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Abstract 

Purpose: The Dual-focus Inhibition of Myopia Evaluation in New Zealand (DIMENZ) 

clinical trial tests the efficacy of myopic retinal defocus in slowing axial myopia progression. 

Methods: Dual-focus (DF) soft contact lenses were designed having a central zone correcting 

refractive error and peripheral treatment zones that caused 2.00D of simultaneous myopic 

retinal defocus. Children (12-14 yrs, n = 40, mean refractive error = -2.70D) were fitted with 

a DF lens in one eye and a single vision distance (SVD) lens in the fellow eye. After 10 mo. 

wear, lens assignment was swapped between eyes and the lenses worn for a further 10 mo. 

Accommodation was measured using an open-field autorefractor. Myopia was monitored 

using cycloplegic autorefraction and partial coherence interferrometry every 5 mo. 

Results: For DF lens-wearing eyes mean (± 1 SD) acuity was 99.85 ± 3.53) and for SV lens-

wearing eyes 100.20 ± 2.87 (p = 0.209). After 10 months of CL wear mean (± 1 SD) increase 

in myopia and axial length in eyes wearing the DF lens (-0.441 ± 0.326 & 0.110 ± 0.084) 

were significantly less (p < 0.001) than in eyes wearing the SVD lens (-0.677 ± 0.405 & 

0.218 ± 0.089). Thus, DF lenses had a 12 month adjusted treatment effect of 0.28D & 0.13 

mm. Accommodative response was measured through the SVD lens and through a single 

vision near (SVN) lens (+2.50 D add) that reduced the accommodative demand to zero. When 

children changed their gaze from 4 m to 40 cm, accommodation increased by 1.80 ± 0.37 D 

when wearing a DF lens with a SVD lens and by 1.62 ± 0.59 with a DF and SVN contact lens 

(no significant difference, p = 0.21). 

Conclusion: Myopia progression is slowed significantly in eyes wearing DF lenses. This 

suggests that a myopically defocused image, even when presented to the retina 

simultaneously with a clear image, acts to slow myopia progression in children. DF lenses 

provide normal acuity and do not alter accommodative response, so provide myopic retinal 

defocus at distance and near.  
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Chapter 1. Introduction 

 

Myopia is the most common ocular disorder (D. S. P. Fan et al., 2004) and is generally the 

result of an abnormal enlargement of the eye (Sorsby, Leary, & Fraser, 1966; Stenstrom, 

1948). Although the myopic refractive error can be corrected by various methods, for 

example spectacles, contact lenses and LASIK, these do not address the underlying abnormal 

eye enlargement. High myopia has been associated with increased risk of retinal detachment, 

myopic retinal degenerations and glaucoma (Lam et al., 2005; Rivera, Bell, & Feldman, 

2008; Soubrane, 2008). There is considerable debate as to the factors that contribute to the 

development of myopia. Acknowledged risk factors such as parental myopia and East Asian 

ethnicity suggest a genetic contribution, but it is likely that myopia is multi-factorial in origin 

and that both genetic and environmental aspects influence the development of refractive 

error. The sudden increase in myopia prevalence last century, especially in some Asian 

countries, strongly suggests that environmental factors play a key role in myopia 

development (R. W. Morgan, Speakman, & Grimshaw, 1975; Sorsby & Young, 1970). 

 

Animal models of refractive development have provided insight into the likely environmental 

mechanisms that control the normal growth and refractive development of the human eye. 

Studies of developing animals, such as chick (F Schaeffel, Glasser, & Howland, 1988; 

Schmid & Wildsoet, 1996), tree shrew (N A McBrien, Gentle, & Cottrial, 1999; Siegwart & 

Norton, 1993) and monkey (Hung, Crawford, & Smith, 1995) have shown that it is possible 

to alter the refractive development of the eye with the addition of positive and negative 

lenses. Raising an infant animal wearing a minus powered lens over one eye, results in 

hyperopic retinal defocus that causes axial elongation and the development of myopia.  In 

contrast, raising animals with a plus lens over one eye produces myopic retinal defocus and 

causes reduced axial growth of the eye and the development of hyperopia (Edwards, 1996; 

Schmid & Wildsoet, 1996). 

Results from animal studies may also provide a logical basis for optical therapies to slow 

myopia progression in children. It has been demonstrated that children with myopia have 

larger lags of accommodation (Gwiazda, Bauer, Thorn, & Held, 1995) which would result in 
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hyperopic retinal defocus with prolonged near work that might cause axial elongation of the 

eye and myopia (Gwiazda et al., 2004; Gwiazda, Thorn, & Held, 2005). However, optical 

therapies such as bifocals and progressive addition lenses (PALs) designed to specifically 

reduce accommodative lag, have shown limited success in slowing myopia progression in 

children (Grosvenor, Perrigin, Perrigin, & Maslovitz, 1987; Gwiazda et al., 2003). In a recent 

study of spectacle lenses and myopia progression in Auckland schoolchildren it was shown 

that eyes that experienced sustained myopic defocus as a result of under-correcting one eye, 

had significantly less myopia progression compared with the fellow eyes which were fully 

corrected for distance viewing (Phillips, 2005b). This study implied that myopic retinal 

defocus could successfully reduce both the abnormal growth of the vitreous chamber and the 

myopic refractive error. However, this monovision therapy is not a clinically applicable 

treatment as myopia progression was reduced in one eye only. 

 

At present, the most effective treatment available to inhibit the development of myopia, or to 

slow its progression, is atropine eye drops (Chua et al., 2006; D. S. Fan et al., 2007). 

Systemic and ocular side effects such as blurred near vision, photophobia, dermatitis and UV-

related retinal damage has made the widespread use of atropine largely impractical (Shih et 

al., 2001). It is also possible that the accumulation of atropine over a long period of time may 

be toxic to the neural retina, and the constant pupillary dilation which increases the amount of 

light entering the eye may lead to light-damage to the retina (Luu, Lau, Koh, & Tan, 2005). 

 

There is a pressing need to develop methods to inhibit the development of myopia in 

children. The complications of high myopia are the fourth leading cause of blindness 

(Bamashmus, Matlhaga, & Dutton, 2004). Moreover, low vision resulting from the 

complications of myopia often affect those in their most economically active years leading to 

severe loss of earnings in many cases (Edwards & Lam, 2004). Any therapy that successfully 

slowed the progression of myopia in school children would reduce the risk of developing 

myopia-associated blindness or visual impairment and would have a major cost benefit to the 

health systems of New Zealand and the rest of the world.   
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The Dual-focus Inhibition of Myopia Evaluation in New Zealand (DIMENZ) study described 

in this thesis is the first registered randomized controlled clinical trial to assess the safety and 

efficacy of a soft contact lens designed to present myopic retinal defocus to the retina, while 

maintaining the clear distance vision necessary for normal activities. This ‘dual-focus’ (DF) 

lens produces two focal planes through the use of a simultaneous vision soft contact lens that 

both corrects the distance refractive error, as well as providing 2.00 D of under-correction to 

create simultaneous myopic retinal defocus.  

1.1. Aims 

Specifically the aims of this research were: 

1. To test the efficacy of DF contact lenses in slowing progression of axial myopia by 

comparing the changes in refractive error and ocular axial elongation between eyes 

fitted with DF lenses and eyes fitted with standard single vision distance (SVD) 

lenses. A 20 month paired-eye cross-over study was conducted in which children 

were fitted with a DF lens in one eye and an SVD lens in the contra-lateral eye for a 

period of 10 months, after which the lens allocation was crossed over. 

2. To assess the accommodative status of children while wearing DF lenses monocularly 

to establish the presence or absence of myopic retinal defocus at near in participants 

enrolled in the DIMENZ trial. 

3.  To establish a method that would predict whether myopic retinal defocus was present 

at near when wearing DF lenses binocularly.  

4. To measure visual function (visual acuity and contrast sensitivity) in eyes wearing DF 

lenses compared with eyes wearing SVD lenses. 

 

1.2. Thesis Overview 

This thesis consists of six chapters. The remainder of this first chapter provides a brief 

overview of the current understanding of myopia development and interventions employed to 

retard myopia progression. Chapter Two discusses the principles behind the design of the 

dual-focus contact lens and presents results related to the visual function and safety of contact 

lens wear in the DIMENZ trial. Chapter Three describes the study design methods employed 
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in the DIMENZ trial, while Chapter Four presents the results of the refractive error changes 

in the DIMENZ subjects. Chapter Five discusses the overall contribution of this thesis in 

relation to other work in the area of myopia development and therapies. In addition Chapter 

Five discusses the benefits and limitations to the study design utilised and points to future 

directions for research. Chapter Six concludes by summarizing the achievements of this 

thesis and the main results observed in the DIMENZ trial. 

 

1.3. Background 

1.3.1. Development of Myopia in Humans 

Myopia tends to develop in school-aged children between five and 15 years (Saw, Chua et al., 

2005; K Zadnik et al., 2002). The Singapore Cohort of Risk Factors for Myopia (SCORM) 

study evaluated the refractive development of 1,019 children aged 7-9 years, 331 (32%) of 

whom were myopic and 688 (68%) of whom were emmetropic or hyperopic at baseline (Saw, 

Chua et al., 2005). In total 842 children completed the three year study, which found 42.7% 

of children who were emmetropic or hyperopic at baseline became myopic during the course 

of the study. In children who were myopic at baseline, the three year cumulative progression 

of myopia was -2.03 D, which was accompanied by an increase in axial length of 0.89 mm. 

The rate of myopia progression was highest in the first two years of the study, with small 

changes in both refractive error and vitreous chamber elongation in the final year of data 

collection. Evidence suggests that the prevalence of myopia, especially high myopia, in East 

Asian countries is increasing and the age of onset is decreasing (Lin, Shih, Hsiao, & Chen, 

2004). 

 

Thorn et al (2005) have used mathematical modelling to characterize the refractive error 

change during myopia development in a sample of children with diverse refractive histories 

(Thorn, Gwiazda, & Held, 2005). Using a double exponential, Gompertz, function the authors 

found that the age of onset for the myopization process occurs between five and 10 years for 

more than 80% of subjects; the onset of myopia progression occurs when the children are still 

emmetropic or slightly hyperopic and is characterized by a rapid acceleration of refractive 

change. The age of most rapid myopia progression is usually reached within two years of 
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onset, after which progression slows and stabilization occurs at a mean age of 15 years. 

Children with early-onset myopia tend to show a longer duration of myopia progression and a 

slower deceleration, while late-onset myopes show a shorter duration of rapid myopia 

progression and much lower amounts of final myopia (Thorn et al., 2005). Although most 

myopia develops during the school years and stabilizes as the individual reaches their late 

teenage years, there is evidence that in some patients myopia develops or progresses 

significantly in adult life (Bullimore, Jones, Moeschberger, Zadnik, & Payor, 2002; D O 

Mutti & Zadnik, 2000). Thorn’s data is based on data on a largely Caucasian population, 

which in general shows lower prevalence and slower progression of myopia than East Asian 

populations. However, one of the most important points from the Thorn study is that myopic 

progression rates are detected well before the onset of a myopic refractive error and it is at 

this point that myopia intervention may be most effective. 

 

1.3.2. Aetiology of Myopia 

Genetics 

Large epidemiological studies have demonstrated that there are strong family correlations in 

myopia (Liang et al., 2004; D O Mutti, Mitchell, Moeschberger, Jones, & Zadnik, 2002) and 

a number of candidate genes have been identified in myopic populations (Farbrother, Kirov, 

Owen et al., 2004; Paluru, Nallasamy, Deveto, Rappaport, & Young, 2005; T L Young et al., 

1998). However a discussion of the genetic contribution to myopia development is beyond 

the scope of this thesis and the topic has been comprehensively reviewed by other authors 

(He et al., 2008; Jacobi, Zrenner, Broghammer, & Pusch, 2005; I. Morgan & Rose, 2005; T. 

L. Young, 2004). 

 

Near Work and Myopia 

Near work (Quek et al., 2004; Saw et al., 2001) and education (Jiang, Schatz, & Seger, 2005; 

N. Logan, Davies, Mallen, & Gilmartin, 2005) have both been identified as possible risk 

factors in refractive error development, although direct evidence of the association between 

near work and myopia is difficult to obtain (Dirani, Shekar, & Baird, 2008; D O Mutti et al., 

2002). Likewise certain occupational groups, such as clinical microscopists, have been 
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identified as having a high prevalence of myopia and increased rates of myopia progression 

(N A McBrien & Adams, 1997). Direct evidence that measures the amount of near work 

undertaken and correlates it with myopia progression is more difficult to ascertain. The 

Orinda Longitudinal Myopia Study (OLMS) revealed that myopic children spent significantly 

more time studying and reading for pleasure and less time playing sport than non-myopic 

children (D O Mutti et al., 2002). However, other studies have shown no evidence to suggest 

significant correlation between near work and myopia (N. W. H. Tan et al., 2000). The large 

multi-centre COMET study found no association between the number of hours of near work 

performed and myopia progression over a three year period, although the authors 

acknowledged that it was difficult to obtain accurate measures of the amount of near work, 

due to other confounding factors (Gwiazda et al., 2004). 

 

Animal studies of refractive development have demonstrated that hyperopic retinal defocus is 

a causative factor in axial elongation of the eye and myopia development (Irving, Callender, 

& Sivak, 1991; Wallman et al., 1995). Lag of accommodation may be an important factor in 

mediating the amount of retinal defocus experienced in humans when viewing near objects. It 

has been shown that children with recent onset myopia accommodate significantly less than 

emmetropic subjects when viewing near targets (Gwiazda, Thorn, Bauer, & Held, 1993). For 

subjects with reduced accommodative responses at near, increased retinal defocus could be a 

causative factor for myopia development and progression. The results of this study by 

Gwiazda et al. showed that at the two closest target distances (33 and 25 cm) myopic children 

accommodated significantly less than emmetropic children (0.22 D less at 33 cm and 0.39 D 

less at 25 cm) and that when accommodation was stimulated with negative lenses this lag of 

accommodation was even more apparent. The authors concluded that this increased lag of 

accommodation in myopic children may reflect an inability of myopic eyes to use blur cues 

appropriately for accommodation. This would result in chronic retinal defocus which may 

induce axial elongation and myopia in a similar manner to animal models.  

 

More recent accommodative studies support these findings showing that myopic subjects 

respond less well to negative lens-induced defocus than non-myopes (Abbott, Schmid, & 

Strang, 1998; Nakatsuka, Hasebe, Nonaka, & Ohtsuki, 2005; Radhakrishnan, Pardhan, 

Calver, & O'Leary, 2004).  It has also been shown that increased accommodative lags are 
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present up to two years before the onset of myopia, and that accommodative convergence 

may also be altered before the myopic refractive errors develop (Gwiazda et al., 1995; 

Gwiazda et al., 2005). 

 

It has been postulated that the interaction of lag of accommodation, near heterophoria, target 

distance and time spent on near tasks may all be important factors that determine myopia 

development and progression. Myopes tend to have higher accommodative-convergence to 

accommodation (AC/A) ratios than emmetropic children (Fulk, Cyert, & Parker, 2000; 

Gwiazda, Grice, & Thorn, 1999). This was shown to be primarily due to the reduced 

accommodative responses seen with negative lens-induced blur, but was also partly 

associated with a more esophoric convergence response than emmetropic children. The AC/A 

ratios of myopic participants were also found to be negatively correlated with age, and it is 

possible that AC/A ratio decreases once myopia stabilizes due to either improved 

accommodative responses or reduced esophoria at near. In myopic children with high AC/A 

ratios, it has been suggested that an esophoric child relaxes his/her accommodation to reduce 

accommodative convergence in order to maintain binocular single vision at the expense of 

clarity (Gwiazda et al., 2005). This results in larger than normal lags of accommodation and 

prolonged periods of hyperopic retinal defocus at near.  

