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Abstract
Aim: The aim of this study was to compare the effect of multifocal and monofocal contact
lenses in the accommodative response and contrast sensitivity in young emmetropic
adults. Method: The requirements to take part in the current study were no ocular
pathology, healthy corneas, no refractive surgery and an acuity of at least 1.0 on the
Snellen chart with a good binocular vision. Thirteen individuals participated in the study,
9 females and 4 males, with an mean age of 22.6 years (SD=3.4). In separated fittings,
participants were fitted with: 1) multifocal lenses, centre-distance design and 0.00D (add
+2.00D) (Coopervision Biofinity) and with 2) single vision +2.00D (Coopervision
Biofinity. Refraction was assessed 3 times in both eyes: with each fitting and also without
any lens. A Metropsis system (CRS) was used to measure the contrast sensitivity and
visual acuity. Results: In this study we found statistically significant differences in
accommodative response between the conditions non-lens and multifocal contact lens
(p<0.05) and non-lens and monofocal lens (p<0.001). The difference between the
multifocal lens and monofocal lens was not statistically significant. The results from the
contrast measurement showed an increased contrast thresholds with the multifocal contact
lens when compared with non-lens.
Conclusion: This study shows that the multifocal lens reduce only partially the
accommodative response in young individuals. In addition multifocal contact lenses,
fitted in emmetropic participants, reduced contrast sensitivity.
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Sammanfattning
Syfte
Syftet med denna studie var att undersöka hur en multifokal kontaktlins påverkar den
ackommodativa responsen och kontrasten hos unga emmetroper.

Metod
13 personer deltog i denna studie, 9 kvinnor och 4 män, med en medelålder av 22.6 med
en standard deviation av 3.4 år. Kraven för att vara med i studien var att deltagarna inte
hade någon ögonsjukdom, frisk kornea, ingen refraktiv kirurgi med en synskärpa på
minst 1.0 på Snellen tavlan och en god binokulär syn.
Med separata tillpassningar tillpasssades deltagarna med: 1) multifokal lins, center
distance design med 0.00D (addition +2.00D) (coopervision Biofinity) och med 2)
sfärisk lins med +2.00D (coopervision Biofinity). Refraktionsätningar utfördes 3 gånger
på båda ögonen, med båda linserna och utan lins. Ett Metropsis system (CRS) användes
för att mäta kontrastkänsligheten och visus.

Resultat
Denna studie visar en statistisk signifikant skillnad i den ackommodativa responsen
mellan de tre förhållandena. Skillnaden mellan att inte ha någon lins och den
multifokala kontaktlinsen (p<0.05) och att inte ha någon lins och den monofokala linsen
var statistiskt signifikant (p<0.001). Skillnaden mellan den multifokala kontaktlinsen
och den monofokala var dock inte signifikant (p>0.05). Resultatet för
kontrastmätningen visade att den multifokala kontaktlinsen gav ett ökat
kontrasttröskelvärde jämfört med att inte ha någon lins.

Slutsats
Denna studie visar att den multifokala kontaktlinsen delvis minskar ackommodationen
hos de unga som blivit tillpassade. Dessutom reducerades kontrastkänsligheten hos de
unga som blivit tillpassade.
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1 Introduction
This introduction provides the essential information about the anatomy and
physiology of the visual system that is relevant to understand this thesis. Also a
summary of the most common accommodative problems and a description of the
devices used for the experimental measurements.

1.1 The normal accommodation system
Accommodation is defined by a temporary change of the crystalline lens with a
contraction of the ciliary muscle to change the refractive power of the lens to enable the
eye to change focus from a distant target to a near target. To focus on a near target the
eye needs to change the shape of the ciliary muscle to reduce the tension in the zonula
fibres to adjust the shape of the lens to a more powerful form and as a result move the
focus to near (Rosenfield, Logan, & Edwards, 2009).

Figure 1.1: The difference between accommodated and unaccommodated eye.
(Rosenfield, 2009, Figure 1.17)
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The accommodative function can be expressed by two primary variables: the
amplitude of accommodation and the accommodative response (Goss, 1995). The
amplitude of accommodation measures the maximum accommodative ability and the
accommodative response measures the accommodation for specific stimulus (Goss,
1995). In 1944, Hofstetter defined three equations to measure the expected
accommodation (Goss, 1995). Figure 1.2 shows how accommodation reduces with age.

