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Abstract 

Purpose:  Multifocal soft contact lenses (MFCLs) are being used for myopia control. This 

project compares four commercially-available MFCLs (one center-near design and three center-

distance designs) to determine their effect on high-contrast and low-contrast logMAR visual 

acuity (HCVA/LCVA) and changes in retinal defocus along the horizontal meridian of myopic 

eyes. 

 

Methods:  Two cohorts of twenty-five non-presbyopic myopic adults (-0.50 to -6.00 D spherical 

equivalent (SE) myopia and < 1.00 D cylinder) were enrolled. Cohort 1 was fitted with Proclear 

D and Biofinity D MFCL (center-distance, +2.50D add) and cohort 2 with NaturalVue MFCL 

(center-distance) and Clariti 1-Day MFCL (center-near, high add), in random order. Visual 

acuity was optimized with spherical over-refraction. HCVA and LCVA were obtained with each 

lens and with SE spectacle correction. Cycloplegic autorefraction was performed with each lens 

and without along the line of sight and at nasal and temporal retinal locations. Data were 

analyzed with repeated-measures ANOVAs and post-hoc t-tests, when indicated. 

 

Results: Compared to SE spectacle correction, Clariti 1-Day MFCL reduced HCVA (1.5 lines) 

and LCVA (2 lines), and NaturalVue MFCL reduced LCVA (1 line; all P < .05) with no other 

reductions with the other MFCLs tested. Changes in defocus at each retinal location differed 

between MFCL designs (lens x location; both P < .0001). The Clariti 1-Day MFCL caused 

hyperopic changes at multiple peripheral locations (all P < .05). The NaturalVue MFCL caused 

myopic changes centrally and hyperopic changes at 40° nasal and 30° temporal (all P < .05). The 

Proclear D and Biofinity D MFCLs caused myopic changes at multiple peripheral locations (all P 

< .05). 



iv 

 

 
Conclusion: The center-near Clariti 1-Day MFCL significantly reduced both HCVA and LCVA 

and caused hyperopic changes in defocus at multiple peripheral locations, limiting its potential 

use for myopia control. The center-distance MFCLs did not affect HCVA, but some designs 

reduced LCVA. Both the Biofinity D and Proclear D caused myopic changes in retinal defocus. 

The NaturalVue MFCL caused myopic defocus changes centrally but hyperopic changes in the 

far periphery. Whether differences in center-distance defocus profiles influence the ability to 

slow myopia progression needs further investigation. 
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Chapter 1: Introduction 

 This thesis has two goals. The first is to directly compare the defocus profiles of four 

commercially available multifocal soft contact lenses (three center-distance and one center-near 

designs). The second is to compare the high- and low-contrast visual acuity of myopic 

individuals with each of these contact lenses to determine their effect on vision. These 

comparisons could inform the usefulness of these lenses in myopia control applications. 

1.1 Prevalence of myopia 

The prevalence of myopia is increasing across the globe. In many East Asian countries, 

the prevalence of myopia among teenagers has been increasing over the past several decades 

(Ding et al. 2017). In some populations, this prevalence has reached epidemic proportions. These 

populations include 19 year old men in South Korea, where myopia has a prevalence of 96.5% 

(Jung et al. 2012), and older teenagers in Taiwan, where myopia has a prevalence of 84% (Lin et 

al. 1999). In the United States, the prevalence of myopia has increased from 25% in the early 

1970s to 41.6% in the early 2000s (Vitale et al. 2009). A 2016 meta-analysis estimated that 

myopia affects 22.9% of the global population. This same analysis predicted that the global 

prevalence will increase to 49.8% by 2050 (Holden et al. 2016).  

This increase in myopia is a global public health concern. Myopia increases a patient’s 

risk for a variety of sight-threatening ocular conditions, including: myopic macular degeneration, 

retinal detachment, chorioretinal atrophy, lacquer cracks, foveoschisis, choroidal 

neovascularization, and glaucoma (Cho et al. 2016; Flitcroft 2012; Saw et al. 2005; Bullimore 

and Brennan 2019; Yamada et al. 2010). A myopic patient’s risk of developing these conditions 

increases as the degree of myopia increases (Saw et al. 2005). Based on several recent population 

studies, reduction of myopic refractive errors by 1 diopter can decrease the prevalence of myopic 
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macular degeneration by 40% (Bullimore and Brennan 2019). Slowing the progression of 

myopia is therefore beneficial and protective.  

 

1.2 Refractive Development in Animal Models 

A variety of studies using animal models have helped us understand how visual inputs 

and the sign of defocus affect the growing eye during emmetropization. The results of these 

studies have generated hypotheses regarding the development and progression of human myopia 

and have translated into interventions which can prevent or slow the progression of myopia in 

humans.  

Studies with animal models have demonstrated that visual feedback has definitive effects 

on emmetropization and the normal growth of the eye (Rabin et al. 1981). If the eyes of a young 

animal are deprived of visual input, they will develop form deprivation myopia, where axial 

elongation accelerates unchecked. Form deprivation myopia can be observed across a variety of 

animal models, including marmosets(Troilo and Judge 1993), tree shrews, guinea pigs, and 

monkeys (Wiesel and Raviola 1977; Smith et al. 1987; von Noorden and Crawford 1978; Troilo 

and Judge 1993; Siegwart and Norton 1998; Howlett and McFadden 2006). Form deprivation 

myopia has also been observed in humans, where physiological changes, like ptosis or congenital 

cataracts, block early visual input (Huo et al. 2012; von Noorden and Lewis 1987).  

If the visual input of an eye is altered using full field plus or minus lenses, the eyes of a 

variety of animal models will grow in a predictable pattern based on the sign of defocus. In 

response to hyperopic defocus, induced by minus lenses, the rate of axial elongation increases, 

and the eye continues growing, resulting in a myopic refractive error. This phenomenon has been 

observed in chicks, tree shrews, mice, marmosets, and monkeys (Hung et al. 1995; Smith and 
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Hung 1999; Hammond et al. 2013; Park et al. 2003; Metlapally and McBrien 2008; Siegwart and 

Norton 2010; Tkatchenko et al. 2010; Jiang et al. 2018; Troilo et al. 2009). Across animal 

models, the opposite response is observed in eyes exposed to myopic defocus induced by plus 

lenses. In these cases, the plus lens causes slowed axial elongation, resulting in a hyperopic final 

refraction. These studies indicate that the sign of the defocus experienced by growing eyes 

affects the rate of growth and can alter the eye’s eventual refractive error. 

These lens-induced effects on eye growth and emmetropization have been shown to be 

regionally specific.  For example, hemi-field lenses affect eye growth only in the portion of the 

eye exposed to the defocus. This effect is seen in chicks when exposed either to plus or to minus 

hemifield lenses (Diether and Schaeffel 1997; Wallman et al. 1987), as well as in monkeys 

exposed to hemifield form deprivation diffuser lenses (Smith, Huang, et al. 2009; Smith et al. 

2010).  

Additionally, there is evidence that peripheral retinal signals have an important and 

independent role in controlling lens-induced refractive error changes. The ability of the 

peripheral retina to guide emmetropization was demonstrated in experiments by Smith et al. 

where macaque monkeys had their fovea ablated. After laser ablation of the fovea, eyes that were 

allowed unrestricted vision emmetropized the same as animals with an intact fovea. In a separate 

experiment, eyes with foveal laser ablation were exposed to diffuser lenses. The experimental 

eyes developed form deprivation myopia similar to eyes with an intact fovea (Smith et al. 2007; 

Smith et al. 2005).  

Experiments in chickens in which defocus was presented to either the central retina or to 

the peripheral retina also demonstrated the importance of the peripheral retina in regulating eye 

growth. Chicks exposed only to peripheral defocus showed larger refractive error changes than 
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those chicks exposed to only central defocus. This result held true with both hyperopic and 

myopia defocus (Liu and Wildsoet 2012, 2011). A separate study with juvenile marmosets 

demonstrated that eyes with clear central vision still changed their rate of growth in respond to 

peripheral myopic or peripheral hyperopic defocus (Benavente-Perez et al. 2014). Collectively, 

these animal studies illustrate that the fovea alone does not control an eye’s response to lens 

induced defocus, and that the periphery has a significant effect on an eye’s final refractive state.  

If an eye is exposed to more than one type of defocus, for instance a concentric ring lens 

design with both hyperopic and myopia areas, how will the eye respond? In chicks exposed to 

concentric ring, dual-focus lenses, the final refractive state lies at the midpoint of the two powers 

tested. If a chick eye was exposed to both a -10D lens and +10D lens, the final refractive state of 

the eye would be approximately plano (Tse et al. 2007).  Guinea pigs also average the powers 

they are exposed to, with their ending refractive error resting at the midpoint of the powers 

(McFadden et al. 2014). However, in marmosets (Benavente-Perez et al. 2012) and rhesus 

monkeys (Arumugam et al. 2014; Arumugam et al. 2016) exposed to competing areas of 

defocus, the eye grew toward the most myopic defocus signal. In rhesus monkeys, this 

relationship held true even when the myopic defocus was only one-fifth of the total area of the 

lens (Arumugam et al. 2016). Animal responses to competing areas of defocus are mixed, but in 

non-human primates, even small areas of myopic defocus resulted in slower eye growth.   

Together, these studies in various animal models provide insight into how visual signals 

regulate ocular growth. Diffuser lenses result in form deprivation myopia. Hyperopic defocus 

created by minus lenses increase ocular growth, while myopic defocus created by plus lenses 

decrease ocular growth. The regulation of ocular growth in animal models is controlled by 

regionally specific mechanisms. The peripheral retina alone can control the ocular response to 
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defocus. Lastly, when exposed to competing areas of defocus, non-human primate eyes tend to 

respond to the most myopic signal present. With this information, researchers have been able to 

identify several optical interventions which could conceivably slow the progression of myopia in 

human children. 

 

1.3 Refractive Development in Humans 

In order to effectively determine possible optical interventions for slowing myopia 

progression, it is important to understand the how myopia affects peripheral retinal defocus in 

human eyes, both uncorrected and when wearing traditional forms of refractive correction.   

