questionnaire was designed to evaluate under 

which circumstances patients considered their EVS beneficial. In addition, patients 

were questioned on their experiences in performing visual tasks with the EVS, as 

well as the advantages and disadvantages related to EVS. (Table 1) Responders 

were defined as patients that answered at least the question that established 

whether the EVS was still in use or not. Non-responders were approached by 

phone and were asked whether the EVS was still in use, in order to compare 

reliability of outcomes between both responders and non-responders. 

The details of the indications and the technique of EVS prescription have been 

described previously.19 Only patients with stationary bilateral dense scotomas 

of the central visual field with established eccentric fixation were considered 

appropriate candidates for this low vision device. The central scotomas had 

to be of sufficient size and density. More specifically, eligible patients should 

not be able to discern a point light source at a distance of 75 cm (1mm2 

filament of a fully charged Keeler Vista® monocular direct ophthalmoscope) 

without eccentric viewing. Patients should have difficulties with eccentric 
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viewing either physical or emotional. Furthermore, patients should understand 

the nature of their disease and be highly motivated to try the EVS.

5

Questionnaire CW-group DCW-group 
 (%) (n=64) (%) (n=68)

1) Do you still use your EVS
 Yes 100 -
 No - 100
a. If No, why did you stop using your EVS?
  "The device was not beneficial to me"  26.0
  "Dizziness"  18.0
  "Could not get used to EVS"  12.0
  "Curved objects"  14.0
  "Worsening of eyesight"  9.0
  "Miscellaneous reasons"  21.0 

2) Did you know, before using the EVS, 
 that viewing eccentric results in better 
 vision than viewing straight?  
 Yes 73.4 66.2 (p: 0.04)
 No 6.3 19.1
 Don’t know 10.9 8.8
 Missing 9.4 5.9 

3) Did you experience, before using the 
 EVS, better vision when looking eccentric?   
 Yes 71.4 73.0
 No 14.3 17.5
 Don’t know 12.7 9.5
 Missing 1.6 0 

4) Episodes of eccentric viewing before 
 using EVS:                            
 Always 31.1 30.4
 Some periods 6.7 10.9
 Sometimes 55.6 50.0
 Rarely 4.4 0
 Never 2.2 0 
 Missing 0 8.7 

Table 1   The 18-item questionnaire and the outcomes in the CW group 

compared to the DCW group.   
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5) Effort to practice eccentric viewing:                            
 Little effort 35.6 47.8
 A lot of effort 60.0 43.5
 Missing 4.4 8.7 

 6) Did you practice eccentric viewing when 
 talking to a person?                   
 Yes 51.1 76.1 (p: 0.03)
 Yes, unless I noticed the other person found it odd.  17.7 13.0
 No 24.4 4.3
 Don’t know 6.7 6.5

7) How often do/did you wear your EVS?                                                 
 Always 68.8 29.4 (p: 0.001)
 Some hours a day 18.8 33.8
 Some hours a week 6.3 10.3
 Less 4.7 13.2
 Missing 1.6 13.2

8) Where do/did you use your EVS?                                                                              
 Indoors 16.7 40.0 (p: 0.007)
 In and out doors 80.0 58.0
 Missing 3.3 2.0

9) In which environment do/did you use your EVS?                                                                               
 Known environment 13.3 46.0 (p:<0.001)
 Both known and unknown environment 80.0 40.0
 Missing 6.7 14.0

10) Do/did you experience less eccentric viewing 
 while using your EVS?                                                                                
 Yes 76.6 33.8 (p:<0.001)
 No 4.7 26.5
 Don't know 12.5 23.5
 Missing 6.3 16.2

11) Do/did you experience a better view in the 
 centre while using your EVS?                                                                                                                       
 Yes 67.2 19.1 (p:<0.001)
 No 10.9 36.8
 Don't know 14.1 25.0
 Missing 7.7 19.1

12) Are/were EVS suitable for walking in the street?                   
 Yes 70.3 13.2 (p:<0.001)
 No 20.3 55.9
 Don't know 1.6 14.7
 Missing 7.8 16.2
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5

13) Are/were EVS a usable device for in home 
 activities?                    
 Yes 85.9 26.5 (p:<0.001)
 No  6.3 45.6
 Don’t know 3.1 10.3
 Missing 4.7 17.6

14) Do/did EVS help you to recognize objects?                                                              
 Yes 64.1 25.0 (p:<0.001)
 No 21.9 48.5
 Don't know 9.4 11.8
 Missing 4.7 14.7

15) Do/did EVS help you to recognize people?                                                                                         
 Yes 48.4 22.1 (p: 0.02)
 No 35.9 48.5
 Don't know 10.9 14.7
 Missing 4.7 14.7

16) Do/did EVS improve eye contact with 
 opponents?                                                                                
 Yes 48.4 27.9
 No 34.4 42.6
 Don't know 12.5 14.7
 Missing 4.7 14.7

17) Which disadvantages do/did you experience 
 wearing EVS?                                                                                
 None 17.2 13.2
 Weight 45.3 41.2
 Curved lines 28.1 45.6  (p: 0.01)
 Dizziness while walking 29.7 45.6  (p: 0.02)
 Dizziness while sitting 3.1 25.0 (p:<0.001)
 Headache 14.1 20.6
 Coloured edges at objects 10.9 14.7
 Cosmetic appearance 10.9 25.0  (p: 0.02)
 Other# 31.3 36.8
 Missing 1.6 5.9

18) Would you recommend the EVS to someone 
 else with the same visual impairment?                                                                                                            
 Yes 82.8 26.0 (p:<0.001)
 No 9.4 44.0
 Missing 7.8 30.0
 

CW, continued wearers; DCW, discontinued wearers. When differences are statistically 

 significant, p value is given. #,  items mentioned in the CW as well as the DCW group: overall 

dizziness, nausea, not clear-vision, cannot read.
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All EVS were prescribed by one practitioner (C.A.V.). To prescribe the EVS, 

patients were asked to fixate on the light of monocular direct ophthalmoscope 

using eccentric viewing. The eccentric viewing gaze direction (EVGD) was 

estimated by examining the displacement of the reflection on the cornea.25 

A monocular retest was done to determine the dominant eye that induced the 

EVGD. The power of the prism was estimated and the prism was fitted with 

the base in the direction of the EVGD. With the introduction of the correct 

prism, patients should regain primary gaze. Minor adjustments were made 

with a prism-bar to optimize the prism power and position. Due to technical 

limitations and chromatic aberration, prism powers exceeding 32∆ were not 

prescribed. To avoid diplopia, prisms were fitted bilaterally. This also 

improved weight balance and cosmetic appearance. EVS were prescribed as 

single vision lenses, distance Rx, non-coloured Titanium-glass, (refractive 

index n =1.706, Abbe number 42), with an anti-reflection coating. The mean 

weight of an EVS was 65 grams. All patients were informed about the 

possible side effects, such as disorientation and dizziness, as well as optical 

image deformation and perception of coloured fringes.19;26;27 Patients were 

encouraged to wear the EVS continuously. Although patients were given 

advice on how to get used to their EVS, unfortunately, no structured training 

from a qualified instructor was available. An example of a patient demonstrating 

eccentric viewing and using the EVS is given in Figure 1.

Data Analysis
Descriptive and non-parametric statistics were used to determine differences 

between successful long-term users and those who discontinued the use of 

the EVS. Differences between both groups were evaluated using Mann-Whitney, 

t-test and chi-square. Differences in outcomes of items in the questionnaire 

were analyzed by chi-square. 

Results
Between 1993 and 2001, EVS were prescribed to 327 patients. At the time of 

this study, 191 patients were still alive. The median age in this study 

population was 80.0 years (range 30.7 – 96.3 years) and 57.1% was of the 

male gender. The mean off-centre LogMAR visual acuity in the better eye of 

these patients was 1.32 (sd 0.32) (20/400) and equalled the VA with EVS.  

Verezen.1021-Proefschrift.indd   166 06-12-2008   07:03:55



167

The average follow-up was 4.5 years (range 1 - 8.6 years). An overview of the 

demographic characteristics of the study population is given in Table 2.  

The predominant cause of visual impairment in these patients was AMD. 

However, a large group (31%) of patients displayed a variety of ocular 

disorders, including neuro-ophthalmologic abnormalities and miscellaneous 

macular pathology (Table 3). 

 

The response rate was 83.2% (159 of 191 patients). Of the 159 responders 

132 completed the 18-item form enabling us to evaluate the long-term 

experiences of the patients with their EVS.  Twenty-seven subjects informed 

us whether the EVS was still in use or not, but did not complete the 18-item 

questionnaire. The outcomes of the questionnaire, stratified for the CW and 

DCW group, are shown in Table 1. Overall, non-responders were significantly 

(p<0.001) younger than responders (Table 2). No differences in follow-up 

time, gender, visual acuity, prism power or direction of the prism base were 

found between these groups. Sixty-nine percent (22/32) of all non-responders 

5

Figure 1  Patient demonstrating eccentric viewing (left) and demonstrating 

the EVS (right).
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could be reached by telephone. The remaining 10 patients were either deaf 

or were not approachable. In the non-responder group, 18.2% continued to 

use EVS, whereas in the responder group 44.7% still used the EVS regularly 

(Table 2). By using both responder and non-responder information a 

weighted average was calculated to estimate that a true percentage of 40.2% 

of the patients were still using the EVS at the time of the study. 

A variety of reasons were given when patients were asked why they stopped 

using the EVS low vision aid. Many patients simply stated that the device was 

not beneficial for them (26%). The most frequently mentioned alternative 

answers were dizziness (18%), the perception of curved lines (14%), not being 

Table 2   Baseline characteristics of study population, comparing 

 responders and non-responders. 

Demographics Study  Responders Non- P-value
 population  responders
 (n=191) (n=159) (n=32)

Age  80.0 81.1 75.7 <0.001 *

(Median [25%, 75%]) (72.6, 85.8) (73.3, 87.0) (61.2, 79.8)

Mean follow-up time  4.5 (1.8) 4.5 (1.8) 4.2 (2.1) 0.49 †

in years (sd)

Sex (% of males) 57.1 54.7 68.8 0.14 ‡

Mean off-center logMAR 1.32 (0.32) 1.33(0.33) 1.27 (0.25) 0.30 †

visual acuity (sd)

Mean logMAR visual acuity 1.32 (0.32) 1.33(0.33) 1.27 (0.25) 0.30 †

with EVS (sd)

Mean prism power (sd) 19.1 (4.3) 18.9 (4.3) 20.2 (4.6) 0.16 †

Prism Base direction 
Base Left: 0˚ (350 -̊10˚) 11.5% 11.9% 9.4% 0.68
Base Up: 90˚ (80 -̊100˚) 19.9% 20.1% 18.8% 0.87
Base Right: 180˚ (170 -̊190˚) 42.9% 42.1% 46.9% 0.62
Base Down: 270˚ (260 -̊280˚) 6.8% 6.9% 6.3% 0.89
Base Other  18.8% 18.9% 18.8% 0.99

EVS still in use 40.2% § 44.7% 18.2%

=

  0.01 ‡

*, non-parametric Mann-Whitney; †, t-test; ‡, chi-square test; §, estimate of true value; 

=

, based 

on 22 approachable non-responders. 
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able to get used to the EVS (12%) and worsening of eyesight (9%).  Patients 

that continued to wear their EVS, the continued wearers (CW), were compared 

to patients that had discontinued wearing this device (DCW). Most patients 

were aware – prior to the prescription of the EVS – that eccentric viewing 

resulted in a higher visual acuity. There was no difference in episodes of 

eccentric viewing between the CW group and the DCW group before they 

started with EVS. No difference in age, visual acuity or prism power was 

found between the CW and DCW group. The proportion of male patients was 

5

Table 3   Diagnosis of patients who received EVS. 

Diagnosis Number of patients (%)

Age-related macular degeneration 132 (69.1)

Myopic maculopathy 9 (4.7)

Optic neuropathy 5 (2.6)

Angioid streaks 5 (2.6)

Stargardt disease 6 (3.1)

Macular dystrophy  6 (3.1)

Glaucoma 4 (2.1)

Branch retinal vein occlusion  3 (1.6)

Leber hereditary optic neuropathy 3 (1.6)

Retinitis pigmentosa 3 (1.6)

Post brain surgery 2 (1.0)

Cone dystrophy 1 (0.5)

Serpignous choroiditis  1 (0.5)

Cystoid macular edema  1 (0.5)

Retinal detachment 1 (0.5)

Multifocal choroiditis 1 (0.5)

Central serous chorioretinopathy  1 (0.5)

Branch retinal artery occlusion  1 (0.5)

Cone-rod dystrophy 1 (0.5)

Autosomal dominant opticus atrophy 1 (0.5)

Unknown 4 (2.1)

Total 191
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higher in the DCW group (p<0.01). Prism base up (90°) occurred significantly 

more often in the CW group (p: 0.02) (Table 4). There was no significant 

difference between the DCW and the CW group based on the diagnoses. For 

instance, AMD was the underlying cause of the visual impairment in 67% of 

the CW and 73% of the DCW.  

 

When the patient experiences with EVS were compared, a number of 

statistically significant differences were found between the CW and the DCW 

group. A high percentage of patients in the CW group appreciated this aid for 

home activities (85.9%), as well as for walking in the street (70.3%). The EVS 

also subjectively improved the central vision (67.2%), and increased the ability 

to recognize objects (64.1%) in the majority of CW patients. These percentages 

Table 4   Baseline characteristics of the CW group compared to the  

DCW group. 