Minimum amplitude = 15-0.25* (age)
Mean amplitude = 18.5-0.3* (age)
Maximum amplitude = 25-0.4 * (age)

Figure 1.2: The decline of accommodation with age (Rosenfield, 2009, figure 1.18).
When the eye is focusing on a near object the accommodation is causing the eyes to
convergence and the convergence is also causing some accommodation and the pupil to
constrict and contribute to an accommodative miosis (Rosenfield et al., 2009).
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1.2 Anomalies of accommodation
Accommodative dysfunction, often associated with reading and other close work
can affect childrens and young adults as well as older adults (Rosenfield et al., 2009).
For example, previous studies with 65 university students found that the overall
prevalence of accommodative anomalies were 17% (Scheiman & Wick, 2002). The subsections below provide a summary of some of the most common accommodative
problems.

1.2.1 Accommodative problems in children and young adult subjects
1.2.1.1 Spasm of accommodation
When focusing at distance or at near an uncorrected hyperope eye needs to use an
excessive amount of accommodation to have a clear vision. This contributes to
symptoms like headache and eyestrain. A correction for this with glasses or contact
lenses can eliminate the need of excessive accommodation and relive the symptoms.
For an emmetropic eye with a spasm of accommodation this may cause a
pseudomyopia, an apparent myopia after focusing at near. The spasm of
accommodation causes blur at distance. To correct this a plus lens for close work is
needed (Grosvenor, 2007).
1.2.1.2 Lag of accommodation
In a normal accommodation the accommodative response should be approximately
the same as the accommodation required by the stimulus. When the accommodative
response is less than the accommodative stimulus this is referred as lag of
accommodation. For example, when there is an abnormally high lag of accommodation
in a young myopic eye can a plus can be used to reduce Lag sand eventually control the
rate of progression of the myopia (Grosvenor, 2007).
1.2.1.3 Infacility of accommodation
Facility is a measurement of speed, how fast the eye can increase or decrease the
amount of accommodation. Infacility of accommodation means a slow increase and
decrease of accommodation. The accommodation responds slowly and the objects
become focused after a short delay, particularly when looking from near to distance or
distance to near.
Infacility of accommodation is measured by changing the accommodation from
different distance or changing between plus and minus lenses (Marran, Deland, &
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Nguyen, 2006). Common symptoms are reading problems, pulling sensation around the
eyes and blurred vision when changing focus from near to far or far to near (Evans,
2002). Some studies found that 30% of participants with accommodative anomalies had
accommodative infacility (Scheiman & Wick, 2002).
1.2.1.4 Insufficiency of accommodation
Accommodative insufficiency is a disorder of the sensory motor of the visual
system which gives an inability to focus at near or sustain focus at near. This is
characterized by an abnormally high lag of accommodation and/or a low amplitude of
accommodation for the patients age. The amplitude of accommodation is measured by
using Hofstetter’s formula explained earlier (Grosvenor, 2007). It is considered to be
abnormal if the amplitude is below the lower limit in the Hofstetter’s formula (Evans,
2002). Common symptoms are reading problems, eyestrain, blurred vision and
headache. Some patients can be asymptomatic likely due to avoiding reading or other
close work (Evans, 2002).
Previous studies reported that 55% of subjects with accommodative problems had
accommodative insufficiency. Another study showed that 84% had accommodative
insufficiency of the patient with accommodative dysfunction (Scheiman & Wick, 2002).
1.2.1.5 Asthenopia
Asthenopia is a term used to describe feelings like discomfort, eye weakness, visual
fatigue, pain around the eyes, eyestrain or headache associated with computer use or
prolonged reading. It is a common condition in adults and it can result from different
causes such as accommodative impairment, uncorrected refractive errors or imbalance
of the extra ocular muscles. Common symptoms are watery eyes, double vision, itching,
blurred vision, dry eye sensation and sore eyes (Grosvenor, 2007; Vilela, Pellanda,
Fassa, & Castagno, 2015).