Human infants are born with a range of refractive errors. In a process called 

emmetropization, human eyes grow quickly after birth and typically reach a low hyperopic 

refractive error prior to six years of age (Flitcroft 2014). In most instances of juvenile-onset 

myopia, despite having previously emmetropized, the eye continues lengthening past the point 

where the optical components of the eye can compensate for the eye length and the eye becomes 

myopic. On average, most school-age or juvenile-onset myopia is observed around eight years of 

age. Myopia progression is typically fasted near onset. On average, myopia increases by 

approximately 0.50D per year (Mutti et al. 2007; Gifford et al. 2019). As axial elongation 

increases in human myopia, the eye becomes relatively more prolate. As a result of this growth, 

the periphery of myopic eyes is relatively more hyperopic than the center (Mutti et al. 2000; 

Mutti et al. 2007). Conversely, hyperopic or emmetropic eyes tend to be relatively more myopic 

in the periphery than centrally (Seidemann et al. 2002). In myopic eyes, this relative peripheral 

hyperopia in myopic eyes increases as myopia increases, and is independent of age (Atchison et 
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al. 2005). Therefore, in uncorrected emerging myopic eyes, defocus in the periphery is relatively 

more hyperopic (Seidemann et al. 2002). 

With single vision distance correction, both soft contact lenses and traditional spectacles, 

peripheral light focuses behind the retina in corrected myopic eyes. When myopic eyes are fitted 

with traditional minus-powered single vision spectacles, there is a peripheral hyperopic shift in 

retinal defocus caused by the spectacle lens (Berntsen et al. 2013; Tabernero et al. 2009). The 

magnitude of the relative peripheral hyperopic shift increases with increasing minus power and 

with increasing eccentricity (Lin et al. 2010). Conversely, when myopic eyes are fitted with 

single vision soft contact lenses, a relative myopic change is observed with many lens designs, as 

opposed to the hyperopic change cause by single vision spectacles (Moore et al. 2017; 

Backhouse et al. 2012). Despite the different peripheral defocus effects caused by single vision 

soft contact lenses and traditional single vision spectacles, there is not a clinically meaningful 

difference in myopia progression between soft contact lenses and spectacles (Walline et al. 2008; 

Marsh-Tootle et al. 2009). 

 

1.4 Optical Interventions Intended to Slow Myopia Progression 

As higher degrees of myopia increase a patient’s risk for sight threatening ocular 

complications, there have been many proposed interventions to slow myopia progression in 

children. Here, we will discuss the effectiveness of several optical interventions including: 

under-correction, bifocal spectacles, orthokeratology, and various soft contact lens designs that 

incorporate plus power. In addition to optical interventions, there have been several proposed 

pharmaceutical interventions intended to slow myopia progression. Most pharmaceutical 
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interventions currently involve the use of low-dose atropine to slow myopia progression(Chia et 

al. 2012; Yam et al. 2019), but we focus in this thesis on optical interventions. 

 

1.4.1 Spectacle Corrections 

One proposed intervention to slow myopia progression was under-correction of a 

patient’s myopia in their spectacle lenses. The evidence from animal studies that myopic defocus 

slowed eye growth led to the suggestion that under-correction, creating central myopic defocus 

during distance viewing, would slow eye growth (Wildsoet et al. 2019). However, a two-year 

long randomized clinical trial in 2002 revealed that under-correcting myopic children by +0.75 

diopters significantly accelerated their myopia progression when compared to matched controls 

wearing full correction (Chung et al. 2002). In 2006, an eighteen-month study did not find a 

statically significant difference in myopia progression between subjects under-corrected by 

+0.50 diopters and fully corrected subjects (Adler and Millodot 2006). A 2017 retrospective 

analysis of clinical records found that under-correcting myopic patients by -0.50 diopters 

increased myopia progression when compared with full correction (Vasudevan et al. 2014). 

Together, these studies demonstrate that under-correcting the refractive error of myopic children 

does not slow the progression of their myopia, and it may accelerate the process.   

Other early interventions attempted to slow myopia progression using either bifocal or 

progressive addition spectacle lenses. An early randomized clinical trial comparing single vision 

spectacle lenses to executive bifocal lenses with a +1.00 D or a +2.00D add found no difference 

in the rates of myopia progression over a three-year period (Grosvenor et al. 1987). Another 

three-year, randomized clinical trial comparing single vision spectacles and bifocal spectacles 

did not find a significant reduction in myopia progression in the bifocal group (Parssinen et al. 

1989). Similarly, a retrospective analysis of myopic children fit with bifocal spectacles did not 
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find a significant reduction in myopia progression when compared to children fit with single 

vision spectacles (Goss 1986). While these early studies of bifocal spectacles failed to find a 

significant effect, a more recent study comparing executive bifocal spectacles with a +1.50 D add 

versus single vision spectacles did find a significant reduction in myopia progression and axial 

elongation in children wearing the executive bifocal lenses. After three years of wear, the 

treatment effect for this study was 0.81 diopters, a 36% reduction in myopia progression (Cheng 

et al. 2014). 

Progressive addition lenses (PALs) have also been investigated as a means of slowing 

myopia progression. A three-year randomized clinical trial found that myopic children wearing 

+2.00D PALs progressed by 0.20 D less than their counterparts wearing single vision spectacles 

(Gwiazda et al. 2003). A different two-year randomized study of myopic children in a China 

found that subjects wearing +1.50D PALs progressed a quarter of a diopter less than control 

subjects wearing standard single vision correction (Yang et al. 2009). Similarly, three additional 

randomized clinical trials found similar treatment effects that while statistically significant, were 

not clinically meaningful. One trial, which had myopic children wear +1.50D PALs for 18 

months, found a 0.17 D treatment effect (Hasebe et al. 2008). Another one-year clinical trial 

where myopic children wore +2.00 D PALs found a 0.18 D treatment effect (Berntsen et al. 

2012). A third trial in which myopic children wore +2.00D PALs for three years found a 0.28 D 

treatment effect (Correction of Myopia Evaluation Trial 2 Study Group for the Pediatric Eye 

Disease Investigator 2011). While the findings of these studies are statistically significant, 

clinical significance must also be considered. The reductions observed in each of these clinical 

trials remained around a quarter of a diopter or less, which is generally not considered to be 

clinically meaningful. A quarter diopter of reduction can be considered especially small when 
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compared with the success found using other optical corrections, such as contact lenses. While 

these interventions were initially investigated with the hypothesis that they might slow 

progression by reducing accommodative lag, it has been reported that accommodative lag is not 

associated with progression (Berntsen et al. 2011; Weizhong et al. 2008) and that superior 

myopic retinal defocus caused by a PAL is associated with the slowed progression found with 

PALs (Berntsen et al. 2013).  

 

1.4.2 Contact Lenses (Orthokeratology) 

To date, the most effective optical interventions for slowing myopia progression have 

been multifocal soft contact lenses and orthokeratology. Both methods induce myopic retinal 

defocus (Berntsen and Kramer 2013; Kang and Swarbrick 2011; Paune et al. 2015), which 

animal models support as a method of slowing eye growth and myopia progression (Smith 2011; 

Charman and Radhakrishnan 2010). Exploring the effectiveness of each of the various multifocal 

soft contact lens designs and orthokeratology, as well as their influence on the visual experience 

of children wearing them, is important when determining the clinical usefulness of these myopia 

control interventions.  

Orthokeratology (OK), an overnight rigid contact lens which corrects vision by reshaping 

the cornea, has been shown to create myopic defocus in the periphery (Queiros et al. 2018). 

Early longitudinal studies provided promising results, finding between 37% to 55% reductions in 

myopia progression over 2 year periods (Walline et al. 2009; Cho et al. 2005; Santodomingo-

Rubido et al. 2012; Kakita et al. 2011). In a 2012 randomized clinical trial, children wearing 

orthokeratology lenses had a 43% (0.27 mm) reduction in axial elongation over two years when 

compared to those wearing single vision spectacles (Cho and Cheung 2012). Another two-year 

randomized clinical trial that enrolled children with spherical equivalent refractive errors more 
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myopic than -5.75 D found a 63% (0.32 mm) reduction in axial elongation over two years in 

those subjects wearing OK lenses that partially corrected their refractive error (Charm and Cho 

2013). A two-year observational study that followed myopic children with astigmatism between 

-1.25D to -3.50D, found a 52% (0.33 mm) reduction in axial elongation in those wearing OK 

lenses when compared with controls wearing single vision spectacles (Chen et al. 2013). 

Together these clinical trials and longitudinal studies demonstrate the effectiveness of OK lenses 

in significantly slowing myopia progression for a variety of patients.  

 

1.4.3 Contact Lenses (Soft Lens Designs) 

In addition to orthokeratology, there are a variety of optical designs in multifocal contact 

lenses (MFCLs) that result in myopic changes in retinal defocus. The most common 

commercially available designs include center-distance multifocal lenses and center-near 

multifocal lenses. Center-distance MFCLs that progressively increase in plus power toward the 

periphery of the optic zone create a similar optical profile to orthokeratology, but do so without 

reshaping the cornea (Paune et al. 2014). In general, these center-distance MFCLs create 

peripheral myopic shifts in defocus when compared with spherical contact lenses (Berntsen and 

Kramer 2013; Fedtke et al. 2017; Fedtke et al. 2020). Center-near MFCLs instead create 

peripheral hyperopic shifts in defocus toward the periphery (Fedtke et al. 2017; Fedtke et al. 

2020). Unlike other center-distance multifocal designs that have a gradual increase in plus, dual-

focus concentric-ring designs contain discrete rings which alternate between the desired distance 

and the desired add power (Ruiz-Alcocer 2017). The MiSight lens (CooperVision), which was 

designed specifically for myopia control, is an example of such a concentric-ring design. While 

the different MFCL designs create somewhat different optical defocus profiles on the retina, the 

only accurate way to determine their effectiveness in slowing myopia progression is to test them 
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directly with young, progressing myopic subjects. To our knowledge, there have been no clinical 

trials fitting children with center-near lenses to investigate their efficacy for myopia control.  

