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Abstract 

The dark focus is a resting state of accommodation, which occurs when there are not enough 

stimuli for the eye to focus on. This means that the eye becomes more myopic and some 

people notice a blur for example at night time, more known as night myopia. In this study the 

dark focus in Swedish myopes is measured and any difference between early and late onset 

myopes is investigated.  

Method: The dominant eye of 56 myopes was first measured with static retinoscopy, using a 

distant target, and then with near retinoscopy, with the retinoscope beam as the target. The 

full working distance of 2.00 D was subtracted in both methods and the values were 

compared. The difference, if any, was the dark focus. 

Resultat: The mean value of dark focus was 0.53 D ± 0.26 for the entire group. The mean 

value for early onset myopes was 0.56 D ± 0.29 and for late onset myopes the mean value was 

0.47 D ± 0.21. This showed no significant difference (p-value = 0.18). No significant 

correlation between amount of refractive error and dark focus was found. 

Conclusion: The Swedish myopes in this study have a smaller mean value of dark focus than 

mean values found in other studies using the same technique and the previous findings that 

early and late onset myopes differ in mean values of dark focus is not applied to this study.  

 



 

 

 

SAMMANFATTNING 

 

När ögat inte får tillräckligt med synligt stimuli att fokusera på, som till exempel i mörker, 

ställer ögat in sig och fokuserar automatiskt på ett avstånd kring 1.0 - 1.5 meter. Detta beror 

på den toniska ackommodationen som sker i ögats lins. Det har visat sig att denna toniska 

ackommodation, som också kallas dark focus, är mycket individuell och för vissa människor 

skapar den problem i miljöer med svaga eller obefintliga stimuli då de ser suddigt, så kallad 

nattmyopi. Dessa människor skulle kunna bli hjälpta av att ha särskilda glasögon under dessa 

förhållanden, till exempel för mörkerkörning. 

 

Det har också visat sig att den toniska ackommodationen är olika mellan olika grupper av 

refraktionsfel och i denna studie har den toniska ackommodationen hos närsynta svenskar 

undersökts. Man har också undersökt om det finns skillnader i den toniska ackommodationen 

mellan de som blivit närsynta i tidig ålder och de som blivit närsynta i senare tonår. 

 

Det dominanta ögat på 56 närsynta svenskar undersöktes först med en objektiv 

undersökningsmetod, kallad statisk retinoskopi, och sedan med en liknande metod utförd i 

mörker, kallad närretinoskopi; för att ta reda på deras refraktionsfel. Skillnaden mellan de två 

refraktionsvärdena var den toniska ackommodationen. 

 

Resultaten visade ett medelvärde på den toniska ackommodationen för hela gruppen på 0.53 

D ± 0.26. Medelvärdet för tidiga närsynta var 0.56 D ± 0.29 och för senare närsynta 0.47 D ± 

0.21. Detta visade ingen signifikant skillnad mellan de två grupperna (p = 0.18). Ingen 

relation mellan storlek på refraktionsfelet och den toniska ackommodationen kunde påvisas. 

 

Slutsatsen är att de närsynta svenskar i denna studie har ett mindre medelvärde på den toniska 

ackommodationen jämfört med medelvärden funna i andra studier, som använt samma teknik. 

De tidigare funna resultaten att de som fått sin närsynthet i tidig ålder skulle ha högre tonisk 

ackommodation än de som fått den i senare tonår stämde inte med denna studie.  



 

 

 

CONTENTS 
 

1. INTRODUCTION ............................................................................................................................. 1 

1.1. Accommodation .......................................................................................................................... 1 

1.1.1. Components of accommodation ............................................................................................ 2 

1.1.2. Accommodative stimuli .......................................................................................................... 2 

1.2. Dark focus ................................................................................................................................... 3 

1.2.1. What is the dark focus? ......................................................................................................... 3 

1.2.2. How do you measure the dark focus? .................................................................................... 4 

1.2.3. What is the significance of dark focus? ................................................................................. 5 

1.3. Static retinoscopy ....................................................................................................................... 6 

1.3.1. The plane mirror position ...................................................................................................... 6 

1.3.2. The concave mirror position ................................................................................................. 7 

1.4. Near retinoscopy ......................................................................................................................... 8 

1.5. Myopia ......................................................................................................................................... 9 

1.5.1. Why myopes in this study? ................................................................................................... 10 

1.6. Purpose ...................................................................................................................................... 10 

2. METHOD AND MATERIAL ........................................................................................................ 11 

2.1. Study group ............................................................................................................................... 11 

2.1.1. Recruiting ............................................................................................................................ 11 

2.1.2. Inclusion criteria ................................................................................................................. 11 

2.2. Instruments ............................................................................................................................... 11 

2.3. Procedure .................................................................................................................................. 12 

3. RESULTS ......................................................................................................................................... 14 

4. DISCUSSION................................................................................................................................... 17 

5. CONCLUSION ................................................................................................................................ 20 

ACKNOWLEDGEMENTS 

REFERENCES 

APPENDIX 

 

 

 

 

 



 

1 

 

1. INTRODUCTION 

Our vision is one of the most important things in life and as an optometrist one should strive 

for giving the patients the possibility to see the best possible at any time, including night time. 