1.2.2 Accommodation problems typical of adults and old adults

The crystalline lens never stops growing, new fibres are added to the outer part of
the lens and older fibres become trapped in the inner part of the lens, the nucleus. With
age the fibres becomes compressed and hardens by the addition of fibres. This results in
a decrease in accommodation known as presbyopia (Grosvenor, 2007). The amplitude
of accommodation is the difference between the far point and the near point of
accommodation measured in diopters. Presbyopia is defined by reduced amplitude of
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accommodation, the efficiency of the process of accommodation declines with age
(Rosenfield et al., 2009).
By the age of around 50 years the amplitude of accommodation has diminished to
zero and the symptoms of presbyopia often appears some years before (Goss, 1995).
Presbyopia occurs when it is difficult to read and do other close work, when the near
point of accommodation recedes to the point when it is difficult or impossible to
accommodate sufficiently. The near point of accommodation gradually recedes and at
the age around 50 years the near point is around 40cm.
Presbyopia gradually increases to the age of 60 years before it stabilizes
(Grosvenor, 2007; Rosenfield et al., 2009). The near addition needed to compensate for
the reduction of accommodation ranges from +0.50DS to +3.25DS. Adds over +3.00DS
are often prescribed for patients with a lower than normal corrected visual acuity. The
add are usually prescribed the same for the two eyes except in cases of high
anisometropia or unilateral pathology. The add depends on the patients age and the
patient needs in terms of both task size and viewing distance. As the patient gets older
the clarity of the ocular media also reduces and more light is required during visual
tasks. Sometimes the illumination is a bigger complaint then the blur (Rosenfield et al.,
2009).

1.3 Compensation of accommodation abnormalities
As the accommodation continues to decline a near add is necessary and will be
increasing with age. When the add reaches around +1.75D the patient may need
correction at a third working distance, not only distance and near due to insufficient
depth of focus to see at all distances. A third working distance can be achieved with a
trifocal lens or a progressive addition lens. The progressive lenses eliminates the
problem with intermediate distance without a dividing line. The bifocal or the trifocal
lens gives two optically clear areas but contain one or two dividing lines which is
causing the objects to “jump” when alternating fixation over the line resulting from the
difference in lens power (Rosenfield et al., 2009).
Multifocal contact lenses are designed with either simultaneous or alternating image
design. Multifocal contact lenses with simultaneous design have multiple powers:
distance, intermediate and near correction zones - positioned within the pupil at all
directions of gaze. This gives an image of objects at both distances and near
simultaneously on the retina. Meaning that when viewing an object at distance, the

5

object is in focus but at the same time another out of focus distant object is formed on
the retina (Ruiz-Alcocer, Madrid-Costa, Radhakrishnan, Ferrer-Blasco, & MontesMico, 2012). Simultaneous lens designs require a relatively stable lens fit on the eye
and a visual compromise. Simultaneous lens designs are made to give a better visual
quality and an increased depth of focus but instead gives a blurry vison at most
distances and the blurry vision gives a stimulus for the eye to accommodate (RuizAlcocer et al., 2012).
The alternating image design interacts with the eyelids to move the near portions
of the lens over the pupil when viewing at near. When viewing at primary gaze the
distance proportion is positioned over the pupil and when viewing at near the lens
moves upwards to provide the near vision correction over the pupil.
Unlike the simultaneous design the alternating image design lens requires a bigger
movement of the lens to move the lens from distance to near proportions in front of the
pupil (Efron, 2018).

1.4 Background
Blurry vision is the main stimulus driving accommodation. When giving a
multifocal contact lens, centre distance, with plus powered at near to young participants
this would be expected to give participants a clear image at near and thereby a reduction
of the accommodative response (Ruiz-Alcocer et al., 2012). This means that a
multifocal contact lens could be a treatment that reduces the level of blur and thereby
the accommodation response in cases in which that is desirable (Pettersson et al., 2011).
There are several studies with variables findings. For example according to one
study conducted with accommodating young adults fitted with aspheric, center distance
multifocal contact lenses. Their results proves that the participants took advantage of the
additional powers of the lens and reduced the accommodative response (Altoaimi,
Almutairi, Kollbaum, & Bradley, 2018). However, in other studies young adults did not
relax their accommodation when fitted with aspheric multifocal contact lenses (Tarrant,
Severson, & Wildsoet, 2008; Pettersson et al., 2011). Also, when comparing two
multifocal contact lenses with a single vision lens some studies show that there were no
significant difference in accommodative response between the lenses (Ruiz-Alcocer et
al., 2012).
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1.5 Contact lens design
The contact lenses used in this study were CooperVision® Biofinity® multifocal
and Biofinity® single vision contact lens. Both lenses are approved for use up to 29
nights and 30 days in a row with monthly replacement. The multifocal lens had a center
distance design, the center distance design has a distance vision of 2.3mm at the center
of the lens and an intermediate vision with a progressive power at the outer part and a
near vision with the near power at the most outer part of the lens, with an optical zone
of 8mm according to L.Pettersson (personal communication, May 18 2018).
The lenses used in this study are designed to differ by 2.00D from the centre of
the lens to the outer part (Altoaimi et al., 2018).With no power at distance and an add of
+2.00 D. The lenses are made of silicone hydrogel with a water content of 48% and a
Dk/t of 142. The single vision contact lens had a power of +2.00D and made of silicone
hydrogel with a water content of 48% and a Dk/t of 160. Both the lenses had a base
curvature of 8.6 mm and a diameter of 14 mm (Coopervision, 2018).