Demographics CW-group DCW-group  P-value
 (n=71) (n=88)

Age  81.1 81.0 0.58 *

(Median [25%, 75%]) (72.2) (73.6, 86.0)

Mean follow-up time  4.2 (1.5) 4.7 (1.9) 0.07 †

in years (sd)

Sex (% of males) 42.3 64.8 <0.01 ‡

Mean off-center logMAR 1.31 (0.32) 1.34 (0.34) 0.52 †

visual acuity (sd)

Mean logMAR visual acuity 1.31 (0.32) 1.34 (0.34) 0.52 †

with EVS (sd)

Mean prism power (sd) 18.5 (4.2) 19.2 (4.3) 0.36 †

Prism Base direction 
Base Left: 0˚ (350 -̊10˚) 11.3 % 12.5 % 0.81 ‡

Base Up: 90˚ (80 -̊100˚) 28.2 % 13.6 % 0.02 ‡

Base Right: 180˚ (170 -̊190˚) 35.2 % 47.7 % 0.11 ‡

Base Down: 270˚ (260 -̊280˚) 8.5 % 5.7 % 0.49 ‡

Base Other  16.9 % 20.5 % 0.57 ‡

* , non-parametric Mann-Whitney; †, t-test; ‡, chi-square; CW, continued wearers; DCW,  

discontinued wearers; SD, standard deviation; EVS, eccentric viewing spectacles. 
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were significantly lower for patients from the DCW group. Not surprisingly, 

patients in the DCW group had used the device less frequently prior to 

discontinuation, and in fewer situations than the CW patients. This was most 

apparent in the number of patients that had used their EVS continuously 

(29.4% in the DCW group versus 68.8% in the CW group [p: 0.001]).

In both patient groups, a sizeable portion of patients reported disadvantages 

associated with the use of the EVS. The majority of these disadvantages were 

reported more often in the DCW group than in the CW group. The most 

frequently mentioned disadvantage in the CW group was the fact that the EVS 

were heavy (45.3%). The weight was also considered a problem by 41.2% of 

the patients the DCW group, but dizziness during walking (45.6%) and the 

observation that straight lines were curved (45.6%) were even more frequently 

encountered in this group. Both are well-known complications of high power 

prisms.26;27  In the CW group, the number of patients that experienced these 

side-effects were lower: 29.7% experienced dizziness while walking and 

28.1% noticed curved lines. There was no significant difference between the 

DCW and CW groups for the percentage of patients who thought that weight 

of the EVS, headaches, or coloured edges were a disadvantage. In the CW 

group 82.8% of the patients would recommend the EVS to their fellow patients, 

compared to 26% in the DCW group (p: <0.001). 

Discussion

This study is the first long-term evaluation of patient satisfaction and 

compliance of EVS for distance vision. The advantages of the EVS arise from 

the fact that these spectacles facilitate the use of the PRL. Visual search time, 

for instance, may improve dramatically. A mean improvement of 34% in visual 

search time was reported, when EVS was compared to eye or head 

adjustment.28 For patients with large central scotomas, an unacceptable 

angle of eccentric viewing may arise, necessitating a severely abnormal 

head or eye position. An EVS can normalize this. Rather disappointingly, the 

current study shows that less than half of the patients were able to regain 

eye-to-eye contact with the EVS. This finding is probably related to the low 

5
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residual visual acuity in these patients, which limits the ability to register 

non-verbal expressions. 

In the current study, prism power was larger and visual acuity was lower than 

in other studies. 17;18;20;22;29 This is important, since the visual acuity, the size of 

the scotoma and the resulting angle of eccentric viewing, and therefore prism 

power of an EVS, are all related. A relative small-sized central scotoma would 

account for a better visual acuity. Also, the power of the prism of the EVS 

would be relatively small in these cases.

Several studies reported that yoked prism spectacles improve visual 

acuity.17;18;20;22;29 However, this important finding was not confirmed by the current 

study nor by our previous study.19 There was no significant difference when the 

visual acuity with eccentric viewing (the off-centre visual acuity) was compared 

with the visual acuity with EVS (Table 2). Typically, visual acuity will not increase 

when patients use the EVS instead of head or eye deviation to effectively use 

their PRL.30 Only patients who have not discovered their PRL will experience an 

improvement in visual acuity with the EVS. In that case the EVS shift the fixation 

from the central scotoma to the PRL. Visual acuity did not improve with EVS in 

this study because a PRL was already established in all our patients. 

In our previous study on EVS, the short-term patient satisfaction (mean 

follow-up of 13 months) was presented. It was concluded that 61% of the 

patients continued using the EVS.19 In the current study we show that only 

40% of the patients still use the EVS after a mean follow-up of 4.5 years.  

Comparison of the DCW group with the CW group reveals that there is no 

significant difference between these DCW and the CW groups based on the 

diagnoses. Another important finding is that the overall compliance is not 

related to visual acuity or prism power. Also, prior to prescription of the EVS, 

most of the patients in both groups were aware of the fact that eccentric 

viewing increased their visual functions. 

The questionnaire also reveals significant differences between patients in the 

DWC group and the CW group. Patient compliance is significantly higher in 

females. The percentage of patients that considered EVS beneficial for 

recognizing objects and people, home and outdoor activities, as well as for 

eye contact was significantly larger in the CW group.
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An important finding was the fact that CW patients experience more 

difficulties with eccentric viewing (60% in the CW group versus 43.5% in the 

DCW group; p:0.16). These patients are more likely to benefit from the EVS 

because this low vision device helps to overcome difficulties with eccentric 

viewing. This is corroborated by the observation that prism base 90° is 

significantly more often found in CW patients (28.2% in the CW group versus 

13.6% in the DCW group; p: 0.02). A prism base 90° relieves the difficult 

superior gaze direction. A related finding was the fact that 76.1% of the DCW 

patients used eccentric viewing when addressing other persons, whereas 

only 51.1% (p: 0.03) of the CW patients used this technique under those 

circumstances. These findings all indicate that patients in the DCW group are 

more comfortable with eccentric viewing than patients in the CW group 

patients. Patients in the DCW will therefore be less inclined to use the EVS in 

view of the disadvantages associated with this device.

Overall, patients in the DCW group reported more side effects with the EVS. 

Among the most frequently encountered side effects are dizziness and the 

perception of curved lines. Optical distortion and aberration are the most 

likely explanations for these phenomena.26;27 In addition, many patients 

complained about the cosmetic appearance of the EVS. The extent of the 

disadvantages may be underestimated since the percentage of discontinued 

users in the non-responder group may be disproportionately high. Obviously, 

many patients experience these disadvantages. An effort should therefore be 

made to improve future EVS design, notably by reduction of the optical 

deformation, reduction of weight and improvement of appearance.  

Newly designed hybrid diffractive prisms, which combine a wedge-shaped 

refractive prism with a diffractive element could probably reduce some 

disadvantages.31;32 An even more advanced option would be the development 

of prismatic intra-ocular lenses in patients who want to make permanent use 

of these prismatic corrections.33

Patients need to be realistically informed about the advantages and 

disadvantages of the EVS. More specifically, in patients with an established 

PRL, EVS will not improve visual acuity or enable them to read normal paper 

print. Patients who experience difficulties with eccentric viewing are more 

likely to benefit from this low vision aid, because for those patients the 

advantages outweigh the disadvantages of the device. Difficulties with 

5
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eccentric viewing may be suspected in the subgroup of patients with a 

difficult superior gaze direction. In view of the relative poor compliance rate, 

the effect of structured EVS training should be investigated. 
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Abstract

Purpose: This study describes the binocular eccentric viewing gaze 

characteristics of 434 patients with dense bilateral central scotomas. We 

compare these findings with other studies on eccentric viewing behaviour.

Design:  Retrospective study

Participants: We reviewed the records of 434 patients with bilateral central 

scotomas who visited our clinic in the period 1998-2006. Patients with long-

standing, stable retinal lesions were included. Eligible patients had not 

received eccentric viewing training and demonstrated a spontaneously 

developed eccentric viewing behaviour.

Methods: Data were collected on the binocular eccentric viewing gaze 

direction (bEVGD), as measured by the cornea reflex method, visual acuity 

and underlying ocular pathology. Findings concerning the eccentric viewing 

gaze direction (EVGD) were compared to other studies that evaluated gaze 

behaviour in patients with central visual field loss. 

Main outcome measures: Distribution of spontaneously developed eccentric 

viewing gaze directions in patients with longstanding central field loss and 

comparison of the outcome with other studies on this subject.

Results: In the group of 434 patients, age-related macular disease accounted 

for the most frequent pathology (77%). The majority of these patients 

demonstrated a bEGVD to the right (50%). In 25% of the patients a superior 

bEVGD was found. Less often, a bEVGD to the left (14%) and to inferior (11%) 

were encountered. The bEVGD was determined by the eye with the best 

visual acuity. Review of the literature demonstrated that the majority of 

patients develop a monocular EVGD (mEVGD) in the superior direction. 

Conclusion: This is the first study on bEVGD in a large population of patients 

with bilateral central scotomas. In our opinion, the bEVGD is important and 

probably a better representant of the regular eccentric viewing behaviour 

than the mEVGD. The preference of the patients for a bEGVD to the right, and 

to a lesser degree to superior, differs from previous studies on mEVGD. In 

eyes with an equal visual acuity, the mEVGD is identical in both eyes. Review 

of the literature suggests that not only ocular pathology, but also the method 

of investigation is of influence on the observed EVGD.
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Introduction

Central scotomas are a prominent feature in the end stage of a number of 

retinal diseases, notably age-related macular degeneration and macular 

dystrophies such as Stargardt disease. Bilateral loss of the highly specialised 

foveal function has a severe impact on the overall visual performance. In an 

attempt to adjust to this situation, the visual system reliably develops an 

alternative retinal locus in virtually all patients with bilateral central scotomas. 

This retinal locus where objects are projected during eccentric viewing is 

referred to as the preferred retinal locus (PRL). As an alternative for the 

damaged fovea, this PRL will perform the visual tasks that are normally 

associated with the fovea, such as fixation, reading and tracking.1-4  The PRL 

may be found in every direction surrounding the central scotoma. Size, form 

and density of the scotoma are all of influence on this location.1,5 Single or 

multiple PRLs may exist, the use of which depends on the object of interest, 

the task at hand and environmental conditions such as luminance.1,6,7

The PRL may be employed by an altering the direction of the viewing gaze, 

a torticollis or a combination of both. Some patients use their PRL incidentally; 

others use this point of alternative retinal fixation continuously. The latter 

occurs frequently in patients with longstanding central scotomas, where the 

principal visual direction and the associated motor behaviour may become 

associated with the alternative retinal area for fixation.1,3,8 When this happens, 

the oculomotor reference is shifted from the damaged fovea to the PRL and 

the patient has established true eccentric fixation. This must be differentiated 

from eccentric viewing. Here, the patient also uses the PRL, but this is done 

by an effort of will and the damaged fovea remains the natural area for 

fixation.1,3,8 

After a prolonged period of time, the averted gaze, and the postural and 

head adjustments that are associated with eccentric fixation may become 

uncomfortable. Under these circumstances, eccentric viewing spectacles 

(EVS) may be prescribed to help redirect the image to the PRL. The yoked 

prisms of the EVS facilitate eccentric fixation so that the patient can use a 

primary gaze direction for extrafoveal fixation.9-16 

6
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In the majority of patients with bilateral central scotomas, the establishment 

of PRLs is a spontaneous proces.1,17 Over the years, a number of studies 

have promoted training to aid in the development and use of the PRL.18-26 

There is, however, disagreement on the best criteria for choosing the location 

of the primary PRL, the training methods, and the evaluation of the results. 

In this study, we evaluate the location of the spontaneously developed 

binocular PRL, as expressed by the binocular eccentric viewing gaze 

direction (bEVGD), in a large number of patients with a central scotoma.  

In addition, we attempt to relate the EVGD to the underlying ocular disorder. 

The results are compared with other studies that evaluated the eccentric 

gaze behaviour in patients with central field loss. 

Participants and Methods

We performed a retrospective analysis of the records of 434 patients with 

bilateral central scotomas who visited our low vision rehabilitation centre in the 

period 1998-2006. This study adhered to the tenets of the Declaration of Helsinki 

and was approved by the Committee on Research Involving Human Subjects at 

the Radboud University Nijmegen Medical Centre (Nijmegen). Only patients with 

long-standing, stable retinal lesions were included. Eligible patients had not 

received eccentric viewing training and demonstrated a spontaneously developed 

eccentric viewing behaviour. Demographics, binocular EVGD and the results  

of the ophthalmic evaluation were collected for this group of patients.  