 

Other authors argue that there is no firm association between accommodative lag and myopia 

development (Langaas et al., 2008; Weizhong, Zhikuan, Wen, Xiang, & Jian, 2008). These 

studies demonstrated that under binocular viewing conditions to real targets, both early- and 

late-onset myopes do not display significantly different lags of accommodation to 

emmetropic subjects (Seidel, Gray, & Heron, 2005). Binocular viewing of real targets with 

disparity and vergence cues available improved the accommodative response of myopes, 

suggesting myopic participants may use spatial cues more effectively and rely less on blur 

driven control of accommodation. Therefore unnatural viewing conditions, such as those 

experienced by microscopists, may reduce accommodative responses, increase 

accommodative lags and may result in myopia progression in susceptible individuals (N A 

McBrien & Adams, 1997). The large CLEERE study examined accommodative response in 

568 children who were emmetropic at the beginning of the study and later became myopic, 

compared with 539 children who remained emmetropic (D O Mutti et al., 2006). They found 
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that before myopia onset, the ‘became myopic’ group had similar amounts of lag to the 

emmetropic group, and accommodative lag was the same in both groups at the time of 

myopia diagnosis. Significantly higher levels of lag were seen in children who became 

myopic from one year after myopia had been diagnosed. Increased lag of accommodation 

followed but did not precede the onset of myopia and this suggests that increased 

accommodative lag is a consequence rather than a cause of myopia development. 

 

Myopia and Outdoor Activity 

Recent research suggests that outdoor activity (or lack of it) may play a significant role in the 

development of myopia. Rose et al. have compared the prevalence of myopia in children of 

Chinese ethnicity aged 6-7 years living in Sydney and Singapore (Rose, Morgan, Smith et al., 

2008). By studying children with similar ethnic backgrounds, genetic effects were less likely 

to confound prevalence data. Significant differences were found in the prevalence of myopia 

in Singapore, where 29.3% of Year 1 students were myopic, and Sydney where only 3.3% of 

Year 1 students were myopic. The authors found that children of Chinese origin living in 

Sydney read more books per week, and spent more time on reading, writing and using 

computers outside of school, than children living in Singapore. However, the largest 

difference observed was that the children living in Sydney spent, on average, nearly 14 hours 

per week on outdoor activity compared with little more than three hours a week in Singapore 

(P < 0.001). This association study suggested that time spent outdoors had a protective effect 

against myopia development. Interestingly, number of books read and time spent at near were 

not associated with a higher incidence of myopia in the populations studied. There are other 

confounding factors between the two locations, such as differences in housing, diet and pre-

school education. Singapore has a very intensive three year pre-school programme, which 

focuses on academic development of children to ensure that all children are able to read 

before they begin school. Rose et al. suggested that this intensive early education programme, 

coupled with the paucity of outdoor activity, may be responsible for the high prevalence of 

myopia from an early age. 

 

In a related study, Rose et al. examined the role of outdoor activity in refractive error 

development, in a sample of Year 1 (six year old) and Year 7 (12 year old) Sydney school 
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children of mixed ethnicity (Rose, Morgan, Ip et al., 2008). This study found that after 

adjustment for known risk factors for myopia development such as gender, ethnicity, parental 

myopia and near work, a greater number of hours outdoors was associated with a more 

hyperopic mean spherical equivalent refraction (SER) in both Year 1 (P = 0.009) and Year 7 

(P = 0.0003) children. It was also found that children of Caucasian ethnicity spend 

approximately one third more time per day outside (which equated to nearly one hour) than 

children of East Asian ethnicity living in Sydney, in both age groups studied. There was no 

association found between near work and a less hyperopic/more myopic refraction once the 

other risk factors had been adjusted for. There was also little correlation between hours of 

near work undertaken and hours spent outdoors, and there was no evidence that those 

children who spent more time on reading, writing and other near activities, spent less hours in 

outdoor activities. The mechanism behind this apparent protective effect of outdoor activity is 

still unknown. Increased light levels may play a role, as this will lead to pupillary 

constriction, increased depth of focus and reduced retinal blur. It is also possible that time 

outdoors and sun exposure results in the release of retinal dopamine, a known inhibitor to 

axial growth of the eye (X. X. Li, Schaeffel, Kohler, & Zrenner, 1992; F. Schaeffel, Hagel, 

Bartmann, Kohler, & Zrenner, 1994; Schmid & Wildsoet, 2004; H. N. Schwahn & Schaeffel, 

1994). 

 

1.3.3. Animal Models of Refractive Development 

The dual-focus (DF) contact lens design employed in the DIMENZ study is based on the 

premise that presenting myopic defocus to the retina acts to slow the axial elongation of the 

developing eye and so might be expected to reduce juvenile myopia progression. Before 

describing the lens design in detail, the effects of myopic retinal defocus on the refractive 

development of animal eyes is briefly reviewed below. 

 

Since the late 1980’s it has been known that the refractive development of the eye can be 

altered with the addition of positive or negative lenses. When a negative lens is placed in 

front of the eye of a chick the image plane is focussed behind the retina (hyperopic defocus) 

and increased axial growth produces emmetropia in the lens-eye system. Conversely, when a 

positive lens is placed in front of one eye, the image plane is now focussed anterior to the 
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retina and reduced growth occurs to allow a focussed image (Irving et al., 1991; F Schaeffel 

et al., 1988). Irving et al showed that after one week of monocular lens wear in young chicks, 

the induced refractive error difference between the eyes was equal to the power of the applied 

lens between -10D and +15D (r
2
 = 0.999). However, the relationship between induced 

refractive error and the power of the lens began to break-down outside this range. Age had a 

significant effect on the lens compensation produced in the developing chick eye. When 

lenses were applied nine days after hatching, lens compensation produced a refractive error 

approximately 80% of the power of the lens applied, compared with 100% when lenses were 

applied the day after hatching. The authors concluded that the developing chick eye was 

remarkably sensitive to retinal image defocus and that it could accurately compensate for this 

defocus over a wide range of lens powers (Irving et al., 1991). They also showed that the 

chick eye was able to respond to higher powers of plus lenses and with a more rapid response 

rate. This asymmetrical response to plus and minus lenses suggested that myopic retinal 

defocus was more ‘powerful’ than negative lens induced hyperopic defocus, in controlling 

eye growth. 

 

These experiments suggest that the eye is capable of sensing both the magnitude and the sign 

of the imposed retinal defocus and to compensate accordingly. The amount of defocus could 

be determined from the high spatial frequency content of the retinal image, but it is not clear 

how the sign or direction of defocus is determined. It has been suggested that accommodation 

plays a role, but lens compensation has also been shown to occur in chicks that are unable to 

accommodate due to ciliary nerve section (Schmid & Wildsoet, 1996; Wildsoet & Schmid, 

2000) or lesions in the Edinger Westphal nucleus (F Schaeffel, Troilo, Wallman, & Howland, 

1990; Troilo & Wallman, 1987). It could be argued that a trial and error system is employed 

which alters the growth of the eye to maximise the clarity of the retinal image. In this system 

the eye could not detect the sign of defocus, but would alter its growth pattern back and forth 

to minimize retinal blur. However in chick, even a single brief (10 minute) episode of 

positive lens wear was sufficient to elicit significant choroidal thickening and reduced 

vitreous chamber depth, compared with the untreated fellow eye (Zhu, Park, Winawer, & 

Wallman, 2005). Currently, no-one has identified the exact ‘stop and grow’ signals by which 

the eye correctly matches axial length with optical power. These mechanisms certainly exist 

in the developing eye and the chemical mediation of these signals is a topic under debate in 
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contemporary myopia literature (Frost & Norton, 2007; Siegwart & Norton, 2002; Yin, 

Gentle, & McBrien, 2004). 

 

Recovery from induced refractive errors 

Recovery from form deprivation myopia, after the restoration of normal unrestricted vision, 

was first described by Wallman and Adams and provides strong experimental evidence that 

the refractive state of the eye can be manipulated bi-directionally (Wallman & Adams, 1987). 

Optical correction of form deprivation myopia tended to stabilize the myopic refractive error 

and prevented recovery (Wildsoet & Schmid, 2000). This result further suggested that the 

process of emmetropization was visually guided, and that by correcting myopia the error 

signal that detected defocus was eliminated and recovery inhibited. Recovery from form-

deprivation and lens-induced myopic refractive errors have also been demonstrated in 

monkeys and tree shrews (Frost & Norton, 2007; N A McBrien et al., 1999; Qiao-Grider, 

Hung, Kee, Ramamirtham, & Smith, 2004; Siegwart & Norton, 2005). It has been shown that 

recovery from form-deprivation myopia in higher primates is more variable than in the chick 

model, and that the rate of recovery declines significantly with increasing age of the monkey 

(Qiao-Grider et al., 2004).  

 

Relative potency of myopic and hyperopic defocus 

Evidence of the potency of myopic retinal defocus has been suggested by refractive changes 

in animals fitted with lenses and then allowed brief periods of normal, unrestricted vision. 

Daily interruption of lens wear by periods of normal vision reduced the refractive 

compensation to both positive and negative lenses (Schmid & Wildsoet, 1996). However 

induced hyperopia was never completely prevented by interruptions to plus lens wear. 

Greater amounts of normal vision produced less compensation to positive lenses, although a 

minimum of three hours of normal vision was required to produce a significantly different 

effect from continuous lens wear. In contrast, as little as three hours of normal vision 

substantially reduced the amount of myopia induced by a -10D lens, worn at all other times. 

Schmid and Wildsoet concluded that the response to negative lens wear was very sensitive to 

even short periods of normal vision, while the response to positive lenses was more robust 
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and was never completely eliminated. They further theorised that myopic retinal defocus 

produces a ‘stop’ signal which causes reduced axial elongation and vitreous chamber growth, 

and that this ‘stop’ signal is stronger than the ‘grow’ signal produced by hyperopic defocus 

(Schmid & Wildsoet, 1996). 

 

Zhu, Winawer and Wallman assessed the potency of interrupting continuous negative lens 

wear with brief periods of either positive or plano lens wear (Zhu, Winawer, & Wallman, 

2003). They found that both lenses, but especially positive lenses, worn for brief periods 

several times a day could cancel the effect of much longer periods of negative lens wear. In a 

number of experiments they established that myopic retinal defocus presented with moderate 

to high powered plus lenses was a strong stimulus to reverse the effects of much longer 

periods of negative lens wear. In their first experiment they exposed chicks to brief, repeated 

daily periods (between 12 minutes and one hour) of +6 D lens wear. This resulted in a 

compensatory shift in refractive error (between +1.1 D and +3.5 D), despite the chicks having 

normal, unrestricted vision the rest of the day. The refractive compensation observed was due 

mostly to inhibition of vitreous chamber growth. The length of exposure to positive lenses 

was varied and it was found that better compensation was achieved by brief repeated periods 

of positive lenses than by less frequent longer periods. Secondly, the authors fitted chicks 

with -6 D lenses, which was interrupted by brief periods of +6 D lens wear. Interrupting 

continuous negative lens wear four times daily for either two or 15 minutes, prevented the 

development of myopia in the chick eye. It was found that eyes became significantly 

hyperopic (mean refractive error +2.3 D), despite the fact that negative lenses were worn for 

most of the day. Positive lens wear either completely stopped (15 minute group) or 

significantly slowed (two minute group) the rate of vitreous chamber growth, compared with 

the untreated fellow eye. In a third group of animals, where negative lenses were fitted 

binocularly, lenses were replaced for brief periods daily with a positive lens on one eye and a 

plano lens on the fellow eye. It was found that four, two minute periods of positive lens wear 

attenuated the effect of negative lens wear more than plano lenses worn for the same length 

of time. Eyes wearing +6 D lenses became half as myopic as eyes wearing plano lenses (-1.8 

D compared with -3.4 D). This led the authors to conclude that the most effective mechanism 

for preventing myopia development was the presence of a positive lens which provided 

myopic retinal defocus. Even when the periods of myopic retinal defocus were brief (a 

cumulative eight minutes a day), the effects of myopic defocus predominated. Zhu et al 



 

13 
 

(2005) went on to further examine the temporal constraints of detecting retinal defocus and 

the direction of compensatory growth. They showed that even brief periods of positive lens 

wear can reduce the axial elongation of the chick eye for up to two days after the lens is 

removed (Zhu et al., 2005). Results for negative lens wear did not show the same magnitude 

or time duration as positive lenses. This led the authors to conclude that positive lenses are 

more potent than negative ones, as they require less time to cause changes in choroidal 

thickness and vitreous chamber depth and have a more enduring time course. It was 

suggested that the differences in response between positive and negative lenses may be a 

conservative growth strategy. Excessive elongation could permanently leave an eye too long, 

whereas excessive inhibition could be corrected later. 

 

Norton et al investigated the ability of hyperopic defocus, minimal defocus and myopic 

defocus to compete with the effects of a -5D lens on the tree shrew eye (Norton, Siegwart, & 

Amedo, 2006). They fitted juvenile tree shrews with a -5D lens monocularly for more than 23 

hours a day for 11 days. For 45 minutes each day the animals were restrained so that all 

visual stimuli were more than 1m away and the -5D lens was replaced with either another 

minus lens of lower power, a plano lens or a positive lens of various strengths. Results 

showed that wearing a -5D lens full-time resulted in a refractive error that completely 

compensated for the imposed defocus, whereas eyes wearing a -3D lens for as little as 45 

minutes a day resulted in a myopic refraction of -3.10 ± 0.10D. For eyes that wore a plano 

lens for 45 minutes a day there was no compensation for the -5D lens and tree shrews in this 

group had essentially an emmetropic refraction. Therefore a brief exposure to distance 

objects effectively competed against the myopiagenic stimulus of the -5D lens. Surprisingly 

the presence of myopic defocus produced by plus powered lenses (+3D to +10D) showed 

variable results. In the majority of treated eyes the myopic defocus did not compete 

effectively against the -5D lens and eyes were >-2.50D at the end of the 11 days of lens wear. 

Plus lenses greater than +6D produced no compensation at all and may be outside the range 

of myopic defocus that the tree shrews can detect. Plus lenses less than +6D showed variable 

final refractions, with some animals having a near plano refraction in the treated eye at the 

end of the experiments, while others being up to -5D myopic. From this study the authors 

concluded that plano lenses and objects located at intermediate and far distances were most 

effective in blocking myopiagenic stimuli and minimally defocused images were the best 

antidote to myopia development. 
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In a recent study of spectacle lenses and myopia progression in Auckland school children 

(Phillips, 2005b), it was shown that eyes that experienced sustained myopic defocus as a 

result of under-correcting one eye, had significantly less myopia progression compared with 

the fellow eyes which were fully corrected for distance viewing.  This study further suggested 

that myopic retinal defocus successfully reduced both the myopic refractive error and the 

abnormal growth of the vitreous chamber associated with myopia.  However, this spectacle 

monocular under-correction therapy is not a clinically applicable treatment as myopia 

progression was reduced in one eye only. 

 

1.3.4. Current Therapies to Inhibit Myopia Progression 

Glasses, contact lenses and refractive surgery correct the refractive anomaly of myopia; 

however they do not treat the underlying axial elongation. Since the early 1900’s attempts 

have been made to retard and control the progression of myopia which have included: 

undercorrection of the distance prescription, bifocal and multifocal spectacle lenses, and the 

instillation of atropine and other antimuscarinic agents. 

Optical Interventions 

Two randomized controlled clinical trials have examined the effect of binocular under-

correction of distance refractive error on the progression of myopia in school children (Adler 

& Millodot, 2006; Chung, Mohidin, & O'Leary, 2002). The rationale for this therapy was that 

it would reduce accommodative demand at near, thereby reducing the amount of 

accommodative lag and hyperopic defocus experienced while viewing close targets. 