Figure 1.3: The center distance multifocal contact lens design with the power divided in
three different zones, central zone for distance vision, intermediate zone with
progressive power and outer zone for near vision (Coopervision 2018).
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1.6 The instrument for refraction measurements
The measurements and examinations were performed at Linnaeus university in
Kalmar. The measurement of refraction were measured with the complete ophthalmic
analysis system (COAS-HD) of Hartmann- Schack type. The Shack-Hartmann
wavefront sensor is used to measure wavefronts of light. A beam of light is projected
onto the retina and reflects back through the wavefront system with an array of lenses
(COAS manual, 2005).The instrument combines three systems together, COAS-HD
wavefront aberrometer, ISCAN eye tracker and VR vision research open view optical
relay system to measure refraction at both distance and near.

1.7 Instrument for contrast sensitivity measurements
Contrast sensitivity is a measurement of the minimal amount of contrast needed to
distinguish details in low contrast (Bowling, 2015). The ability to see the difference in
luminance. This can be measured with a chart containing a stripe pattern, with white and
black stripes and the distance between the black and white stripes determines the spatial
frequency. The spatial frequency are expressed in cycles or grades. The visual acuity is
often measured in high contrast, but to only measure the visual acuity is not enough to
measure the quality of vision and it is recommended to also measure the contrast
sensitivity (Wahl, Fornoff, Ochakovski, & Ohlendorf, 2018).
Metropsis from Cambridge Research Systems measures the contrast sensitivity
with steady sinusoidal grating by showing a achromatic static Gabor patch on the screen
with either a horizontal or a vertical orientation. Sinusoidal gratings is a conventional
way of measuring contrast sensitivity. The sinusoidal grating gives a more informative
data compared with using letters because of the small differences in contrast sensitivity.
Small differences instead of bigger can be a better way to monitor disease progression
or qualitative differences when prescribing optical aids (Metropsis manual).
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2 Aim and hypothesis
2.1 Aim
The aim of this study was to investigate the effect of a multifocal lens in the
accommodative response and in contrast sensitivity compared to non-lens and compared
to a monofocal contact lens.

2.2 Hypothesis
The hypothesis is that accommodative response (AR) will be different for the 3
conditions tested (AR with non-lens, AR with multifocal lens and AR with monofocal
lens).
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3 Methods
3.1 Participants
The subjects were recruited from the student population at Linnaeus university in
Kalmar. The study enrolled 13 subjects, 9 females and 4 males in the age between 19–
32 with a mean age of 22.6 years. The inclusion criteria were no ocular pathology,
healthy corneas, no refractive surgery and a binocular vision with an acuity of at least
1.0 on the Snellen chart. A subjective over-refraction was made if the participant failed
to read a minimum of 1.0 on the Snellen chart with each eye. The participants were not
corrected for their small refractive errors.
Initially the subjects were informed about the study both verbally and in writing, the
subjects would then sign a written consent form. A short medical history was conducted
with questions about eye health, eye doctor visits, eye surgery and dry eye disorders.
The eyes were examined with a slit lamp to make sure that the eyes were suited with a
good eye health and exclude any eye pathologies for a safe contact lens wearing.
The anterior segment of the eye was examined such as the eyelids, tear film, cornea,
limbus, iris, conjunctiva, both bulbar conjunctiva and palpebral conjunctiva and graded
with the Efron scale. Participants with a grading of more than two on the Efron scale
were excluded from the study since a grading of more than two on the Efron scale are
considered clinically significant (Efron, 2018). The eyes were examined with the slit
lamp, first with white light and a second time with fluorescein and a cobalt blue light
with Wratten filter. A Schober test was conducted to test both the binocular vision and
if the participant had any phoria.

3.2 Contact lens type and fitting procedures
The subjects were initially fitted binocularly with the Biofinity multifocal contact
lens with a center distance design with no power at distance and an add of +2.00 D. A
control of the lens were made after 5 minutes after the insertion to evaluate the fitting of
the lens.
The lenses had to have an acceptable centration with a corneal coverage with an
overlapping of the limbus with at least 1mm at all times. Good movement at blink of
approximately 0.3mm. The edges of the lens should not indent the conjunctiva and
should be easy to dislodge with a smooth recentering (Efron, 2018).
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In cases in which the contact lens centring or the movement were poor, subjects had
to be excluded from this study. If the lens fitting were optimal with an acceptable
movement and centration the visual acuity was measured both monocularly and
binocularly. None of the recruited individuals were excluded from the study due to poor
fittings.
Acuity was measured at both distance and near with the multifocal and only at near
with the single vision contact lens.