One individual examined all patients (CAV). The best corrected visual acuity with 

eccentric viewing (off-centre visual acuity 19,27) was determined on a logarithmic 

letter symbol chart, the Precision Vision® Colenbrander low-vision chart. The eye 

with lowest visual acuity was tested first. The standard test chart viewing 

distance was 1 meter, the chart luminance was 250 cd/m2 and the background 

luminance was 50 cd/m2 at a general room illuminance of 100 Lux. When the 

subject was unable to read the 50M character top line at 1 meter distance (VA 

< 20/800), the subject was asked to slowly approach the chart. When the top 

line was read correctly the viewing distance was noted and the visual acuity was 

calculated accordingly. If no visual acuity could be determined following this 

procedure, for statistical reasons the Snellen visual acuity was defined as zero.
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For the evaluation of the bEVGD, patients were asked to fixate on the light of a 

monocular direct ophthalmoscope (Keeler Vista®) in a general room illuminance 

of 100 Lux. The maximum light intensity (luminous intensity 15 cd) was used at a 

distance of 75 cm. The patients in this study should not be able to perceive the 

filament without eccentric fixation. Next, the patients were encouraged to locate 

the light source with both eyes using eccentric gaze for fixation. The displacement 

of the corneal reflex was estimated and the Hirschberg test was used to estimate 

the eccentricity.28 Classification of the binocular eccentric viewing gaze was 

performed according to the TABO classification29 (Fig. 1). After the bEVGD was 

determined a monocular test that followed the same procedure, pointed out 

which of both eyes initiated this bEVGD.

A literature search was performed in Medline, abstracts of the ARVO and 

abstracts of ISLRR meetings from January 1982 - December 2007. The terms 

6

Figure 1  Classification of gaze directions according Technischer Ausschuß 

für BrillenOptik (TABO)29.

For this study: superior EVGD: > 45 and ≤ 135 degrees; right EVGD: >135 and ≤ 225 degrees; 

inferior EVGD >225 and ≤ 315 degrees; left EVGD >315 and ≤ 45 degrees.
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used in the search were: eccentric viewing, eccentric fixation, gaze behaviour, 

preferred retinal locus, PRL, central scotoma, central field loss and scanning 

laser ophthalmoscope (SLO). We evaluated all studies that described the 

eccentric viewing gaze direction, PRL locations or yoked prism base direction 

in patients with central scotomas and naturally developed PRLs.

Studies were excluded based on the following criteria: case reports, studies 

with less than 10 patients4,6,22,30-37  and studies with artificial scotomas38-44  

Studies with patients where the PRL training could not be ruled out despite 

personal communication13 or attempts at personal communication9,10 with the 

author were discarded. Also, studies that employed more than one method 

in the same patient group were not included.30,45-47 The follow up studies of 

Sunness et al. and Cacho et al. were excluded, because these patient 

populations had been described in earlier publications, which we included in 

our review of the literature.48,49 The gaze directions of the remaining studies 

were reclassified according to Figure 1. In some studies, the EVGD of a 

limited number of patients could not be reliably reclassified according to the 

TABO classification.29 The EGVD in these patients was therefore classified as 

“non-specific”. 

Results

The demographics of the 434 patients with central visual field loss are given 

in Table 1. The mean logMAR visual acuity in this patient group was 1.34 

(range 1.9-0.3), which corresponds with 0.04 Snellen decimal (range 

0.015-0.5) (Table 1). Age-related macular degeneration was the cause of 

central field loss in the majority of patients (77%). Other abnormalities of the 

macula and/or underlying choroid accounted for 14% and some form of optic 

neuropathy was present in 5.8% of the patients in this study. A detailed 

overview of the underlying ocular pathology is presented in Table 2. In half 

(50%) of the patients, the binocular eccentric viewing gaze direction (bEVGD) 

was to the right. A superior bEVGD was found in 25% of the patients (Table 3). 

A bEVGD to the left was present in 14% of the patients and only 11% of the 

patients performed an inferior bEVGD that places the scotoma underneath 
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the object of interest. In 106 subjects no differences in the visual acuity of the 

right and the left eye were found. In these 106 cases, bEVGD was in the same 

direction as the monocular EVGD (mEVGD). 

A subgroup was selected from the 434 patients consisting of 327 individuals 

with a different mEVGD in both eyes and a measurable visual acuity in both 

eyes as well as the absence of heterotropia or suppression of one eye. The 

latter was demonstrated by using Bagolini striated lenses with the patient 

performing eccentric viewing. In this subgroup with bi-ocular vision it was the 

eye with best visual acuity that determined bEVGD. These findings are 

presented in Table 5. 

The results of the literature search on EVGD and PRL location in patients with 

central visual field loss are summarized in Table 4. The 17 studies vary in the 

method used to identify the PRL and/or EVGD. These methods include the 

SLO, the prismatic scanning method, retinal photography evaluation and 

perimetry. Three studies were focussed on a specific macular pathology,50-52 

whereas all other studies included a variety of ocular pathology, although 

AMD was dominant. In only four studies more than 100 eyes were included; 

the majority of studies were relatively small with the number of eyes not 

exceeding 50. 

6

Table 1   Demographics of the study population. 

Demographics  Study population
  (n=434)

Age (years) 1st quartile 72.3
 Median 77.5
 3rd quartile 92.9 

Sex (Male) % 54.1

Off-centre VA in the best eye 
   logMAR Mean (sd) 1.34 (0.33)
   Snellen decimal Mean 0.04 

VA, visual acuity; sd, standard deviation.
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The majority of patients in all studies demonstrated a superior EVGD (mean 

62%). The mean percentage of gaze directions to the right, left and inferior 

Table 2   Causes of central vision loss in patients with central scotomas. 

 

Demographics  Number (%)
  (n=434)

Age-related macular degeneration  335 (77)

Other retinal and choroidal pathology  Myopic macular degeneration  14 (3.2)

 Stargardt disease 11 (2.5)

 Angioid streaks 8 (1.8)

 Macular dystrophy 8 (1.8)

 Serpiginous choroidopathy 5 (1.2)

 Branch retinal vein occlusion 4 (0.9)

 Cone dystrophy 3 (0.7)

 Cystoid macular edema 2 (0.5)

 Multifocal choroiditis 1 (0.2)

 Central serous chorioretinopathy 1 (0.2)

 Branch retinal artery occlusion 1 (0.2)

 CYMD 1 (0.2)

 Bull’s eye maculopathy 1 (0.2)

Optic neuropathy Optic neuropathy 10 (2.3)

 Glaucoma 8 (1.8)

 Leber optic neuropathy 3 (0.7)

 Post brain surgery 2 (0.5)

 Autosomal dominant optic  1 (0.2)
 atrophy 

 Left homonymous hemianopia 1 (0.2)

Miscellaneous Retinopathy of prematurity 3 (0.7)

 Retinitis pigmentosa 3 (0.7)

 Post retinal detachment 1 (0.2)

 Cone-rod dystrophy 1 (0.2)

Unknown  6 (1.4)

CYMD, autosomal dominant cystoid macular edema.
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were respectively 17%, 11% and 3%.  In 7% of these patients the gaze 

direction was not clearly specified. In the three studies that included a 

specific pathology (macular holes and Stargardt disease) an even higher 

percentage (87%) of superior EVGDs was encountered.50-52 The gaze 

directions in relation to the method of investigation used to determine the 

EVGD are presented in Table 6.

Discussion

The present study reports the binocular eccentric viewing behaviour of 434 

subjects with central visual field loss. Acquired bilateral central scotomas 

predominantly afflict the elderly patient, as reflected by the median age (77.5 

years) of this low vision population. As to be expected, AMD is the underlying 

cause for this condition in the vast majority (77%) of patients. In younger 

patients, Stargardt disease, myopic degeneration and subfoveal choroidal 

neovascularisation associated with a variety of retinal diseases, are among 

the most frequent causes for bilateral central scotomas (Table 2). 

In an attempt to use the next best alternative for the damaged fovea, the 

majority of patients with longstanding central scotomas develop a PRL and 

some form of eccentric viewing. In a large study on PRL characteristics, 

approximately 84% of these eyes showed an established PRL and only 4.4% 

of the patients did not demonstrate a PRL in at least one of the eyes.1  

In addition to oculomotor control, the successful use of the PRL probably 

6

Table 3   Distribution of binocular eccentric viewing gaze direction (bEVGD). 

Binocular EVGD Number of patients (%)

Right 217  (50%)

Superior 108  (25%)

Left  63  (14%)

Inferior 46  (11%)
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also involves higher-level sensory processes. A recent MRI study demonstrated 

large-scale reorganization of visual processing in patients with central field 

loss caused by AMD.8 It is important to emphasize that none of the individuals 

in the current study and in the studies participating in the literature review 

received any form of eccentric viewing training. The development of the PRL 

in these patients can therefore be labelled as the natural course of eccentric 

viewing behaviour in subjects with bilateral central visual field loss. In the 

group of 434 patients in this study, employing the cornea reflex method, half 

(50%) demonstrated a bEVGD to the right, which places the scotoma to the 

right of the object of interest and the PRL to the right of the fovea. A quarter 

of the patients (25%) showed a superior bEVGD, placing the scotoma above 

the object. Less frequently, the bEVGD was to the left (14%) and inferior 

(11%). The use of the corneal reflex method unfortunately does not offer us a 

method to accurate quantify the extend of the angle  eccentric gaze while this 

method has observational shortcomings.28  Despite this inaccuracy in extend of 

gaze it was possible to determine the direction of gaze in both eyes binocularly  

as well as monocularly according the quadrants as presented in Figure 1.

Visual acuity appears to be an important factor in eccentric viewing gaze 

behaviour. In a subgroup of 327 patients with useful vision in both eyes, it 

was the gaze direction of the eye with the best visual acuity that accounted 

for the bEVGD in all cases. The observation that the better-seeing eye is most 

likely to control fixation is corroborated by recent findings by Kabanarou and 

Table 5   Binocular EVGD “leading eye” indicates the eye that induces the 

binocular eccentric viewing gaze direction.  

bEVGD “leading eye” LogMAR VA OD Logmar VA OS P-value

  (mean, sd) (mean, sd) 

OD (n=115) 1,3 (0,3) 2,5 (0,7) <0.001*

OS (n=106) 2,3 (0,8) 1,3 (0,3) <0.001*

ODS (n=106) 1,4 (0,3) 1,5 (0,3) 0.13

Inferior 46  (11%)

VA, visual acuity; OD, right eye; OS, left eye; sd, standard deviation; *, indicates statistically 

significant p-value.
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co-workers.53 Interestingly, in the subgroup of 106 subjects in the current 

study who displayed identical visual acuity in both eyes, the mEVGD was the 

same in both eyes. As to be expected, the bEVGD in these patients 

corresponded with the mEVGD. We speculate that the reason for identical 

mEVGDs in eyes with equal visual acuity is an attempt of the visual system 

to make optimal use of both eyes instead of favouring one of the eyes. 

Most of the patients in our study preferred a bEVGD in the horizontal plane 

(64%) versus the vertical plane (36%). This finding may be explained by the 

study of Rees and co-workers, who stated that PRL location was mainly 

placed along the horizontal median because the visual acuity is better in the 

that direction.54 Results of studies in which visual field and attentional field of 

the elderly was explored, indicate that elderly prefer a gaze shift in the 

horizontal plane.55,56 It was found that, although the overall visual field 

changed little with increasing age, it were the vertical attentional fields that 

shrunk disproportionally with age.55 This, however, does not explain the 

6

Table 6   Eccentric viewing gaze directions stratified to the method or 

 apparatus used to determine the eccentric viewing gaze direction  

or PRL location.

Method /  Number Superior Right Left Inferior Non
apparatus eyes/ gaze gaze gaze gaze specific
 subjects (%) (%) (%) (%) (%)

  328 241 113 38 11
SLO 1,7,25,50-52,54,60,72-74 731 eyes α 
   (44)  (33) (16) (5) (2)

  141 57 33 31 100
Prismatic 362 eyes α 
   (39)  (16) (9) (8) (27)scanning 14,15,58

  217 33 11 5 1
Perimetry 12,59 267 eyes α 
   (81)  (13) (4) (2) (0)

  17 4 2 1 
0Fundus 24 eyes α 

   (71)  (17) (8) (4) photography 75

  217 108 63 46 
0Cornea reflex  434 

   (25)  (50) (14) (11) (current study) subjects β

α   monocular fixation was observed, ß  binocular gaze was observed.
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preference for a right horizontal gaze (50%) versus a left horizontal gaze 

direction (14%). The left to right reading direction in the Western patient 

population certainly does not explain this phenomenon, since placement of 

the scotoma to the right of the object of interest seriously hampers 

reading.24,25,57  It may be that reading is not a major determining factor in PRL 

location in this predominantly elderly population. 

The literature search on EVGD and PRL produced 17 eligible studies.  

The number of patients in these studies are generally small, only in the 

studies of Fletcher et al., Cacho et al., Medina et al. and Messias et al.,  

the number of patients compares to the present study.1,14,58,59 As in our study, 

the majority of studies in the literature found AMD as the most prominent 

cause of bilateral central scotomas. In all reviewed studies, an inferior gaze 

is seldom found. Such an EVGD places the visual field defect inferiorly, which 

is an unfavourable position for walking and descending stairs. 

The ophthalmic disorder and the age at onset may influence PRL location. 

Four studies focussed on patients with Stargardt disease, an inherited retinal 

disorder predominantly located in the macula, with a relative early age of 

onset, generally in the second decade.  Typically,  the vast majority of these 

patients demonstrated a superior EVGD.52,59,60 The clinically well recognized 

phenomenon that elderly patients often seem to experience difficulties with a  

(prolonged) superior gaze direction may lead to lower numbers of EVGD in 

superior direction in the elderly patient group. This may also influence EVGD 

in methods that rely on oculomotor function, such as SLO and the cornea 

reflex method in which the patient is asked to execute eye movements, as 

opposed to prismatic scanning in which the eyes remain primary gaze. 