Studies have been made about how the eye act in the dark and it has been shown that the eye 

has a dark focus of accommodation, which means that the eye adjusts for a specific distance 

in the dark (Owens et al, 1980). For some people this dark focus causes them problems since 

it leaves them with blurred vision at night, so called night myopia. Other studies (Leibowitz 

and Owens, 1978) show that this night myopia can be corrected with optical lenses based on 

measurements of the dark focus. In this study the dark focus in Swedish myopes will be 

measured with retinoscopy and the values of early and late onset myopes will be compared. 

 

1.1. Accommodation 

Accommodation is the eye’s ability to change in dioptric power, with the purpose to get a 

clear image on the retina on different distances. (Benjamin, 2006, p. 93) The ocular feature 

that creates the change in dioptric power is the crystalline lens, which is located 3.6 mm 

behind the cornea, according to the schematic eye (Grosvenor, 2007, p. 4), and is connected to 

the ciliary muscle which controls the accommodation. The crystalline lens is placed in a lens 

capsule that connects to the ciliary muscle by zonular fibers. When the ciliary muscle gets a 

response from the parasympathetic (oculomotor nerve) or sympathetic (trigeminal nerve) 

nerve system to contract, it moves inwards and forwards causing the anterior zonules to relax. 

This relaxation in the zonules causes a decrease in the radius of the lens curvature and the 

power of the lens increases (Benjamin, 2006, p. 95). See fig. 1.1. 

 

 

 

 

 

 

 

 

Fig 1.1. Ciliary muscle and lens in relaxed and contracted state (The figure is inspired and created from 

Benjamin, 2006, p. 94, fig 4-1A).  
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1.1.1. Components of accommodation 

There are four components of accommodation which Heath classified in 1956. The reflex 

accommodation is induced by small amounts of blur, up to 2 diopters (D) and helps keeping a 

clear image on the retina. This is an automatic response to blur, assisted by the microsaccades 

in the eye (Benjamin, 2006, p. 97).  

 

The vergence accommodation is activated when the angle between the fixation point and the 

eyes changes. For example when changing the fixation from a distance object, which should 

have no accommodative or vergence response in a corrected eye since the visual axes are 

parallel, to a closer fixation point, convergence and therefore accommodation is induced 

(Grosvenor, 2007, p. 87).  

 

The third component of accommodation is the proximal accommodation which is induced by 

the awareness of a nearby object within 3m. Under normal visual conditions with the reflex 

and vergence accommodation present, the proximal response is only a few percent of the total 

near respons. If the reflex and vergence accommodation can be eliminated by having no 

visual blur and disparity feedback, the proximal accommodation combined with tonic 

accommodation can become as large as 80 % of the total near response (Benjamin, 2006, p. 

96-97).  

 

Finally there is the tonic accommodation (TA), also called the dark focus or resting state of 

accommodation, which is present when there is insufficient stimulus, like a retinoscope beam 

(Owens et al, 1980) or no stimulus what so ever, for example in an empty field environment 

or in total darkness. The eye automatically focuses on an intermediate distance, hence the 

accommodation (Leibowitz and Owens, 1978). The tonic accommodation will be discussed 

further in the second part of the introduction. 

 

1.1.2. Accommodative stimuli 

Except for the above mentioned stimuli for the different components of accommodation, there 

are only two ways in which the accommodation can be stimulated; either by decreasing the 

distance of a fixation object or by adding minus lenses above the patients correction 

(Grosvenor, 2007, p. 81). When measuring the refractive error a relaxed and stable 

accommodation is desirable to maximize the accuracy. This is accomplished by either 
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focusing at a distant object like an acuity chart at 6m, by using cycloplegic drugs to paralyze 

the ciliary muscle or by looking at an insufficient accommodative stimulus like for example 

an infrared refractometer or a retinoscope beam (Owens et al, 1980). Owens et al (1980) 

found that the accommodative response from the retinoscope beam did only change by 0.3 D 

with distance (25-100 cm), even though the accommodative response from a letter target 

changed by 2.2 D in the same subjects. The intensity of the light had no effect on the results. 

This shows that the retinoscope beam is an insufficient accommodative stimulus (Owens et al, 

1980). 

 

1.2. Dark focus 

1.2.1. What is the dark focus? 

As earlier mentioned the dark focus is the name for the tonic accommodation present when 

there is insufficient accommodative stimulus in an environment, for example in darkness, 

hence the name. It is also called the intermediate resting state of accommodation since the eye 

focuses at a distance of approximately one meter under these conditions, depending on the 

individual. In this study the term dark focus will be used.  