The effectiveness of center-distance MFCLs in slowing myopia progression have been 

investigated in multiple studies, both non-randomized and randomized. Limited studies are 

currently available utilizing commercially-available MFCLs, and their strength of evidence 

varies with study designs ranging from retrospective case series to randomized clinical trials. A 

retrospective case series analysis of children wearing the NaturalVue Multifocal Contact lens 

(Visioneering Technologies) found a 96% average reduction in myopia progression, as measured 

by subjective manifest refraction. As with any retrospective study, there are many sources of bias 

including: a lack of masking, the use of historical data not collected with a standardized protocol, 

the lack of a control group (thus no account for the natural slowing of myopia progression with 

age), and using subjective manifest refraction rather than cycloplegic objective data to measure 

progression (Cooper et al. 2018). A well-controlled clinical trial to determine the efficacy of this 

particular lens is needed. A two-year prospective study published in 2013 investigated the effect 

of a center-distance MFCL (Proclear Multifocal D with a +2.00D add; CooperVision) on myopia 

progression in children. The children wearing the MFCL experienced a 29% (0.12 mm) 

reduction in axial elongation over two years versus a 50% (0.52 D) reduction in myopia 

progression when compared with historical controls from another study wearing spherical soft 

contact lenses (Walline et al. 2013).  

Though no longer commercially available, Aller et al. reported results from a one-year 

randomized clinical trial in which children wore the center-distance Acuvue Bifocal MFCLs 

(Johnson and Johnson Vision) or a single vision soft contact lens (Acuvue 2; Johnson and 

Johnson Vision). This study reported a one-year 72% (0.57D) slowing of myopia progression as 
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measured by cycloplegic autorefraction (Aller et al. 2016). Other studies of commercially-

available MFCLs are ongoing. For example, the Bifocal Lenses in Nearsighted Kids (BLINK) 

Study is a three-year, randomized clinical trial evaluating the efficacy Biofinity Multifocal D 

lenses (+1.50 D and +2.50 D add; CooperVision) to single vision Biofinity single-vision sphere 

lenses (Walline et al. 2017). Once published, results from this study will address whether add 

power influences efficacy over a three-year period. 

Varying results have been reported in several studies utilizing proprietary center-distance 

MFCL designs that are non-commercially available have also shown an effect on myopia 

progression. Comparing a specially designed MFCL with an effective +0.50D add to a single 

vision soft contact lenses, Fujikado et al. found a 47% (0.09 mm) reduction in axial length over 

11 months in a randomized crossover study (Fujikado et al. 2014). In a prospective, longitudinal, 

nonrandomized clinical trial, Paune et al. compared a specially designed +2.00 add, center-

distance MFCL to single vision spectacles. Their study found a 27% (0.14 mm) reduction in 

axial length growth in their MFCL group after 2 years (Paune et al. 2015). A 2014 two-year 

randomized clinical trial by Lam et al., used a specially designed dual focus lens containing rings 

with an effective +2.50D add. This trial found a 31% (0.12 mm) reduction in axial elongation 

when compared with subjects wearing single vision contact lenses (Lam et al. 2014).  

In a 1-year, non-randomized study, comparing matched-controls wearing single vision 

spectacles with subjects wearing a MFCL with a +2.00D add, Sankaridurg et al. reported a 33% 

(0.13 mm) reduction in axial elongation in the MFCL subjects (Sankaridurg et al. 2011). More 

recently, Sankaridurg et al (2019) compared the effectiveness of two different specialty MFCL 

designs against a standard single vision contact lens in a randomized clinical trial. The first 

design was a center-distance MFCL with increasing plus toward the periphery of the optic zone 
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and was tested with a +1.50D and a +2.50D add power. The second center-distance design 

contained alternating regions of power across the optic zone and was more comparable to 

concentric ring MFCLs, which they describe as an extended depth of focus design. The tested 

effective adds for the second lens design were reported to be +1.75D and +2.50D. After two 

years, all experimental lens designs tested slowed axial length growth between 22% (0.12 mm) 

to 32% (0.17 mm), with no lens significantly outperforming the others, despite different add 

powers. The effectiveness of each lens increased with subject compliance and regular lens wear 

(Sankaridurg et al. 2019).  

A new dual-focus MFCLs (MiSight; CooperVision) has also shown promise in slowing 

myopia progression and recently received US FDA approval for a myopia control labelling. A 

10-month randomized clinical trial using a precursor of the MiSight lens design with a reported 

effective +2.00D add found a 50% (0.11 mm) reduction in axial elongation when compared to 

single vision contact lenses (Anstice and Phillips 2011). Two randomized clinical trials of the 

MiSight contact lens also found significant reductions in axial elongation when compared to 

single vision contact lenses. The first found a 36% (0.16 mm) reduction in axial elongation when 

compared to single vision spectacles over a two year period (Ruiz-Pomeda et al. 2018). The 

second, a three-year study, found a 52% (0.32 mm) reduction in axial elongation when compared 

to single vision contact lenses (Chamberlain et al. 2019). Collectively, these studies indicate that 

multiple center-distance MFCL designs are viable options for slowing myopia progression in 

children.  

Orthokeratology and various center-distance MFCL designs have shown clinically 

meaningful reductions in myopia progression, which is hypothesized to be due to myopic retinal 

defocus created by each design. Under-correction of myopia, most bifocal spectacles, and 
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progressive addition spectacles have not yielded meaningful reductions in myopia progression 

and are not currently considered viable options for myopia control, though there is some support 

for executive bifocal spectacles. In this thesis, we investigate four commercially available 

MFCLs and determine their effects on peripheral defocus and visual acuity.  

 

1.5 Visual Acuity with Multifocal Soft Contact Lenses  

In general, previous research has reported that center-distance high-add MFCLs in non-

presbyopic, myopic individuals result in similar high-contrast visual acuity when compared with 

either single vision contact lenses or spectacles. However, center-distance MFCLs have been 

reported to cause reductions in low-contrast visual acuity and subjective visual quality. There is 

limited research for center-near lenses in non-presbyopic individuals, with only a few studies 

discussing high-contrast visual acuity and subjective visual performance.  

In 2016, Fedtke et al. compared several single vision and multifocal contact lenses fit 

unilaterally on adult myopes for one hour. No over-refraction was incorporated as a part of this 

study. This study included both high and low add powers, and both center-near and center-

distance multifocal contact lenses. A spherical AirOptix Aqua (Alcon) contact lens was used as 

the control and resulted in an average high-contrast visual acuity of -0.10 logMAR. Every high-

add multifocal contact lens tested resulted in subjective reductions in visual acuity, as assessed 

by questionnaires regarding visual quality at distance, intermediate, and near. Additionally, every 

multifocal contact lens resulted in significantly reduced high-contrast logMAR visual acuity, 

though in some cases this statistically significant reduction was not clinically meaningful. The 

three high-add, center-near lenses tested (PureVision Multifocal: Bausch & Lomb, AirOptix 

Aqua Multifocal: Alcon, and Proclear Multifocal: CooperVision) reduced high-contrast logMAR 
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visual acuity by 0.13 and 0.20 logMAR, a one- to two-line reduction in acuity, when compared 

with visual acuity with a spherical control contact lens. The commercially-available, high-add, 

center-distance lenses tested (MiSight and Proclear Multifocal D) reduced high-contrast visual 

acuity by 0.05 or 0.06 log MAR, or approximately half of a line (Fedtke et al. 2016). These half-

line reductions with the center-distance lenses are small in nature and would generally not be 

considered clinically meaningful. 

 A 2018 study of the Proclear Multifocal D contact lens (+2.00 add) did not find a 

significant difference in high-contrast visual acuity between the multifocal contact lens and a 

spherical control contact lens. Contact lens power was adjusted based on over-refraction. The 

authors did report a significant reduction in subjective visual quality with the multifocal versus 

the spherical contact lens over a five-day period (Diec et al. 2018). A 2018 study by Schulle et 

al., which included an over-refraction, also found no significant difference when comparing 

high-contrast visual acuity with the Biofinity Multifocal D (+2.50 add) versus full spectacle 

correction in myopic children (Schulle et al. 2018). An earlier 2013 study by Kollbaum et al., 

which also incorporated over-refraction, compared standard spectacle correction to the Proclear 

Multifocal D (+2.00 add) and found that the multifocal contact lens had no significant effect on 

high-contract visual acuity. However, they reported significant reductions in subjective visual 

quality and reductions in low-contrast visual acuity of approximately one line when compared to 

spectacle correction (Kollbaum et al. 2013). One randomized clinical trial of the MiSight contact 

lens, a concentric-ring center-distance MFCL designed specifically for myopia control, reported 

that high-contrast logMAR VA with the MiSight lens was the same as visual acuity in controls 

wearing single vision spectacles. This study incorporated an over-refraction after the contact 

lenses were fit (Ruiz-Pomeda et al. 2018). 
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Table 1.1: Summary of research comparing High Contrast Visual Acuity (HCVA) with 

multifocal contact lenses (MFCLs) to HCVA with either single vision (SV) contact lenses or 

spectacles. All of these studies, with the exception of Schulle et al. 2018 and Ruiz-Pomeda et al. 

2018, examined myopic adults. Over-refraction indicates if visual acuity measurements were 

made with an over-refraction in place. Results which were statistically significant are bolded.   

 

MFCL Add (D) Control 

HCVA 

Reduction 

(logMAR) 

Over-

refraction  
Citation 

Center-Distance MFCLs 

Proclear D High 
Air Optix 

Aqua 
0.06 No Fedtke et al. 2016 

Proclear D +3.00 Proclear SV 0.05 No Kang et al. 2017 

Proclear D +2.00 
1-Day Acuvue 

Moist 
None Yes Diec et al. 2018 

Proclear D +2.00 Spectacles None Yes Kollbaum et al. 2013 

Biofinity D +2.50 Spectacles None Yes Schulle et al. 2018 

MiSight +2.00 Spectacles None Yes Kollbaum et al. 2013 

MiSight +2.00 
1-Day Acuvue 

Moist 
None Yes Diec et al. 2018 

MiSight +2.00 
Air Optix 

Aqua 
0.05 No Fedtke et al. 2016 

MiSight +2.00 Spectacles None Yes 
Ruiz-Pomeda et al. 