However, both of these studies found that under-correction enhanced, rather than inhibited 

myopia progression.  

 

Phillips conducted a small clinical trial with a spectacle monovision correction in children 

(Phillips, 2005b).  In this clinical trial the dominant eyes were fully corrected for distance 

viewing and fellow eyes were uncorrected or under-ccorrected to keep the refractive 

imbalance ≤2.00D. Thirteen children successfully wore a spectacle monovision correction for 
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between 9 and 30 months. It was shown that all children accommodated with the distance-

corrected eye and therefore the under-corrected eye experienced myopic retinal defocus for 

both distance and near targets. The study found that myopic retinal defocus reduced both the 

abnormal growth of the vitreous chamber and the progression of myopia. Data indicated that 

the mean inter-eye difference in myopia progression was 0.37 D/year (95% CI: 0.19-0.54 

D/year) with the under-corrected eye progressing significantly less that the fully corrected 

eye (P = 0.0015). There was also a corresponding difference in vitreous chamber elongation 

rate, with an inter-eye treatment difference of 0.13 mm per year (95% CI: 0.08-0.18 mm per 

year). However, as myopia progression was only reduced in one eye, this method cannot be 

regarded as a clinically useful means of reducing myopia progression. 

 

Bifocal lenses have been proposed as a myopia therapy as they compensate for large 

accommodative lags and sharpen the retinal image for near targets. One of the largest studies 

of the use of bifocal lenses in myopic school children was the Houston Myopia Control Study 

conducted by Grosvenor et al in the 1980’s (Grosvenor, Maslovitz, Perrigin, & Perrigin, 

1985; Grosvenor et al., 1987). Children (n = 207) were randomly assigned to three groups: 

single vision distance lenses, bifocal lenses with a +1.00 D add and bifocal lenses with a 

+2.00 D add. Although this study was plagued with large drop-out rates, after three years no 

statistically significant differences between the three groups of children were found. When 

data was analysed by gender and age, bifocal lenses were slightly more effective than single 

vision lenses in retarding myopia progression in girls aged 6-11 years, but tended to 

accelerate myopia progression in boys of the same age. In other age groups the progression 

rates between single vision lenses and bifocals were similar.  

 

Parssinen et al. studied the effect of spectacle use and accommodation on myopic progression 

in 243 school children aged 9-11 (Parssinen, Hemminki, & Klemetti, 1989). Children were 

randomized to three treatment groups: minus lenses with the full myopic correction for 

continuous use, minus lenses for use in the distance only and bifocal lenses with a +1.75 near 

addition. Three year cycloplegic refraction results were available for 237 children and 

showed that in the right eyes of subjects there was no statistically significant differences in 

myopia progression between the three groups. Interestingly, there was a greater increase in 

myopia progression in the left eyes of subjects assigned to wear glasses for distance tasks 
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only, which resulted in significant differences in myopia progression in this group. Overall, 

this study supports the observation that the use of bifocals does not retard myopia progression 

in children, and in fact the children who wore their distance correction full-time showed the 

slowest myopia progression of the three treatment groups. 

 

Progressive addition lenses (PALs) have been proposed as a superior alternative to bifocal 

lenses as they offer clear viewing at all working distances and provide a more cosmetically 

acceptable lens. In a small study in Hong Kong (Leung & Brown, 1999), 79 children were 

assigned to either wear progressive addition lenses or single vision lenses for the two year 

duration of the study. Not all children assigned to the treatment group wore the same 

progressive lens power due to lack of availability:  22 children wore a +1.50 D add and 14 

wore a +2.00 D near addition. Outcome measures consisted of non-cycloplegic subjective 

refraction and A-scan ultrasonography, which were performed by examiners who were not 

masked to the participants lens assignment. The single vision (control) group showed a 

statistically greater increase in myopia over the two years compared with the two progressive 

lens wearing groups (P ≤ 0.0001). The mean changes in refraction were -1.23 D ± 0.51 D for 

the control group, -0.76 D ± 0.43 D for the group wearing the +1.50 D near addition and -

0.66 ± 0.44 D for the group wearing the +2.00 D add. All subjects in this study showed an 

increase in axial length of the eye. Differences in the three groups were statistically 

significant (P < 0.0001) with children in the control group showing the most progression 

(0.74 ± 0.39 mm) and children wearing the PALs with the +2.00 D showing the least increase 

(0.41 ± 0.31 mm). There was a good correlation between change in refractive error and 

increase in axial length. 

 

Edwards et al. (Edwards, Li, Lam, Lew, & Yu, 2002) conducted a masked, randomized 

clinical trial, with outcome measures of cycloplegic autorefraction and axial length measures 

(A-scan ultrasonography) also with Hong Kong Chinese children (n = 298). This study 

included 7-10.5 year old myopic children who were followed up every six months for the two 

year duration of the trial. The progressive lenses used in this trial were short-corridor lenses 

with a +1.50 D near addition that were designed to encourage children to use the near portion 

of the lens. This larger randomized trial showed no statistically significant difference (P = 

0.11) in myopia progression between children wearing single vision lenses (-1.26 ± 0.74 D) 
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and the progressive addition lens group (1.12 ± 0.67 D). Both groups also showed increased 

axial length over the duration of the study: 0.63 ± 0.28 mm in the single vision group and 

0.61 ± 0.24 mm in the progressive lens group. Again there was no statistically significant 

differences between the two groups (P = 0.62).  

 

The Control of Myopia Evaluation Trial (COMET) study was a randomized, multicentre, 

double-blind trial to evaluate the effect of progressive addition lenses (PALs) on the 

progression of myopia in children in America (Gwiazda et al., 2002) (Hyman et al., 2001). 

Four hundred and sixty-nine children were enrolled in the study and were followed every six 

months for three years. Results of this study showed a statistically significant difference (P < 

0.0001) in myopia progression, with children fitted in progressive lenses showing less 

myopia progression than children wearing single vision lenses (Gwiazda et al., 2003). 

However this difference measured only 0.18 D and was not considered clinically significant. 

The difference persisted but did not increase over the next two years, and the final three-year 

treatment effect was found to be 0.20 ± 0.08 D (P = 0.004). All children experienced axial 

elongation in the three year duration of the study. The mean adjusted axial length increase 

from baseline was 0.64 ± 0.02 mm in the PAL group and 0.75 ± 0.02 mm in the single vision 

lens group. This resulted in an overall adjusted three year treatment effect of 0.11 ± 0.03 mm 

(Gwiazda et al., 2003). High correlation between change in axial length and change in 

spherical equivalent refractive error was observed in both the treatment and the control 

groups. When ocular biometry data was analysed there was a significant difference in 

vitreous chamber depths between groups, but no statistically significant differences in lens 

thickness, anterior chamber depth or corneal radii. The progression of myopia was highly 

correlated with change in axial length (Pearson co-efficient 0.86 in the progressive lens group 

and 0.89 in the control group) mainly due to changes in vitreous chamber depth. When the 

data was analysed to look for differences based on age, gender, accommodation and 

heterophoria measurement, significant treatment effects were discovered. Progressive lenses 

were more effective in slowing myopia progression in children with lower baseline myopia 

(≤ 2.25D). In this group the treatment effect was 0.32 ± 0.11 D over three years, compared 

with 0.07 ± 0.10 D in children with higher baseline myopia. The treatment effect of PALs 

was also significantly more effective (P = 0.03) by 0.26 D in children with lower 

accommodative responses (Gwiazda et al., 2004). Progressive addition lenses were most 

successful in slowing myopia progression in children with larger lags of accommodation and 
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near esophoria. In subjects with small lags of accommodation or near exophoria there was no 

significant difference in myopia progression between lens types. This analysis adds additional 

support for the role of hyperopic retinal defocus at near in the progression of myopia in 

humans.  

 

Recent results from a Japanese study on the efficacy of PALs on myopia control have also 

found a statistically significant, but clinically small, treatment effect of 0.17 D in the rate of 

myopia progression in 6-12 year old children wearing progressive lenses (Hasebe et al., 

2008). The use of a cross-over design was employed in this trial to help eliminate hereditary 

and habitual biases in myopia progression rates between individuals. The analysis indicated a 

significant period effect, with children in Group 1 (allocated to PALs for the first 18 months 

and single vision lenses for the second period) having a slower myopia progression than 

children in Group 2 (18 months of single vision lens wear followed by 18 months of 

progressive addition lens wear). This also resulted in a significant treatment-by-period 

interaction which made results from the second period difficult to interpret. In this trial it was 

noted that children may not use the near addition of the progressive lens while viewing near 

targets (Hasebe, Nakatsuka, Hamasaki, & Ohtsuki, 2005). Unlike presbyopic individuals, 

who must move their eyes to the near portion of the lens to obtain clear near vision, children 

enrolled in clinical trials of PALs have full amplitudes of accommodation and are able to see 

near objects clearly even through the distance portion of the lens. The results of the Hasebe 

study indicated that large downward deviations (displacement) of progressive lenses (mean 

3.7 ± 2.0 mm) were found in the children wearing PALs. This downward movement of the 

progressive lenses significantly reduced the effectivity of the near addition depending on the 

downward eye position. The misalignment of progressive lenses may limit the therapeutic 

effect and this Japanese study is the first to quantify the deviation of optical centres and the 

use of the near addition in a clinical trial of progressive lenses to retard myopia progression. 

 

Rigid Contact Lenses and Myopia Progression 

There is some anecdotal evidence of reduced myopia progression with the use of rigid gas 

permeable (RGP) lenses. Suggested mechanisms of action for this retardation include 

flattening of the central corneal curvature, improved image quality of the retinal image and 
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over-correction of myopia (Katz et al., 2003). Many clinical trials have been conducted on 

the efficacy of rigid and gas permeable lenses on controlling myopia progression. However, 

results have often been limited by poor study design, inadequate numbers of participants and 

high drop-out rates. 

 

Khoo et al. studied the effect of RGP lenses on the rate of myopia progression in children in 

Singapore (Khoo, Chong, & Rajan, 1999). Subjects were randomly selected and referred to 

the Eye Clinic of the Singapore School Health service for testing. One hundred and five 

children were recruited into the study, however over 50% of these had dropped out or 

withdrawn by the end of the study and only 45 regular full-time contact lens wearers 

remained at the final outcome measurement. Reasons for discontinuation of contact lens wear 

were discomfort, lack of time, lens dislodgement, difficulty at insertion and removal, puffy 

lids and lack of motivation. Measurement carried out included cycloplegic autorefraction, 

keratometry, axial length and anterior chamber depth carried out by the same four 

nurses/technicians and using the same set of equipment. Results showed the mean increase in 

myopia was 0.42 D in the contact lens wearing group compared with 0.78 D in the spectacle 

lens group over the first 12 months, a statistically significant difference (P < 0.0005). After 

three years the mean increase in myopia for RGP wearers was 1.32 D compared with 2.32 D 

in spectacle wearers. Both the control and treatment groups experienced increased axial 

length over the course of the study. The mean increase in axial length in the treatment group 

was 0.22 mm, while for the spectacle lens wearers it was 0.31 mm. There was a statistically 

significant difference between the groups of 0.09 mm (P = 0.008), equivalent to a 0.23 D per 

year reduction in axial elongation in the contact lens group. This study had several design 

flaws including using four different nurses/technicians to collect axial length and refractive 

error data, the analysis of both right and left eyes and the absence of corneal topography 

results to accurately assess the effect of corneal flattening on refraction. The authors 

acknowledge that there was wide inter-subject variation in response to contact lens wear, 

which may be due to the differing progression rates of myopia between individuals or due to 

intra- and inter-observer variations in the measurement.  

 

Other studies have found no significant treatment effect with RGP lenses. Katz et al (2003) 

conducted a large randomized controlled clinical trial where children aged 6-12 wore either 
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RGP lenses or spectacle correction for the treatment of myopia (Katz et al., 2003). This study 

found no evidence that RGP lenses reduce myopia progression. The change in spherical 

subjective refractive error was -0.65 ± 0.55 D in contact lens wearers compared with -0.63 ± 

0.49 D (p = 0.74) in spectacle lens wearers in the first six months of the trial. At the final 

outcome visit at 24 months the change in SER was -1.33 ± 0.84 D for contact lens wearers 

compared with -1.28 ± 0.55 D in the spectacle wearing participants (p = 0.64). The change in 

spherical refractive error was also associated with an increase in axial length of the eye, but 

there was no statistically significant difference between the two groups. Corneal flattening 

was observed in the contact lens group, but this difference was only statistically significant at 

the 12 month follow-up.  

 

The Contact Lenses and Myopia Progression Study (CLAMP) (Walline, Jones, Mutti, & 

Zadnik, 2004) was a randomized controlled clinical trial that investigated the use of gas 

permeable contact lenses in eight to 11 year old children with moderate myopia (-0.75 to -

4.00 D). One hundred and forty-seven subjects were randomly assigned to wear either RGP 

or soft contact lenses (SCL) and followed regularly over a three-year period. Results of this 

study showed that the three year myopia progression of the children wearing RGP lenses was 

-1.56 ± 0.95 D compared with -2.19 ± 0.89 D for the children wearing soft contact lenses. 

Progression of myopia in the RGP lens group was 28.8% slower, a statistically significant 

treatment effect (P < 0.001). Most of this difference in progression rates developed in the first 

year of contact lens wear, and thereafter persisted but did not significantly increase in 

magnitude. There was no significant difference in axial growth between the two groups (P = 

0.57); axial length increased 0.81 ± 0.51 mm in the RGP group and 0.76 ± 0.44 mm in the 

soft contact lens groups. Both soft and rigid gas permeable contact lens wearers experienced 

corneal steepening over the three years of contact lens wear. Traditionally RGP contact lenses 

have been found to flatten corneal curvature, and this occurred in patients during the run-in 

period, before baseline measures were taken. There was a significant flattening in corneal 

curvature between the baseline measures and the measures made at randomization. The 

authors argue that the CLAMP study has shown that RGPs produce a slower rate of myopia 

progression. However a decrease in refractive error progression was not accompanied by 

significant differences in axial length. Therefore it is likely that a large portion of the 

treatment effect is due to changes in corneal curvature, which may be reversed when RGP 

lens wear is discontinued. 
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Orthokeratology 

Modern orthokeratology (OK) has been defined as ‘controlled corneal reshaping using 

computer-designed RGP contact lenses to produce a controlled effect on the cornea’ 

(Sorbara, Fonn, Simpson, Fenghu, & Kort, 2005) and can be used to treat myopia of up to -

3.00D. Originally orthokeratology was achieved by fitting PMMA and RGP lenses flatter 

than the flattest meridian; today specifically designed ‘reverse geometry lenses’ are used to 

reduce myopia by reshaping the corneal curvature (J Wang et al., 2003).  The temporary 

alteration of corneal shape allows for clear unaided distance vision during the day, with the 

use of ‘retainer lenses’ at night to flatten the central cornea. The corneal flattening induced 

with orthokeratology lenses does not treat the cause of myopia, but some studies have also 

shown reduced rates of axial elongation in patients fitted with orthokeratology lenses. 