 

Several studies have been made about the dark focus and it has shown that the dark focus is 

highly individual ranging from 0 to 4.00 D (Leibowitz and Owens, 1978) depending on 

factors like refractive error (McBrien and Millodot, 1987) and age (Zadnik et al, 1999). 

McBrien and Millodot (1987) found that there was a difference in dark focus between early 

onset myopes (EOM), who had gotten their myopia when they were ≤ 13 years, and late onset 

myopes (LOM), who had gotten their myopia when they were ≥ 15 years. The late onset had a 

lower dioptric value of dark focus. They also found that between the different ametropias, 

hyperopes had the highest dioptric value (mean 1.33D) and late onset myopes had the lowest 

value (mean 0.49D), while emmetropes and early onset myopes had about the same dioptric 

value (mean 0.89D and 0.92D respectively). In another study by the same authors (McBrien 

and Millodot, 1986) a difference between early and late onset myopes was also found 

regarding the amplitude of accommodation, with early onset having less amplitude (mean = 

9.87 D ±0.96) than late onset (mean = 10.77 D ± 1.17).  Zadnik et al (1999) studied if there 

was any relation between dark focus and refractive error, age or ocular components. They 

found a similar relation to refractive error as did McBrien and Millodot (1987) and they also 
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found that the dark focus decreased with age. However, only children between the ages of 6-

15 years were studied, so the age related differences may not be applied to adults. The only 

ocular component that showed a significant association with the dark focus was the Gullstrand 

lens power (Grosvenor, 2007, p. 4). The pupil size, and related spherical aberration, is another 

factor that has been discussed regarding affect on dark focus measurements. R.J. Miller 

(1988) studied the effect of pupil size on dark focus and concluded that there was no 

significant relation. 

 

1.2.2. How do you measure the dark focus? 

The results also depend on which method is used for the measurements (Owens et al, 1980; 

Andre and Owens, 1999). Many studies have been made about the dark focus and except from 

the retinoscopy, which will be explained later in the introduction, one common measuring 

technique is with a Badal He-Ne laser optometer. This is a subjective method were the subject 

is evaluating a speckle pattern “produced by reflecting the divergent beam of a low-output 

laser from the surface of a slowly rotating drum” (Leibowitz and Owens, 1975). The speckle 

pattern will appear to move in different directions depending on where the drum is situated in 

relation to the point in space conjugate to the patient’s retina. If the speckles are moving with 

the surface of the drum (in the same direction) the eye is overaccommodating and if the 

speckles are moving against the surface of the drum (in the opposite direction) the eye is 

underaccommodating. When no precise movement can be found, the drum is at an optical 

distance conjugate to the retina (Leibowiz and Owens, 1975). Since the pattern is exposed 

only for about 300-500 msec, the pattern should have no effect on the existing 

accommodative state (Bullimore et al, 1986).  

 

The infrared autorefractor is another technique used. This is an objective method with the 

patient looking straight ahead into the autorefractor, in total darkness without any stimuli, 

while the autorefractor takes the measurements (McBrien and Millodot, 1987).  

 

The important difference between the methods is that the laser optometer is a subjective 

method while the infrared autorefractor and the retinoscopy are objective methods. Results 

from the different instruments have shown both good correlation (Bullimore et al, 1986) and 

bad correlation (Post et al, 1985). Andre and Owens (1999) tested the cause of the difference 
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between mean values by using only the infrared autorefractor in darkness but applying two 

different tasks. One active task which was the same as in the laser optometer, that is 

evaluating a speckle pattern subjectively, and one passive task with the patient looking 

objectively into the autorefractor without any stimuli. The results showed a greater mean 

(1.86 D) with the active task compared to the passive (mean 0.74 D) and therefore they 

concluded that the difference was due to the task and not to the instrument used.   

 

With the optometer and autorefractor both empty field and darkness measurements can be 

made and these different conditions have also shown to provide differences in the dark focus 

with a higher value of about 0.50 D in bright empty field measurements (Wolfe and 

O’Connell, 1987).  

 

This may suggest that an individual have different values of dark focus depending on 

surrounding conditions and tasks. Therefore caution should be taken when comparing mean 

values from different measuring techniques.  

 

In this study the retinoscopy was favorably used since it might be less affected by proximal 

accommodation from an automatic instrument close to the eyes and may give a more 

naturalistic situation since the retinoscope beam may be comparable with street lamps in a 

dark environment.  