2018 

Center-Near MFCLs 

Air Optix 

MF 
High 

Air Optix 

Aqua 
0.13 No Fedtke et al. 2016 

Proclear N High 
Air Optix 

Aqua 
0.20 No Fedtke et al. 2016 

PureVision 

MF 
High 

Air Optix 

Aqua 
0.18 No Fedtke et al. 2016 
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A 2017 study by Kang et al. compared the Proclear Multifocal D (+3.00 add) to spherical 

Proclear contact lenses and found only minor reductions of approximately 0.05 logMAR (half a 

line) in high-contrast visual acuity. While these reductions in high-contrast visual acuity were 

statically significant after two weeks of wear, a reduction of only half a line in visual acuity is 

not clinically meaningful. Additionally, this study did not report any over-refraction of the 

multifocal lenses. In this same study, the Proclear Multifocal D (+1.50 add) did not result in a 

difference in high-contrast visual acuity. Both the +1.50 and the +3.00D adds of the Proclear 

Multifocal D reduced low-contrast visual acuity by slightly less than one full line, or 

approximately 0.08 logMAR. Additionally, only the high-add Proclear Multifocal D (+3.00 add) 

reduced subjective visual quality at both the dispense visit and the two-week follow-up, with no 

improvement noted after two weeks of wear (Kang et al. 2017). 

 

Table 1.2: Summary of research comparing Low Contrast Visual Acuity (LCVA) with center-

distance multifocal contact lenses (MFCLs) to LCVA with either single vision (SV) contact 

lenses or spectacles. All studies examined myopic adults. Over-refraction indicates if visual 

acuity measurements were made with an over-refraction in place. Results which were 

statistically significant are bolded.  

MFCL Add (D) Control 
LCVA Reduction 

(logMAR) 

Over-

refraction  
Citation 

Proclear D +3.00 
Proclear 

SV 
0.10 No Kang et al. 2017 

Proclear D +2.00 Spectacles 0.06 Yes Kollbaum et al. 2013 

MiSight +2.00 Spectacles 0.09 Yes Kollbaum et al. 2013 

 

In the previously discussed two-year randomized clinical trial by Sankaridurg et al., 

myopic children wearing multifocal contact lenses were compared to controls  wearing spherical 

contact lenses (Sankaridurg et al. 2019). In this study, visual acuity was measured with each of 

the four multifocals, two different proprietary MFCL designs each with two add powers, 
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compared against a standard single vision contact lens. In their study, Sankaridurg et al. found 

statistically significant reductions in high-contrast visual acuity for three of the four specialty 

multifocal contact lenses. These reductions were all less than 0.10 logMAR, with two lenses 

causing changes of less than 0.05 logMAR, or half of a line. For low-contrast visual acuity, all 

four multifocal lenses caused significant reductions in visual acuity compared to the spherical 

control contact lens. These reductions ranged from 0.11 to 0.19 logMAR, or one to two lines. 

The myopic children were masked to which lens they were wearing and were asked to rank their 

subjective visual experience with each lens using questionnaires. They did not find significant 

differences between the single vision contact lens and any of the multifocal contact lenses 

groups, both at one year and at two years of wear (Sankaridurg et al. 2019). 

Collectively, these studies have found that while statistically significant differences in 

high-contrast visual acuity can be found between center-distance multifocal contact lenses and 

either spherical contact lenses or spectacles, often these differences are only a few letters and are 

not clinically meaningful. In contrast, high-add center-near multifocal contact lenses can result in 

significant one to two line reductions in distance visual acuity (Fedtke et al. 2016). In general, 

center-distance multifocal soft contact lenses reduce low-contrast visual acuity by approximately 

one line (Kollbaum et al. 2013; Kang et al. 2017; Sankaridurg et al. 2019). With subjective visual 

quality, all high-add multifocal soft contact lenses reduce visual quality when compared to 

spherical controls (Fedtke et al. 2016; Diec et al. 2018; Kollbaum et al. 2013). However, myopic 

children masked to the lens they are wearing rated their subjective visual performance with 

multifocal contact lenses to be similar to their peers wearing spherical contact lenses 

(Sankaridurg et al. 2019). 
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1.6  Specific Aims  

There are a variety of multifocal or dual focus soft contact lens designs which have been 

evaluated for their effects on slowing the progression of myopia in children. Several lens design 

reported in the literature are not commercially available in the United States. Eye care providers 

in the US have been using contact lenses marketed for presbyopia off-label for myopia control 

(Wildsoet et al. 2019). Given the multitude of multifocal lens designs available, it is important to 

understand the defocus profiles of each commercially-available contact lens being used for 

myopia control. Additionally, there is limited information on the effect of center-near multifocal 

soft contact lens designs on retinal defocus; therefore, we directly compare the profiles of center-

near and center-distance contact lenses when worn on the same eye. Directly comparing between 

these designs will illustrate the differences in defocus profiles between lens designs.  

Of similar importance to changes in retinal defocus is each lenses’ influence on visual 

acuity in non-presbyopic individuals. This is particularly important, as improved compliance and 

increased wear time with multifocal soft contact lenses leads to better myopia control outcomes 

with a greater reduction in axial length elongation (Sankaridurg et al. 2019; Wolffsohn et al. 

2019). It can be theorized that poor subjective vision with a MFCL will lead to poor compliance 

and decreased wear time. A comparison of visual acuity, both high-contrast and low-contrast, 

can help clinicians anticipate and educate their non-presbyopic patients on the vision to expect 

with both center-distance and center-near designs. Comparing the defocus profiles and visual 

acuity with these four lenses may be useful in determining each lens’s potential effectiveness in 

myopia control applications. 

This thesis will address two specific aims: 
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Specific Aim #1: To determine the effect of commercially available multifocal soft contact lens 

optics (one center-near and three center-distance designs) on high-contrast and low-contrast 

logMAR visual acuity. 

Specific Aim #2: To compare the effect of commercially available multifocal soft contact lenses 

(one center-near and three center-distance designs) on retinal defocus in the horizontal retinal 

meridian of myopic eyes. 

The lenses to be compared are the Biofinity Multifocal D (CooperVision, center-distance, 

+2.50 add), the Proclear Multifocal D (CooperVision, center-distance, +2.50 add), the 

NaturalVue Multifocal (Visioneering Technologies, center-distance) and the Clariti 1-Day 

Multifocal (CooperVision, center-near, high add). 
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Chapter 2: The Effects of Center-Near and Center-Distance Multifocal Contact 

Lenses on Peripheral Defocus and Visual Acuity 

2.1 Introduction 

Myopia affects approximately 1.5 billion people, an estimated 22.9% of the global 

population (Holden et al. 2014). Myopia prevalence in the United States alone is over one-third 

of the population versus 25% in the 1970s (Vitale et al. 2009). It is estimated that, at the current 

rates of progression, high myopia (greater than -5.00 diopters) will affect close to 1 billion 

people worldwide by 2050 (Holden et al. 2016). Myopia is associated with multiple ocular 

comorbidities  including myopic maculopathy, retinal detachment, choroidal neovascularization, 

chorioretinal atrophy, and glaucoma (Saw et al. 2005; Flitcroft 2012; Cho et al. 2016). The 

higher the degree of myopia, the greater a patient’s risk of developing a visually debilitating or 

blinding condition (Holden et al. 2014; Liu et al. 2010; Wang et al. 2009). Slowing the 

progression of myopia may reduce this risk (Bullimore and Brennan 2019).  

Light focusing in front of the retina (myopic defocus), is hypothesized to slow eye 

growth (Smith et al. 2014; Charman and Radhakrishnan 2010; Smith 2011). Conversely, light 

focusing behind the retina (hyperopic defocus) is hypothesized to be a growth signal. In animal 

models, there is evidence that defocus affects local ocular growth, with retinal regions 

experiencing growth based on the local defocus signal (Wallman et al. 1987; Smith et al. 2013). 

In these experiments, myopic defocus is induced by plus lenses, while hyperopic defocus is 

induced by minus lenses. In an experiment with young chicks, eyes exposed to peripheral 

myopic defocus and clear central vision had a greater reduction in axial elongation than eyes 

exposed to only central myopic defocus (Liu and Wildsoet 2011). In infant monkeys, 

experiments imposing peripheral hyperopic defocus caused  axial eye growth despite the eye 

having clear central vision (Smith, Hung, et al. 2009). These results have led to attempts to 
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translate these findings into humans in an effort to slow the progression of juvenile-onset myopia 

by using lenses that simultaneously cause myopic retinal defocus while providing clear foveal 

vision. 

In myopic eyes wearing single vision spectacles (Lin et al. 2010) or spherical contact 

lenses (Moore et al. 2017; Berntsen and Kramer 2013) the peripheral retina is exposed to 

hyperopic defocus. Consequently, optical interventions which impose myopic retinal defocus 

while providing good foveal vision are being investigated to determine their ability to slow 

myopia progression. A variety of contact lens designs, including center-distance multifocal 

contact lenses and orthokeratology, have shown promise in slowing myopia progression (Cho 

and Cheung 2012; Aller et al. 2016; Chamberlain et al. 2019; Lam et al. 2014; Walline et al. 

2013). 

Multifocal contact lens designs simultaneously incorporate plus power within the optic 

zone of the lens along with the distance power. Multifocal contact lenses can either have the 

distance power in the center of the optic zone (center-distance) or can have the bifocal addition 

power  in the center of the optic zone (center-near) (Kim et al. 2017). When myopic eyes are 

fitted with center-distance multifocal contact lenses, the lens optics cause a myopic change in 

peripheral defocus (Fedtke et al. 2020; Berntsen and Kramer 2013). While center-distance 

designs have been used in multiple myopia control studies, a number of center-near multifocal 

contact lenses designs exist. Based on the retinal defocus hypothesis, for a center-near multifocal 

contact lens design to slow myopia progression, the lens would need to provide good central 

vision while still inducing myopic retinal defocus. With a center-near design where the plus 

power is at the center of the optic zone, there is the potential that the over-refraction required to 

achieve acceptable foveal vision could minimize or eliminate any potential myopic defocus 
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created by the add power in the lens. We are unaware of on-eye investigations of the effect of a 

center-near design on retinal defocus after optimizing foveal vision. 