Whether eye movement is required using fundus photography or perimetry 

depends on the investigators technique.  

The method of investigation itself may also influence the observed EVGD and 

therefore the PRL (Table 6). Most of the studies in the literature have observed 

that the superior gaze direction was the most frequent EVGD. This holds 

especially true for perimetry and fundus photography. However, in the current 

study, using the cornea reflex method, the right gaze direction was most 

frequently encountered. Several factors may be of influence on the differences 
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in outcome between the various methods of investigation. The cornea reflex 

method observes binocular eccentric viewing behaviour. SLO, prismatic 

scanning, perimetry and fundus photography are based on monocular 

observations, which may differ from the viewing behaviour under binocular 

circumstances.53,61 The only known method that also respects binocular 

vision while executing eccentric viewing is the method using eye tracking 

instruments.53 It has been described that monocular PRLs are often 

inconsistent with binocular viewing and that most AMD patients shift gaze 

position in one or both eyes when viewing binocularly compared with 

monocularly.61-63,63 In general, the testing circumstances differ significantly 

from the everyday life, which may be of influence on the observed EVGD. 

Especially in the SLO studies an artificial environment is created.63,64 Another 

example may be found in the luminance of the fixation target that is far below 

the luminance of the majority of objects in everyday life, in particular under 

outdoor conditions. It is well known that eccentric viewing behaviour outdoors 

can differ from eccentric viewing behaviour behind the apparatus or as 

observed indoors.6,63,64

 

The use of an ophthalmoscope filament as a fixation target could be subject 

of discussion because of the high luminous intensity (15 cd) of this target. 

The reason for using this small high intensity fixation target was a twofold. At 

first we noticed that patients executed different fixation behavior when the 

intensity of the fixation targets differed. In example, the filament of a clear 

glass incandescent bulb of 60 Watt (14 cd) was seen without eccentric 

viewing, by patients that demonstrated absolute scotomas at HFA perimetry. 

The same patients, demonstrated eccentric viewing behavior indoors, but 

did not have this viewing behavior outdoors. To include only patients in our 

study that could be labelled as suffering from central absolute scotomas,  

we decided to use this high luminous intensity with the assumption that if 

they were unable to see this target, the scotoma was absolute. The second 

reason for using this instrument was because this instrument is part of 

routine equipment in ophthalmology and optometry practice. However, one 

has to keep in mind that, when comparing the various methods of the EVGDs 

studies, the results may also be influenced by differences in the patient 

populations. The largest study on EVGD using perimetry, for instance, 

6

Verezen.1021-Proefschrift.indd   193 06-12-2008   07:03:58



194

investigated patients with Stargardt disease,59 who have a strong preference 

for a superior gaze.65,66  Our study design was not focussed on differences in 

viewing behavior in relation to underlying pathology that caused the central 

scotoma. All comparative studies, as well as our study, included a variety of 

pathologies (Table 2). In the majority of studies, especially the ones with 

large patient groups, the underlying pathology was AMD. The fact that 

patients with Stargardt disease are known to execute superior gaze adds 

noise to the comparison. An item that could add some noise to our 

comparison of  EVGDs is the use of a technique called prismatic scanning, 

introduced by Romayanada in 1982.9 This technique measures a subjective 

preference for a prismatic displacement towards the PRL, while other studies 

had more objective approach. Nevertheless we decided to include this 

method in our comparison, while a preference for a defined direction of the 

prism base implies that the patient would execute a gaze in the direction of 

the prism base when eccentric viewing was executed instead of using  

the prism. 

Clinicians should promote eccentric viewing awareness or PRL awareness in 

patients who develop a bilateral central visual field loss. This could be 

accompanied by a structured training to develop skills to use the natural PRL 

more efficiently.19,21,67 The ultimate goal is transforming eccentric viewing into 

eccentric fixation, a situation in which the PRL becomes the centre of ocular 

motor control.3,8 This is essentially different from re-training, where a self 

discovered, but supposedly unfavourable PRL, is re-trained to a trained 

retinal locus (TRL). In our opinion, there are several issues with regard to PRL 

re-training that still need to be resolved. The elements that are thought to be 

involved in PRL location are visual acuity, size of the immediate visual field, 

obstructive aspect of the scotoma, binocular correspondence proximity to 

the fovea and variation in sustained attention.68-70 Even so, it is largely 

unknown which underlying mechanisms are involved in the complex process 

of PRL selection and development. This may be further illustrated by the 

recent finding that although patients quickly adapt to a TRL, their reading 

speed with this TRL was slower than with the original, spontaneously selected 

PRL.71 Also, one might question whether reading ability should be the 

determining factor in location and training of the PRL, especially when the 
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number of elderly people that read for a prolonged period of time is limited. 

In view of the many uncertainties, we would hesitate to encourage altering the 

spontaneously developed PRL.

The current study is the largest study on EVGDs to date and describes the 

bEVGDs in 434 patients with bilateral central visual field loss. The most 

commonly encountered bEVGD was to the right, whereas many other studies 

on this subject observed a superior mEVGD. Most methods used to localize 

the PRL and the associated EVGD focus on the mEVGD. This may be an 

inadequate reflection of the binocular reality and additional observation of 

the binocular EVGD should therefore be considered.

6
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7.1 General considerations

Loss of vision occurs with increasing frequency as individuals’ age. In a 

developed country as the United States 12% of the population older than 65 

years is legally blind (BCVA ≤ 0.1 or a visual field ≤ 20 degrees in the best 

eye)  and an additional 8% have chronic vision impairments.1 Low vision 

rehabilitation attempts to reclaim the loss of functionality that results from a 

variety of ocular and non-ocular disorders for which modern medicine has 

not yet found a satisfactory answer.

The main causes of visual loss are age-related macular degeneration, 

cataracts, glaucoma and diabetic retinopathy. It is expected that the 

incidence of age-related macular degeneration and diabetic retinopathy will 

double in the next century.2 The large majority of patients that are referred to 

the low vision specialist suffer from age-related macular degeneration and 

consequently from loss of visual acuity and/or the central visual field. 

Although age-related macular degeneration is the major cause of severe 

visual impairment in industrialized societies, little can be done to reduce the 

exponential increase of age-related macular degeneration with increasing 

age. In addition, the predicted doubling of the elderly population in the next 

two decades will only increase the public health importance of this 

disorder.3

The loss of foveal function vision affect almost all activities of daily living 

(ADL), such as reading, writing, watching television and so on. It also impairs 

instrumental activities of daily living (IADL) such as using a telephone, 

handling money and preparing meals. It is therefore not surprising that vision 

loss is associated with significant psychological distress that is comparable 

to that of other serious chronic illnesses. Also the prevalence of depression 

among visually impaired patients is high (approximately 30%).4-6 Furthermore, 

the Charles Bonnet syndrome may occur in severe cases of vision loss. This 

is a disorder of visual hallucinations typically occurring in older persons with 

vision impairment. It will create additional problems when patients are 

unknown with this syndrome and its relation with visual impairment and start 

questioning their mental health.7;8 7
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The current therapeutic options are primarily aimed at preventing severe visual 

loss. Although several new therapeutic regimens are being developed, notably 

an array of anti-angiogenic substances, reversal of the degenerative process 

is often not an option. Besides improvement of the environmental factors such 

as adequate illumination, the prescription and fitting of low vision aids (LVAs) 

in these patients typically focuses on magnification of the objects of interest. 

Whether this magnification is achieved with a simple hand-held magnifier, a 

telescopic device mounted on the spectacles or a closed-circuit television, the 

ultimate goal is to facilitate everyday tasks such as reading, writing and 

watching television and thus improvement of the quality of life.

 

7.2 The preferred retinal locus and the eccentric 
  viewing gaze direction

Interestingly, the majority of patients readily adapt to some extent to the 

complete or partial loss of their foveal function. In 95.6% of the patients an 

eccentric preferred retinal locus (PRL) naturally develops in at least one of 

the eyes.9  To make optimum use of this alternative retinal locus for fixation, 

the patient has to learn to use the PRL for eye movements such as pursuit, 

saccades and stable fixation. The latter occurs frequently in patients with 

longstanding central scotomas, where the principal visual direction and the 

associated motor behaviour may become associated with the alternative 

retinal area for fixation.9-11 When this happens, the oculomotor reference is 

shifted from the damaged fovea to the PRL and the patient has established 

true eccentric fixation. This must be differentiated from eccentric viewing. 

Here, the patient also uses the PRL, but this is done by an effort of will and 

the damaged fovea remains the natural area for fixation.9-11 

In chapter 6 we analysed the binocular eccentric viewing gaze directions 

(EVGD) in patients with bilateral central scotomas. Not surprising, the eye with 

the best visual acuity was leading in the determination of the binocular EVGD. 

In patients for whom the visual acuity of both eyes was similar, the monocular 

EVGD and the binocular EVGD were identical. This is probably the result of an 

attempt of the visual system to make optimal use of the residual visual capacity 
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of both eyes. The majority of the studies on monocular EVGD observed a 

superior EVGD. In contrast, our study demonstrated a preference for an EVGD 

to the right (50%), a superior EVGD was observed in only 25% of the patients. 

In part, this may be explained by the fact that the cornea reflex method used 

in our study determines the binocular EVGD, which may differ from the 

monocular EVGD as determined by all other methods.12;13  For all methods of 

investigation the phenomenon applies that the type of investigation influences 

the observed gaze direction. 

Most of the patients in our study preferred an EVGD in the horizontal plane 

(64%) versus the vertical plane (36%). This finding may be explained by the 

study of Rees and co-workers, who stated that PRL location was mainly 

placed along the horizontal median because the visual acuity is better in the 

that direction.14 Results of studies in which visual field and attentional field of 

the elderly was explored indicate that elderly prefer a gaze shift in the 

horizontal plane. It was found that, although the standard visual field changed 

little with increasing age, it was especially the vertical attentional fields that 

shrunk dramatically with age.15  This, however, does not explain the preference 

for a right horizontal gaze (50%) versus a left horizontal gaze direction (14%). 

The left to right reading direction in the Western patient population certainly 

does not explain this phenomenon, since placement of the scotoma to the 

right of the object of interest seriously hampers reading.16-18 It may be that 

reading is not a major determining factor in PRL location. 

There is an ongoing discussion whether a naturally developed PRL or a trained 

retinal locus (TRL) will lead to the best the eccentric viewing strategy.14;17;19-21 

TRL advocates state that a retinal locus for fixation above the scotoma is 

advantageous for reading. There are several issues with regard to PRL 

re-training that need to be resolved. The elements that are thought to be 

involved in PRL location are visual acuity, size of the immediate visual field, 

obstructive aspect of the scotoma, binocular correspondence proximity to the 

fovea and variation in sustained attention.22-24 Nonetheless, it is largely 

unknown which underlying mechanisms are involved in the complex process 

of PRL selection and development. This may be further illustrated by the recent 

finding that although patients quickly adapt to a TRL, their reading speed with 7

Verezen.1021-Proefschrift.indd   207 06-12-2008   07:03:59



208

this TRL was slower than with the original, spontaneously selected PRL.21  

A second problem is that it is currently unknown what the ideal method of 

investigation for identifying the optimal TRL should be. Finally, one might 

question whether reading ability should be the determining factor in location 

and training of the PRL, especially when the number of elderly people that read 

for a prolonged period of time is limited. We hypothesize that the development 

of EVGD also depends on the tasks that are found to be important by the visual 

system of the individual and the unrestricted ability of the individual to perform 

the required gaze easily. In view of these data we would not encourage altering 

the spontaneously developed PRL in patients with central visual field loss. Until 

the moment that we have sufficient evidence to predict the best possible 

location for a PRL, it seems best to let nature do its work and to carry on with 

a viewing behaviour using the naturally developed locus. 

The permanent use of a PRL may lead to a number of complaints related to 

the abnormal position of the eyes, head and/or neck. In addition, friends and 

relatives who are unaware of the phenomenon of eccentric fixation may take 

offence at the seemingly uninterested posture of their conversation partner. 

For these reasons, yoked prism spectacles – eccentric viewing spectacles 

(EVS) – have been developed. The prismatic displacement of the image 

enables the patients to look straight ahead and, at the same time, perceive 

the object of interest with the alternative retinal locus.

In Chapter 3 we have demonstrated that EVS are beneficial for patients with 

end-stage age-related macular degeneration and large central scotomas. 

After a mean follow-up of 13 months, 61% of these patients reported that the 

EVS improved their visual performance.25 

7.3 Mutual and averted gaze

The social consequences of eccentric fixation have been briefly touched upon, 

but deserve a closer analysis. 

Almost from birth, infants show a fascination with the eyes over other regions of 

the face.26 By the age of 4 months children can discriminate between a direct and 
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in outcome between the various methods of investigation. The cornea reflex 

method observes binocular eccentric viewing behaviour. SLO, prismatic 

scanning, perimetry and fundus photography are based on monocular 

observations, which may differ from the viewing behaviour under binocular 

circumstances.53,61 The only known method that also respects binocular 

vision while executing eccentric viewing is the method using eye tracking 

instruments.53 It has been described that monocular PRLs are often 

inconsistent with binocular viewing and that most AMD patients shift gaze 

position in one or both eyes when viewing binocularly compared with 

monocularly.61-63,63 In general, the testing circumstances differ significantly 

from the everyday life, which may be of influence on the observed EVGD. 