 

Cho et al. undertook a pilot study to examine the effects of OK lenses not only on refractive 

error changes, but also changes in axial length and vitreous chamber depth (Cho, Cheung, & 

Edwards, 2005). The primary goal of this pilot study was to determine the efficacy of OK 

lenses in controlling myopia progression by comparing the rates of change of axial length and 

vitreous chamber depth in children wearing OK lenses with children wearing single vision 

spectacles. Forty-three children aged between 7-12 years were recruited for this study and 

fitted with OK lenses for the two-year duration of the study. A control group of single vision 

spectacle lens wearers were selected from a previous study to match the age, gender and 

baseline refraction of the contact lens wearing group. Thirty-five of the subjects completed 

the final two year assessment visit. As expected in the OK group there was significant 

reduction in the spherical equivalent refraction (SER) with time. This study also showed there 

was statistically significant slowing of eye growth in the OK group both in terms of the axial 

length and vitreous chamber depth changes. At the final outcome assessment the axial length 

and vitreous chamber depth were significantly shorter than those of the control group The 

mean increase in axial length was 0.29 ± 0.27 mm for the OK group compared with 0.54 ± 

0.27 mm for the control group (P = 0.012). Vitreous chamber depth changes were of a similar 

magnitude: 0.23 ± 0.25 mm for the OK lens wearers and 0.48 ± 0.26 mm for the spectacle 

lens wearers (P = 0.005). The authors observed that the mean change in axial length in the 

OK group was about half that of the spectacle lens control group. They suggest that the 
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mechanism for this may be changes in higher-order aberrations induced by OK lens wear 

which may slow eye growth. However there was a large variation in the results obtained and 

some children wearing OK lenses still showed significant axial elongation while wearing the 

lenses. 

 

Orthokeratology has been associated with adverse effects in the cornea and there are 

questions regarding the safety and efficacy of OK lens wear particularly in children (Kwok et 

al., 2005; J Wang et al., 2003). Microorganisms adherent to the contact lenses combined with 

a stagnant over-night tear film may result in infectious keratitis from Serratia marcescens, 

Pseudomonas aeruginosa and Acanthamoeba species (Lang & Rah, 2004; Xuguang et al., 

2003; A. L. Young et al., 2004). Other complications such as corneal abrasions, sterile 

infiltrative keratitis and toxic keratitis have also been observed in orthokeratology patients. 

Overnight wear of contact lenses has long been cited as a causative factor for the 

development of keratitis, and even with the advent of new more oxygen-permeable materials, 

this risk still exists. Orthokeratology may be putting children and young adults at risk for 

ulcer formation and reduced visual acuity upon resolution. 

 

Soft Contact Lenses and Myopia Progression 

The DIMENZ trial described in this thesis fitted control eyes with single vision distance soft 

contact lenses as there is no evidence that soft contact lenses alter the rate of myopia 

progression in children. Horner et al. followed the refractive development of 175 children 

aged between 11 and 14 years, half of whom were randomized to wear soft contact lenses 

while the other half wore spectacles (Horner, Soni, Salmon, & Schroeder Swartz, 1999). 

Refractive data gathered during the trial was based on non-cycloplegic subjective refractions 

collected by a masked examiner every six months for three years. Both groups showed 

progression of myopia over the duration of the study: the contact lens group showed 

progression of -1.066 ± 0.102 D and the control group progressed -0.909 ± 0.096 D. After 

three years there was no statistically significant difference in refractive error change between 

the group wearing soft contact lenses and the group wearing spectacles. The contact lens 

wearing participants in this study showed no change in refractive astigmatism, while the 

children wearing glasses showed a small (0.25 D), but statistically significant, increase in 
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astigmatism. The authors conclude that wearing soft contact lenses does not alter the 

refractive development of 11-14 year old myopes. 

A recent study of 454 children aged 8-11 years, who were randomly assigned to either soft 

contact lenses or single vision spectacle lenses, showed that children who wore soft contact 

lenses showed an average increase in myopia that was 0.06 D per year greater than children 

wearing spectacle lenses (Walline et al., 2008). Myopia increased with time in both the 

spectacle lens and contact lens wearing children, however, after three years there was no 

statistically significant difference between the two groups (95% confidence interval (CI) = -

0.46, 0.02). There was also no difference with respect to axial length (P = 0.37) or corneal 

curvature (P = 0.72). The authors conclude that soft contact lens wear by children does not 

cause clinically relevant increases in myopia, axial length of the eye or steepening of the 

corneal curvature compared with spectacle lens wear. 

 

Bifocal Contact Lenses and Myopia Progression 

Two small studies have examined the use of ‘bifocal’ contact lenses in the treatment of 

juvenile-onset myopia, but results are difficult to compare with the DIMENZ trial, as neither 

was randomized nor included a control group of subjects. The first study compared the 

myopia progression with commercially available bifocal contact lenses and single vision soft 

contact lenses in identical twins with a near esophoria (Aller & Wildsoet, 2008). One of the 

12 year old myopic girls was assigned to wear a 58% water content mulit-zone simultaneous 

vision bifocal contact lens (Acuvue Bifocal), while the other twin was fitted with a standard 

two weekly disposable soft contact lens (Acuvue 2). Over the first 12 months of the study the 

twin wearing the Acuvue Bifocal contact lens showed no myopia progression (+0.13 D), 

while the twin wearing the single vision lens progressed 1.19 D in the same period. Axial 

lengths were not measured at baseline, but after 12 months of contact lens wear the twin 

wearing the single vision contact lens had an axial length approximately 0.64 mm longer than 

the twin fitted with bifocal contact lenses. After 12 months the twin wearing the single vision 

lenses was switched to wearing bifocal contact lenses, and showed regression (approximately 

0.50 D) of her myopia over the next 12 month period. Neither twin showed significant axial 

elongation of the eyes once bifocal contact lenses were fitted. 
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Aller and Wildsoet argue that bifocal contact lenses may be more effective than bifocal and 

progressive addition spectacle lenses as the influence of gaze and training is not necessary in 

a bifocal contact lens as the near zone is always located in front of the pupil. Also, wear time 

is likely to be greater in contact lenses than in spectacles, as once the contact lenses are 

inserted they are unlikely to be removed for the rest of the day. Most importantly the authors 

of this bifocal CL study point out that their assumptions rest on the premise that 

accommodative lag at near is the stimulus to axial elongation in myopia development and that 

bifocal contact lenses correct near lag of accommodation more effectively than bifocal or 

progressive spectacle lenses. However lag of accommodation in these twin girls was not 

measured with the bifocal contact lenses in place, and the power of the ‘near add’ in the 

contact lenses was based on the lens power required to fully correct the near esophoria. This 

was used as a substitute to measuring near lag of accommodation, possibly because this 

proved difficult in bifocal contact lenses. The authors also acknowledge that other properties 

of bifocal contact lenses may play a role in the ability to retard myopia progression. Other 

mechanisms proposed include the imposition of sustained myopic retinal defocus, or by 

correcting peripheral, rather than central, refractive errors in myopic subjects. 

 

A second case report investigated the use of Proclear ‘D’ lenses, an aspheric centre distance 

bifocal contact lens, for myopia control in three children aged 9-13 at the commencement of 

contact lens wear (Wason, 2008). These patients were selected based upon the presence of 

myopia progression, along with either accommodative function and/or a near esophoria. All 

three patients successfully wore contact lenses for at least nine months, and all showed 

reduced myopia progression with contact lens wear. There was no control group of children 

in this case study report, refractive error change was based on subjective refraction results 

made by an unmasked assessor, and measures of the axial length of the eye were not made on 

these patients. Progression of myopia was compared directly with the change in refractive 

error before contact lens wear. As there can be significant differences in the rate of 

progression with time, with the greatest rate of progression being immediately prior to the 

development of myopia, this does not provide conclusive evidence that myopia was slowed 

primarily with the use of the bifocal contact lens prescription (Thorn et al., 2005). These 

factors limit the conclusions that can be drawn from this study, however these results also 

suggest that the use of aspheric-design bifocal contact lenses may also reduce myopia 

development in children. 
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1.4. Pharmacological Interventions 

Atropine is a non-specific muscarinic antagonist that has been shown to reduce the rate of 

axial elongation of the eye (and therefore myopia) in a diverse range of species including 

chick (Diether, Schaeffel, Lambrou, Fritsch, & Trendelenburg, 2007; N A McBrien, 

Moghaddam, & Reeder, 1993; H N Schwahn, Kaymak, & Schaffel, 2000), monkey (Tigges 

et al., 1999) and humans (Shih et al., 2001), but has not been widely used to slow myopia 

progression in clinical practice due to its mydriatic and cycloplegic effects (Luu et al., 2005; 

Shih et al., 1999). 

 

Clinical trials of atropine date back to late 1960’s and early 1970’s (Bedrossian, 1971; 

Gimbel, 1973), and it has been the only therapy that has been consistently recognised as 

being both statistically and clinically significant at retarding the progression of myopia and 

its associated axial elongation of the eye. Most of these trials show little, if any, myopia 

progression in children receiving atropine compared with children in the control group 

(Chiang, Kouzis, Pointer, & Repka, 2001; D. S. Fan et al., 2007; Lee et al., 2006). The 

Atropine in the Treatment of Myopia (ATOM) study enrolled 400 children aged 6-12 years, 

who were assigned either 1% atropine or vehicle eye drops (placebo group), monocularly, 

once nightly for two years (Chua et al., 2006). After two years the mean progression and 

axial elongation of the control group was -1.20 ± 0.69 D and 0.38 ± 0.38 mm, respectively. In 

the atropine treated eyes myopia progression was only -0.28 ± 0.92 D, with little change in 

axial length (-0.02 ± 0.35 mm). This paired-eye study had a high retention rate, with 85% of 

children completing two year outcome measures. In general atropine was well tolerated in 

this study, although this may, in part, be due to the fact that the ocular side effects of atropine 

were confined to one eye in the treatment group, and no serious adverse events were reported. 

No significant changes in intraocular pressure were found, and no lenticular, optic nerve head 

or macular changes were observed. Reasons for withdrawal for this study included allergic 

reactions or discomfort (4.5%), glare (1.5%), blurred near vision (1%), logistic difficultles 

(3.5%) and others (0.5%). 
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Pirenzepine, a relatively selective M1 muscarinic antagonist, has also been investigated to test 

its safety and efficacy for reducing myopia progression. As it selectively binds to M1 

receptors and not significantly to M3 receptors, it does not effect near vision and pupil size to 

the same extent as atropine. Pirenzepine also has an extensive clinical history and safety 

profile in the treatment of stomach ulcers and intestinal problems in children (Siatkowski et 

al., 2004). However, results with Pirenzepine appear disappointing in comparison with 

atropine, with mean increase in myopia of 0.26 D in the treatment group compared with 0.53 

D in the control (placebo drop) group  (p≤0.006) (Siatkowski et al., 2004). However, no 

significant difference in axial length was found between the two groups, with an increase of 

0.19 mm in the treatment group and 0.23 mm in the control group. The Asian Pirenzepine 

Study Group showed similar results, with reduced progression of myopic refractive error, but 

little difference in axial elongation of the eye between the treatment and control groups (D. 

Tan et al., 2005). 

 

1.5. Summary 

Optical treatments such as glasses, contact lenses and refractive surgery adjust the focus of 

the eye to provide clear distance vision, but do nothing to reverse or reduce the progression of 

myopic changes. A variety of treatments have been tried in an attempt to halt or retard the 

progression of myopia. In general these have proved unsuccessful with one exception: the use 

of muscarinic antagonists. However use of these agents is not widespread because of their 

ocular and systemic side effects. Large scale clinical trials of optical treatments: bifocal 

lenses, progressive lenses and gas permeable contact lenses have failed to show clinically 

significant results. 
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Chapter 2. Contact Lens Design and Functionality 

 

2.1. Presenting Myopic Defocus to the Retina 

Most researchers agree that myopia is not solely determined by genetics, but that 

environmental factors play a significant role in the development of refractive error (I. Morgan 

& Rose, 2005; R. W. Morgan et al., 1975; D O Mutti et al., 2002) and as a result a number of 

environmental risk factors such as near work (Gwiazda et al., 1995; Loman et al., 2002) and 

outdoor exposure (Rose, Morgan, Ip et al., 2008; Rose, Morgan, Smith et al., 2008) have 

been identified as potential aetiological factors in the development of myopia. Animal models 

have also provided significant evidence that there are biological and molecular signals 

present that both increase axial elongation of the eye and decrease the rate of eye growth (I. 

Morgan & Megaw, 2004), however these biochemical and cellular pathways have yet to be 

identified. The role of near work in the development of myopia has been further supported by 

animal studies which show that imposing hyperopic defocus on the retina promotes axial 

elongation of the eye and myopia development (Hung et al., 1995; Irving et al., 1991; F 

Schaeffel et al., 1990). It has been postulated that this situation is similar to the lag of 

accommodation experienced by children when reading, and that this hyperopic defocus at 

near is a stimulus for myopia development (Gwiazda et al., 1995). Currently attempts to 

modify these environmental risk factors, particularly by the use of near spectacle correction, 

has proved largely unsuccessful (Gwiazda et al., 2003; Hasebe et al., 2008; Parssinen et al., 

1989). 

 

The paradigm of presenting myopic defocus to the retina to produce hyperopic refractive 

errors has long been used in animal models of refractive development. However attempts at 

under-correcting myopia in children, by giving myopic retinal defocus for distance targets 

has been largely unsuccessful as a method of slowing myopia progression (Adler & Millodot, 

2006; Chung et al., 2002). The monovision spectacle lens study of Phillips (2005) showed 

that it was possible to slow the progression of myopia in children by providing constant 

myopic retinal defocus to one eye for both distance and near targets (Phillips, 2005b). 

However this was not a clinically applicable therapy for myopia progression as refractive 
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changes were slowed only in the one eye receiving myopic retinal defocus and this resulted in 

an anisometropic imbalance at the end of the end of the study. A more clinically applicable 

method of this paradigm would be to provide children with two pairs of spectacle lenses, with 

the under-correction (treatment) lens in different eyes in each pair. This would have provided 

myopic defocus to each eye, and with the glasses worn at different times, perhaps on alternate 

days, would perhaps have allowed the therapeutic effect of monocular under-correction to be 

provided to both eyes. The benefit of this method is that almost any refractive error could be 

corrected, including cylindrical components, which were not available for correction in the 

DF contact lenses. However, this requires a higher level of compliance on the part of the 

participant and a very clear method of determining which days each pair of spectacles was 

worn would need to be provided. 

 

Monovision spectacles (monocular under-correction of the non-dominant eye) (Phillips, 

2005b) demonstrated that it was possible to alter the progression of myopia in children by 

optical methods. It also demonstrated that in children accommodation was driven by the 

distance corrected eye, in all cases the dominant eye, which produced sustained myopic 

defocus in the under-corrected eye. A method was required to simultaneously produce 

myopic defocus, as well as clear distance vision with a ‘dual-focus’ lens. This lens would be 

designed to provide simultaneous presentations of myopic retinal defocus and an image 

focused on the retina to maintain good acuity. Simultaneous vision contact lenses provided a 

viable option for producing myopic retinal defocus, as well as maintaining clear vision. 

Simultaneous vision is a broad term used to describe contact lenses that have two or more 

powers positioned within the pupil at the same time. Light rays travel through two or more 

power profiles in the contact lens and therefore only a portion of the light rays reaching each 

retinal location have a vergence appropriate to the target distance, while the remaining rays 

will have a greater or lesser vergence and are focussed in front of or behind the retinal 

photoreceptors (Fisher, Bauman, & Schwallie, 1999).  Specifically for myopia control a lens 

was required that provided two distinct focal points, one that was focussed on the retina, to 

provide correction for the refractive error and a second focal point located in front of the 

retina giving myopic retinal defocus. Concentric or annular zone simultaneous vision lenses 

provided the best option for this, as they could be manufactured with two distinct powers, one 

for correcting myopic refractive error, and one forming a treatment zone of more plus/less 

minus power. 
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DF contact lenses allowed a method of providing simultaneous myopic defocus without 

reducing distance visual acuity, which would have proved more difficult with spectacle 

lenses as the required diffractive nature of the spectacle lenses would have reduced vision, 

contrast sensitivity and stereopsis (Chen, Meng, Ye, & Liu, 2009; Cionni, Chang et al., 

2009). Contact lens correction also provided a cosmetically appealing method of refractive 

error correction to the participants (L. Li et al., 2009; Walline, Long, & Zadnik, 2004), which 

ensured good compliance with treatment regimens. Other more recent spectacle lens 

treatments have included the correction of peripheral refraction with aspheric spectacle lenses 

with a more plus peripheral refraction (Tabernero & Schaeffel, 2009a, 2009b). These lenses 

are designed to correct the more hyperopic peripheral refraction often found in myopic 

patients (Atchison et al., 2004), but may also produce myopic retinal defocus centrally, 

although this has not been measured. A clinical trial of these lenses is currently been 

conducted but currently no results have been published (N. A. McBrien et al., 2008). 