3.3 Clinical measurements of binocular vision
Screening measurements were conducted to evaluate the criteria of binocular
vision. At first a measurement of acuity was measured with the current correction or
without if the participant did not have any, to verify the acuity before conducting the
experimental measurements. Visual acuity was measured both monocularly and
binocularly on the Snellen chart at 6 meters. If the visual acuity in each eye was 1.0 or
better the correction could be used. If the visual acuity was less than 1.0 on any eye a
new refraction were performed to determine the best optical correction. A measurement
of phoria was made with a handheld Maddox wing at near. The participant held the
Maddox wing with both hands and was asked to tell on which number the white arrow
was pointing. The device is shown in Figure 3.1.

Figure 3.1: Measurement of phoria using the Maddox wing. The participants were
asked to report on which number the white arrow was pointing.
The number determined how big the phoria was and the side which the arrow was
pointing determined if it was an exophoria or an esophoria. The participants were
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allowed to have up to 8 prismdiopters exophoria or esophoria. One participant was
excluded from the study due to high phoria. At distance, the Schober test was used to
assess the participants’ phoria. In this test a red and a green glass filter are placed in the
trial frame and the participant is asked to tell the position of the red cross in relation to
the green circles on the chart, as seen in Figure 3.2. A participant with binocular vision
sees both the red cross and the circles. If the participant has a phoria, the cross moves to
the angle of the phoria (MKH,2005).

Figure 3.2: Schober test used to assess the participants binocular coordination, the red
cross should be placed centrally of the two green circles when the participant has
normal vision without any phoria. Figure is based on the Schober test chart.
To determine the participant’s dominant eye a +2.00D trial lens were placed in
front of the participants eye when focusing a distant target. The participant was asked to
tell which eye that were most distracted by the +2.00D lens. The dominant eye was the
one most distracted by the lens. If the participants were uncertain of which of eye’s that
was most distracted a second dominant test were conducted, the Miles test, the
participants extended both arms and formed a small opening between the hands when
focusing at a distant target, then closed one eye at the time. The eye viewing the target
was the dominant.

3.4 Experimental measurements of refraction and contrast
The generic sequence of measurements followed the 4 steps below, within ea a brief
description of the measures is given.
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Step 1 - Before any experimental measures
i.

Verify acuity with the current correction

ii.

If acuity in each eye is 1.0 or better use the usual correction as reference - go to
step iv.

iii.

If acuity is less then 1.0 in any eye – a new refraction needs to be performed to
determine the best optical correction – go to step iv.

Step 2 - With the best or usual optical correction
iv.

Record monocular and binocular visual acuity obtained in step ii. or step iii.

v.

Measure lag of accommodation with COAS

vi.

Measure monocular contrast sensitivity with Metropsis

Step 3 - With multifocal contact lens
vii.

Fit the participant with multifocal contact lens and wait for lens stabilization

viii.

Repeat step iv.

ix.

Repeat step v.

x.

Repeat step vi.

Step 4 - With monofocal contact lens
xi.

Fit the participant with monofocal contact lens and wait for lens stabilization

xii.

Repeat step v.

xiii.

END of experimental measures

After the screening measurements, a measurement of refraction was conducted
monocularly with COAS-HD VR on both distance and near without any contact lenses.
After contrast sensitivity was assessed with Metropsis both monocularly and
binocularly without any contact lens to have a baseline value for the measurement
performed with the multifocal contact lens.
Participants were them fitted with a multifocal contact lens, a Biofinity multifocal,
center distance with an add off +2.00D. The fitting of the lens was examined after five
minutes to evaluate the fitting of the lens, most importantly to see that the contact lenses
were correctly centred. If the lens was well adapted a new round of measurements was
conducted. First the visual acuity was recorded with the lens and a new measurement of
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refraction with COAS-HD VR aberrometer was performed followed by measurement of
contrast sensitivity with Metropsis.
The last measurements were conducted with a single vision lens with a spherical
power of +2.00D. Participants were fitted with the lens and the lens fit was examined
with the slit lamp to ensure an acceptable fit.If the fit of the lens was acceptable a new
measurement of refraction was made with the COAS aberrometer.
The measurement of contrast was not conducted with the +2.00D single vision lens
because the distance vision was blurred, contrast results would not be relevant for the
study and the task would be too frustrating to the participants.
Lastly, the monofocal lens was removed and the eyes were examined to make sure
there were no corneal damages due to the use of contact lens.