  

1.2.3. What is the significance of dark focus?  

The reason why the dark focus or resting state of accommodation is important to know about 

is that for some people it causes them problems. If they are in an environment with low 

illumination or not enough detailed stimuli they get blurred vision as a result of the 

intermediate resting state, also called night myopia. One important situation when this can 

happen is for example at night time, when driving. As mentioned earlier Leibowitz and 

Owens (1978) discussed how night time spectacles can improve the vision under these 

conditions and concluded that for night time environment one-half of the dark focus power 

should be subtracted from the normal spectacle power. For bright empty field environment the 

full dark focus power should be subtracted to obtain optimal detection of distant target. 
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1.3. Static retinoscopy  

Static retinoscopy is an objective method for determining the refractive error. The practitioner 

is seated in front of the patient, shining a light into one of the patient’s eyes. The reflex from 

the retina is evaluated and the refractive error can be estimated. The method is based on the 

patient having a relaxed accommodation and this is accomplished by fixating at a distance 

target. To make sure no reflex accommodation is induced the patient’s fixating eye, the eye 

which is not being examined, should be blurred with at least + 2.00 D above the spectacle 

power (Benjamin, 2006, p. 97)  

 

The image of the reflex lies in the patient’s far point and if the practitioner’s pupil is placed in 

the far point plane the patient’s pupil will be fully illuminated and no movement of the reflex 

will exist. This is called neutrality and is desirable when finding the patient’s refraction. 

Neutrality can be obtained either by placing the practitioner in the far point plane and measure 

the distance from the patients eye followed by conversion into diopters or by placing the 

practitioner at one specific distance and adding trial lenses in front of the patient’s eye until 

neutrality appears, followed by a subtraction of the practitioner’s working distance in 

diopters. This subtraction is needed since the patient has a distance fixation with relaxed 

accommodation but the practitioner is seated only 50 cm from the eye (Eskridge et al, 1991).  

 

If using the latter described technique, the practitioner will have to interpret the motion of the 

reflex to know what trial lenses to add, if he or she is not working at the patient’s far point 

distance by coincidence. With a streak retinoscope there are two different illumination 

systems to choose from; the plane mirror position and the concave mirror position.  

 

1.3.1. The plane mirror position 

The illumination system of a plane mirror streak retinoscope can best be described by a 

schematic diagram as in figure 1.2. A light source is placed within the focal length of a 

convex condensing lens and when a divergent ray bundle is emitted onto the lens a virtual 

image of the light source is produced behind the actual light source. Relative to the plane 

mirror, this image becomes an object and is reflected by the mirror in a 90 degree’s angle to 

become a virtual image one’s again, but this time behind the instrument and practitioner. This 

virtual image now becomes a real object relative to the patient’s eye and finally a real image 
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of this object is produced on the patient’s retina. The image on the retina is the reflex we see 

when doing retinoscopic measurements and can be considered as an object (Eskridge et al, 

1991). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1.2. Schematic diagram of illumination system in plane mirror position (The figure is inspired and created 

from Eskridge et al 1991, p.156, fig. 16-1).  

 

 

1.3.2. The concave mirror position 

In this position (see fig. 1.3) the illumination system still consists of a light source and a 

convex condensing lens, but now the light source is outside the focal length of the lens and 

the ray bundle emerging from the lens produces a real image on the opposite side of the 

virtual image produced in the plane mirror position (fig. 1.2). As previously this image serves 

as an object in relation to the mirror but now the mirror reflection produces the secondary 

image between the patient and the practitioner. This image then becomes the object in relation 

to the patient’s eye and finally an image is produced on the patient’s retina. (Eskridge et al, 

1991) 

 

 

 

 

 

 

 

 

 

 

Fig 1.3. Schematic diagram of illumination system in concave mirror position (The figure is inspired and created 

from Eskridge et al 1991, p.159, fig.16-7).  
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If using the plane mirror position and the patient’s far point is between the practitioner and the 

patient, an “against motion” of the reflex will appear when moving the retinoscope in 

different angles, indicating an addition of minus lenses. If the patient’s far point is behind the 

practitioner, as in low myopia or emmetropia, or behind the patient, as in hyperopia, the reflex 

will move in the same direction as the retinoscope, a so called “with motion”, indicating an 

addition of plus lenses (Eskridge et al, 1991).  

 

If using the concave mirror position the movement of the reflex from the retina is totally 

opposite, meaning that now an “against motion” indicates giving plus lenses and a “with 

motion” indicates giving minus lenses.  

 

1.4. Near retinoscopy 

Near retinoscopy is another objective method for determining the refractive error and is not to 

be confused with dynamic retinoscopy, which is used for determining lead and lag of 

accommodation. Near retinoscopy was first used by Mohindra and it is primarily used for 

infants and children since no distance fixation is required. Nevertheless it has also been 

proven to be a good method for determining refraction in adults with results similar to those 

from subjective refraction (Mohindra, 1977a). 

 

The method of determining the refraction is the same as in the static retinoscopy, but the 

circumstances are different. The room should be totally dark and the only fixation target 

visible is the retinoscope beam. The near retinoscopy is performed with one of the patient’s 

eyes occluded, and the patient is fixating on the retinoscope beam with the eye being 

examined (Mohindra, 1977b). As described earlier the retinoscope beam can be considered as 

a non-accommodative target and the results from near retinoscopy is reliable (Mohindra, 

1977a). 