 

2.2. Study Design Summary 

Before describing the DF lens design in detail, a summary description of the DIMENZ study 

is given here, so that the reader is familiar with the paired-eye, cross-over nature of the study. 

A full description of the study design is included in Chapter Three. In summary the DIMENZ 

study was a randomized controlled 20-month cross-over trial in which the experimental dual-

focus (DF) soft contact lens was worn in one eye while a standard single vision distance 

(SVD) contact lens was worn in the other eye to act as a control. Experimental and control 

lenses were crossed over between eyes after a period of 10 months. Outcome measures 

(refractive error and axial length of the eye) were measured in both eyes every five months to 

compare the progression of myopia. Subjects were randomly assigned to either Group 1, in 

which the DF lens was initially worn in the dominant eye, or Group 2, in which the DF lens 

was initially worn in the non-dominant eye (see Figure 1).  
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Figure 1:  Summary of DIMENZ cross-over study design 

 

2.3. Dual-focus (DF) contact lens parameters 

Dual-focus contact lenses were designed to produce two focal points simultaneously, through 

the use of multiple optical zones with different optical powers located over the pupil of the 

eye. Specifically for this study of myopia control, a lens was required to provide correction 

for the refractive error of the subject and a second focal point located in front of the retina to 

give myopic retinal defocus (Phillips, 2005a, 2008). Concentric or annular zones of differing 

lens powers provided the best solution as they could be readily manufactured (lathed) with 

two distinct powers: one for correcting the myopic refractive error and one forming a 

treatment zone of more plus/less minus power. 

 

The aim was to design a contact lens that would: 

1. provide a safe and effective treatment to reduce myopia progression in children. 

2. provide clear distance and near vision 

3. simultaneously provide myopic retinal defocus for both distance and near viewing. 
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Zone diameters in the DF lens 

The DF lenses used in the DIMENZ trial required that both the refractive error correction and 

treatment zones were positioned within the pupil so that light rays from both portions of the 

lens could reach the retina simultaneously. Thus, DF lenses were pupil dependent as the pupil 

diameter and pupil position relative to the distance correction and treatment zones determined 

the effective visual performance and treatment efficacy of the lens.   

 

Measurements of photopic pupil size were not available in the literature for teenagers, but 

measurements in young adults indicate that at higher photopic levels of luminance, mean 

pupil diameter was 3.44 mm for subjects under 20 years old (Menezes & Roffman, 1997) and 

3.75 mm for subjects under 25 years old (Winn, Whitaker, Elliott, & Phillips, 1994). 

MacLachlan and Howland conducted a large study on normal variations in pupil size in 

infants, children and teenagers (MacLachlan & Howland, 2002). Results of pupil diameters in 

mesopic conditions (approximately 16 lux) are shown in Table 1. 

Age (yrs) Number 

of subjects 

Female Pupil  

Diameter (mm) 

Mean ± Std Dev  

Number 

of subjects 

Male Pupil  

Diameter (mm) 

Mean ± Std Dev 

12.5 36 7.36 ± 0.90 34 6.88 ± 0.88 

13.5 35 7.34 ± 1.00 20 7.18 ± 0.75 

14.5 20 7.22 ± 1.08 14 7.25 ± 0.82 

15.5 9 7.13± 0.81 13 7.45 ± 0.65 

 

Table 1: Mesopic pupil diameters in teenage children, adapted from MacLachlan & Howland, 2002 

 

The optic zones of the DF lens were designed on the following principles: 

1. The central correction and first treatment zones each filled approximately 50% of the 

pupil under photopic conditions. The central zones were calculated so that even at the 
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smallest likely pupil diameter, some treatment zone would always be positioned 

within the pupil diameter. 

2. The second correction and treatment zones were calculated so that in mesopic 

conditions the correction and treatment zones also each filled approximately 50% of 

the pupil diameter. 

3. A fifth outer ring of distance correction was added so that in very dim conditions the 

pupil was no larger than the total optic zone diameter, to avoid problems of glare and 

image ghosting at night. 

 

 

Using these principles, a DF lens was designed with a central distance correction zone 

diameter of 2.6 mm, a first treatment zone which extended to 3.75 mm, a second distance 

zone diameter of 5.30 mm, a second treatment zone extending to 6.50 mm and a final 

distance annulus which completed the optic zones of the lens out to 9.00 mm (see Figure 2) 

 

 

child's pupil

photo ≈ 3.6 mm (Winn, 1994)

meso ≈ 7.3 mm (McLachlan, 02)

Base Curve 8.5; Dia 14.2 mm
 

 

Figure 2: Diagram to show optic zones of DF lens (A) and focal points formed in the eye (B). Green zones 

represent areas of distance correction and pink zones represent treatment zones of under-correction. 

 

A 
B 
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Choice of power for treatment zones 

The intended effect of a simultaneous vision lens is to provide two point images: however 

due to ocular aberrations, the retinal images tend to produce blur circles, and the separation 

between the two images becomes less apparent. Effective simultaneous bifocal contact lenses 

require the blurred image to be sufficiently out of focus so that this image is reduced to a 

broad low-frequency background that mainly serves to reduce contrast, and is blurred enough 

that the image is easy to ignore (Martin & Roorda, 2003). For simultaneous vision lenses to 

work, the patient will have to successfully suppress the most blurred image, and the more 

blurred the second image the easier it is to accomplish this. Therefore a reasonable amount of 

under-correction in the treatment zone was required. Two dioptres of under-correction was 

used as this would separate the two images sufficiently and make it easier to suppress the out 

of focus image anterior to the retina, and also because the monovision spectacle lens study 

had effectively used up to 2 D of myopic retinal defocus to slow myopic progression by 0.4 

D/year (Phillips, 2005b). No investigation of the effects of other amounts of under-correction 

in the treatment zone were undertaken in the DIMENZ trial, and future studies should focus 

on establishing the optimal amount of defocus for both visual function and slowing of myopia 

progression. 

 

Manufacturing process 

Lenses were lathe cut to the required design, as only a relatively small number of lenses were 

required for this proof-of-concept study.  Lathed lenses have the additional benefit of 

providing sharper transitions between the correction and treatment zones, compared with 

moulded lenses which tend to have poorer resolution between the transition zones (Hough, 

2002). 

Choice of base curve (BC) and total diameter (TD) 

The choice of base curve and total diameter were important considerations as the DF lenses 

needed to be relatively static on the eye. If the lenses were to move excessively the wearer 

would experience very unstable vision (Douthwaite, 2006). The University of Auckland 

Optometry Clinic records were surveyed to establish the contact lens parameters used to fit 

teenage patients aged 13-19 years of age. Initially a smaller age range of 12-14 years had 

been searched but this produce only 31 contact lens wearing patients. As a result it was 
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decided to extend the search to contact lens wearers up to 19 years of age to provide a larger 

sample size. A database search revealed 142 patients in the desired age range wearing soft 

contact lenses. A variety of base curves ranging from 8.1 to 9.2 mm had been used to 

successfully fit teenagers with soft contact lenses. The most common base curve utilised in 

this age range was 8.6 mm (40%) of fits, although base curves of 8.5 mm (15.5%) and 8.7 

mm (20.4%) were also commonly used. To aid the stabilisation of the lens on the eye, the 

central 9.0 mm of the lens was manufactured with a base curve of 8.5 mm, surrounded by a 

much flatter peripheral curve. This enables to lens to ‘drape’ over the peripheral cornea and 

again aids in reducing on-eye movement of the lens. The final lens specifications were a base 

curve of 8.5 mm and a total diameter of 14.2 mm. 

Contact lens material 

Contact lenses were manufactured in Hioxifilcon A (Benz 45G) a non-ionic mid-water 

content (45%)) soft contact lens material readily available in New Zealand. Hioxifilcon is a 

copolymer of 2-hydroxyethyl methacrylate (2-HEMA) and 2,3-Dihydrosypropyl 

Methacrylate (Glycerol Methacrylate, GMA). It consists of 55% hioxifilcon and 45% water 

by weight. The contact lens material manufacturer (Benz Research and Development, 

Saratosa, Florida) claim that Hioxifilcon has very low on-eye dehydration and as a result of 

this has stable on eye characteristics (Benz Research and Development, 2008). There is also 

some independent evidence in the literature to support these claims that Benz materials have 

low dehydration rates in both in-vitro and in-vivo situations (Bursinger, 2000; Gonzalez-

Meijome, Lopez-Alemany, Almeida, Parafita, & Refojo, 2007; Riley, Chalmers, & Pence, 

2005). 

Wear Modality 

It has been shown that children as young as eight can safely wear daily disposable lenses 

(Walline, Long et al., 2004). Benz 45G is generally used to manufacture conventional contact 

lenses, to be changed on a semi-annual or annual basis. As the lenses were prescribed to 

adolescents, a more frequent replacement schedule (two monthly) was chosen. Due to the 

oxygen permeability of the contact lens material, contact lenses were prescribed as a daily 

wear lens. All participants received verbal and written instructions never to sleep in the 

contact lenses, and to phone immediately should they accidently do so.  
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Little has been published with regard to the replacement schedule of frequent replacement 

soft contact lenses and the incidence of microbial keratitis. It is well known that extended 

wear soft contact lenses are associated with significantly higher rates of microbial keratitis 

(Dart, Radford, Minassian, Verma, & Stapleton, 2008; Hsiao et al., 2007; Stapleton et al., 

2008), however a Swedish study found that replacement schedule of daily wear of soft 

contact lenses was not a risk factor for the development of corneal infection in contact lens 

wearers (Nilsson & Montan, 1994). 

 

 

Deposition of proteins and lipids occurs on 80% of hydrogel lenses, and the longer the lenses 

are worn the more likely these are to occur (Binder & Worthen, 1977). In a study of high 

water content, non-ionic contact lenses, which were replaced every months for three months 

or only once at the three month time point, visual acuity, high and low contrast acuity and 

overall comfort were not significantly different (L. Jones, Franklin, Evans, Sariri, & Tighe, 

1996). However, overall satisfaction and surface wettability were significantly better with the 

shorter replacement schedule. Both visible deposits and laboratory based analysis showed 

both lipid and protein deposits were also greater in the three month lenses compared with the 

one month lenses. These results support the basis for more frequent replacement of lenses. 

Unfortunately funding constraints for this project did not allow fortnightly or monthly 

replacement schedules, and therefore a compromise of two-monthly replacement was used. 

Contact lens identification 

Due to the paired-eye nature of the DIMENZ trial, where one eye was randomly allocated to 

wear the DF lens and one to wear the SVD lens, it was necessary to avoid right and left 

contact lens confusion by the subjects. Therefore, for patient ease of handling and to avoid 

confusion of left and right lenses, all right eye contact lenses were manufactured in blue 

hydrogel material and all left eye contact lenses were manufactured in clear material, 

regardless of whether they were DF or SVD lenses. At the initial contact lens dispensing 

appointment children were given an information sheet that emphasised that the blue contact 

lens was always to be worn in the right eye, and this was re-iterated at the 10 month cross-

over appointment. 
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2.4. Single Vision CL Design 

The single vision distance (SVD) contact lens used as a control was designed with one optic 

zone which fully corrected the distance prescription of the participant. Base curve and total 

diameter were identical to those of the dual-focus contact lens. When off the eye there was no 

visible difference between the SVD and DF contact lenses. Subjects were not told which eye 

had been allocated the DF lens and which had been allocated the SVD lens. However, as a 

paired-eye study design was utilised participants could directly compare the vision with each 

mode of correction, and some participants (n = 3) were able to determine the allocation of the 

DF lens. 

 

2.5. Verification of zone diameters 

Parameters of hydrogel contact lenses are extremely difficult to verify primarily due to their 

dimensional stability (N. A. Brennan, Efron, Truong, & Watkins, 1986) and commercial 

available measurement systems were not available at the Department of Optometry & Vision 

Science, Auckland, during the DIMENZ trial. It was also not possible to measure the optic 

zone diameters with either a slit lamp biomicroscope or dissecting microscope as individual 

zones were not visible with normal illumination. Ideally each lens would have been verified 

prior to dispensing to participants; however there was no valid system in place to verify the 

lenses until later in the trial. Later in the trial optic zone diameters of the dual-focus contact 

lens were verified using a purpose built Phase-Contrast Microscope (PCM) (Barer, 1947; 

Burch & Stock, 1942). This technique was used as there was too little contrast between the 

optic zones to detect the transition with standard light microscopy.  

 

In PCM small phase shifts in the light passing through a transparent specimen are converted 

into contrast changes in the image. A phase-contrast microscope was created on an optical 

bench by placing an incoherent light source behind an annulus and condensing lens (+10.00 

D) that was then used to illuminate the DF contact lens in a saline solution bath, via two 

prisms. To complete the microscope system a pinhole-like phase plate was placed inside the 

back focal plane of the objective lens (+5.00 D) so that it lined up with the annulus of the 
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condensing ring (see Figure 3). The phase plate and the annulus were then aligned to produce 

an image of the optic zones of the contact lens (see Figure 4). 

 

 

 

Figure 3: Phase-contrast microscope set-up used to verify optic zone diameters of DF contact lens 

 

 

 

Figure 4: Typical image of optic zones in DF lens produced by phase-contrast microscopy. 
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2.5.1. Optic Zone Diameters 

Optic zone diameters of the DF lenses were verified on a random sample of lenses (n = 7) 

using phase-contrast microscopy. Measurements for each of the lenses are summarised in 

Table 2. All optic zone diameters measured were found to be larger than the specified 

diameters that were ordered from the contact lens manufacturer by approximately 27%. This 

occurred because the manufacturer lathed the dehydrated lenses with the zone diameters 

specified. Upon rehydration Benz 45 swelled to 1.3 times the original diameter resulting in 

larger optic zone diameters than those intended. 

 

For the first part of the study, it was assumed that the DF lenses had been manufactured to the 

specified design, and optic zone diameters were not verified until some data on the efficacy 

of the lenses had been obtained. For this reason the study was continued with the ‘actual’ 

larger zone diameters given in Table 2. 

 

DF Lens (D) Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Overall Diameter 

-1.00 3.483 4.822 6.764 8.305 11.519 14.600 

-1.50 3.277 4.779 6.827 8.192 11.606 14.200 

-1.75 3.372 4.917 6.884 8.492 12.082 14.400 

-2.00 3.256 4.641 6.650 8.312 12.122 14.200 

-3.25 3.355 4.753 6.571 8.249 11.744 14.400 

-4.00 3.249 4.769 6.744 8.294 11.197 14.100 

-4.25 3.505 4.767 6.800 8.412 11.356 14.30 

Mean (Actual) 3.357 4.779 6.753 8.313 11.661 14.314 

SD 0.105 0.083 0.107 0.084 0.348 0.168 

Specified 2.660 3.750 5.300 6.500 9.00 14.200 

Ratio Measured/Specified 1.262 1.274 1.274 1.279 1.296 1.008 

Table 2: Actual optic zones measured in a sample of DF lenses. 
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2.6. Measurement of visual function with contact lenses 

2.6.1. Measurement of visual acuity 

All visual acuity measurements were made using a Medmont AT-20R chart, a computer 

based logMAR type chart, viewed at 6 m using a mirror at 3 m. Visual acuity was recorded in 

Snellen notation and then transposed into the Visual Acuity Rating (VAR) scale (where VAR 

= 100 is equivalent to Snellen 6/6), in which one point is assigned to each letter read 

correctly. Subjects were encouraged to read every line on the chart until they could no longer 

read any letters on a line correctly. Spherical over-refraction was performed on all subjects at 

each contact lens aftercare and outcome measures appointment. Visual acuity measurements 

reported are the best acuity with the spherical over-refraction in place over either the DF or 

the SVD lens. 