3.4.1 Procedure for refraction measurements
The COAS HD-VR aberrometer measures refraction using wavefront technology.
The measurements were made monocularly, the right eye first, then the left at both
distance and near with a slightly dimmed illumination.
Before each measurement participants were asked to sit with their chin in the
chinrest and the forehead against the forehead rest and fixate at a distant target - three
meters from the eye. An image of the position of the subject is shown in Figure 3.3. The
target was formed of 5 letters in courier new font corresponding to a visual acuity of 0.5
logMAR. The subjects’ visual axis was aligned with the instrument axis by using a iris
camera, shown in Figure 3.4, and two knobs which could align the patient by moving up
and down and also right and left (Baskaran, Theagarayan, Carius, & Gustafsson, 2010).

Figure 3.3: Picture of participant setup in the COAS-HD VR aberrometer with the
participant focusing at distance.
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Figure 3.4: Picture of how to align the participants eye with the instrument using
the iris camera.
The measurements were made on both distance and near, as shown in Figure 3.5.
Visual targets consisted of four letters correspondent to a visual acuity of 0.5 logMAR
at distance and near. The distant target was placed at 3m from the eye, correspondent to
an accommodation of 0.33D and the near target was placed at 33cm from the eye,
correspondent to an accommodation of 3D.

Figure 3.5: Participant viewing a target at 33 centimetres and 3 meters.
The measurements were conducted with a pupil diameter of 2 mm to only measure
the distant power and not interfere with the near power of the lens. The first
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measurements were conducted without the lenses and the second and third measurement
were done with two types of contact lenses: first with multifocal contact lenses and the
second with single vision lenses. The near measurements were performed three times
with and without the lenses. The distance measurements were only performed with the
multifocal lens and without the lenses. With the single vision lens participants
complained about the difficulty to view the targets at distance and that measurement
was withdrawn.

3.4.2 Procedure for contrast sensitivity measurements
The measurements of contrast sensitivity were conducted with the Metropsis
system from Cambridge Research Systems, the system is shown in Figure 3.6.
Participants were asked to look at the screen and press one of the two buttons on the
provided Cedrus response box to report the orientation of the patch. If the pattern was
horizontal the subjects were asked to press the top button key and if the pattern was
vertical the subjects were asked press the right button. Participants were given a set of
practice trials to ensure they were familiar with their task. Participants were placed 1.5
meters from the screen and the measurements were made both monocularly and
binocularly in a totally dark room. Five different spatial frequencies 1.5,3,6,12 and 18
cycles per degree were measured (Wahl et al., 2018).
A

B

Figure 3.6: A: Cedrus response box. B: Picture of the participant using the Metropsis
with the Cedrus response box at a distance of 1.5 meters from the screen.
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3.5 Statistical analysis
Descriptive statistics for the main outcomes was performed in Microsoft Excel
(Microsoft Inc.). Statistical analysis was performed with SPSS v24 (IBM Inc.,
Chicago). An exploration of the data using the Kolmogorov–Smirnov test and the
Shapiro–Wilk test was performed before statistical analysis to investigate if the
distribution of the outcome variables was normal. Normality was assumed when at least
one of these tests indicated a normal distribution of the data.
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4 Results
The mean visual acuity for both eye, mean (SD), without lenses was 1.4 (±0.3).
Figure 4.1 shows acuity obtained for each eye with and without multifocal contact lens.

Figure 4.1: The visual acuity for both eyes with the no lens condition and the multifocal
lens. The columns represent the mean and the error bars represent the standard
deviation.

4.1 Accommodative response
The results for accommodative response (AR) reported were computed from the
refraction obtained with COAS. AR to the near stimulus was taken as the difference
between the sphere measured with the near stimulus (SN) and the sphere measured with
the distance stimulus (SD). That is: AR = SD-SN, SN as given by COAS has a negative
sign, the sign of AR was positive. These calculations have been described by others
(Ruiz-Alcocer et al., 2012).