In non-presbyopic adults, high-contrast visual acuity with center-distance multifocal 

contact lenses is typically the same as with spherical equivalent spectacles (Schulle et al. 2018) 

or contact lenses (Kang et al. 2017). However, these center-distance  multifocal contact lenses 

are reported to reduce subjective visual quality and low contrast visual acuity when compared to 

spherical contact lenses regardless of whether the multifocal design progressively increases in 

plus toward the periphery of the lens or utilizes a concentric ring design (Fedtke et al. 2016; Diec 

et al. 2018; Kang et al. 2017). As commercially-available multifocal contact lenses are already 

being used clinically for myopia control, it is important to understand how different center-

distance and center-near designs could impact visual acuity in non-presbyopic individuals.  

In this study, we compared four commercially available multifocal contact lenses (three 

center-distance and one center-near design) to determine their effect on retinal defocus. The 

lenses evaluated were the Biofinity Multifocal ‘D’ (CooperVision, center-distance, +2.50 add), 

the Proclear Multifocal ‘D’ (CooperVision, center-distance, +2.50 add), the NaturalVue 

Multifocal (Visioneering Technologies, center-distance) and the Clariti 1-Day Multifocal 

(CooperVision, center-near, high add). 

 

2.2 Methods  

2.2.1 Subjects 

 Non-presbyopic myopic subjects, between 18 and 39 years of age, were recruited for this 

study. Eligible subjects had spherical equivalent refractive error between -0.50 and -6.25 diopters 

sphere and visual acuity of 20/30 or better (right eye) with their spherical equivalent refractive 

error placed in a trial frame at the spectacle plane. Any subjects with cylinder greater than -1.00 
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diopters at the corneal plane were excluded. Subjects with active anterior segment pathology, a 

history of ocular trauma or surgery, or any systemic disease that could cause variability in 

refraction were excluded. The study adhered to the tenets of the Declaration of Helsinki and was 

approved by the Institutional Review Board at the University of Houston. All subjects provided 

written informed consent prior to the initiation of testing. 

 

2.2.2 Contact Lenses 

 The highest standard add power available in each lens was chosen for this study. All 

lenses were commercially available in the United States. No contact lens had a myopia control 

indication from the US Food and Drug Administration at the time of this study. Biofinity 

Multifocal D and Proclear Multifocal D contact lenses (both center-distance; CooperVision) with 

a +2.50 diopter add power were tested in the first cohort of subjects. In the second cohort, the 

NaturalVue Multifocal (center-distance; Visioneering Technologies, Inc.) and the Clariti 1-Day 

Multifocal with high add (center-near; CooperVision) were tested. The NaturalVue Multifocal 

only comes in one add power, which the manufacturer reports will satisfy all add requirements 

up to +3.00 diopters.  

 

2.2.3 Outline of the Study Visit 

 A most plus, least minus manifest refraction was performed, and the spherical equivalent 

was placed over the right eye in a trial frame with the left eye occluded. High-contrast and low-

contrast (10% Michaelson contrast) logMAR visual acuity was measured at four meters using a 

Bailey-Lovie visual acuity chart to determine best acuity with spherical equivalent spectacle 

correction. Chart luminance was between 75 and 120 cd/m2 and was verified prior to each 

subject visit. All visual acuity measurements were made in an exam lane with standard office 
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lighting. Visual acuity was tested until a subject missed three or more letters on a single line. 

After visual acuity, one of the two study contact lenses were fitted on the subject’s right eye, in 

random order. Subjects were masked to the lenses being tested. Pupil size was measured using a 

NeurOptics VIP-200 Pupillometer (NeurOptics, Inc., Irvine, CA) under the same photopic 

conditions under which visual acuity was tested. 

 The fit of each contact lens was assessed to ensure adequate movement and centration. 

Contact lens lateral centration was assessed using a reticle in the slit lamp ocular. Nasal and 

temporal contact lens overlap was measured to determine horizontal decentration. After 

assessing the contact lens fit, a loose lens spherical over-refraction, with plus lenses being 

presented first, was performed to maximize distance visual acuity. Any over refraction found 

was placed in a trial frame over the right eye while the left eye was occluded. High-contrast and 

low-contrast logMAR visual acuity was measured again, following the same procedure used 

when testing with spherical equivalent spectacle correction.  

 After measuring best visual acuity, cycloplegia was obtained by instilling two drops of 

1% tropicamide separated by five minutes. Cycloplegia was used to minimize accommodation 

and maximize autorefraction accuracy during measurements. Twenty-five minutes after instilling 

the second drop of tropicamide, autorefraction measurements of the eye alone were made along 

the line of sight (0°) and ±20°, ±30°, and ±40° from the line of sight using a modified Grand 

Seiko WAM-5500 (Grand Seiko Co.; Hiroshima, Japan). For cohort 2, additional measurements 

were also made at ±10° from the line of sight. This extra measurement was added due to the 

manufacturer reported rapid increase in plus power near the center of the NaturalVue Multifocal 

contact lens (Cooper et al. 2018; Jaisankar et al. 2019; Visioneering Technologies Inc.) which 

was tested in cohort 2. For each measurement, subjects turned their head, not eyes, to view a 
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laser target projected on the wall (Jaisankar et al. 2019; El-Nimri and Walline 2017; Lopes-

Ferreira et al. 2015). The autorefractor was centered within the entrance pupil during 

measurements. After measurements of the eye alone, the measurements were repeated with each 

of the study contact lenses tested in that cohort, following the same randomized order used 

during visual acuity testing. The starting location for autorefraction measurements (most nasal or 

most temporal location) was determined by randomization.  

 At each retinal location, the first five measurements that were within ±1.00 diopters of 

the median for the sphere and cylinder powers were converted to vector notation (M, J0, and J45) 

and averaged (Thibos et al. 1997). Relative peripheral refraction of the unaided eye and relative 

peripheral defocus (the eye while wearing each contact lens) were calculated by subtracting 

central defocus (M) from each peripheral location. The change in defocus at each retinal location 

due to the contact lens optics was also calculated by subtracting relative peripheral refraction of 

the uncorrected eye at each location from defocus measured at each location while wearing each 

contact lens. Change in defocus calculations also accounted for the over-refraction required to 

optimize distance visual acuity for each subject.  

 

2.2.4 Sample Size  

 Sample size calculations were performed with a two-sided alpha level of 0.05 and 80% 

power. Previously published standard deviations of repeated off-axis autorefraction 

measurements with the Grand Seiko WAM-5500 were utilized (Moore and Berntsen 2014). The 

highest standard deviations for repeated measurements occurred 40° nasal (± 0.37 diopters) and 

40° temporal (± 0.45 diopters) on the retina from the line of sight, with the standard deviations 

becoming smaller the closer they were to the line of sight. Using the largest standard deviation, a 

sample size of 25 subjects was adequate to detect a 0.25 diopter difference in defocus.  
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2.2.5 Analyses 

 Repeated-measures analyses of variance (RM-ANOVA) were used to compare relative 

peripheral refraction and relative peripheral defocus in each cohort. The change in defocus 

caused by the contact lens optics at each retinal location, J0, and J45 were also analyzed. 

Benjamini-Hochberg adjusted post-hoc paired t-tests were performed when appropriate to test 

for differences in relative defocus between the uncorrected and corrected eye, and adjusted t-tests 

were performed to determine changes in defocus caused by the lens optics after optimizing 

distance vision that were significantly different than zero at each retinal location. 

 A RM-ANOVA was used to determine the effect of each contact lens on high- and low-

contrast visual acuity when compared with the spherical equivalent refraction at the spectacle 

plane. Benjamini-Hochberg adjusted post-hoc paired t-tests were performed, when appropriate.  

 

2.3 Results  

2.3.1 Comparison of cohorts, contact lens fit and over-refraction 

Two cohorts of 25 subjects each were recruited. Two separate cohorts were utilized 

because additional lenses became available and were tested after the initial cohort completed the 

study. The mean (± standard deviation) age and spherical equivalent refraction of the right eye 

for cohort 1 was 23.9 ± 2.1 years and -2.71 ± 1.32 diopters, and for cohort 2 was 24.8± 2.6 years 

and -2.72 ± 1.69 diopters, respectively (all P ≥ .18). Relative peripheral refraction of the 

uncorrected eye was not different between the two cohorts (location by cohort interaction; P = 

.28), suggesting comparable peripheral eye shape between the two groups. There was no 

difference in mean (± standard deviation) pupil size between the two cohorts (cohort 1 = 4.21 ± 

0.13 mm; cohort 2 = 4.24 ± 0.10 mm; P= .84). 
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The average most plus spherical over-refraction required to optimize distance visual 

acuity with each lens is shown in Table 2.1. The mean over-refraction for each lens ranged from 

-0.30 diopters for the Biofinity D to -0.03 diopters for the NaturalVue Multifocal. All lenses 

showed adequate movement and centration. Mean decentration is shown in Table 2.2. On 

average, none of the four lens brands were significantly decentered on eye (all P > .08).  

 

Table 2.1: Mean (± SD) most plus spherical over-refraction for each multifocal contact lens 

tested. 

Contact Lens 
Over-refraction  

(diopters) 

Biofinity Multifocal D (+2.50 add) -0.30 ± 0.24 

Proclear Multifocal D (+2.50 add) -0.16 ± 0.20 

NaturalVue Multifocal  -0.03 ± 0.11 

Clariti 1-Day Multifocal  (high add) -0.28 ± 0.26 

 

Table 2.2: Mean (± SD) lens decentration on eye for each contact lens tested. A negative value 

indicates temporal decentration (all P > .08)  

 

Contact Lens 
Decentration 

(mm) 

Biofinity MF D -0.17 ± 0.48 

Proclear MF D -0.05 ± 0.62 

NaturalVue MF -0.11 ± 0.39 

Clariti 1-Day MF -0.14 ± 0.46 

 

2.3.2 Visual Acuity 

Best corrected high- and low-contrast visual acuity with each lens brand and when 

subjects were tested with their spherical equivalent in the spectacle plane are shown in Table 2.3. 