 

Baseline Visual Acuity 

All participants exhibited normal visual acuity before entering the trial, with a mean best 

spectacle corrected visual acuity (BSCVA) of VAR = 102 ± 2.5 (Snellen 6/6 
+2

) (range 99 to 

110) in both the right and left eyes. Baseline contact lens acuities were measured at the initial 

contact lens dispensing appointment. For DF lens wearing-eyes, mean acuity was 99.85 ± 

3.53 (range 90 to 108) and for SV lens-wearing eyes mean acuity was 100.20 ± 2.87 (range 

95 to 105). Figure 5 shows there was no consistent loss of acuity in the DF lens-wearing eyes, 

compared with the contralateral SVD lens-wearing eyes (paired t-test, P = 0.628). The 

difference between BSCVA and CL acuities is most likely explained by the uncorrected 

cylindrical component as only spherical contact lenses were used. 
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Figure 5: Acuity of eye wearing DF lens versus acuity of eye wearing SVD lens for each of the 40 children. 

Vision with Contact Lenses during Period 1 (0-10 Months) 

Vision (with spherical over-refraction) remained good in the children throughout the first 

period. At five months the mean (± SD) VAR in the DF eye was 100.86 ± 3.68 and in the 

SVD eye was 100 ± 3.22 letters. There was no significant difference between the two eyes (P 

= 0.303). Results were similar when vision was measured at the 10 month visit, with a VAR 

of 100.39 ± 3.63 letters in the DF eye and 100.67 ± 3.35 letters in the SVD eye (P = 0.752). 

Vision with Contact Lenses during Period 2 (10-20 Months) 

There was little change in vision when the lens allocation was switched between the eyes. At 

15 months the mean (± SD) VAR in the DF eye was 98.72 ± 3.74 and in the SVD eye was 

99.24 ± 4.26 letters. There was no significant difference between the two eyes (P = 0.624). At 

the 20 month visit, the VAR was 98.83 ± 4.16 letters in the DF eye and 98.77 ± 3.65 letters in 

the SVD eye (P = 0.922). Over the second period there appeared to be a small reduction in 

mean VAR in both the DF and SVD eyes compared with the first period, however this was 

not statistically significant in either the DF eye (P = 0.336) or SVD eye (P = 0.224). 
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2.6.2. Measurement of contrast sensitivity 

Contrast sensitivity measures were performed at the five month outcome measures only, in 

the right eye, left eye and then binocularly, using a Pelli-Robson chart located at 1 m. Results 

were recorded using the standard technique where the final triplet at which the patient read 

two out of the three letters correctly, determined the log contrast sensitivity value (Haymes et 

al., 2006). 

 

Figure 6 shows that in most subjects contrast sensitivity was equal in the DF and SVD eyes 

(points lie on the diagonal line in Figure 6). The mean (± SD) contrast sensitivity in the DF 

lens eye was 1.56 ± 0.97 and in the SVD lens eye was 1.58 ± 0.10; there was no significant 

difference between these results (P = 0.211). Seven children had slightly better contrast 

sensitivity in the SVD eye, while three had better contrast sensitivity in the DF eye. Where 

there was a difference between the two eyes it never exceeded one triplet of letters. 

 

Retrospectively, contrast sensitivity should have been measured at more than one time point 

during the DIMENZ trial. In studies of diffractive intra-ocular lenses (IOLs) there is 

significant evidence to suggest that contrast sensitivity, as well as visual acuity, is reduced 

compared with monofocal IOLs (Cionni, Osher, Snyder, & Nordlund, 2009; Petermeier, 

Gekeler, Spitzer, & Szurman, 2009; Zelichowska, Rekas, Stankiewicz, Cervino, & Montes-

Mico, 2008). Haaskjold et al. found that in patients with cataract and no other ocular 

pathology, implantation of diffractive IOLs resulted in slightly reduced contrast sensitivity at 

all spatial frequencies, which was affected by pupil size to a small degree (Haaskjold et al., 

1998). However, mean vales of contrast sensitivity in patients with visual acuity of 6/60 or 

better in the operated eye all fell within normal limits for age and contrast sensitivity 

appeared to improved over time after the implantation of the diffractive IOL. In future studies 

of DF lenses contrast sensitivity would ideally be measured at more than one time point to 

allow comparisons over time. 
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Figure 6: Relationship between contrast sensitivity in the DF lens-wearing eye and the SVD lens-wearing 

eye. 

 

2.6.3. Pupil Size 

The Neuroptic™ Pupillometer was used to measure pupil diameter in three conditions: 

photopic illumination (350 lux) with a distance target, photopic illumination with a near 

target and mesopic illumination (10 lux) The Neuroptic pupillometer is noted for being 

highly accurate as it takes 30 readings within a three second time span (Michel, Kronberg, 

Narvaez, & Zimmerman, 2006). 

 

Pupil size was critical in the DIMENZ trial to ensure the presence of sustained myopic retinal 

defocus for all targets. Pupil size was measured on a sub-group of 35 subjects in mesopic 

illumination (10 lux), and in photopic illumination (350 lux) with targets located at 6 m and 

30 cm. Results of pupil diameters (mean ± SD) are shown in Table 3.  As the Neuroptic™ 

pupillometer was not available at the commencement of the DIMENZ trial pupil size data is 

not available on all 40 subjects. Measurement of pupil diameter was undertaken at the five 

month follow-up visit (Outcome Measure 1) and thus the five subjects who withdrew before 

this did not have pupil data recorded. 
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Pupil Size (mm) DF Lens SVD Lens 

Photopic (6 m target) 5.13 ± 0.68 5.09 ± 0.80 

Photopic (30 cm target) 4.58 ± 0.73 4.60 ± 0.89 

Mesopic (6 m target) 6.92 ± 0.73 6.83 ± 0.71 

 

Table 3: Pupil size of DIMENZ participants in three situations: mesopic illumination, photopic 

illumination while viewing a distance target and photopic illumination while viewing a near targe at 30 

cm. 

 

 

Figure 7 plots the mean pupil diameter in the DF eye versus the actual lens zone diameters in 

the DF lens. It shows that myopic retinal defocus was present in the dual-focus eye for all 

three viewing situations, including when miosis occurred with accommodation on a target 

located at a distance of 30 cm. No significant differences were found in pupil size between 

the DF and SVD eyes, P = 0.75, 0.81 & 0.28 for photopic illumination and distance viewing, 

photopic illumination with a near target and mesopic illumination respectively.  

 

Using the correct optic zone diameters and the pupil sizes measured from children enrolled in 

the DIMENZ trial the central correction filled 56% of the pupil, while the first treatment zone 

filled 44% of the pupil. This is similar to the planned 50:50 ratio of the original lens design, 

as although the optic zone diameters were larger than planned, pupil diameters were also 

larger in this group of subjects. 
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Figure 7: Pupil diameters and DF lens zones in DIMENZ participants, as measured in mesopic and 

photopic illumination. 

 

2.7. Accommodation Measurement  

Accommodation was measured in DIMENZ subjects to confirm the presence of myopic 

retinal defocus for both distance and, most importantly, near targets. Children enrolled in the 

DIMENZ trial had accommodation measures performed on three occasions: after two to three 

weeks of contact lens wear, at the 10 month cross-over visit with the Period One lens 

allocation still in place, and at the 20 month final outcome measures.  

2.7.1. Accommodation Measurement Protocol 

A Shin-Nippon (SRW-5000) infrared open-field autorefractor was used to measure 

accommodative responses to targets located at 4 m and 40 cm. Ten consecutive 

measurements of accommodation for both distance and near targets were taken on each 

subject and reported accommodation responses represent the average spherical equivalent 

(sphere + ½ cylinder) of these ten consecutive refractometer readings. All accommodation 
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measures were made through the single vision lens as the open-field autorefractor could not 

make reliable measured through the DF contact lens. The distance accommodative target was 

the line of best acuity on a high contrast Snellen letter chart located at 4 m; the near target 

was the line of best acuity on a high contrast near letter chart located at 40 cm positioned in 

front of the eye being measured. The subject was aligned in the autorefractor so that their 

eyes were aligned with the outer canthus mark of the autorefractor and the distance and near 

charts adjusted as necessary so that the subject was looking in the straight ahead position. The 

child was asked to read down the letter chart, binocularly, until they could no longer read any 

of the letters on a line. The distance stimulus was chosen as the last line of letters in which all 

of the letters were read correctly. In all cases this corresponded to an acuity of 6/7.5 or better. 

The near target was chosen in a similar manner, with a near acuity chart attached to the open-

field autorefractor and located at 40 cm. Subjects were instructed to keep the letters clear and 

in focus at all times, and to read the letters aloud if this helped. All accommodation measures 

were taken under binocular viewing condition; both eyes viewed the target but only measures 

from the eye wearing the single vision lens were used to calculate mean accommodative 

response, see Figure 8.  

 

Accommodation measurements were made under two conditions:  

1. children wearing their DIMENZ trial contact lens allocation (DF lens allocated to one 

eye and a SVD lens in the fellow eye) 

2. children wearing the DF lens in the same randomly allocated eye and a single vision 

near (SVN) lens (+2.50 added to the distance prescription) in the fellow eye. This 

single vision ‘near’ prescription was chosen to completely correct the eye to the near 

target at 40 cm, so that no accommodative effort was required to view the near target 

with that eye. In this situation the near corrected eye could not provide any stimulus 

for accommodation, and therefore any accommodative response would have to be 

provided by the eye wearing the DF lens. This condition was included to try and 

predict the accommodation response that would occur should the lenses be worn 

binocularly. No compensation was made for the subjects lag/lead of accommodation 

as the aim of these accommodation measurements were not to attempt to alter 

accommodative response, but to ascertain the presence or absence of myopic retinal 

defocus in subjects wearing DF lenses. 
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Figure 8:  Accommodation measures used in the DIMENZ trial. The DF lens was randomly allocated to 

the dominant or non-dominant eye. The fellow eye was measured first with a SVD lens, followed by a 

SVN lens with an effective +2.50 D near addition. 

 

Accommodative responses, defined as the difference between autorefractor readings at 

distance and near in the eye wearing the single vision lens, were calculated for all subjects in 

both viewing conditions; the values of accommodative response for the SVD and SVN lens 

conditions were compared using paired T-tests.  

 

2.7.2. Accommodation at two weeks 

Accommodation response after two weeks of lens wear was measured in 37 children. Three 

children voluntarily withdrew from the DIMENZ trial due to difficulties with insertion and 

removal of the contact lenses. Results for the first two-week period are reported for 35 of 

these children, as measurement on the first two subjects were unreliable. Accommodation 

results showed that when children changed their gaze from 4 m to 40 cm, accommodation 

increased by 1.77 ± 0.41 D while wearing the single vision distance lens, and by 1.49 ± 0.69 

D while wearing the single vision near lens (see Figure 9). Paired t-test showed a just 

significant difference between these two results (P = 0.0473). 
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For most subjects there was a strong correlation between the accommodative response 

measured through the SVD and SVN lens, although it is evident from Figure 9 that three 

children relaxed accommodation when fitted with an SVN lens in the fellow eye. This 

implies that in most children accommodation is driven through the distance portion of the 

dual-focus contact lens and myopic retinal defocus is present for both distance and near 

targets. Three subjects showed that when the fellow eye is corrected with a single vision near 

lens, accommodation was completely relaxed and accommodative posture was determined by 

the near corrected eye. It is not known why these subjects showed the opposite response to 

the other children enrolled in the DIMENZ trial, but does suggest that accommodation should 

be measured in all children wearing dual-focus contact lenses. If we exclude these three 

children from analysis of accommodation results accommodation increased to 1.79 ± 0.41 D 

while wearing the single vision distance lens, and to 1.66 ± 0.45 D while wearing the single 

vision near lens when gaze changed from 4 m to 40 cm. Paired t-tests showed no significant 

differences between these two responses (P = 0.224). 

 

Figure 9: Comparison of accommodative response wearing a SVD lens and a SVN lens in DIMENZ 

subjects after two weeks of contact lens wear. 
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2.7.3. Accommodation at 10 months 

Accommodation responses were measured in 31 of the 35 children who completed the first 

10 month period. Three of the other four children did not wear their contact lenses to the 

appointment, and one child was unable to sit for measurements due to knee lacerations. 

Accommodation results showed that when children changed their gaze from 4 m to 40 cm, 

accommodation increased by 1.84 ± 0.39 D while wearing the single vision distance lens, and 

by 1.65 ± 0.48 D while wearing the single vision near lens (see Figure 10). Paired t-test 

showed no significant differences between these two results (P = 0.095). At 10 months, the 

accommodative response in both the SVD and SVN situations was higher than at the 2 week 

measures, and none of the children measured completely relaxed their accommodation with 

the SVN lens in the fellow eye. Of the three children who completely relaxed their 

accommodation with the SVN lens in the fellow eye at the two week measures, only one was 

able to be retested at this point. At this appointment the child showed good correlation 

between accommodation measured in the SVD lens (2.09 D) and the SVN lens (1.64 D). 

Measurements were not possible for the other two children, as one was not wearing their 

contact lenses at this appointment, and the other was unable to sit for measurements due to a 

knee injury. 

 

Figure 10: Comparison of accommodative response wearing a SVD lens and a SVN lens in DIMENZ 

subjects after 10 months of contact lens wear. 
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2.7.4. Accommodation at 20 months 

Accommodation responses were measured in 27 subjects who completed the final 20 month 

outcome measure. One subject withdrew after 10 months of contact lens wear and a further 

seven children did not wear their contact lenses to the final outcome appointment, despite 

verbal and written instructions to always wear contact lenses to scheduled appointments. 

 

 

 

Figure 11: Comparison of accommodative response wearing a SVD lens and a SVN lens in  DIMENZ 

subjects after 20 months of contact lens wear. 

 

Accommodation results showed that when children changed their gaze from 4 m to 40 cm, 

accommodation increased by 1.83 ± 0.39 D while wearing the single vision distance lens, and 

by 1.57 ± 0.64 D while wearing the single vision near lens (see Figure 11). Paired t-test 

showed no significant differences between these two results (P = 0.085). At 20 months, three 

children showed increased accommodation to a near stimulus while wearing the SVD lens in 

the fellow eye, but completely relaxed their accommodation when the fellow eye was fitted 

with a SVN lens. One of these children completely relaxed accommodation while wearing the 

SVN lens at the two week appointment, while the other subject had showed normal 
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accommodation at both the two week and 10 month measures. One further subject showed 

poor accommodative response to near stimuli while wearing both the SVD (0.62 D) and SNV 

lenses (0.45 D). 

 

 

2.8. Safety and Compliance 

Children who reported any significant adverse ocular events during the study were reviewed 

immediately and their eligibility to continue in the study assessed. Serious adverse events 

were considered any sight-threatening adverse reaction to contact lens wear and included 

corneal ulcers, anterior uveitis, ocular infections, corneal scarring or any permanent vision 

loss.  

 

In cases of non-serious adverse events children could also be temporally suspended from 

contact lens wear from the study for any of the following reasons: 

1. Presence of a persistent corneal stromal infiltrate 

2. Persistence of any Grade 3-4 finding on the Effron grading scale including: 

conjunctival redness, limbal redness, corneal neovascularisation, epithelial 

microcysts, corneal oedema or staining, superior limbic kerato-conjunctivitis, giant 

papillary conjunctivitis, corneal distortion. 