18

The results for the three conditions measured (no lens, with multifocal lens and with
monofocal lens) are shown in Figure 4.2 and summarized in Table 4.1. Differences
between AR obtained for the three conditions, defined as within-subject factor, were
tested with repeated-measures ANOVA. The differences between conditions were
statistically significant, F(1.5, 12.8) = 21.3, p<0.001. For pairwise comparisons the
Bonferroni correction was applied. There was a statistically significant difference in AR
between having no lens and the multifocal contact lens, the estimated mean difference
was 0.9D (Standard error = 0.23), p=0.009. There was also a statistically significant
difference between no lens and single vision lens, the mean difference was 1.4D
(Standard error = 0.12), p<0.001. There were no statistically significant difference
between the multifocal lens and the single vision lens p=0.215.
The accommodative responses were calculated by the refraction at near subtracted
from the refraction at distance. Assuming that the contribution of the lens is constant
and the response represents the true ocular accommodation. Both eyes were measured
with COAS but all measurements were not consistent with the theory so one of the eyes
was selected to be included in the study. The eye with the lower accommodative
response was chosen for statistical analysis.

Table 4.1: Accommodative response in diopters with no lens, multifocal lens and single
vision lens with mean ± standard deviation and median ± interquartile range.
No lens

Multifocal contact lens

Single vision lens

(D)

(D)

(D)

Mean±SD

2.14±0.6

1.27±0.67

0.76±0.63

Median ± IQR

2.01±0.41

1.31±1.15

0.68±0.58
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Accommodative response (D)

0.03

0.02

0.02

0.01

0.01
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No lens

Multifocal lens

Single vision lens

Lens type
Figure 4.2: Accommodative response in diopters compared between no lens, multifocal
lens and the single vision lens. Error bars represent standard deviation and the bars
represent the mean.

4.2 Contrast sensitivity results
The results for contrast sensitivity are shown if Figures 4.3, 4.4 and 4.5. The line
charts shows the contrast for right eye, left eye and binocular. The x-axis represent the
spatial frequency and the y-axis represent the contrast threshold. The orange lines shows
the contrast for the multifocal contact lens and the blue line shows the contrast without
the lens.
Linear mixed models were used to compare the effect of condition on contrast
thresholds considering that has been measured to 5 spatial frequencies, both eyes and
binocularly. Therefore, 3 fixed effects were defined: condition (2 categories: no lens,
multifocal lens), spatial-frequency (5 categories: 1.5, 3, 6 ,12 , 18 cpd) and eye (3
categories: right, left and binocular).
The model showed that there were a main effect for all 3 fixed factors and there
were no interactions. There were a statistically significant effect for condition, F(1, 291)
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= 19.4 (p<0.001), Spatial frequency, F(4,290) = 52 (p<0.001) and eye, F(2,297) = 7.3
(p=0.001).
Pairwise comparison between spatial frequencies are summarized in Table 4.2.Pairwise
comparison showed that the overall mean contrast difference between non-lens and
multifocal lens was 2.8 (Standard error = 0.6). That corresponds to increased contrast
thresholds (loss of sensitivity) with the multifocal lens.

Table 4.2: Results of pairwise comparisons between contrast thresholds for different
spatial frequencies. SE = standard error.

1.5

3

6

12

18

-

-

-

-

.028(SE=0.9),

3

6

.53(SE=0.9),

p=1.0

p=1.0

--

-.51, p=1.0

3.6(SE=0.9),

11.6(SE=0.9),

p=.003

p<.001

-

-

3.6(SE=0.9),

11.6(SE=0.9), ,

P=.003

p<.001

--

3.1(SE=0.9),

11.1(SE=0.9),

P=.024

p<.001

--

-

12

7.8(SE=0.9),
p<.001

When comparing right and left eyes and binocular contrast, the models showed
that there was a statistically significant difference in contrast thresholds between
binocular contrast and contrast threshold for left eye. The binocular contrast thresholds
were lower and the mean difference left-binocular was 3.13 (SE=0.8), p=0.001. A table
with detailed descriptive values can be found in Appendix C.
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Figure 4.3: The contrast compared between the non-lens (Ct NL) and the multifocal
lens (Ct MFL) condition for the right eye.

Figure 4.4: The contrast compared between the no lens (Ct NL) and multifocal lens (Ct
MFL) condition for the left eye.