Especially in the SLO studies an artificial environment is created.63,64 Another 

example may be found in the luminance of the fixation target that is far below 

the luminance of the majority of objects in everyday life, in particular under 

outdoor conditions. It is well known that eccentric viewing behaviour outdoors 

can differ from eccentric viewing behaviour behind the apparatus or as 

observed indoors.6,63,64

 

The use of an ophthalmoscope filament as a fixation target could be subject 

of discussion because of the high luminous intensity (15 cd) of this target. 

The reason for using this small high intensity fixation target was a twofold. At 

first we noticed that patients executed different fixation behavior when the 

intensity of the fixation targets differed. In example, the filament of a clear 

glass incandescent bulb of 60 Watt (14 cd) was seen without eccentric 

viewing, by patients that demonstrated absolute scotomas at HFA perimetry. 

The same patients, demonstrated eccentric viewing behavior indoors, but 

did not have this viewing behavior outdoors. To include only patients in our 

study that could be labelled as suffering from central absolute scotomas,  

we decided to use this high luminous intensity with the assumption that if 

they were unable to see this target, the scotoma was absolute. The second 

reason for using this instrument was because this instrument is part of 

routine equipment in ophthalmology and optometry practice. However, one 

has to keep in mind that, when comparing the various methods of the EVGDs 

studies, the results may also be influenced by differences in the patient 

populations. The largest study on EVGD using perimetry, for instance, 

6
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investigated patients with Stargardt disease,59 who have a strong preference 

for a superior gaze.65,66  Our study design was not focussed on differences in 

viewing behavior in relation to underlying pathology that caused the central 

scotoma. All comparative studies, as well as our study, included a variety of 

pathologies (Table 2). In the majority of studies, especially the ones with 

large patient groups, the underlying pathology was AMD. The fact that 

patients with Stargardt disease are known to execute superior gaze adds 

noise to the comparison. An item that could add some noise to our 

comparison of  EVGDs is the use of a technique called prismatic scanning, 

introduced by Romayanada in 1982.9 This technique measures a subjective 

preference for a prismatic displacement towards the PRL, while other studies 

had more objective approach. Nevertheless we decided to include this 

method in our comparison, while a preference for a defined direction of the 

prism base implies that the patient would execute a gaze in the direction of 

the prism base when eccentric viewing was executed instead of using  

the prism. 

Clinicians should promote eccentric viewing awareness or PRL awareness in 

patients who develop a bilateral central visual field loss. This could be 

accompanied by a structured training to develop skills to use the natural PRL 

more efficiently.19,21,67 The ultimate goal is transforming eccentric viewing into 

eccentric fixation, a situation in which the PRL becomes the centre of ocular 

motor control.3,8 This is essentially different from re-training, where a self 

discovered, but supposedly unfavourable PRL, is re-trained to a trained 

retinal locus (TRL). In our opinion, there are several issues with regard to PRL 

re-training that still need to be resolved. The elements that are thought to be 

involved in PRL location are visual acuity, size of the immediate visual field, 

obstructive aspect of the scotoma, binocular correspondence proximity to 

the fovea and variation in sustained attention.68-70 Even so, it is largely 

unknown which underlying mechanisms are involved in the complex process 

of PRL selection and development. This may be further illustrated by the 

recent finding that although patients quickly adapt to a TRL, their reading 

speed with this TRL was slower than with the original, spontaneously selected 

PRL.71 Also, one might question whether reading ability should be the 

determining factor in location and training of the PRL, especially when the 
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number of elderly people that read for a prolonged period of time is limited. 

In view of the many uncertainties, we would hesitate to encourage altering the 

spontaneously developed PRL.

The current study is the largest study on EVGDs to date and describes the 

bEVGDs in 434 patients with bilateral central visual field loss. The most 

commonly encountered bEVGD was to the right, whereas many other studies 

on this subject observed a superior mEVGD. Most methods used to localize 

the PRL and the associated EVGD focus on the mEVGD. This may be an 

inadequate reflection of the binocular reality and additional observation of 

the binocular EVGD should therefore be considered.

6
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7.1 General considerations

Loss of vision occurs with increasing frequency as individuals’ age. In a 

developed country as the United States 12% of the population older than 65 

years is legally blind (BCVA ≤ 0.1 or a visual field ≤ 20 degrees in the best 

eye)  and an additional 8% have chronic vision impairments.1 Low vision 

rehabilitation attempts to reclaim the loss of functionality that results from a 

variety of ocular and non-ocular disorders for which modern medicine has 

not yet found a satisfactory answer.

The main causes of visual loss are age-related macular degeneration, 

cataracts, glaucoma and diabetic retinopathy. It is expected that the 

incidence of age-related macular degeneration and diabetic retinopathy will 

double in the next century.2 The large majority of patients that are referred to 

the low vision specialist suffer from age-related macular degeneration and 

consequently from loss of visual acuity and/or the central visual field. 

Although age-related macular degeneration is the major cause of severe 

visual impairment in industrialized societies, little can be done to reduce the 

exponential increase of age-related macular degeneration with increasing 

age. In addition, the predicted doubling of the elderly population in the next 

two decades will only increase the public health importance of this 

disorder.3

The loss of foveal function vision affect almost all activities of daily living 

(ADL), such as reading, writing, watching television and so on. It also impairs 

instrumental activities of daily living (IADL) such as using a telephone, 

handling money and preparing meals. It is therefore not surprising that vision 

loss is associated with significant psychological distress that is comparable 

to that of other serious chronic illnesses. Also the prevalence of depression 

among visually impaired patients is high (approximately 30%).4-6 Furthermore, 

the Charles Bonnet syndrome may occur in severe cases of vision loss. This 

is a disorder of visual hallucinations typically occurring in older persons with 

vision impairment. It will create additional problems when patients are 

unknown with this syndrome and its relation with visual impairment and start 

questioning their mental health.7;8 7
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The current therapeutic options are primarily aimed at preventing severe visual 

loss. Although several new therapeutic regimens are being developed, notably 

an array of anti-angiogenic substances, reversal of the degenerative process 

is often not an option. Besides improvement of the environmental factors such 

as adequate illumination, the prescription and fitting of low vision aids (LVAs) 

in these patients typically focuses on magnification of the objects of interest. 

Whether this magnification is achieved with a simple hand-held magnifier, a 

telescopic device mounted on the spectacles or a closed-circuit television, the 

ultimate goal is to facilitate everyday tasks such as reading, writing and 

watching television and thus improvement of the quality of life.

 

7.2 The preferred retinal locus and the eccentric 
  viewing gaze direction

Interestingly, the majority of patients readily adapt to some extent to the 

complete or partial loss of their foveal function. In 95.6% of the patients an 

eccentric preferred retinal locus (PRL) naturally develops in at least one of 

the eyes.9  To make optimum use of this alternative retinal locus for fixation, 

the patient has to learn to use the PRL for eye movements such as pursuit, 

saccades and stable fixation. The latter occurs frequently in patients with 

longstanding central scotomas, where the principal visual direction and the 

associated motor behaviour may become associated with the alternative 

retinal area for fixation.9-11 When this happens, the oculomotor reference is 

shifted from the damaged fovea to the PRL and the patient has established 

true eccentric fixation. This must be differentiated from eccentric viewing. 

Here, the patient also uses the PRL, but this is done by an effort of will and 

the damaged fovea remains the natural area for fixation.9-11 

In chapter 6 we analysed the binocular eccentric viewing gaze directions 

(EVGD) in patients with bilateral central scotomas. Not surprising, the eye with 

the best visual acuity was leading in the determination of the binocular EVGD. 

In patients for whom the visual acuity of both eyes was similar, the monocular 

EVGD and the binocular EVGD were identical. This is probably the result of an 

attempt of the visual system to make optimal use of the residual visual capacity 
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of both eyes. The majority of the studies on monocular EVGD observed a 

superior EVGD. In contrast, our study demonstrated a preference for an EVGD 

to the right (50%), a superior EVGD was observed in only 25% of the patients. 

In part, this may be explained by the fact that the cornea reflex method used 

in our study determines the binocular EVGD, which may differ from the 

monocular EVGD as determined by all other methods.12;13  For all methods of 

investigation the phenomenon applies that the type of investigation influences 

the observed gaze direction. 

Most of the patients in our study preferred an EVGD in the horizontal plane 

(64%) versus the vertical plane (36%). This finding may be explained by the 

study of Rees and co-workers, who stated that PRL location was mainly 

placed along the horizontal median because the visual acuity is better in the 

that direction.14 Results of studies in which visual field and attentional field of 

the elderly was explored indicate that elderly prefer a gaze shift in the 

horizontal plane. It was found that, although the standard visual field changed 

little with increasing age, it was especially the vertical attentional fields that 

shrunk dramatically with age.15  This, however, does not explain the preference 

for a right horizontal gaze (50%) versus a left horizontal gaze direction (14%). 

The left to right reading direction in the Western patient population certainly 

does not explain this phenomenon, since placement of the scotoma to the 

right of the object of interest seriously hampers reading.16-18 It may be that 

reading is not a major determining factor in PRL location. 

There is an ongoing discussion whether a naturally developed PRL or a trained 

retinal locus (TRL) will lead to the best the eccentric viewing strategy.14;17;19-21 

TRL advocates state that a retinal locus for fixation above the scotoma is 

advantageous for reading. There are several issues with regard to PRL 

re-training that need to be resolved. The elements that are thought to be 

involved in PRL location are visual acuity, size of the immediate visual field, 

obstructive aspect of the scotoma, binocular correspondence proximity to the 

fovea and variation in sustained attention.22-24 Nonetheless, it is largely 

unknown which underlying mechanisms are involved in the complex process 

of PRL selection and development. This may be further illustrated by the recent 

finding that although patients quickly adapt to a TRL, their reading speed with 7

Verezen.1021-Proefschrift.indd   207 06-12-2008   07:03:59



208

this TRL was slower than with the original, spontaneously selected PRL.21  

A second problem is that it is currently unknown what the ideal method of 

investigation for identifying the optimal TRL should be. Finally, one might 

question whether reading ability should be the determining factor in location 

and training of the PRL, especially when the number of elderly people that read 

for a prolonged period of time is limited. We hypothesize that the development 

of EVGD also depends on the tasks that are found to be important by the visual 

system of the individual and the unrestricted ability of the individual to perform 

the required gaze easily. In view of these data we would not encourage altering 

the spontaneously developed PRL in patients with central visual field loss. Until 

the moment that we have sufficient evidence to predict the best possible 

location for a PRL, it seems best to let nature do its work and to carry on with 

a viewing behaviour using the naturally developed locus. 

The permanent use of a PRL may lead to a number of complaints related to 

the abnormal position of the eyes, head and/or neck. In addition, friends and 

relatives who are unaware of the phenomenon of eccentric fixation may take 

offence at the seemingly uninterested posture of their conversation partner. 

For these reasons, yoked prism spectacles – eccentric viewing spectacles 

(EVS) – have been developed. The prismatic displacement of the image 

enables the patients to look straight ahead and, at the same time, perceive 

the object of interest with the alternative retinal locus.

In Chapter 3 we have demonstrated that EVS are beneficial for patients with 

end-stage age-related macular degeneration and large central scotomas. 

After a mean follow-up of 13 months, 61% of these patients reported that the 

EVS improved their visual performance.25 

7.3 Mutual and averted gaze

The social consequences of eccentric fixation have been briefly touched upon, 

but deserve a closer analysis. 

Almost from birth, infants show a fascination with the eyes over other regions of 

the face.26 By the age of 4 months children can discriminate between a direct and 
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an averted gaze.27 Between the age of 9 and 18 months infants learn that the eyes 

convey valuable information when the intentions of the adult seem ambiguous.  

Functional magnetic resonance imaging (MRI) is based on the increase in 

blood flow to the local vasculature that accompanies neural activity in the 

brain. Functional MRI revealed that mutual gaze evoked greater activity in the 

superior temporal sulcus (STS) than did averted gaze.28 The STS is an area of 

the brain that seems to be involved in processing social information expressed 

by shifts in gaze. 

By signalling this locus of social attention, gaze cues convey information about the 

relative importance of objects, events and other people in the environment. 

Research consistently shows that on the basis of eye gaze patterns, persons 

readily make attributions about physical attraction and personality traits, such as 

competence and intelligence.29-31 Eye gaze cues are also used to make 

assumptions about the cognitive activity of other persons, including their focus of 

attention, intentions, desires, and knowledge.32-34 An averted gaze is typically 

associated with attentional disinterest and disengagement in the conversation 

partner.35;36

 

Studies on strabismus that evaluated the psychosocial consequences and the 

effect on interpersonal relationships have found that strabismus creates a 

significant negative social prejudice.37-40 Patients with strabismus have reported 

that they have been wrongfully accused of cheating, day dreaming, and not 

paying attention.40 Although no study has been conducted on patients with 

eccentric viewing, it is safe to assume that these patients experience similar social 

problems. Furthermore, these patients are probably not aware of the gaze 

direction and the facial expression of their conversation partner because of their 

profoundly vision loss. 