3. Unacceptable visual acuity: where there was a drop of visual acuity of more than two 

lines of letters on a Bailey-Lovie chart while wearing the best contact lens 

prescription compared with baseline measures of VA. 

4. Failure to comply with study protocol wearing schedules. 

5. Failure to following handling and care instruction. 

6. Repeated non-attendance for scheduled follow-up visits. 
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Compliance to wearing schedules was administered by survey at every scheduled visit. This 

survey (see Appendix 3) questioned participants on wearing time, as well as competence at 

contact lens insertion and removal and contact lens care and hygiene.  

2.8.1. Safety 

No serious adverse events directly related to lens wear were reported in the first 10 months of 

the study. One participant slept overnight in one of the contact lenses (left eye). This resulted 

in Grade 3 conjunctival hyperaemia and diffuse, corneal epithelial staining the next day, 

which resolved with no treatment over the next 24 hours. Another subject received 

lacerations to the knee due to walking through a closed glass door. This event was reported to 

the Northern X Ethics Committee but it was not believed to be related to contact lens wear. In 

period two one subject developed viral conjunctivitis. This did not affect vision, but resulted 

in red, itchy, teary eyes and mild inferior superficial punctuate staining of the inferior cornea. 

The subject ceased contact lens wear and symptoms resolved after approximately two weeks. 

A further subject developed a papilloma on her lower left lid. There was no discharge, 

discomfort or change in vision. This resolved over a period of approximately two months and 

contact lens wear was unaffected. 

2.8.2. Compliance 

In general compliance to contact lens wear was high. At the two week contact lens aftercare 

appointment the average wear time was 11.94 ± 2.02 hours per day, 6.46 ± 0.60 days a week. 

Wear time increased during the next 10 months as children became more comfortable and 

confident with CL wear. At five months the average wear time was 12.66 ± 2.03 hours per 

day, 6.69 ± 0.47 days per week. Similar results were seen at the 10 month visit with wear 

times of 12.66 ± 2.21 hours per day, 6.87 ± 0.45 days per week. Compliance continued to be 

high during the second period. Average wear time was 13.23 ± 1.63 hours per day, 6.70 days 

per week at 15 months, and 13.15 ± 2.83 hours per day, 6.63 ± 1.25 days per week at the 20 

month visit.  

 

Compliance with prescribed protocols is always an issue in clinical trials. Specific daily 

wearing schedules were not obtained, nor was objective monitoring of wear time undertaken, 

although self-reports showed high levels of compliance with wearing regimens. Actual 



 

52 
 

waking hours of the children were also not recorded, although recent evidence in Korean 

children suggest an average of 17-18 waking hours a day (Yang, Kim, Patel, & Lee, 2005). 

This is however, culture dependent with American teenagers sleeping nearly 8.5 hours per 

day (Pollak & Bright, 2003) and longer sleeping periods in some European cultures (Jenni & 

O'Connor, 2005). From this data, it is likely that children were wearing their contact lenses at 

least 80% of waking hours. 
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Chapter 3. Methods: Study Design 

3.1. Study Design 

The DIMENZ randomized controlled trial was a paired-eye comparison cross-over, single-

masked clinical trial conducted in 40 children over a 20 month period. In each subject the 

experimental Dual-focus (DF) soft contact lens was worn in one eye while a standard Single 

Vision Distance (SVD) soft contact lens was worn in the other eye to act as a control. 

Experimental and control lenses were crossed over between eyes after a period of ten months. 

Outcome measures (refractive error and eye axial length) were measured in both eyes every 5 

months to compare progression of myopia between eyes. Subjects were randomly assigned to 

either Group 1 in which the DF lens was initially worn in the dominant eye, or Group 2 in 

which the DF lens was initially worn in the non-dominant eye.  

 

This study design was chosen for the following reasons. The paired-eye control aspect of the 

design was chosen because it required a relatively small number of subjects, which was 

appropriate for the proof-of-concept nature of the trial. Using a paired-eye design allows the 

subject’s response to treatment with the DF lens to be contrasted directly with the subject’s 

response to treatment with the SVD lens. Therefore treatment effects can be estimated 

precisely and the number of subjects required for a paired-eye trial (40) can be far fewer than 

that required for the equivalent parallel design (192) with the same statistical power. This is 

because in a paired-eye control design, sample size calculations are based on intra-subject 

variability which tends to be much smaller than the inter-subject variability used in 

calculations for parallel design studies (see Section 3.3).  

 

The paired-eye comparison also effectively tested whether myopic retinal defocus acts to 

slow myopia progression. If the lenses had been worn binocularly (in a parallel group study) 

it would have been difficult to ascertain whether any effects on progression were due to 

altered binocular vision status of the subjects (e.g. an altered convergence-accommodation 

relationship) or to the effect of the myopic defocus itself. The paired-eye comparison also had 
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the advantage that in the event of a subject dropping out of the trial, the number of 

experimental and control eyes remained balanced. 

 

Paired eye study designs have been used extensively in animal studies to explore the role of 

optical defocus in regulating refractive development (N A McBrien et al., 1999; Norton et al., 

2006; Wallman & Adams, 1987). This paradigm has been used in animal models as it most 

accurately detects the presence of refractive anomalies and ocular growth changes when 

neonates are fitted either with an opaque occluder (form deprivation) or positive or negative 

lenses. This has been found to be particularly important in primate models of myopia 

development, where the magnitude of refractive change is much smaller than seen in some 

other animal models such as chicks (Hung et al., 1995; E. L. Smith & Hung, 1999). Weisel 

and Raviola (Raviola & Wiesel, 1978; T N Wiesel & Raviola, 1977; T. N. Wiesel & Raviola, 

1979) reported absolute myopia development in their form deprived monkeys, whereas von 

Noorden and Crawford found that the form deprived eye does not always become myopic 

with form deprivation (von Noorden & Crawford, 1978). However, when this data was re-

analyzed by finding inter-ocular differences in refraction, it was found that monocular form 

deprivation almost always causes myopia development and increased axial elongation of the 

eye (E. L. Smith, Harwerth, Crawford, & von Noorden, 1987). There is a high degree of 

variability in the refractive errors produced by form deprivation and lens compensation in 

primate eyes, particularly in response to age of onset at intervention, duration of treatment 

and amount of blur/defocus (E. L. Smith & Hung, 2000). 

 

Using a paired eye paradigm in the DIMENZ trial reduced the inter-subject variability by 

using the contra-lateral eye as a control. By observing inter-ocular differences in refraction it 

is possible to directly calculate the influence of a particular intervention on refractive 

development. The apparent failure of some studies to show consistent results (Gwiazda et al., 

2003; Leung & Brown, 1999) may in part be to the difficulty in establishing an appropriate 

control groups. By using the contra-lateral eye as a control this problem may be overcome. 

While a binocular wearing regimen of the DF lenses would be used clinically, a much larger 

clinical trial would be required to prove the efficacy of these lenses. In a binocular wearing 

modality it is impossible to directly compare the effects of the DF lenses in slowing myopia 

progression, as it is impossible to completely match treatment and control groups. 
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The cross-over aspect of the trial was chosen to reduce any treatment-induced anisometropia 

remaining at the end of the trial that might otherwise have resulted from different rates of 

myopia progression in the treatment and control eyes. This also had the advantage that both 

eyes in all subjects received the potential benefit of wearing the treatment contact lenses 

during the study period. 

 

3.2. Eligibility Criteria 

The inclusion and exclusion criteria were chosen to enrol children with moderate levels of 

myopia, who were at an age likely to experience changes in their refractive error and who 

would make successful contact lens wearers. Aspects of these criteria are summarised below. 

Inclusion Criteria 

Children were eligible for participation if they fulfilled the following criteria: 

1. Age: 12-14 years old at recruitment. The aim was to include children with progressing 

myopia who could benefit from a potential myopia intervention. The age of ‘typical 

onset myopia’ is 8.5-9 years old, with a rapid change in refraction between 9 and 14 

years of age (Saw, Tong et al., 2005; Thorn et al., 2005). However, participants were 

also required to be at an age where they could handle contact lenses independently. 

There is little scientific evidence to suggest an appropriate age to fit children in 

frequent replacement/disposable lenses. Walline et al have shown than 8-11 year old 

myopic children could responsibly wear daily disposable contact lenses (Walline, 

Long et al., 2004). The lenses used in the DIMENZ trial were two-monthly frequent 

replacement lenses that required more cleaning and care, and therefore an older age 

group was chosen than in the Walline study. Another recent study in Singapore has 

shown that 90% of 8-12 year olds can successfully wear daily disposable lenses 

successfully (L. Li et al., 2009). However, four subjects were discontinues because of 

lens handling difficulties, one for unacceptable lens fit and one adverse event 

(chalazion). Tow other subjects also developed chalazion but this did not result in 

discontinuation of lens wear. It has been shown, at least in an adult population of 

contact lens wearers, that daily disposable contact lenses significantly reduce contact 
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lens complications such as toxicity/hypersensitivity and corneal metabolic disorders 

(Radford, Minassian, Dart, Stapleton, & Verma, 2009). There is also evidence to 

suggest the risk of vision loss from microbial keratitis is less in daily disposable 

contact lenses than frequent replacement disposable lenses, although different brands 

of daily disposable contact lenses carry different risks (Dart et al., 2008). There is no 

data available on the safety of standard two weekly or monthly disposable contact 

lenses in children or adolescent wearers. However, in teenage years the most common 

risk factor for microbial keratitis is contact lens wear (40.7% of cases in Taiwan) 

(Hsiao et al., 2007). Risk factors such as poor contact lens hygiene, compliance and 

less than six months lens wear are all known risk factors for microbial keratitis, 

although overnight use of contact lenses remains the highest predisposing factor to 

cases of keratitis in contact lens wearers (Stapleton et al., 2008). Therefore it was 

decided to take a conservative approach to contact lens fitting, with older children 

being recruited into the study in the hope that this would improve contact lens 

compliance and reduce the risk of serious adverse events. There is some evidence to 

suggest that non-compliance is higher in peripubertal children and smaller in late 

teenage years, as assessed in paediatric renal transplant recipients (Meyers, Weiland, 

& Thomson, 1995). 

2. Progressing myopia: Potential participants were identified as those who were likely to 

show myopia progression during the course of the study. Where possible, previous 

optometric records were consulted to establish a myopic change in refraction of at 

least 0.50 D during the 12 months prior to recruitment. This information was not 

available for all children, and in these cases myopia progression was estimated from 

measurement of the child’s current spectacle prescription. 

3. Refractive error limits: -1.25 to -4.50D mean sphere in the least myopic eye as 

determined by subjective refraction. Refractive error limits were chosen in order to 

select children likely to be motivated to wear contact lenses full-time. Children with 

myopia less than -1.25 D in both eyes were excluded as reading and intermediate 

distance vision are clear without correction and distance vision may be acceptable in 

some circumstances. Higher levels of myopia (greater than -4.50 D) were excluded as 

myopia progression tends to slow in many individuals after this point (Thorn et al., 

2005). 
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4. Visual acuity (VA): Subjects were required to have a best corrected spectacle visual 

acuity (BSCVA) of 6/6 Snellen, equivalent to Visual Acuity Rating (VAR) = 100, or 

better in both eyes. Good initial VA was required to exclude amblyopia or ocular 

pathology that may influence refractive error development. Good visual acuity was 

also necessary for successful wear of DF contact lenses, as it is known that other 

simultaneous vision lenses can reduce acuity and contrast sensitivity (Bennett, 2008; 

Hough, 2002). 

5. Ability to independently handle contact lenses: All subjects were required to 

demonstrate the ability to insert, remove and care for their contact lenses without 

parental assistance. This was to ensure that insertion and removal could be performed 

when parents/guardians were unavailable, for example, at school and swimming 

lessons. 

6. Prepared to wear contact lenses full-time for the duration of the study: As this was a 

clinical trial assessing the effect of dual-focus contact lenses on the progression of 

myopia, all participants had to be willing to wear contact lenses full-time to enable an 

accurate assessment of the treatment effect of these lenses. A minimum wearing 

regime of 8 hours a day, seven days a week was recommended. 

7. Informed Consent/Assent: All children and parents had to be able to give informed 

assent (children) and informed consent (parent/guardian). 

Exclusion criteria 

Criteria for exclusion were: 

1. Astigmatism >1.25 D: Due to the complex optics of the dual-focus lenses, only 

spherical lenses were made and fitted in this trial. Previous studies in presbyopic 

patients suggest that fitting prescriptions having refractive cylinder greater than 1.25 

DC is largely unsuccessful with standard concentric zone bifocal contact lenses, so 

subjects with >1.25 D of astigmatism were excluded from the trial (Bennett & 

Weissman, 2005; Norman, 2004). 

2. Anisometropia: Due to the paired-eye design of this study, and the potential to induce 

anisometropia with the treatment contact lens, only small amounts of initial 
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anisometropia were acceptable. Therefore children with anisometropia >1.00D were 

excluded (L Tong, Saw, Chia, & Tan, 2004).  

3. Abnormal binocular vision: All subjects were required to show normal binocular 

function, with no manifest strabismus at distance or near, as assessed by cover test. 

4. Ocular pathology: Any individual exhibiting ocular pathology likely to affect 

refractive error development was excluded from participation.  

5. Active anterior surface disease: Any children with anterior surface eye disease, 

including papillary conjunctivitis, significant dry eye, corneal opacities or current 

medication that might affect ocular physiology were excluded from participation as 

any of these conditions may preclude successful contact lens wear. Subjects with a 

history of hay fever and atopic conditions were assessed on an individual basis, and 

where significant atopy may have interfered with contact lens wear the participant 

was excluded from participation. 

6. Known systemic disease with ocular complications: Children with systemic 

conditions such as diabetes, which may alter refractive error with fluctuating blood 

sugar levels and make assessment of change in refractive error difficult, were also 

excluded. 

7. Inadequate fit of contact lenses: Contact lenses were designed with one base curve 

and one total diameter only. Centration of the dual-focus contact lenses was important 

to ensure that the lenses performed as designed. An inadequate fit was deemed one in 

which there was poor centration or excessive movement. Both of these would have a 

detrimental effect on the treatment results of the dual-focus lens and would make the 

vision in dual-focus lenses unacceptable for the subject. 

8. Birth weight less than 1250 g: Children who had been pre-term infants with birth 

weight of <1250g were excluded as they have been shown to have a different 

emmetropization process than full-term infants, a greater range of refractive errors at 

birth and are at risk from retinopathy of prematurity (ROP) (Saunders, McCulloch, 

Shepard, & Wilkinson, 2002). Neonates with ROP show high degrees of myopia from 

six months of age onwards, which is often retained into childhood. It is also possible 

that preterm infants unaffected by ROP may also experience refractive anomalies 

(Birch & O'Connor, 2001). 
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3.3. Sample Size Considerations 

The null hypothesis was that wearing DF contact lenses would have no effect on the rate of 

myopia progression compared to wearing standard SVD contact lenses. The sample size 

calculation was based on the following considerations: 

1. Power: a minimum of 90% power to detect a significant difference, at a p-value of 

0.01. 

2. A two-tailed 1% α-level 

3. Minimum detectable difference: A required difference of the means of 0.25 D was 

used as this represents the smallest difference in refractive error that would be 

measured clinically by subjective refraction. 

4. Standard deviation (SD): The sample size was based on an intra-subject standard 

deviation of 0.26 D for cycloplegic autorefraction (Yeow, 1989). 

5. A cross-over design trial: the standard deviation is therefore expressed as within-

subject standard deviation and reduces the measurement variability. This helps reduce 

the number of required participants. 