22

Figure 4.5: The contrast compared between the no lens (Ct NL) and multifocal lens (Ct
MFL) condition for both the eyes.
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5 Discussion
The purpose of this study was to investigate the effect of different type of contact
lenses, multifocal and monofocal, in the accommodative response. The effect of contact
lenses was compared with the AR without contact lens. This study showed a differences
between the three conditions. The difference between having non-lens and multifocal
contact lens and having non-lens and the monofocal lens were significant. However, the
difference between the multifocal lens and the monofocal lens did not reached statistical
significance. The greatest reduction in accommodative response was obtained with the
monofocal lens followed by the multifocal lens. These results are in agreement with the
initial hypothesis and are similar to the findings in previous studies (Altoaimi et al.,
2018). In contrast, other studies who investigated the effect of multifocal lens in lag of
accommodation, did not find any reduction in the lag of accommodation when subjects
were fitted with a multifocal lens (Pettersson et al., 2011).
In theory accommodative response for multifocal contact lens should be similar to
accommodative response with single vision lens because both lenses were expected to
increase the power of the eye by 2.00D. Results of the current study are in agreement
with the findings of previous studies comparing two multifocal lenses with a monofocal
lens in which there were no significant differences in accommodative response.
However, because multifocal lenses are made of multiple rings with different powers, it
was of interest to investigate if it would make them less effective in reducing
accommodative responses. In that sense, the fact that the difference in accommodative
response between monofocal and multifocal lenses was not statistically significant came
as a surprise. This could be because of a big variability in the measurements obtained
and may be related to the chosen pupil size. When measuring the accommodative
response a pupil diameter of 2mm was chosen in the COAS software. The multifocal
lens has a transition of power at about 2.3mm, which means, with a small decentration
of about 1.15mm during measurements would have been performed in a transition zone
and that may be the cause of the large variability observed. That was the reason why
only one eye of the participants was chosen, some values were not consistent, and only
eye with the lower accommodative response was chosen for statistical analysis. These
aspects and a larger sample size should be considered in future studies.
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The results from the contrast measurements show an increase in contrast
thresholds with the multifocal contact lens when compared with no lens. The results
also show that contrast thresholds for frequencies 1.5 and 3 cpd were not different but
contrast thresholds for spatial frequencies 6, 12, 18 were significantly higher than
spatial frequencies 1.5. and 3 (that is lower contrast sensitivity). For spatial frequencies
6,12,18 the higher cpd produced higher contrast thresholds. What the differences
between eyes show is that contrast with the right eye or binocular was typically better
than with the left eye. Possible explanations for better contrast in the right eye can be
based on the fact that most subjects were right-dominant. Better binocular contrast was
expected due to binocular summation. Other studies found higher contrast sensitivity for
single vision lenses and the contrast sensitivity function were lower with multifocal
contact lenses (Wahl et al., 2018).The same results could then be expected to be found
in the current study - as it did with a higher contrast threshold with the multifocal
contact lens compared to no lens. Of note, the distance visual acuity showed a reduce in
acuity with the multifocal lens compared with not having any lenses for the both eyes.

6 Conclusion
This study shows that the multifocal lens reduce only partially the accommodative
response in young adults. Because of this further studies need to be conducted to
understand their effects and viability to reduce problems with lag of accommodation
when that is a clinical problem that needs to be addressed. In addition, optometrists
need to consider contrast sensitivity measures with the lenses for a better control of the
visual quality. In the future a larger study is recommended to evaluate and assess the
reliability of the current findings.
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Appendix B
Consent form

I nformerat samtycke - Refraktion med multifokala
kontaktlinser
Syftet med denna studien är att analysera effekten på det ackommodativa
beteendet med en multifokal kontaktlins.
Arbetsordning:
Välkommen att delta i min studie. I denna studie så kommer jag att mäta
kontrastkänslighet, visus och refraktion med multifokala linser, monofokala
linser och utan linser. Första mätningarna kommer utföras utan linser, efter
det med multifokala linser och sist monofokala linser. Mätningarna kommer
att göras med två olika maskiner, COAS som mäter refraktion både på nära
och avstånd och Metropsis som mäter kontrastkänslighet. Undersökning av
ögonhälsan och mätning av ögat kommer att ske innan linserna sätts in för att
säkerställa att ögat är friskt och lämpligt för studien.
Resultaten kommer att sparas för att senare analyseras. Undersökningen
kommer att ta ca 1 timma och du kommer inte utsättas varken för risk eller
obehag.
All data som samlas in kommer att avidentifieras
Handledare António Macedo antonio.macedo@lnu.se

Jag har muntligt och skriftligen informerats om studien och har tagit del av
ovanstående skriftliga information. Jag är medveten om att mitt deltagande i
studien är fullt frivilligt och att jag när som helst och utan närmare förklaring
kan avbryta mitt deltagande.
Jag samtycker till att deltaga:

Namn:
Födelseår år/månad:

/

Signatur:
Datum:
Vänliga hälsningar Sara Antonsson
Sara Antonsson – Student Naturvetenskap/ optometri Kalmar
Telefonnummer:
Adress:
Linnéuniversitetet, 39 182
Besöksadress: Smålandsgatan 26B
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