For the first cohort, which included spherical equivalent spectacle lens correction, Proclear 

Multifocal D, and Biofinity Multifocal D, the difference between high- and low-contrast visual 

acuity did not depend on the lens worn during vision testing (contrast x lens interaction; P = .10). 

There was a main effect of contrast on visual acuity, with low-contrast acuity being on average 
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(± standard deviation) 0.20 ± 0.05 logMAR worse than high-contrast acuity across all lenses 

(contrast main effect; P < .0001). There were also statistically significant differences in visual 

acuity between the three lens corrections (lens main effect; P = .018). Regardless of contrast 

level, visual acuity was on average 0.04 logMAR better with Proclear Multifocal D than with the 

spherical equivalent spectacle lens and the Biofinity Multifocal D contact lens (both adjusted P = 

.045); however, this two-letter difference is not clinically meaningful.  

 

Table 2.3: Mean (± SD) high- and low-contrast logMAR visual acuity (VA) with spherical 

equivalent (SE) spectacles and each of the tested multifocal contact lenses.  

 
 

High-Contrast VA Low-Contrast VA 

Cohort 1 

SE spectacle lens 0.01 ± 0.08 0.19 ± 0.10 

Proclear D Multifocal -0.05 ± 0.07 0.17 ± 0.11 

Biofinity D Multifocal -0.01 ± 0.09 0.21 ± 0.08 

Cohort 2 

SE spectacle lens 0.04 ± 0.12 0.19 ± 0.15 

NaturalVue Multifocal 0.02 ± 0.10 0.27 ± 0.12 

Clariti 1-Day Multifocal 0.20 ± 0.10 0.40 ± 0.10 

 

In our second cohort that included spherical equivalent spectacle lens correction, the 

NaturalVue Multifocal, and the Clariti 1-Day Multifocal (center-near), the difference between 

high- and low- contrast visual acuity did depend on the lens worn (contrast x lens interaction; P 

= .0003). Despite best over-refraction, high-contrast visual acuity with the Clariti 1-Day 

Multifocal (high add) was on average 0.15 logMAR worse (1.5 lines) than with a spherical 

equivalent spectacle lens (P < .0001). There was no difference in high-contrast visual acuity 

between the NaturalVue Multifocal and spherical equivalent spectacle lens (P = .35). On 

average, when compared to the spherical equivalent spectacle lens, low-contrast visual acuity 
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was worse with both multifocal lenses (NaturalVue Multifocal worse by 0.08 logMAR and 

Clariti 1-Day Multifocal worse by 0.21 logMAR; both P < .05). In both instances, the center-

near Clariti 1-Day Multifocal with high add resulted in the largest reduction in visual acuity. 

 

2.3.3 Peripheral Defocus 

In each cohort, there were differences between relative peripheral refraction of the 

uncorrected eye and relative peripheral defocus measured while wearing each contact lens that 

depended on lens design (condition x location interaction; both P < .0001). The Proclear 

Multifocal D caused significant myopic shifts in relative peripheral defocus at 40° nasal, 30° 

nasal, and 20° temporal on the retina (all P < .05; Figure 2.1A). These significant changes ranged 

from -0.65 to -0.46 diopters. The Biofinity Multifocal D caused significant myopic shifts in 

relative peripheral defocus at all retinal locations (all P < .05), with the exception of 20° nasal on 

the retina (Figure 2.1A). These significant changes ranged from -0.83 to -0.61 diopters. The 

NaturalVue Multifocal caused a significant myopic shift in relative defocus of -0.51 ± 0.18 

diopters at 30° nasal on the retina, and significant hyperopic shifts of 1.33 diopters or more at 

40° nasal and 30° temporal (all P < .05; Figure 2.1B). The Clariti 1-Day (center-near) Multifocal 

caused significant hyperopic shifts in relative defocus at all locations (all P < .05; Figure 2.1B), 

with the exception of the 10° nasal and 20° nasal locations where there was no significant change 

in defocus. The significant hyperopic defocus changes ranged from 1.16 to 0.21 diopters. 
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Figure 2.1: Relative peripheral defocus when wearing each contact lens and relative peripheral 

refraction of the unaided eye for A) cohort 1 wearing Biofinity Multifocal D and Proclear 

Multifocal D (both +2.50 diopter add powers) and B) cohort 2 wearing NaturalVue Multifocal 

and Clariti 1-Day Multifocal (high add). Error bars indicate the standard error. Asterisks indicate 

points where the relative peripheral defocus induced by a contact lens is significantly different 

than relative peripheral refraction of the unaided eye at that location (all P < .05). 
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Changes in defocus caused by the optics of each multifocal contact lens are graphed in 

Figure 2.2. These changes are referenced against a spherical image shell that is normalized to the 

fovea (indicated by a change in defocus of zero in the figure). This spherical image shell 

represents a “perfect” correction that does not alter peripheral defocus (i.e., the change in 

defocus is the same at the fovea as it is in the periphery). The central defocus values represent 

the residual defocus measured by autorefraction after optimizing distance visual acuity with 

spherical over-refraction. Despite subjects being well-corrected after over-refraction with all 

three center-distance multifocal designs (mean high-contrast acuity range: 0.02 logMAR to -0.05 

logMAR; Table 2.3), a significant amount of myopic defocus was measured by autorefraction 

along the line of sight. The average myopic defocus along the line of sight with each of the three 

center-distance multifocal contact lens designs ranged from -0.73 diopters to -0.89 diopters (all P 

< .001; Figure 2.2), showing simultaneous myopic defocus centrally on the retina from the 

multifocal contact lens optics. With the Clariti 1-Day center-near design, defocus along the line 

of sight was not significantly different than zero (P = .97; Figure 2.2).  
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Figure 2.2: The change in defocus at each retinal location caused by the multifocal contact lens 

optics after over-refraction to optimize distance visual acuity. Open symbols indicate points 

which were not significantly different from zero, and solid symbols were significantly different 

than zero. The bold line at 0.00 D represents a spherical image shell normalized to the fovea. 

 

Differences in the change in peripheral defocus caused by the multifocal contact lens 

optics between the center-near design and the three center-distance designs are quite apparent. 

For the Clariti 1-Day center-near multifocal, the changes in defocus caused by the lens optics 

were not different than zero across the central region from 20° nasal on the retina to 10° temporal 

on the retina, and were hyperopic at all more peripheral retinal locations measured (40° and 30° 

nasal, and 20°, 30°, 40° temporal; all P < .05). For all center-distance multifocal contact lenses, 

all retinal locations from 30° nasal to 20° temporal, including values along the line of sight, 

myopic changes in defocus were measured (Figure 2.2). While the Biofinity Multifocal D and 

the Proclear Multifocal D caused myopic changes in defocus at every retinal location measured, 

the NaturalVue Multifocal caused a hyperopic change in defocus at 40° nasal and 30° temporal 

on the retina (all P < .05) and no significant change in defocus 40° temporal on the retina.  
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2.3.4 J0 and J45 Astigmatism 

In the first cohort, when evaluating differences in the amount of J0 for uncorrected eyes 

and while wearing each of the test contact lenses, there was a main effect of condition (P < .001; 

Figure 2.3A) that did not differ by retinal location (condition x location interaction; P > .09). J0 

astigmatism with the Biofinity Multifocal D was (mean ± standard deviation) 0.14 ± 0.13 

diopters greater than J0 of the uncorrected eye (P < .001), though this difference is clinically 

small. There were no differences between Proclear Multifocal D and the uncorrected eye. For the 

second cohort, there were differences in the amount of J0 for uncorrected eyes and while wearing 

each of the test contact lenses that depended on the retinal location measured (condition x 

location interaction; P < .0001). For the NaturalVue Multifocal, there were two large (+1.06 to 

+1.34D) positive significant changes in J0 astigmatism at 40° nasal and 30° temporal retina, and 

there were much smaller (about -0.10 D), significant negative differences at 20° nasal and 10° 

temporal retina when compared to the uncorrected eye (all P < .04; Figure 2.3B). Compared to 

the uncorrected eye, the center-near Clariti 1-Day Multifocal caused significant positive shifts in 

J0 astigmatism at multiple locations (all P < .0001; Figure 2.3B), with the exception of the 

central, 10° nasal, 10° temporal, and 30° temporal retinal locations. The differences in J0 

astigmatism with the Clariti 1-Day Multifocal were generally small (0.50 diopters or less) versus 

some of the larger differences seen with the NaturalVue Multifocal. 
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Figure 2.3: Average uncorrected J0 astigmatism and J0 astigmatism when wearing each of the test 

contact lenses for A) cohort 1 wearing Biofinity Multifocal D and Proclear Multifocal D (both 

+2.50 diopter add powers) and B) cohort 2 wearing NaturalVue Multifocal and Clariti 1-Day 

Multifocal (high add). Error bars indicate standard error. Asterisks indicate points where J0 

astigmatism while wearing a contact lens are significantly different than uncorrected J0 

astigmatism at that location (all P < .05). 
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In both cohorts, when evaluating differences in the amount of J45 astigmatism for 

uncorrected eyes and while wearing each of the tested contact lenses, there was a significant 

interaction between condition and retinal location (condition x location interactions; both P < 

.007). For the first cohort, most changes caused by the lenses were clinically small, with the 

largest change being 0.35 diopters at 20° nasal caused by the Proclear Multifocal D (P < .0001; 

Figure 2.4A). Despite all changes being clinically small, the only locations without a significant 

difference in J45 astigmatism when wearing a study contact lens compared to the uncorrected eye 

were at 40° temporal and 40° nasal with the Biofinity Multifocal D. Similarly, in cohort two, J45 

differences when wearing the study contact lenses were clinically small. Statistically significant, 

but clinically small differences in J45 astigmatism with contact lenses compared to the 

uncorrected eye were only found centrally and at 20° and 10° temporal retina with the Clariti 1-