 

7.4 Visual acuity and ophthalmic prisms

The main effect of an ophthalmic prism is to deviate uniformly the entire field 

of view that is seen through the prism. If fixation on the same subject is 7
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maintained, the monocular application of a prism will result in an eye 

movement equal to the prism deviation of the image.

Early reports state that the use of bilateral prisms in low vision patients may 

be used to train the development of an eccentric PRL.41 For this assumption 

to be valid, the eye should not move when the prism is introduced. However, 

clinical experience clearly shows that such an eye movement does occur in 

order to relocate the image to the fovea or the PRL42 This re-fixation can be 

measured very accurately with the confocal scanning laser ophthalmoscope.42 

The compensatory eye movements following introduction of a prism appear 

to be almost immediate (0.2 to 0.4 seconds), which is probably too fast to 

allow a useful demonstration of the PRL to a patient. 

The re-fixation that occurs after the introduction of a prism has caused 

authors to doubt the efficacy of yoked prisms with regard to visual 

improvement.43 A number of authors have reported increase in near or 

distance visual acuity with the use of yoked prisms.41;44-49 The patients in our 

study did not experience an increase in visual acuity and, frankly, we had 

already anticipated that a prismatic device such as the EVS would not 

improve vision. One has to keep in mind that the visual acuity with the EVS 

should be compared with the off-centre visual acuity, which is the visual 

acuity with eccentric fixation. Obviously, visual acuity will increase when 

patients shift their fixation from the central scotoma to the functional retina 

adjacent to the scotoma. It should therefore be emphasized that all patients 

that are considered for EVS should have an established and reliable eccentric 

fixation. Furthermore, we would recommend that studies on this subject 

clearly state whether central of off-centre visual acuity was determined. In the 

latter case, a thorough description of the procedure of the off-centre visual 

acuity measurement should be included. 

7.5 Prescribing strategy for eccentric viewing
 spectacles

The prescription and fitting of EVS, as suggested by the author of this thesis, 

involves two major steps. First, the identification of suitable candidates, 
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which are essentially patients with a stable central absolute scotoma in both 

eyes and an established PRL in at least one of the eyes, or a monocular 

patient with central absolute scotoma and an established PRL in the 

remaining eye, who experience problems with maintaining eccentric fixation. 

Second, the assessment of the correct power and direction of the prismatic 

correction of the dominant eye. The various considerations in patient 

inclusion and selection of the appropriate prismatic correction have been 

summarised in Figure 1. 

The approximate values of the prism are derived from the Hirschberg test; for 

fine-tuning the prism bar is used. The Hirschberg test is a relative simple test 

based on the displacement of the corneal reflex to grossly quantify ocular 

misalignment. The eccentricity may be estimated best by looking at the 

limbus shift, with a ratio of about 5 degrees/mm (8.7∆/mm).50 However, the 

limited precision of this test may have a negative influence on the accuracy 

of the final prismatic correction. Fairly recently, new investigative methods 

such as scanning laser ophthalmoscopy (SLO) and microperimetry enable 

us to describe in detail the size and location of the PRL in relation to the 

central scotoma(s). These data should enable us to assess the power and 

direction of the prisms in much greater detail, although we must keep in mind 

that the SLO is an artificial environment. SLO outcomes must be evaluated in 

a natural environment, since factors such as luminance and the influence of 

binocularity and peripheral vision may be of influence on the use of  PRL and 

subsequently gaze behaviour51 As such, this would make an interesting topic 

for future EVS research. 

7.6 Prism characteristics

This thesis focuses on high power EVS (≥ 15∆) for daily, continuous use. 

Most other studies on yoked prisms used a significantly lower power, in 

general ≤ 8∆, and were focussed on intermittent use, mainly  to improve 

reading abilities.41;44-46;48;49 Interestingly, all these studies mentioned 

significantly higher visual acuities compared with the patients in the current 

thesis. This is important, since visual acuity, the size of the scotoma and the 7
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resulting angle of eccentric viewing (and therefore prism power) are all 

related. A relative small-sized central scotoma would account for a better 

PRL not yet establishedActive disease 

Wait for stabilisation Visual rehabilitation 
training

- Established PRL
- Problems with 

eccentric fixation

Determine the 
off-centre visual acuity

Verify scotoma density
with ophthalmoscope

Observe binocular gaze 
with corneal reflex

No problems with
eccentric fixation

Not a suitable
candidate
for EVS

Problems with
eccentric fixation

Patient with
central scotomas

Dense scotoma
Relative scotoma

Determine the dominant
eye that initiates the

binocular gaze

Determine prism power and 
direction of the dominant 

eye (Hirschberg test)

Present prism to 
dominant eye and

refine with prism bar

Place prisms binocularly
identical in 

power and direction

Demonstrate to patient
and commence training

Unable to adapt 
to EVS

Succesful adaptation
to EVS

Patient with
EVS

Figure 1  Flow-chart with the various steps and considerations in the fitting  

of eccentric viewing spectacles (EVS). Only patients with bilateral 

central scotomas (or functional monocular patients with a unilateral 

central scotoma) are eligible for EVS. 
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visual acuity. Also, the power of the prism of the resulting EVS would be 

relatively small. 

Difficulties with maintaining eccentric fixation is one of the key factors in 

patient inclusion. It is to be expected that patients with large scotomas and 

therefore large angles of eccentric fixation, will have more need for a device 

such as the EVS. Consequently, these EVS would be fitted with relative high 

powered prisms.

The high power prisms in EVS are associated with significant distortion of the 

visual scene, as discussed in Section 2.1.3. To circumvent some of these 

undesirable effects, the author has made an attempt use Fresnel prisms in 

EVS. In a selected group of patients a single high-power 20∆ Fresnel 

soft-flexible stick-on prism on the back surface of the spectacle lens was 

tested, unfortunately with disappointing result. Although this significantly 

reduced the weight of the EVS and limited the amount of optical distortion, the 

patients now complained of haziness and blurred vision, which caused us to 

abandon the use of this type of Fresnel prisms in EVS. Later double Fresnel 

stick-on prisms were applied on front and back surface of the lens (for instance 

two Fresnel prisms of 10∆) but unfortunately, this also did not solve the 

problems. 

7.7 The effects of eccentric viewing spectacles

As stated earlier, improvement of the visual acuity should not be the goal of 

EVS prescription. The compensatory eye movements following quickly after 

the introduction of the prism will keep the image on the initial fixation locus, 

the (damaged) fovea or the PRL. For patients who have not yet established 

a PRL, eccentric fixation training might be an option to improve visual 

acuity. 

Advantages. EVS enable the patient to keep his or her eyes in the primary 

position during eccentric fixation. For patients with an established PRL, 

prolonged periods of eccentric fixation may become tiresome. Although 7
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unsubstantiated, it is conceivable that specific patient categories may benefit 

in particular from EVS. 

The first category consists of low vision patients with relative large central 

scotomas. The resulting low visual acuity and large eccentric angles makes 

eccentric fixation especially difficult for these patients. 

The second group consists of patients with a PRL located superiorly to the 

fovea. It is commonly accepted that, especially at near, down-gaze is 

relatively more comfortable than up-gaze. Studies on macular holes reported 

PRLs to be located primarily superior to  the scotoma52;53, although this was 

not corroborated by other studies.54-56 Interestingly, in the first report on 

prisms in low vision patients in 59 patients, the base direction of the prism 

usually had a base-up component.41 For patients with predominantly superior 

directed eccentric fixation, the EVS creates a more comfortable downward 

eye posture, which is especially beneficial during reading. 

Third, the elderly group of patients with age-related degeneration. Stargardt 

patients are often in their early twenties when the central retinal becomes 

dysfunctional to such a degree that eccentric viewing occurs. In these 

patients, eccentric fixation readily develops and EVS are rarely needed. 

Patients with age-related macular degeneration, on the other hand, are often 

in their eighties when loss of foveal function occurs. It is plausible that these 

patients have more difficulties adapting to an alternative retinal locus for 

fixation. And although EVS cannot assist in the development of a PRL, these 

spectacles may very well assist in the continuous use of this ‘eccentric 

fovea.’

The subjective advantages of EVS are numerous and include facilitating the 

eccentric viewing behavior and re-establishing a situation where the area 

with the maximum visual acuity is again perceived as the centre of the visual 

field. 

Furthermore, patients that adapted to the use of EVS felt that this device 

made it easier to walk the streets, assisted in the recognition of objects and 
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helped with home activities. Finally, the EVS may help overcome the negative 

psychosocial consequences that are associated with eccentric viewing.

Disadvantages. Eccentric viewing spectacles are associated with a number 

of disadvantages, as discussed in Chapter 5. Besides the optical deformation 

that inevitably accompanies high power prisms, patients also complained 

about the cosmetic appearance and weight of the EVS. Future EVS design 

should therefore address these disadvantages by using lightweight frames 

and lens materials, as well as smaller lens diameters. Contact lenses are only 

of theoretical interest, since the heavy prism base will cause downward 

rotation of the contact lens, which results in the worst possible position of the 

prismbase. In selected patients, the implantation of prismatic intraocular 

lenses may become an option.57 

7.8 Patient compliance

Numerous factors influence the compliance of EVS and other LVAs. Some 

factors are related to the device itself, such as portability, the ease of 

operation and user training. Other factors relate to the patient and his or her 

disease, such as improvement or progression of the ocular disorder and 

mental and/or physical co-morbidity as well as social circumstances. 

Lack of compliance, especially among the elderly, is an underestimated 

problem in medical sciences. It has been estimated that drug non-compliance 

in the elderly ranges from 40% to as high as 75%.58 

Our short-term evaluation of the device (average 13 months after prescription) 

demonstrated that 61% of the patients continued the use of the EVS (Chapter 3). 

In our study on the long-term effects of EVS (average 54 months after 

prescription), 40% of the patients continued the use of EVS. (Chapter 5).  

At present time, we do not know which factors are involved in their decision 

to abandon the EVS. Further deterioration of the visual function may be one 

of the underlying causes, but improved agility with eccentric viewing might 

also be a factor of importance. Also, a lack of adequate training may result in 

early discontinuation of the use of EVS. Whatever factors may be involved, 7
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this clearly shows that long term follow-up of these patients is warranted.  

The number of patients that discontinue the use of their EVS may be brought 

down with more stringent patient selection, a better implementation technique, 

an investment in EVS training and a better follow-up. Last but not least, 

further technical development of the product may also improve compliance.

It is difficult to compare the compliance of the EVS with other devices. 

Besides the general lack of data on compliance of rehabilitation aids, it is 

dubious whether such a comparison would be meaningful. Nevertheless, it is 

not uncommon to find relatively large numbers of patients that have stopped 

using their rehabilitation aid. This is illustrated by a study on the compliance 

of hearing aids. After one year of dispensing only 70% continued to use this 

apparatus, after two years this number had further declined to 57%.59;60 

7.9 Visual rehabilitation training 

Despite the large number of end-stage age-related macular degeneration 

patients, there is a lack of structured eccentric viewing training programs and 

specialised instructors in the Dutch health care system.  This applies to 

patients with recently developed central scotomas who might need help with 

discovering and optimising their PRLs, as well as to patients who need 

training with the EVS. In this group of predominantly elder patients principally 

verbal instructions on the utilisation of an alternative retinal locus does not 

suffice. Likewise, an explanation of the use and adverse effects of high 

powered prismatic spectacles should not be limited to a 30 minute 

consultation in the low vision practice. This lack of personal training does not 

only apply to the EVS but to low vision aids in general. Ideally, certified visual 

disability trainers would coach low vision patients on the use of LVAs in their 

own environment. In our opinion, this will not only improve the usefulness of 

an LVA, but may also have an effect on the relative poor compliance for LVAs 

in general. 
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7.10  In conclusion 

Loss of vision has a significant impact on the quality of life not only for the 

patient, but also for their relatives. The introduction of the eccentric viewing 

spectacles adds another instrument to the broadening pallet of LVAs. As with 

other LVAs it very important for the low vision practitioner to have a clear 

grasp of the proper indications for this device as well as its limitations and 

side effects. In addition, the fitting of the optimal prismatic correction of EVS 

needs practice and should always be accompanied by a thorough follow-up 

to evaluate the effect on the patient’s daily activities. In our opinion, visual 

rehabilitation training with the EVS is important in helping the patients to 

make optimum use of this instrument.

The tragedy of the predominantly elderly population with visual impairment is 

that people often accept vision loss as a natural part of ageing and assume 

that nothing can be done. Even for the group of patients that suffer from  

a visual impairment despite optimal medical eye care, the option of low  

vision rehabilitation remains. Fortunately, there is a growing number of 

ophthalmologists, optometrists and other medical care providers that aware 

that this type of rehabilitation can seriously improve the quality of life. The 

presentation of the guidelines for the referral of low vision patients by the 

Dutch Ophthalmologic Society is a major step in stimulating the active 

referral of patients for low vision rehabilitation by medical professionals.61;62 

We hope that this thesis will further acquaint the reader with the possibilities 

of LVAs in general, and the position of EVS as a novel device in low vision 

rehabilitation in particular.

7
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Summary

The large majority of low vision patients suffer from loss of central vision due 

to macular pathology. A variety of optical low vision aids (LVAs) may be 

prescribed to optimize the residual visual function, ranging from high power 

reading glasses and more complex magnifying aids to a closed circuit 

television. The indications, the advantages and the disadvantages of the 

various aids for low vision patients are thoroughly discussed in the first part 

of this thesis.