 

 After finding the neutralization point a correction factor needs to be subtracted, but the 

subtraction is not equal to the working distance as in static retinoscopy. The patient is now 

fixating at the plane of the retinoscope (50 cm away) and would normally, under bright 

circumstances with a good accommodative stimulus, accommodate about 2.00 D, which 

indicates that no subtraction should be necessary. However, it has already been established 
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that the retinoscope beam is not a sufficient accommodative stimulus and in 1977 Mohindra 

found that due to this, a lag of 1.25 D is present during near retinoscopy and should therefore 

be the subtracted value (Mohindra, 1977a). The remaining 0.75 D indicates that there is still 

some accommodation present and this accommodation is due to the dark focus. A later study 

(Saunders and Westall, 1992) suggests a different amount of correction factor for infants, 0.75 

D, and children older than 2 years, 1.00 D, since they have a larger amount of dark focus, but 

no experiments were made on adults. 

 

In this study, however, the entire working distance was subtracted (2.00 D) since the 

difference between static and near retinoscopy, that is the individual dark focus, was 

desirable. 

 

1.5. Myopia 

When looking at a distant object the rays coming into the eye are parallel and in a “normal” 

eye, without any refractive error, the rays focus on the retina giving a sharp picture of the 

object. In a myopic eye the parallel rays focus in front of the retina giving a blurred picture of 

the object (see fig. 1.4). If the object, however, is moved closer to the eye, it will at one point 

meet the far point of the myopic eye and a sharp picture will appear (Grosvenor, 2007, p. 13-

14). 

 

 Emmetropic eye   Myopic eye 

 

 

 

 

 

Fig. 1.4. Focus in an emmetropic and myopic eye (The figure is inspired and created from Grosvenor, 2007, p. 

13 and 14, fig. 1-27 and 1-28). 

 

There are two conditions in which the eye focuses in front of the retina. Either the eye is 

normal length, 24 mm, according to the schematic eye (Grosvenor, 2007, p. 4) but the 

refractive power of the optical system is too strong, or the refractive power of the optical 



 

10 

 

system is normal, 58.64 D, according to the schematic eye but the eye is too long (Grosvenor, 

2007, p. 13).  

 

The etiology of myopia has been widely investigated and no certain reason to why people 

become myopic has yet been found. Most studies discuss genetic reasons and environmental 

reasons and Goldschmidt (2003) concluded that both of these play an important role in the 

development of myopia. These reasons are also suggested to be connected with the 

differences in accommodative response between early and late onset myopes, with the late 

onset being influenced by the environment (McBrien and Millodot, 1987). At the age of 13 or 

14 years, the eye is considered to be fully grown. After this age it is suggested that changes in 

the refractive components are more likely as a cause of the myopia, than longitudinal growth 

of the eye (Grosvenor, 2007, p. 53). Therefore, early and late onset myopes are often devided 

into groups with early onset being less than 14 years and late onset being more than 14 years, 

as for example in the study by McBrien and Millodot (1987). 

 

1.5.1. Why myopes in this study? 

In this study only myopes were used since only one refractive group was wanted, as earlier 

studies have shown differences between the dark focus in different rerfraction groups 

(McBrien and Millidot, 1987). The reason why myopes and not hyperopes or emmetropes 

were chosen was that there is a high prevalence of myopia in the world (Kessel et al, 2004; 

Hashim et al, 2008) and no studies of the dark focus in Swedish myopes have been done 

before. A limit was drawn at myopia of -7.00 D or more because high myopia and pathology 

is often related (Grosvenor, 2007, p. 64) 

 

1.6. Purpose 

The purpose of this study is to find a mean value of dark focus in Swedish myopes and to 

investigate if there is any difference in dark focus between early onset myopes and late onset 

myopes. 
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2. METHOD AND MATERIAL  

2.1. Study group 

64 people were recruited but only 56 of them could take part in the study since the rest did not 

obtain the inclusion criteria. The group included 40 female and 16 male and the mean age was 

22.6 years, with a minimum age of 19 and a maximum of 28.  The refractive error ranged 

from -0.625 D to -6.875 D best sphere equivalent (SE) with a mean of -2.74 D ± 1.67. 36 

subjects were early onset myopes, defined as having received their myopia before or at the 

age of 14. 20 subjects were late onset myopes, defined as having received their myopia after 

the age of 14.  They all had corrected distance visual acuity of at least 1.0 (6/6) in the 

dominant eye. 

2.1.1. Recruiting 

People were recruited by posting advertising notes on the university and in other public areas. 

A copy of the poster is attached in appendix 1. Recruiting was also made by visiting lectures 

of several different classes in the university and by talking to students in the library. 

2.1.2. Inclusion criteria 

The criterion for refractive error was myopia between -0.50 D and -7.00 D, with astigmatism 

less than -1.00 D and the corrected distance visual acuity was limited to 1.0 (6/6) or better. 