Day Multifocal and at 10° temporal retina with the NaturalVue Multifocal (all P < .009, Figure 

2.4B). 
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Figure 2.4: Average uncorrected J45 astigmatism and J45 astigmatism when wearing each of the 

test contact lenses for A) cohort 1 wearing Biofinity Multifocal D and Proclear Multifocal D 

(both +2.50 diopter add powers) and B) cohort 2 wearing NaturalVue Multifocal and Clariti 1-

Day Multifocal (high add). Error bars indicate standard error. Asterisks indicate points where J45 

astigmatism induced by a contact lens are significantly different than uncorrected J45 astigmatism 

at that location (all P < .05). 
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2.4 Discussion  

2.4.1 Contact lens effects on visual acuity 

In this study, the Clariti 1-Day multifocal contact lens (center-near, high add) resulted in 

clinically meaningful reductions in high- and low-contrast vision when compared with spherical 

equivalent lenses at the spectacle plane. Visual acuity in non-presbyopic subjects with center-

near multifocal contact lenses is not widely reported in the literature. In one study published in 

2016 by Fedtke et al., both center-near and center-distance multifocal contact lenses were tested 

(Fedtke et al. 2016). In their study, mean high-contrast distance acuity with a standard spherical 

contact lens was -0.10 logMAR; however, the three center-near high-add multifocal designs they 

tested (PureVision Multifocal, AirOptix Aqua Multifocal, and Proclear Multifocal N) resulted in 

mean distance acuity that ranged from 0.13 logMAR to 0.20 logMAR, indicating the center-near 

lenses resulted in a one- to two-line reduction in visual acuity when compared with a spherical 

contact lens. Though Fedtke et al. reported decreased reductions in visual acuity with low-add 

center-near multifocals, we choose a high add for the center-near Clariti 1-Day Multifocal as it is 

suggested that higher add powers are more efficacious for myopia control, and to ensure a more 

equal comparison of changes in retinal defocus across center-distance and center-near multifocal 

lens designs.  

Fedtke et al. also reported statistically significant, but clinically small, three-letter 

reductions in high-contrast visual acuity with the center-distance Proclear Multifocal D (high 

add) and the MiSight lens design compared to a spherical contact lens; however, both multifocal 

lenses were reported to have reduced subjective visual performance, as assessed by a participant 

questionnaire after one hour of wearing the lens monocularly. As one might expect, the authors 

found that better vision was achieved with lower add multifocals than with higher add powers 

(Fedtke et al. 2016).  
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Using a similar contact lens to the Proclear Multifocal D, a recent study by Schulle et al 

found no significant difference in high-contract visual acuity with the Biofinity Multifocal D 

(+2.50 add) compared to full spectacle correction in 294 myopic children (Schulle et al. 2018). A 

2018 study of the Proclear Multifocal D contact lens (+2.00 add) also did not find a significant 

difference in high-contrast visual acuity between the multifocal contact lens and the spherical 

control. However, they did report a reduction in subjective visual quality when compared with a 

spherical contact lens after a five-day period of wear (Diec et al. 2018). In 2013, Kollbaum et al. 

compared standard spectacle correction to the Proclear Multifocal D (+2.00 add) and found that 

the multifocal contact lens had no significant effect on high-contract visual acuity. However, this 

same study found significant reductions in subjective visual performance and a reduction in low-

illumination low-contrast visual acuity of approximately one line when compared to spectacle 

correction (Kollbaum et al. 2013). Kang et al. compared both high- and low-contrast visual 

acuity with the Proclear Multifocal D (+3.00 add) to vision with a Proclear spherical contact 

lenses. In this study, the +3.00 add Proclear Multifocal reduced high-contrast visual acuity by 

roughly two letters and low-contrast visual acuity by four letters. Additionally, the Proclear 

Multifocal D (+3.00 add) reduced subjective visual quality at both the dispense visit and the two-

week follow-up (Kang et al. 2017). A two-year clinical trial by Sankaridurg et al. randomly 

assigned myopic children to either one of four multifocal lenses, two different center-distance 

multifocal designs each with a lower and higher add power, or a standard single vision contact 

lens control group. They reported statistically significant reductions in high-contrast visual acuity 

for three of the four specialty multifocal contact lenses. These reductions were all less than 0.10 

logMAR, with two lenses causing changes of less than 0.05 logMAR, or half of a line. For low-

contrast visual acuity, all four multifocal lenses caused reductions in visual acuity, ranging from 
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0.11 to 0.19 logMAR, or one to two lines, when compared to the spherical control contact lens 

group (Sankaridurg et al. 2019). Collectively, these studies found that high-add center-distance 

contact lenses provide similar high-contrast visual acuity to standard corrections, while generally 

reducing low-contrast visual acuity by approximately one line.  

Consistent with previous studies, we did not find a clinically meaningful difference in 

high-contrast visual acuity between the Proclear Multifocal D (+2.50 add), Biofinity Multifocal 

D (+2.50 add), or NaturalVue Multifocal when compared to spherical equivalent spectacle 

correction. For low-contrast visual acuity, we did not find a significant difference between 

spherical equivalent spectacle correction and either the Proclear Multifocal D or Biofinity 

Multifocal D. We did find a roughly one-line reduction in low-contrast visual acuity with the 

NaturalVue Multifocal, which agrees with the low-contrast results of Kang et al. and 

Sankaridurg et al (Sankaridurg et al. 2019; Kang et al. 2017). It is unclear why we did not 

measure further reductions in low-contrast visual acuity with the Proclear Multifocal D or the 

Biofinity Multifocal D when compared to spherical equivalent spectacles, especially as other 

studies have reported roughly one-line reductions (4 letters or more) in low-contrast acuity with 

multifocal designs. The mean age, refractive error, and pupil size were the same between the two 

cohorts tested in this research. The same experimental setup was used to test both cohorts with 

lens randomization, and the mean spherical equivalent spectacle corrected low-contrast visual 

acuity in both cohorts was the same (0.19 logMAR). The mean over-refraction for each 

multifocal was also similar (0.30 D or less).  

It has been previously reported that certain aberration modes can combine to improve or 

reduce visual performance (Applegate et al. 2003). Both the Proclear D and Biofinity D 

Multifocal lenses have a similar design. One potential hypothesis for the lack of reduced low-
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contrast acuity when wearing these multifocals could be that the subjects’ own ocular aberrations 

in cohort 1 on average combined with the multifocal in a way that resulted in improved visual 

performance. Future studies would be needed to test this hypothesis. Consistent with Fedke et al 

(Fedtke et al. 2016), we did find that the high-add center-near multifocal design caused a 

significant reduction in high-contrast visual acuity. Additionally, we found that high-add center-

near multifocal contact lenses reduce low-contrast visual acuity by more than two lines.  

 

2.4.2 Contact lens effects on defocus 

The center-near Clariti 1-Day Multifocal design caused hyperopic changes in defocus 

with increased eccentricity (Figure 2.2). Despite the plus power being in the center of the optic 

zone, any central myopic defocus one might expect due to the central add power in the lens 

design was eliminated in these non-presbyopic subjects after conducting an over-refraction. At 

least with this specific center-near multifocal design, the over-refraction required to best correct 

distance visual acuity resulted in the overall image shell being shifted in the hyperopic direction, 

increasing the amount of hyperopic defocus. Previous research with different center-near 

multifocals also found peripheral hyperopic shifts in defocus. In 2017, Fedtke et al. evaluated 

three center-near multifocals (Proclear Multifocal N, PureVision Multifocal, and Air Optix Aqua 

Multifocal). Like our results, each lens caused peripheral hyperopic shifts in defocus. However, 

unlike our results, Fedtke et al. found relative myopic shifts in defocus centrally. In their study, 

Fedtke et al. did not state whether an over-refraction was performed when fitting each lens, 

which could account for differences between our studies. Their research also used an 

aberrometer to measure peripheral refraction, the Brien Holden Vision Institute EyeMapper, 

versus the autorefractor utilized in our study (Fedtke et al. 2017). Differences in the operating 

principals and sampling of these instruments as well as differences in the lens designs tested 
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between the studies could account for this difference between our findings. The strong peripheral 

hyperopic defocus found in our data demonstrates the potential to increase hyperopic defocus 

when trying to optimize visual acuity when using a center-near design in a non-presbyope. The 

center-near defocus profile of the Clariti 1-Day would not be conducive to slowing myopia 

progression based on the myopic defocus hypothesis of slowing eye growth (Smith 2011).  

All three center-distance multifocal contact lenses caused myopic defocus centrally, as 

measured by autorefraction, while also providing good high-contrast visual acuity. While the 

Proclear Multifocal D and Biofinity Multifocal D demonstrated similar peripheral myopic 

changes in defocus (Figure 2.1A and Figure 2.2), the NaturalVue Multifocal had a unique 

profile. The NaturalVue Multifocal caused a myopic change in defocus centrally (from 30° nasal 

to 20° temporal on the retina) but hyperopic changes in defocus in the periphery at 40° nasal and 

30° temporal on the retina (Figure 2.1B and 2.2). This defocus profile has been partially 

replicated in recently published research (Jaisankar et al. 2019). Jaisankar et al. reported a 

hyperopic shift in relative peripheral refraction with the NaturalVue Multifocal lens at 35° on the 

temporal retina. No hyperopic shifts were seen on the far peripheral nasal retina; however, they 

measured out to 35° while our study measured out to 40°.  Differences in lens centration between 

studies could also be a contributing factor. Since spherical contact lens designs are rotationally 

symmetric, it can be expected that any change present temporally should also be present nasally.  

According to the manufacturer, the NaturalVue Multifocal design is reported to have an 

increase in plus power of +8 to +11 diopters near the center of the lens (US patents 6474814, 

7178918) (Cooper et al. 2018; Visioneering Technologies Inc. ; Jaisankar et al. 2019). This 

central increase in plus power was not detected in these data. The Grand Seiko autorefractor used 

to measure refractive values in this study uses an analysis beam diameter of 2.3mm (Fedtke et al. 
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2009). Instrument resolution could have masked detection of rapid power changes in this 

particular lens design. 