Most patients with central visual field loss develop a form of eccentric 

fixation, using an alternative retinal locus as alternative for the damaged 

macula. Eccentric viewing spectacles (EVS) constitute an alternative approach 

in visual rehabilitation by facilitating eccentric fixation. This thesis focuses on 

the various aspects of the EVS. 

In chapter 1, general aspects of low vision and low vision rehabilitation are 

discussed. Low vision may be the result of central visual field loss, most 

commonly end stage age-related macular degeneration (AMD), but may also 

be associated with peripheral visual field loss with sparing of the posterior 

pole, as in retinitis pigmentosa and glaucoma. Satisfactory and effective use 

of LVAs depends on the possibilities and desires of the patient, the 

characteristics of the type of low vision aid, and on training in the use of the 

specific low vision aid. Visual rehabilitation with non-magnifying devices 

aims to improve the environment of the low vision patient and includes 

adequate illumination and reduction of glare. Various magnifying devices as 

well as telescopic devices may be employed in more severely affected 

patients. Finally, closed-circuit television systems can offer high levels of 

magnification for patients with very low residual visual acuity. 

Chapter 2 contains a thorough discussion of the principles and practices of 

EVS. This part of the thesis includes an explanation of the basic optics  

of prisms and reviews the most common medical applications of prisms.  

The principle of normal fixation is compared to eccentric fixation. The principle 

that prisms have the property to refract light is used to shift the focal point 
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from the fovea to an alternative point in the retina where a patient with central 

dense scotoma has developed a PRL. The patient no longer needs to adjust 

the position of his eye and/or head to make effective use of the PRL. A review 

the literature on the use of EVS is provided.

In chapter 3, our first experiences with EVS are described in patients with 

end-stage AMD. The patients in this study depended on their eccentric viewing 

for distance and near vision. The PRL in these patients was determined and high 

power prism glasses were fitted. After a mean follow-up period of 13 months 

61% of the patients considered the EVS an improvement in everyday life. 

Dizziness was the most frequent reason to stop wearing the prismatic 

spectacles. 

In chapter 4, the possible benefits of the EVS on the visual search time are 

quantified. We conducted a study to compare the visual search time with and 

without the EVS. Previous studies demonstrated that the visual search time 

is longer in patients with a central scotoma. When the visual search time with 

and without the EVS was compared in full-time EVS wearers, we observed a 

34% decrease in visual search time with EVS. 

In chapter 5, the  long-term success and patient satisfaction of the EVS are 

evaluated. By means of a questionnaire, 191 patients were questioned about 

wearing characteristics, advantages and disadvantages of the EVS. The 

average follow-up time was 4.5 years. Regular users were compared with 

persons who no longer used their EVS. Forty percent of all patients still used 

the EVS.  The EVA appeared to be associated with a number of disadvantages 

and side effects, such as the heavy weight of the spectacles, perception of 

curved lines, dizziness during walking and poor cosmetic appearance of the 

massive frame and thick glasses. Even so, many successful long-term users 

considered the EVS helpful for home-activities and walking in the street. They 

reported that this device reduced head and eye adjustments, improved vision 

in the centre of their visual field and helped with the recognition of objects and 

faces. New technical developments can probably reduce some of these 

disadvantages. As always, patients need to be realistically informed about the 

advantages and disadvantages of low vision aids such as the EVS. 
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Chapter 6 focuses on the spontaneously developed EVGD in patients with 

bilateral central scotomas. The author employed the cornea reflex method to 

determine the binocular gaze directions in 434 patients. AMD accounted for 

77% of the underlying ocular pathology in this group of patients. The majority 

demonstrated a binocular EVGD to the right (50%). In 25% of the patients a 

superior binocular EVGD was found. Less often, a binocular EVGD to the left 

(14%) and an inferior binocular EVGD (11%) were encountered. The binocular 

EVGD appeared to be determined by the eye with the best visual acuity. In 

patients with eyes with equal vision, the monocular EVGD is similar in both 

eyes, presumably in an attempt of the visual system to make optimal use of 

both eyes. A review of the literature on this subject suggests that the method 

of investigation is of influence on the observed EVGD. Most other studies 

determined the monocular EVGD and observed a superior EVGD (mean 

62%) in the majority of eyes. The monocular EVGD may be an inadequate 

reflection of the binocular reality in most patients, in our opinion, a binocular 

measurement of the EVGD should therefore be considered.

In chapter 7, we discuss the most important issues regarding the EVS and 

eccentric viewing. We speculate on the functional aspects of EVGD and PRL 

location, as well as the many uncertainties in our knowledge of the 

development of the naturally developed PRL. In view of this lack of 

understanding, we would not encourage the development of a trained retinal 

locus (TRL) to replace the naturally developed PRL.

A common misunderstanding concerning bilateral prisms in patients with bilateral 

central scotomas is the often described positive effect on the visual acuity. In this 

regard, the off-centre visual acuity becomes a key factor. The introduction of a 

prism may seem to improve visual acuity, but the off-centre visual acuity will 

always remain the same. The issue of high and low power prisms is also addressed 

in chapter 7. The current thesis focuses on high power EVS (≥ 15∆) for daily, 

continuous use. High power prisms are used in patients with relative large 

scotomas and therefore a more profoundly reduced visual acuity. 

We discuss the advantages and the disadvantages of the EVS in supporting 

eccentric viewing. Obviously, reducing torticollis and the associated neck 
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and shoulder strain benefits the patients, but social factors are also of 

importance, such as restoring the eye-to-eye contact. As with other low 

vision aids, there is some concern regarding the compliance of patients 

using EVS. After a mean of 54 months, almost 60% of the patients 

discontinued the use of their EVS. Although this is certainly not higher than 

with other low vision aids, better training in the patient’s own surroundings 

may help in lowering this number. 

In this general discussion, a flow chart is provided, with a two step technique 

for prescription and correct fitting of the EVS.
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Samenvatting

Bij de meerderheid van slechtziende patiënten is er sprake van verlies van de 

centrale gezichtsscherpte door een aandoening van de macula (gele vlek). 

Diverse optische ‘low vision’ hulpmiddelen kunnen worden voorgeschreven 

om optimaal gebruik te maken van de resterende visuele functies. Deze lopen 

uiteen van eenvoudige middelen zoals een leesbril met een extra hoge 

additie tot meer complexe beeldvergrotende hulpmiddelen zoals telescoop-

loepbrillen en beeldschermloepen. De indicaties, de voor- en nadelen van 

deze hulpmiddelen worden uitgebreid besproken in het eerste gedeelte van 

dit proefschrift.

De meeste mensen met een centrale gezichtsveld uitval ontwikkelen een 

vorm van excentrische fixatie; hierbij wordt een alternatieve plek in het 

netvlies gebruikt als vervanging van de beschadigde macula. Een prismabril, 

met beiderzijds een gelijke prismasterkte en beiderzijds een gelijke richting 

van het prisma, de zogenaamde EKB (excentrische kijkrichting bril) vormt 

een alternatief hulpmiddel voor deze patiënten. Dit proefschrift behandelt 

diverse aspecten van de EKB.

In hoofdstuk 1 wordt in het algemeen slechtziendheid en de beschikbare 

hulpmiddelen belicht. Slechtziendheid kan het gevolg zijn van het verlies van 

de centrale gezichtsscherpte, vaak een eindstadium van leeftijdsgebonden 

macula degeneratie (LMD), maar kan ook het verlies van het perifere 

gezichtsveld inhouden, zoals bij retinitis pigmentosa of glaucoom. Het 

succes van een hulpmiddel hangt af van de mogelijkheden en wensen van 

de patiënt, van het type hulpmiddel en van de uitleg en training in het 

gebruikt van het betreffende hulpmiddel. Visuele revalidatie met niet-

vergrotende hulpmiddelen hebben tot doel omgevingsfactoren en 

gebruiksvoorwerpen voor de slechtziende patiënt te verbeteren. Hieronder 

vallen een adequate verlichting, het verbeteren van contrasten en de 

vermindering van de hoeveelheid strooilicht. Als deze maatregelen 

onvoldoende blijken kunnen diverse optische hulpmiddelen, waaronder 

loepen en telescopen, worden gebruikt om vergroting van objecten en tekst 

te bereiken. Ten slotte kan voor de groep zeer slechtzienden een hoge 
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vergroting worden verkregen met elektronische hulpmiddelen zoals de 

beeldschermloep.

In hoofdstuk 2 komen de onderliggende principes van de EKB uitgebreid aan 

bod. Dit gedeelte van het proefschrift bevat een bespreking van de basale 

optica van prisma’s en een overzicht van andere medische applicaties van 

prisma’s. Het principe van een normale fixatie wordt vergeleken met 

excentrische fixatie. De eigenschap van prismaglazen om de richting van een 

invallende lichtbundel te wijzigen, kan worden gebruikt om de focus van het 

invallende licht te verplaatsen van de beschadigde fovea naar de alternatieve 

locatie in het netvlies, de PRL (preferente retina locatie). Dit heeft het voordeel 

dat de patiënt het oog en of het hoofd niet langer hoeft te draaien om gebruik 

te maken van de PRL. Ten slotte bevat dit hoofdstuk een uitgebreid 

vergelijkend literatuuronderzoek over het toepassen van prisma’s bij patiënten 

met centrale gezichtsveld uitval.

Hoofdstuk 3 bevat een beschrijving van onze eerste ervaringen met de EKB 

bij personen met het eindstadium van LMD. De mensen in dit onderzoek 

keken excentrisch, zowel voor dichtbij als veraf. Nadat de PRL bij deze 

patiënten was bepaald, werden er prismaglazen van een hoge sterkte 

aangemeten. Na een gemiddelde follow-up van 13 maanden beschouwde 

61% van de patiënten de EKB als een aanwinst. Duizeligheid was de meest 

genoemde reden om te stoppen met het gebruik van deze prismabril. De 

patiënten die de bril als een aanwinst zagen en de bril continu gebruikten, 

gaven wel aan de bril zwaar te vinden.

In hoofdstuk 4 worden de voordelen van de EKB op het gebied van de visuele 

zoektijd onderzocht. Eerdere studies hadden al laten zien dat de zoektijd 

langer is bij patiënten met centrale gezichtsvelduitval. Door de zoektijd met 

en zonder deze bril te vergelijken in een groep mensen die de EKB continu 

droegen, kon worden aangetoond dat de visuele zoektijd met een EKB met 

34% afneemt. 

Hoofdstuk 5 bevat een onderzoek naar de lange termijn patiënten tevredenheid 

van de EKB. Met behulp van een vragenlijst werden 191 patiënten geïnterviewd 
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over de wijze waarop ze de EKB gebruikten en over de voor- en de nadelen van 

dit hulpmiddel. De gemiddelde follow-up was 4,5 jaar. Personen die regelmatig 

gebruik maakten van de EKB werden vergeleken met mensen die dit ‘low vision’ 

hulpmiddel niet meer gebruikten. Veertig procent van alle ondervraagden bleek 

de EKB nog te gebruiken. Ondanks een aantal vervelende bijwerkingen, zoals 

het aanzienlijke gewicht van de bril, vervorming van rechte lijnen, duizeligheid 

tijdens het wandelen en het minder fraaie uiterlijk van de bril met dikke glazen, 

beschouwden veel van de gebruikers de prismabril als een aanwinst bij 

activiteiten in en om het huis. Ze vertelden dat ze met de EKB hun hoofd en ogen 

minder hoefden te draaien. Er werd aangegeven dat het beeld in het centrum 

van het gezichtsveld verbeterde en hielp de bril bij het herkennen van voorwerpen 

en gezichten. Een aantal van de nadelen kan misschien verholpen worden door 

nieuwe technische ontwikkelingen. 

Hoofdstuk 6 behandelt de spontaan ontwikkelde excentrische kijkrichting 

(EKR) bij mensen met centrale gezichtsvelduitval in beide ogen. De auteur 

gebruikte de cornea reflectie methode om de binoculaire EKR bij 434 

patiënten te bepalen. LMD was de meest voorkomende onderliggende 

aandoening (77%) in deze groep patiënten. De meerderheid vertoonde een 

binoculaire EKR naar rechts (50%). Bij 25% werd een EKR naar boven 

gevonden. Minder vaak werd een EKR naar links (14%) en naar beneden 

(11%) gevonden. Het bleek dat de binoculaire EKR werd bepaald door het 

best ziende oog. Indien beide ogen een vergelijkbare gezichtsscherpte 

vertoonden, bleek de monoculaire EKR identiek aan de binoculaire EKR, 

waarschijnlijk in een poging van het visuele systeem om optimaal gebruik te 

maken van beide ogen. Een vergelijkend literatuuronderzoek lijkt erop te 

wijzen dat de methode van onderzoeken van invloed is op de gevonden EKR. 

Het merendeel van de studies op dit gebied onderzochten de monoculaire 

EKR, hierbij kwam een EKR naar boven het meest voor (gemiddeld 62%). Het 

kan goed zijn dat een monoculaire EKR een onjuiste weergave is van de 

binoculaire werkelijkheid bij de meeste patiënten; een binoculaire bepaling 

van de EKR moet, naar onze mening, dan ook zeker worden overwogen.