The subjects were to be between the ages of 18 to 40 years old, to avoid any presbyopia to 

affect the results, and have no ocular pathology. Rigid contact lens wearers were excluded. 

 

2.2. Instruments 

An Essilor CPE 60 projector was used for projection of letters for visual acuity measurements 

and for the diochrome projection which had a luminance of 9 cd/ m
2
.  

 

A Heine Beta 200 with Parastop was used for the retinoscopic measurements. This is a 

focusing streak retinoscope with both plane mirror position and concave mirror position.  

 

A trial set with a trial frame and trial lenses was used in combination with the retinoscopic 

measurements, to find the refraction error of the subjects. 
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2.3. Procedure 

The subjects were asked to wear their spectacles at least one hour before the measurements 

would take place, so that any use of soft contact lenses would not affect the measurements.  

 

The subjects were primary asked a few questions about their eye and health history to rule out 

any pathology. Their spectacles and corrected distance visual acuity was measured and in 

those cases a visual acuity of 1.0 (6/6) was not obtained, trial lenses were used to see if this 

could be obtained with another prescription. At the distance visual acuity testing the 

illumination in the room was set to approximately 95 lux. 

 

Only the dominant sighting eye of each subject was used and this was detected by using the 

“Hole in the card” method (Rice, M.L. et al, 2008). The subjects wore their spectacles and 

were asked to fixate on a letter, size 0.4 (6/15), projected on a screen 5.3 m away from the 

patient’s eyes. The projector was calibrated for this distance. A black card, with a 3 cm 

circular hole in the middle, was held in both hands and the subjects were asked to put the card 

in front of their face on arms length distance and still fixate on the target. Finally the left eye 

was covered and if the target was still fixated, the right eye was the dominant eye and if the 

fixation disappeared the left eye was the dominant eye. This was repeated twice to confirm. If 

a dominant eye could not be detected the right eye was chosen for examination. 

  

Initially, streak retinoscopy with a distance target was performed on the dominant eye. The 

illumination by the patient’s chair was set to 22 lux since a dim illumination was wanted and 

the distance target consisted of a diochrome projection with numbers, on a screen 5.3 m away. 

The non dominant eye was fogged by adding +2.00 D to the spectacle prescription and the 

patient was asked to fixate on the distance target to obtain relaxed accommodation and notify 

the practitioner if more than half of the screen was covered. The practitioner was seated 50 cm 

away from the subject, performing retinoscopy on the dominant eye by using a trial frame and 

trial lenses. A correction factor of 2.00 D was subtracted. 

  

Secondary all possible light sources were covered to obtain total darkness and near 

retinoscopy (Mohindra, 1977b) was performed on the same eye as in the previous method. 

The non dominant eye was covered with an occlusion trial lens and the subject was asked to 

fixate on the retinoscope light with the eye being measured. The practitioner was seated 50 
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cm away from the subject, performing near retinoscopy by using a trial frame and trial lenses. 

A correction factor equal to the one in the earlier method was subtracted, that is 2.00 D. Note 

that the usual correction factor in near retinoscopy (1.25 D) was not used since the total 

refractive error in the dark was wanted. 

 

Once all the measurements were done the spherical equivalent (SE) found in the first method 

was compared with the spherical equivalent found in the second method and any difference 

was noted. The difference was the dark focus, or resting state of accommodation, for this 

specific subject.  

 

Dark focus   =   SE static retinoscopy   ─   SE near retinoscopy  

 

When calculations of the dark focus in all specific cases were done, a mean value of the dark 

focus, or resting state of accommodation, was calculated. 
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3. RESULTS 

 

The main purpose of this study was to find a mean value of dark focus in Swedish myopes. 

The mean value of dark focus in this sample of 56 myopes, was 0.53 D with a standard 

deviation (SD) of ±0.26. 19 eyes (33.9%) had a dark focus of 0.5 D. No dark focus value was 

found for two eyes. Two eyes had a maximum value of 1.25 D. The frequency distribution of 

the sample is shown in fig. 3.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.1. Frequency of the different values of dark focus in all 56 persons. 
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The results were further analyzed to look for any differences in the dark focus between early 

and late onset myopes. The first group consisted of 36 early onset myopes (≤14 years) and the 

mean value of dark focus in this group was 0.56 D ± 0.29. The second group consisted of 20 

late onset myopes (>14 years) with a mean value of 0.47 D ± 0.21. An independent sample t-

test showed no significant difference between the two groups (p = 0.18). The mean values of 

the two groups are shown in fig 3.2 and the distribution is shown in fig 3.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.2. Comparison between mean values of dark focus in early and late onset myopes, and P-value. 