The implication of the hyperopic and myopic changes in defocus with the NaturalVue 

Multifocal as it pertains to the potential efficacy of the lens for slowing myopia progression is 

not known and will require a randomized clinical trial to determine. Based on animal models, 

when eyes are exposed to regions of hyperopic and myopic defocus simultaneously, eye growth 

is guided by the most myopic defocus present. In infant macaque monkeys, when presented with 

two planes of defocus, eyes typically grow toward the more myopic image plane (Arumugam et 

al. 2014) even when the myopic defocus is only one-fifth of the total area of the lens (Arumugam 

et al. 2016). This relationship has also been seen in marmosets (Benavente-Perez et al. 2012). 

Recently published data on the MiSight lens, a center-distance dual-focus lens design, suggests 

that human eyes may also respond to the more myopic image plane (Chamberlain et al. 2019; 

Ruiz-Pomeda et al. 2018). Retrospective data published in which myopic children were fitted 

with the NaturalVue Multifocal suggest the lens may slow progression (Cooper et al. 2018), 

though a prospective randomized clinical trial is needed.  

For both the Biofinity Multifocal D and the Proclear Multifocal D, the myopic changes in 

relative peripheral defocus found in our study agree with previously published profiles (Kang et 

al. 2013; Berntsen and Kramer 2013). In a two-year, non-randomized study, the Proclear 

Multifocal D resulted in a 29% reduction in myopia progression (based on axial length changes) 

when compared with matched historical controls (Walline et al. 2013). A currently ongoing three 

year randomized clinical trial, the Bifocal Lenses in Near-sighted Kids (BLINK) study, is 

comparing how effective different add powers of the Biofinity Multifocal D are in slowing 

myopia progression (Walline et al. 2017). There have also been several studies investigating the 
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effect of non-commercially available multifocal center-distance contact lenses on myopia 

progression in children. In all of these studies, there is some amount of reduction in myopia 

progression. Fujikado et al found a 47% reduction in axial length growth after eleven months of 

wear (Fujikado et al. 2014). Paune et al found a 27% reduction in axial length growth in their 

multifocal contact lens group after 2 years (Paune et al. 2015). With one year of wear, 

Sankaridurg et al. found a 33% reduction in axial elongation in subjects wearing a multifocal 

contact lens with a +2.00D add (Sankaridurg et al. 2011). Together these studies indicate that 

center-distance multifocal contact lenses, like the Proclear Multifocal D and the Biofinity 

Multifocal D, can slow myopia progression when compared to single vision contact lenses and 

spectacles. 

When looking at the effects these contact lenses have on J0 and J45 astigmatism, the 

results for the Biofinity Multifocal D found in this study (Figures 2.3A and 2.4A, respectively) 

agree with previously published profiles (Berntsen and Kramer 2013). Similarly, the changes in 

J0 and J45 astigmatism induced by the Proclear Multifocal D also agree with previously published 

profiles (Kang et al. 2013; Jaisankar et al. 2019). Temporal retinal changes in J0 astigmatism 

induced by the NaturalVue Multifocal (Figure 2.3B) were comparable with profiles published by 

Jaisankar et al (Jaisankar et al. 2019); however, the nasal retinal J0 astigmatism changes they 

reported in their study do not completely match those found in our work. We found a positive 

change in J0 astigmatism in the nasal retinal periphery that they did not. Differences in lens 

centration and the maximum eccentricity of measurement may again explain this difference. That 

said, J45 astigmatism was small and similar between their study and ours (Figure 2.4B).  

A study limitation is that the changes in defocus were measured on young myopic adults 

as opposed to myopic children; however, the changes in retinal defocus caused by the lens optics 
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are expected to be similar since the anterior segment of the eye upon which the contact lens is 

fitted reaches adult dimensions at roughly two years of age (Wolff and Last 1968). The changes 

in defocus are also unique to the specific contact lenses measured. Contact lens designs other 

than those tested in this study would be expected to influence retinal defocus differently. The 

average change in retinal defocus caused by the lens optics is also reported in this study. It is 

important for clinicians to note that the actual retinal defocus experienced by a specific eye will 

depend on the baseline ocular shape of the eye since some eyes have more relative peripheral 

hyperopia than others due to variability across eyes. Measuring retinal defocus is the only way to 

definitively know the amount of retinal defocus the eye is experiencing while wearing a contact 

lens, but these measurements are unfortunately not quickly obtained with currently available 

commercial instruments. 

This study examined visual acuity in young myopic adults and the lenses were not 

dispensed. It is possible that myopic children wearing these lenses for longer periods of time 

might accommodate or adapt differently to the aberrations of these lenses resulting in 

improvements in visual acuity over time (Sawides et al. 2011). If that is the case, these results 

may underestimate the ultimate vision achieved. It is important for clinical trials determining the 

efficacy of any contact lens for myopia control in children to measure and report the long-term 

effects of any optical device on high- and low-contrast vision and other functional measures of 

vision that can be affected, such as reading speed (Wolffsohn et al. 2019). 

 

2.4.3 Conclusion 

Overall, center-distance multifocal contact lenses induced myopic defocus in most 

peripheral locations, while the center-near lens tested induced hyperopic defocus in most 

peripheral locations. Additionally, the high add center-near lens tested, unlike the high add 
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center-distance lenses, significantly degraded both high- and low-contrast visual acuity when 

compared to spherical equivalent spectacles. These effects on vision and defocus do not support 

the use of center-near lenses for myopia control. Further work is needed to determine whether 

differences in center-distance multifocal lens design influence any potential slowing of myopia 

progression.  
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Chapter 3: Conclusions 

The purpose of this thesis was to investigate the defocus profiles of four commercially-

available multifocal soft contact lenses (three center-distance and one center-near designs) and to 

compare the effects each of these contact lenses have on the high- and low-contrast visual acuity 

in non-presbyopic, myopic individuals. 

There are a variety of multifocal and dual focus soft contact lens designs currently being 

used clinically for myopia control. While many novel lens designs have been evaluated for their 

efficacy in slowing myopia progression, most are not commercially available in the United 

States. Eye care providers in the US have been using contact lenses marketed for presbyopia off-

label for myopia control. Given the differences in available center-distance multifocal contact 

lens designs, it is important to understand the defocus profiles of the most common 

commercially-available contact lenses being used for myopia control. There is also limited 

information on the effect of center-near multifocal soft contact lens designs on retinal defocus. 

This thesis investigated both center-distance and center-near multifocal contact lenses to aid both 

researchers and eye care providers in understanding the design characteristics of these multifocal 

lenses and their effects on retinal defocus to inform their use of these lenses for myopia control.  

Equally important as the effect of each lens design on retinal defocus is their influence on 

visual acuity in non-presbyopic individuals. In other research, center-distance MFCLs were 

reported to result in similar high-contrast visual acuity and reduced low-contrast visual acuity 

when compared to single vision contact lenses and spectacles. Again, few studies have compared 

visual acuity with center-distance lenses to visual acuity with center-near lenses. An evaluation 

of visual acuity, both high-contrast and low-contrast, can help clinicians educate their non-

presbyopic patients on the vision to expect in these commercially available MFCLs. Comparing 
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the defocus profiles and visual acuity with these four lenses is useful in understanding the 

properties and utility of each of these lenses in myopia control applications. 

The main findings of this thesis are as follows: 

• High-contrast visual acuity was similar between spherical equivalent spectacles and all 

center-distance multifocal designs (Proclear Multifocal D, Biofinity Multifocal D, and 

NaturalVue Multifocal). Low-contrast visual acuity with the Proclear Multifocal D and 

Biofinity Multifocal D designs was similar to acuity with a spherical equivalent spectacle 

lens. With the NaturalVue Multifocal, low-contrast visual acuity was four letters worse 

(about a line) compared to spherical equivalent spectacles.  

• The center-near design tested (Clariti 1-Day Multifocal) degraded both high- and low-

contrast visual acuity. High-contrast visual acuity was reduced by 1.5 lines and low-

contrast visual acuity was reduced by 2 lines compared to a spherical equivalent spectacle 

lens.  

• The Proclear Multifocal D and the Biofinity Multifocal D created similar myopic changes 

in defocus. After over-refraction, both the Proclear Multifocal D and Biofinity Multifocal 

D created significant myopic changes in defocus centrally and on the peripheral retina.  

• Unlike the other center-distance lens designs, the NaturalVue Multifocal caused both 

significant myopic and significant hyperopic shifts in defocus at different retinal 

locations. Myopic changes were found centrally, while hyperopic changes were found at 

40° nasal and 30° temporal on the retina. 

• The Clariti 1-Day (center-near) Multifocal caused significant hyperopic changes in retinal 

defocus at 30° and 40° on the nasal retina and at 20°, 30°, and 40° on the temporal retina. 

This defocus profile stands in contrast to the center-distance lenses which induced 
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myopic defocus in some retinal locations. The lack of myopic changes in defocus after 

over-refraction with this center-near design and the reductions in best-corrected high- and 

low-contrast visual acuity preclude the use of this multifocal design for myopia control.  

• Despite subjects being well-corrected after over-refraction with all three center-distance 

multifocal designs, a significant amount of myopic defocus was found along the line of 

sight with all three center-distance lenses. With the center-near Clariti 1-Day Multifocal 

design, defocus along the line of sight was not different than zero, despite best-corrected 

high-contrast visual acuity being reduced. 

• Regarding astigmatism, the Biofinity Multifocal D and the Proclear Multifocal D designs 

caused no significant changes in J0 astigmatism along the horizontal visual field. For the 

NaturalVue Multifocal, changes in J0 astigmatism mirrored those seen with relative 

peripheral defocus, with significant positive changes in J0 astigmatism at 40° nasal and 

30° temporal on the retina. For the center-near Clariti 1-Day Multifocal, changes in J0 

astigmatism mirrored changes in relative peripheral defocus with small but statistically 

significant positive changes in the retinal periphery. While all four lenses induced at least 

one statistically significant change in J45 astigmatism, these changes were small in 

magnitude.  
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