In hoofdstuk 7 worden de belangrijkste zaken besproken ten aanzien van de 

EKB en het excentrisch kijken. De functionele aspecten van de EKR en de 
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locatie van de PRL passeren de revue, evenals de vele onzekerheden die 

nog bestaan op het gebied van de natuurlijk ontwikkelde PRL. Gezien het 

gebrek aan kennis op dit gebied zouden we niet snel adviseren een andere 

PRL te trainen als vervanging van de spontaan ontwikkelde PRL.

Een veelvoorkomend misverstand bij de toepassing van prismabrillen bij 

patiënten met een centrale gezichtsveld uitval is het vaak beschreven 

gunstige effect op de gezichtsscherpte. De excentrische gezichtsscherpte 

speelt in dit verband een belangrijke rol. De introductie van een prismaglas 

kan de gezichtsscherpte schijnbaar verhogen, maar de excentrische 

gezichtsscherpte zal niet toenemen. Het verschil tussen prisma’s van hoge 

en lage sterkte wordt ook behandeld in hoofdstuk 7. Prisma’s van een hogere 

sterkte worden vooral gebruikt in patiënten met meer uitgebreide centrale 

gezichtsveld uitval en dus een lagere gezichtsscherpte.

De voor- en nadelen van de EKB bij het ondersteunen van de excentrische 

fixatie worden besproken. Vermindering van de verdraaiing van het hoofd en 

daarmee samenhangende afname van nek en schouderklachten is natuurlijk 

een voordeel, maar sociale factoren spelen ook een rol, waaronder het 

herstel van het oogcontact. Net als bij andere hulpmiddelen voor slechtzienden, 

zijn er zorgen over de therapietrouw onder gebruikers van deze prismatische 

hulpmiddelen. Na gemiddeld 54 maanden gebruikt bijna 60% van de mensen 

de EKB niet meer. Hoewel dit percentage niet hoger ligt dan bij andere ‘low 

vision’ hulpmiddelen, baart dit toch zorgen; mogelijk dat verbeterde instructies 

en training dit percentage kan verlagen.

In deze algemene discussie, wordt ook een stroomdiagram gegeven, waarin 

de geschiktheid voor het aanmeten van een EKB wordt weergegeven.
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Dankwoord

Op de weg die dit proefschrift als eindbestemming had, heb ik geprobeerd 

een ieder die mij bij kruisingen en obstakels heeft geholpen, direct mijn dank 

te tonen. Dat bleek echter niet eenvoudig, vooral bij diegenen die me van 

zeer nabij, vaak en intensief steunden. Zij leken telkenmale niet ontvankelijk 

voor mijn dank. Kwam dat omdat ze er geen vertrouwen in hadden dat het 

proefschrift er ooit zou komen? Of is het zo, dat iemand die helpt zich 

onvoldoende realiseert wat het voor een promovendus betekent om zoveel 

steun en hulp te mogen ontvangen? 

Mijn dankwoord is gericht aan alle mensen die een grote of kleinere bijdrage 

hebben geleverd aan de totstandkoming van dit proefschrift. Ook is dit 

dankwoord de aangewezen plek om excuses te maken aan met name mijn 

gezin, voor de tijd die ik aan hen onttrok omdat ik zo gefascineerd bezig was 

met mijn onderzoek. Veelal staan die excuses aan geliefden, gezin en ouders 

onderin het dankwoord, maar ik zet hen op de eerste plaats. Aretti, mijn 

vrouw, die nog meer geduld met mij heeft gehad dan een optometrist met 

een non-coping slechtziende, waarvoor mijn bewondering en dank. Excuses, 

en dat meen ik, voor alle momenten dat ik er niet voor je was. Mijn kinderen 

Valletta, Lily-Jane, Jasmijn en pleegkind Rafaella begrepen niet altijd waarom 

ik meer tijd achter de computer zat dan dat ik met hen doorbracht. Ik hoop 

dat jullie het nu begrijpen en me dit willen vergeven. 

Mijn lieve moeder en vader, als jullie het nog zouden kunnen zeggen, zijn 

jullie de enigen die een eensluidend ja als reactie krijgen op de opmerking 

dat het te lang heeft geduurd. Vanuit het hier naar het daar bedank ik jullie 

voor de steun die ik tot jullie laatste dag heb mogen ontvangen.

Ik ben Prof.dr. J.E.E. Keunen bijzonder dankbaar voor zijn belangstelling en 

begeleiding van het onderzoek. Geplaagd door soms moeilijke omstandig -

heden waarin ik verkeerde gaf u mij de ondersteuning die mij deed beslissen 

niet af te haken. Die onverwachte ontmoeting bij een benzinestation in 

Limburg was beslist geen toeval. Statistisch gezien was de kans op die 

ontmoeting absent of nihil, maar toch. 
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Mijn dank gaat voorts uit naar de leden van de manuscriptcommissie  

Prof. dr. Th. Thien, Prof. dr. A.C. Kooijman, Prof. dr. G.P.M. Luyten, Prof. dr. 

G.H.M.B. van Rens en Dr. K. Ingels, voor de beoordeling van de inhoud van 

mijn proefschrift.

Zeer bijzondere dank wil ik uitspreken aan mijn co-promotor Dr. C.B. Hoyng, 

die al in de eerste dagen dat ik met het prisma zat te spelen en enig succes 

boekte, snel de techniek wilde beheersen om zo meer informatie over de 

perifere visus van zijn patiënten te verwerven. Carel, als geen ander weet je 

vragen op te werpen, die uitnodigen tot meer onderzoek. Met de door jou 

met zware stem uitgesproken woorden “O ja, is dat zo? …….waar staat dat 

dan beschreven?”, tegen iemand die niet echt zeker weet of het wel zo is en 

al helemaal niet weet of het ook ergens beschreven staat, is de basis gelegd 

voor aanvullend onderzoek. 

Heel veel dank ben ik verschuldigd aan Dr. B.J. Klevering. Jeroen, het is met 

geen pen te beschrijven hoe groot mijn dank is voor al jouw inspanningen 

om mij te helpen, te motiveren en te begeleiden. Met name jouw gave om een 

door mij geschreven tekst terug te brengen tot 1/3 en dan toch hetzelfde, en 

zelfs nog beter te verwoorden, is uniek. Een e-mailtje met “Anton, dit ziet er 

echt goed uit, maar nu met minder woorden” of “Dwaal je met de beschrijving 

van de glasslijptechniek van de Vikingen en het feit dat zij toen al aspherische 

lenzen hadden, niet te ver af van je onderwerp?” zijn tekenend voor jouw 

duidelijke doch vriendelijke manier van overbrengen van de boodschap.  

Ik denk me er een voorstelling van te kunnen maken wat je toen werkelijk 

dacht en ook nu weer denkt wanneer je een iets te lang dankwoord zit te 

lezen. Jeroen…… heel erg bedankt voor je inzet en vooral ook je geduld. 

Iemand die ik in het bijzonder wil noemen in mijn dankwoord is Prof. dr. 

H.J.M. Völker-Dieben die net als Dr. Hoyng enthousiast en stimulerend was 

bij mijn eerste tests met het prismaglas voor patiënten met bilateraal centraal 

scotoom. Beste Hennie, jij was het die me toegang verschafte tot het Quality 

Street snoepblik waarin het sleuteltje lag van de medische bibliotheek.  

Je wist me er van te overtuigen dat het niet hebben van een universitaire 

opleiding geen belemmering zou moeten zijn voor het uitvoeren en publiceren 
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van onderzoek. Het is veel moeilijker zei je, dat wel, maar niet onmogelijk.  

Je woorden bleken de waarheid te zijn, zowel wat betreft de moeilijkheidsfactor 

als de mogelijkheid, met dit proefschrift als bewijs. 

Ook ben ik Karin Meulendijks dankbaar voor de ondersteuning in statistische 

analyse, haar co-auteurschap en haar opmerking dat achter een computer 

zitten en nadenken ook werken is. Dat ik niet mee ging lunchen omdat ik meende 

dat ik geen energie verbruikte, miste volgens jou een weten schappelijke 

basis. Ook dank ik alle medewerkers van polikliniek oogheelkunde UMC  

St Radboud voor het meermalen opzoeken en soms ongebruikt weer 

archiveren van vaak dezelfde statussen, het uitnodigen van patiënten en het 

beantwoorden van de vragen die de patiënten aan jullie stelden in plaats van 

aan mij. Mijn verontschuldiging dat ik geen namen noem in de grote angst 

iemand te vergeten. Heel veel dank aan alle patiënten die hebben willen 

deelnemen aan het onderzoek naar de effecten van de excentrische 

kijkrichting bril. Als we alle uitkomsten beschouwen is er een groep patiënten 

die toch echt andere dingen dan voordelen heeft ervaren. Ik dank hen voor 

hun bereidwilligheid, ondanks de negatieve effecten, toch mee te blijven 

doen aan het rapporteren van hun ervaringen. 

Zoals Amerikanen dikwijls afsluiten met de woorden “Thank God” zou ik dit 

hier ook graag doen.
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Curriculum Vitae 

De auteur van dit proefschrift werd geboren op 29 april 1958 te Rotterdam als 

Cornelis Anthonius Verezen. Na zijn middelbare school, behaalde hij in 1977 

het diploma opticien aan de Christiaan Huygens school te Rotterdam, 

waarna hij bij dit opleidingsinstituut het diploma oogmeetkunde (1978) en 

contactlensspecialist behaalde (1981). Na een low vision stage in het 

Oogziekenhuis Rotterdam, specialiseerde hij zich in low vision en trad in 

dienst bij Faber optiek te Rotterdam. In 1980 trad hij in dienst van Ergra 

optiek te Den Haag. In 1997 werd hij Fellow of the American Academy 

Optometry (San Antonio, Texas), en in 2000 behaalde hij het bachelariaat 

optometrie aan de Faculteit Gezondheidszorg van de Hogeschool Utrecht. 

De auteur heeft low vision aanpassingen verricht in 56 poliklinieken 

oogheelkunde in Nederland, waaronder Universitaire oogheelkundige centra 

te Nijmegen, Utrecht, Rotterdam (Erasmus MC & Oogziekenhuis Rotterdam), 

Amsterdam (VUmc & AMC) Maastricht en Leiden, in 3 Universitaire Klinieken 

in België (Leuven, Gent & Antwerpen) en bij de revalidatie instellingen 

Bartiméus en Visio. Hij geniet nationale en internationale bekendheid als 

specialist in de aanpassing van low vision aids, en is toegewijd lid van 

nationale en internationale verenigingen waarbij hij een bestuursfunctie 

vervult of  heeft vervult. Hij is tevens als opleider verbonden aan diverse 

opleidingen in de oogzorg. In 2007 is de auteur, bij velen beter bekend als 

Anton, in dienst getreden bij Elvea low vision te Nijmegen.
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Het drukken van dit proefschrift werd mede mogelijk gemaakt door:

en Stichting Researchfonds Oogheelkunde Nijmegen.
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Stellingen behorend bij het proefschrift

Eccentric Viewing Spectacles
Including

An Introduction in Low Vision Rehabilitation

 1.  Bij excentrische fixatie hebben het oog en de hersenen zich volledig aangepast aan het 
excentrisch kijken.

 2. Bij een centraal absoluut scotoom dient men altijd te twijfelen aan zowel de centrale 
 locatie als de absoluutheid.

 3. De excentrische kijkrichting bril verbetert noch de centrale gezichtsscherpte noch de 
excentrische gezichtsscherpte.

 4. Zonder interventie ontwikkelt de meerderheid van de mensen met een bilateraal centraal 
absoluut scotoom zich een excentrische kijkrichting naar rechts.

 5. De binoculaire excentrische kijkrichting wordt bepaald door het oog met de hoogste visus.

 6. Iemand voortdurend schuin aankijken is sociaal niet acceptabel.

 7. Er is meer aandacht nodig voor de indicatiestelling, de training en de nazorg van 
low vision hulpmiddelen.

 8. De communicatie tussen oogarts en low vision specialist kan lastig zijn, wanneer de 
eerste een negatieve kijk heeft op de toestand van de patiënt, terwijl de ander met een 
positieve blik zoekt naar wat een patiënt nog wel ziet.

 9. In veel kerken, de plaats waar het licht wordt gebracht, is de verlichting voor  slechtzienden 
onvoldoende.

 10. Een optometrist werkzaam in een optiekbedrijf moet zich realiseren dat hij vrijwel 
 uitsluitend brildragers screent op pluis en niet pluis.

 11. Indien een patiënt aangeeft niet te kunnen lezen impliceert dit niet dat de patiënt 
 aangeeft te willen lezen. 

 12.  De huidige therapieën voor macula degeneratie geven weliswaar een stabilisering 
van de visus, maar ook een langere periode van onzekerheid over de keuze van een low 
vision hulpmiddel.

 13.  De oogarts moet zijn patiënt na de behandeling recht in de ogen kunnen kijken.

 14. De eerste proefpersoon met de excentrische kijkrichting bril had een vooruitziende blik.

 15. Soms bepaalt de minister van financiën - en niet de gezichtsscherpte - of iemand nog 
beursberichten leest.

 16. Als ‘search’ zoeken is, betekent ‘research’ dan dat je altijd blijft zoeken?

  Anton Verezen, december 2008
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