 

 

 

 

 

 

Fig 3.3. Frequency of different values of dark focus in early and late onset myopes. 
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To investigate if there was any correlation between the amount of refractive error and the 

amount of dark focus a scattered plot with Pearson correlation (= simple linear correlation) 

was made. Fig 3.4 shows an insignificant correlation, since the correlation coefficient, R
2
, is 

very close to zero. A perfect correlation is found when R
2
 is +1 (positive correlation) or -1 

(negative correlation). This means that no correlation was found between the subjective 

refraction and dark focus in this group.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.4. Relation between subjective refraction and dark focus 
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4. DISCUSSION 

The mean value of dark focus in this study was 0.53 D ± 0.26. There are two other studies that   

have shown mean values of dark focus using retinoscopy. Mohindra (1977a) found a dark 

focus of 0.75 D, which is close to the dark focus found in this study. The difference could be 

due to the refractive state of the subjects. In this study only myopes were used while 

Mohindra used different ranges of refractive errors, and as reported in the introduction it has 

shown that myopes do have a smaller amount of dark focus (McBrien and Millodot, 1987). 

Bullimore et al (1986) however, found a mean value of 1.07 D ± 0.45 when using near 

retinoscopy. That is a difference of 0.54 D from the mean value found in this study. The 

greater difference between these two groups can be due to the difference in measured 

refraction groups or to the number of subjects measured. Bullimore and his collegues 

measured 25 emmetropes, while in this study 56 myopes were measured. The standard 

deviation in this study, ±0.26 (compared to Bullimore’s study, ±0.45), show a more similar 

result between subjects. This shows that even though all three studies used retinoscopy, a real 

comparison is not possible due to the different refractive state of the subjects and different 

amount of subjects. 

 

As mentioned in the introduction Andre and Owens (1999) has shown that difference in dark 

focus between methods is due to the task and not to the instrument and Wolfe and O’Connel 

(1986) showed that the difference is also due to the surrounding environment, i.e. in darkness 

or bright empty field. This means that it would be reasonable to compare mean values found 

in near retinoscopy with mean values found with an infrared autorefractor without any 

stimuli, in darkness. One study (Zadnik et al, 1999) used an infrared autorefractor to measure 

the dark focus in myopic children (age 6-15) during four years and they found a mean value in 

darkness of 0.94 D ± 0.83 first year, 1.00 D ± 1.4 second year, 0.93 D ±1.06 third year and 

1.07 D ± 1.43 fourth year. These values are all about 0.50 D higher than that found in this 

study and this is probably due to the age difference of the subjects, since the same study 

reported a higher value of dark focus in younger children.  

 

There are many other studies about the mean value of dark focus (Andre and Owens, 1999; 

Leibowitz and Owens, 1975 and 1978; Owens et al, 1980; Post et al, 1985) but they either 

differ from this study by using another technique, environment or refraction group and will 

therefore not be discussed further regarding the mean value of dark focus in the entire group. 
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In this study the group of early onset myopes (EOM, n = 36) had a mean value of dark focus 

of 0.56 D ± 0.29, while the group of late onset myopes (LOM, n = 20) had a mean value of 

0.47 D ± 0.21. There was no significant difference between early and late onset myopes even 

though McBrien and Millidot (1987) found a highly significant difference in their study with 

early onset (n = 15) having a mean of 0.92 D ± 0.61 and late onset (n = 15) having a mean of 

0.49 D ± 0.16.  They used an infrared autorefractor without any stimuli in darkness, which 

means that the two studies are comparable as earlier explained. The same authors (McBrien 

and Millidot, 1986) also found a difference of the amplitude of accommodation in early and 

late onset myopes and it is suggested that the differences between the two groups depend on 

separate etiology, with early onset myopia being genetic and late onset myopia being 

environmental.  

 

The reason why McBrien and Millidot (1987) found a significant difference between early 

and late onset myopes and this study did not, can be that the sample sizes are different. If 

comparing the mean values of the late onset myopes between the two studies there is no 

significant difference and the number of subjects are also quite similar. This, however, is not 

the case with the early onset myopes. In this study the sample size was more than twice as 

large as the sample size in the study by McBrien and Millidot and the standard deviation is 

only a third, which indicates that the early onset myopes in this study had more similar values 

of dark focus than those in the study by McBrien and Millidot. See figure 4.1. 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.1. Comparison of dark focus between early onset myopes (EOM) and late onset myopes (LOM) in this 

study and in a study by McBrien and Millidot (1987). 
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No significant correlation was found between the amount of refractive error and amount of 

dark focus. This is in agreement with other studies (McBrien and Millidot 1987). 

 

The dark focus is not only a measure but also has a clinical significance. If a patient shows 

symptoms of night myopia, a measurement of the dark focus is indicated since it could 

confirm how much night myopia is present. Leibowitz and Owens (1978) showed that people 

with night myopia could benefit from having additional correction of one-half of the dark 

focus, when for example driving at night. They, however, used a laser optometer with a 

subjective task. Since the laser optometer with its subjective task have shown highly different 

mean values of dark focus (mean = 1.52 D ±0.77, Leibowitz and Owens, 1978; mean 1.86 D, 

Andre and Owens, 1999) compared to mean values measured by objective methods like in 

this study, studies using this subjective technique has not yet been discussed. However, when 

discussing the use of dark focus clinically they need to be considered. Andre and Owens 

(1999) investigated the correlation between accommodative performance (optimal 

accommodative distance when reading in dim as well as in bright light) and dark focus 

measured with both subjective (mean = 1.86 D) and objective methods (mean = 0.74 D). They 

found a strong correlation with the subjectively measured dark focus (r = 0.81), while there 

was no significant correlation with the objectively measured dark focus (r =0.19). They 

concluded that mean values found with active tasks are more valid as use for correction of 

night myopia since they show a greater correlation to the optimal accommodation distance. 

These findings would imply that the dark focus found with retinoscopy is not optimal basis 

for correction of night myopia, since retinoscopy is an objective method. However, if no other 

measurement technique is available in the clinic, retinoscopy or any other objective method is 

a good start for finding out if the dark focus is causing the problems. 

 

Possible sources of error in this study could be that the distance from the examiner to the 

patient might not have been exactly 50 cm all the time or that the patient was not sitting in the 

middle of a room with 3 meters of free space around the chair, since this was not possible. 

This might have caused some proximal accommodation. Another possible source of error 

could be that the patient might have failed to follow instructions. For example in the static 

retinoscopy they might have looked at the examiner instead of the distance object they were 

supposed to look at.  
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5. CONCLUSION  

The Swedish myopes in this study have a smaller mean value of dark focus than mean values 

found in other studies using the same technique and the previous findings that early and late 

onset myopes differ in mean values of dark focus is not applied to this study. 
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APPENDIX  Appendix 1 

 

 

 

ÄR DU 

NÄRSYNT? 
  

Är du dessutom mellan 18-40 år, så kan du vara som gjord för mitt 

examensarbete! 

 

Jag undersöker hur glasögonstyrka och ögon ändrar sig i mörker. Din styrka 

kommer att mätas i vanlig rumsbelysning och sedan i mörker.  

 

Undersökningen tar ca 45 minuter och vi bokar in en tid som passar Dig bäst.  

 

Jag behöver verkligen Din hjälp så hör gärna av dig! 

 

 

Pernilla Staxered, Optikerprogrammet Åk 3 

ps22gj@student.hik.se 

Tel: 0762-113219 

 

Handledare: Baskar Theagarayan 

 baskar.theagarayan@hik.se

mailto:ps22gj@student.hik.se
mailto:baskar.theagarayan@hik.se


Appendix 2 

 

 

Informerat samtycke 

 
Tack så mycket för att du ställer upp i mitt examensarbete!  

 

Syftet med arbetet är att få fram ett medelvärde på hur mycket ögat och dess refraktion ändrar 

sig i mörker. Detta medelvärde kommer sedan att jämföras med medelvärden funna i andra 

liknande studier. 

 

Du kommer att få ett antal frågor angående din ögon- och hälsohistorik. Dina glasögon 

kommer att mätas upp och din synskärpa med glasögon kommer att kollas av. Därefter 

kommer styrkan på endast ett av dina ögon att mätas, först i svag rumsbelysning och sedan i 

mörker. 

 

Undersökningen tar sammanlagt ca 45 minuter och du kommer ej att utsättas för några risker 

eller obehag i samband med undersökningen. All mätdata avidentifieras i rapporten och vid 

eventuell publicering av resultaten i en tidsskrift, så att du ej kan kopplas till studien. 

  

Studien är helt frivillig och kan närsomhelst avslutas.  

 

 

 

Pernilla Staxered 

ps22gj@student.hik.se 

Tel: 0762-113219 

 

 

Handledare:   Baskar Theagarayan,  

                       baskar.theagarayan@hik.se 

 

 

 

 

Jag ger härmed mitt godkännande att deltaga i studien 

 

 

Namn 

 

 

Namnförtydligande 

 

 

Ort och datum 
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Appendix 3 

 

 

PROTOCOL 

Date: _____________ 

Nr:  __________ 

Male    /   Female 

Age: _____________ 

History: 

When did you get your first spectacles?    

Visit an eye specialist?      NO    /    YES: 

Any eye disease?      NO    /    YES: 

Any eye disease in the family?      NO    /    YES: 

Any other disease?      NO    /    YES:  

Any allergies?      NO    /    YES: 

Any medication?      NO    /    YES: 

Habitual correction:      R: ________________________________________________ 

                                         L: ________________________________________________ 

Habitual visual acuity:      R: __________ 

                                             L: __________ 

PD:       R: __________   

              L: __________ 

Eye dominance with “hole in the card”-test: ____________ 

Objective refraction (w.d. 50 cm) with normal retinoscopy (dominant eye): 

R: ________________________________________________ 

L: ________________________________________________ 

Objective refraction (w.d. 50 cm) with near retinoscopy (dominant eye): 

R: _________________________________________________ 

L: _________________________________________________ 