6. A maximum drop-out rate of 15%. 

The sample size was calculated via a web-based sample size calculator developed by 

Massachusettes General Hospital and the National Institutes of Health, available at: 

http://hedwig.mgh.harvard.edu/sample_size/size.html. Taking into account the considerations 

above a minimum number of 34 subjects was required to obtain statistical significance, and a 

further six subjects were included to account for subject drop-out. Therefore 40 children were 

recruited into the study.  

 

3.4. Recruitment, ethics and registration 

Potential subjects were identified by active recruitment methods, primarily through The 

University of Auckland Optometry Clinic. Computerised records were searched to identify 

http://hedwig.mgh.harvard.edu/sample_size/size.html
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children within the correct age range and their patient records were then checked to determine 

the refractive error at the last eye examination. Children whose age and refractive error fell 

within the desired ranges were contacted by mail with details of the study and invited to 

consider participating. A small number of children (n = 3) were recruited through personal 

referral from other DIMENZ participants. Four local schools within the Auckland area were 

also contacted and displayed advertising material for the trial, but no subjects were recruited 

via this method. The first participant was randomized in December 2005 and recruitment 

ceased in March 2007. Recruitment took longer than anticipated due to the strict inclusion 

criteria, especially the low amount of astigmatic refractive error allowed, and the low 

prevalence of myopia in New Zealand school children (Grosvenor, 1965, 1970). 

 

The DIMENZ study received approval from the Northern X Ethics Committee 

(NTX/05/05/047) and was prospectively registered with the Australian New Zealand Clinical 

Trial Registry (ACTRN 012605000633684). Informed consent was obtained from the 

parent/guardian regarding participation in the DIMENZ trial; assent was also obtained from 

the child. Consent/assent forms indicated agreement to participate in the DIMENZ trial for a 

minimum of 20 months, and agreement that the participant wore only DIMENZ contact 

lenses for the duration of the study. All children agreed to wear DIMENZ contact lenses for a 

minimum of eight hours per day, seven days a week. All participants were provided with a 

24-hour emergency number to call with any problems with the prescribed contact lenses or 

questions about the study. 

 

3.5. Randomization 

Children were randomized to one of two treatment groups. In Group 1 the DF lens was 

initially worn in the dominant eye; in Group 2 the DF lens was initially worn in the non-

dominant eye.  At the end of the first ten-month period, the DF lens was worn in the 

contralateral eye for a further ten month period. In all cases the fellow eye was fitted with a 

standard single vision soft contact lens which corrected the distance refractive error.  
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Eye dominance was considered for randomization purposes as ocular dominance has been 

sited as a factor in successful monovision contact lens wear in presbyopic contact lens 

wearers (Robboy, Cox, & Erickson, 1990). Although children in the DIMENZ trial were not 

fitted in traditional monovision contact lenses, it was possible that fitting the DF lens in the 

dominant eye may have impacted on high and low contrast visual acuity more than wearing 

the DF lens in the non-dominant eye (Erickson & McGill, 1992). A significantly higher drop-

out rate in the group wearing the DF lens in the dominant eye in the DIMENZ trial would 

have made establishing efficacy of the DF lens problematic. 

 

Group allocation was based on sighting dominance, which has traditionally been used for 

contact lens fitting protocols (Johannsdottir & Stelmach, 2001), and although there is poor 

agreement between sighting and sensory dominance, sighting dominance is the parameter 

most often used clinically. It has been demonstrated that the eye used for sighting dominance 

is not necessarily the same eye used for sensory dominance, which suggests that in the 

normal visual system, a different eye may be preferred for different tasks (McGill & 

Erickson, 1991; Portal & Romano, 1998). A recent study examining three forms of sensory 

dominance (resolution acuity, contrast sensitivity and alignment sensitivity) showed that the 

dominant eye was not consistent across these three functions and that there is a lack of 

significant sensory dominance in the visual system (Suttle et al., 2009). It is also possible that 

ocular dominance, per se, does not exist in most patients, as the dominant eye is method-

dependent and not consistent across tests in patients with normal visual function (Suttle et al., 

2009). Sighting dominance tends to be more repeatable in subjects but again may not have 

any significant bearing on true ocular dominance. 

  

The randomization scheme was stratified according to the prognostic factors of gender and 

ethnicity (East Asian and non-East Asian) and used a random permuted block design with a 

predetermined block size of four, to ensure balance of participant characteristics and potential 

prognostic factors between the two study groups. Gender was chosen as a prognostic factor as 

some studies have shown girls to have higher rates of myopia progression than boys (Saw et 

al., 2000) and myopia progression rates in East Asian children are reportedly higher than in 

other ethnic groups (Ip et al., 2008; Kleinstein, Jones, & Hullett, 2003). Ethnicity was based 
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on these two very broad categories as the small number of participants recruited into the 

DIMENZ trial limited the number of ethnic sub-groups that could be validly analysed. In 

New Zealand there is currently no comprehensive refractive error data fro children and 

adolescents. The most recent refractive error report was published over 35 years ago when 

Grosvenor compared the refractive error distributions between Maori and Pakeha children 

(Grosvenor, 1970). He showed minimal differences in spherical ametropia between Maori 

and Pakeha possibly because environmental influences are similar. However, the paucity of 

epidemiological data on refractive error in New Zealand suggests that larger studies should 

recruit more Maori children to compare differences in myopia progression. 

 

The randomly generated allocations were placed in opaque sealed envelops held by reception 

staff of the University of Auckland Optometry Clinic not involved in the study. The 

investigators and assessors responsible for the clinical care and outcome measures did not 

have access to the randomization schedule throughout the study. A subject was considered to 

be enrolled in the DIMENZ trial once the randomization assignment was issued and the 

contact lenses had been dispensed. 

 

3.6. Masking 

The DIMENZ trial was an open-label study where neither the participant nor the optometrist 

responsible for clinical care was masked to lens assignment. The clinical optometrist was 

responsible for any issues regarding visual symptoms and the determination of the contact 

lens prescription. As a paired-eye study design was utilised participants could directly 

compare the vision with each mode of correction, and some participants were able to 

determine the allocation of the DF lens. 

 

Optometrists responsible for making study measures (cycloplegic autorefraction and partial 

coherence interferometry) were masked to lens assignment. The masked examiners had no 

access to the subject’s clinical records, the patients never wore their contact lenses in the 

presence of the masked examiners and subjects were instructed not to discuss their contact 



 

63 
 

lenses with the examiner. Any events of unmasking by the outcome assessor were recorded at 

the time of the visit. 

 

3.7. Outcome Measures 

The primary outcome measure was the rate of change in axial myopia in the treatment eye 

compared with the control eye. The main study measures, cycloplegic autorefraction and 

axial length, were collected on both eyes at baseline and at five month intervals thereafter for 

20 months. For cycloplegic autorefraction, five consecutive measurements were taken on 

each eye using a Humphrey Auto-refractor (HARK-599), at least 30 minutes after 

cycloplegia with one drop of 0.4% benoxinate, followed by two drops of 1% tropicamide, 

spaced 4-6 minutes apart, which have previously been shown to provide acceptable 

cycloplegia (Owens, Garner, Yap, Frith, & Kinnear, 1998). The HARK-599 shows high 

reproducibility between measurements (correlation co-efficient (R
2
) = 0.98) and high 

correlation subjective refraction (R
2 

= 0.97) and retinoscopy (R
2 

= 0.95) after cycloplegia in 

children (Isenberrg, del Signore, & Madani-Becker, 2001). Axial length was determined at 

each visit as the mean of 20 measurements made with the Zeiss IOLMaster. Only measures 

with a signal-to-noise ratio (SNR) of 2.0 or greater were acceptable for study purposes 

(Sheng, Bottjer, & Bullimore, 2004). 

 

3.8. Study Visits 

The DIMENZ protocol included one initial visit to assess eligibility, a minimum of six 

follow-up visits, and problem visits as needed (see Table 4). 

Initial Visit 

All children who responded to the invitation to participate received a full eye examination to 

ascertain whether they met the inclusion criteria. During this initial visit the study was 

explained and eligibility was evaluated. If any exclusion criteria were identified during this 

appointment, the examination continued as a routine, standard eye examination and the child 

and their parents were not invited to participate in the study. These children were referred 

back to The University of Auckland Optometry Clinic for routine monitoring of their 
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refractive error. Those children who met the eligibility criteria were invited to participate in 

the DIMENZ trial following verbal and written explanation of the study. Prior to baseline 

measures being taken, informed consent (parents/guardians) and assent (children) were 

obtained. 

Measurement of visual acuity: All visual acuity measurements were made using a Medmont 

AT-20R chart, a computer-based log-MAR type chart, viewed at 6 m. Visual acuity was 

analysed using the Visual Acuity Rating (VAR) scale, in which one point is assigned to each 

letter read correctly. 

Determination of spectacle prescription: Spectacle prescription was determined by subjective 

refraction and was recorded as the least minus lens that produced maximum visual acuity. 

The appropriate cylinder component of the prescription was determined by the Jackson Cross 

Cylinder (JCC) method. 

Binocular Vision Assessment: The presence or absence of strabismus was determined using a 

standard cover test, with the patient’s habitual correction in place. Heterophorias were 

measured at distance (6 m) and near (40 cm) on all children using the von Graefe technique 

through the subjectively determined distance correction. Amplitude of accommodation was 

measured monocularly and then binocularly using the push-up method and the RAF rule. Eye 

dominance was assessed on all children who meet the eligibility criteria by a simple sighting 

test of a target located at 6 m. The sighting dominant eye was determined by asking the 

subject to make a small circular hole with their hands. The subject was then directed to look 

at a single 6/60 letter presented directly ahead with his/her hands at arms length. While 

viewing the target the subject’s eyes were alternately occluded briefly to determine through 

which eye the target was visible. The sighting dominant eye was determined as the eye 

viewing the target, according to the subject’s response. 

Ocular Health: Ocular health was assessed using slit lamp examination of the anterior 

segment, direct ophthalmoscopy and indirect fundoscopy with a 90 D lens. 
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Initial 

Visit 

Baseline 

Measures 

2 

week 

check 

5 

months 

10 

months 

15 

months 

20 

months 

Exit 

Visit 

Consent/Assent 

 
*        

History 

 
*  * * * * * * 

Compliance 

 
  * * * * *  

VA 

 
* * * * * * * * 

Subjective 

Refraction 
*       * 

CL Over-

refraction 
 * * * * * *  

BV Assessment 

 
*       * 

Biomicroscopy 

 
* * * * * * * * 

Fundus 

Examination 
*       * 

Pupil 

Assessment 
*    *   * 

Contrast 

Sensitivity 
   *     

Accommodation 

with DF Lens 
  *  *  *  

Autorefraction 

& Keratometry 
 *  * * * *  

IOLMaster 

 
 *  * * * *  

 

Table 4: Summary of data collection procedures at each study visit 

 

Baseline measures (Contact Lens Dispensing)  

Contact lenses were dispensed to children after enrolment and randomization into the 

DIMENZ trial. At the contact lens dispensing visit children were instructed on insertion and 

removal of contact lenses, their care and use of solutions. Baseline measures of cycloplegic 

autorefraction and axial length were then performed.  

Two Week Contact Lens Check 

All children were reviewed after 2-3 weeks of contact lens wear to evaluate the contact lens 

prescription and fit and anterior segment health. Accommodation status while wearing the DF 

lens was also first taken at this visit (see Section 2.6). Autorefraction and ocular biometry 
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were not repeated at the two week check as this would have involved re-cyclopleging 

children within a very short period of time, even though his would have allowed for 

repeatability checks on the measurements taken at baseline. There is little evidence to suggest 

that refractive error or axial length of the eye is likely to change over a two to three week 

period, and cycloplegia results in blurred vision for several hours particularly at near, which 

would have affected participants’ ability to perform school work, reading or other related 

tasks. 

Follow-up visits (5-20 months) 

Follow-up visits were scheduled every 5 months for a 20 month period. At follow-up visits 

all children had their contact lens prescription evaluated and had a slit lamp examination 

performed to assess their contact lenses and the health of the anterior segment of the eye. The 

contact lens prescription was changed if, upon over-refraction, visual acuity improved by 5 or 

more letters, or if clinically indicated. All children were assessed with regard to contact lens 

wear compliance which was assessed by questionnaire (see Appendix 5). Outcome measures 

of cycloplegic autorefraction and axial length were performed at all scheduled visits. 

Additional measures of accommodative response while wearing the DF contact lenses were 

collected after two weeks of contact lens wear, and at the 10 and 20 month visits.  

Unscheduled Visits 

Additional visits could take place if required to address any problems with contact lenses or 

vision. At these visits any problem presented by the subject was addressed but no outcome 

measures were taken. 
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3.9. Statistical Analysis 

All statistical analyses were based on the intention-to-treat principles and analyzed using SAS 

software Version 8 (SAS Institute Inc, USA). All statistical tests used were two-sided and 

based on α = 0.05. Two-sided tests of significance were used as there was no clear indication 

prior to starting the DIMENZ trial whether myopia progression in the eye wearing the dual-

focus contact lens was likely to be greater or smaller than myopia progression in the eye 

fitted with the single vision lens. Using a two-sided test allowed for rejection of the null 

hypothesis (no difference in myopia progression between the two eyes) in two scenarios: 

where the myopia progression was reduced in the eye wearing the DF lens and also in the 

scenario where myopia progression was accelerated in eyes fitted with DF lenses. A one-

sided test of significance would have been inappropriate, as the null-hypothesis would only 

have been rejected if myopia progression had been slowed/reduced in the eye wearing the DF 

lens (Armstrong & Eperjesi, 2000; Bland & Altman, 1994; D. Wang, Bakhai, & Muaffulli, 

2003). 

Baseline Analysis 

Baseline data was summarized using standard methods including frequency distributions for 

categorical variables and means, standard deviations and medians for continuous variables. 

Fourier decomposition of refractive data was performed to allow independent analysis of the 

spherical and cylindrical components of refractive error, using spherical equivalent refraction 

(SER), J0 and J45 (Thibos, Wheeler, & Horner, 1997). 

 

Primary Outcome: Myopia Progression Analysis 

The primary outcome measure was the rate of axial myopia progression in the DF lens 

wearing eye, compared with the SVD lens wearing eye. This analysis was made in two ways: 

1. A within-eye cross-over comparison in which the overall progression of myopia over 

both periods was considered; 

2. A between eye evaluation in which the difference in myopia progression between the 

DF lens wearing eye and the SVD lens wearing eye was compared in each period. 
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Cross-Over Analysis 

In cross-over trials, each subject is randomized to receive different sequences of treatments in 

two or more consecutive periods, with the outcome assessed as a comparison of the efficacy 

of treatments across periods (Kenward & Jones, 1987). As such, a cross-over trial design 

requires a much smaller number of patients for a similar statistical power because patients act 

as their own controls. This has particular advantages when the severity of the disease state, in 

this case myopia, varies widely in the patients recruited. As a result, this type of design may 

be most appropriate for small proof-of-efficacy trials, such as the DIMENZ study, as the 

financial cost is smaller and fewer subjects are required (Richens, 2001). A fundamental 

requirement of the use of a cross-over trial design is that the condition under study must be 

stable, and that it will return to the baseline state when the one treatment is stopped, so that 

comparisons can be made with subsequent treatments (Grieve & Senn, 1998; B. Jones & 

Donev, 1996). The simplest form of cross-over trial is the 2 x 2 design, consisting of two 

treatments (A and B) in two consecutive periods. Each subject receives each of the treatments 

in either of two possible orders: AB (DF lens/SVD lens) or BA (SVD lens/DF lens). The 

treatment effect is estimated using the differences or contrasts in pairs of observations for 

each subject.  

 

General linear mixed models are similar to ordinary multiple regression analysis but allowed 

correlations between observations to be made. Mixed models analysis included both fixed 

effects (an effect deliberately arranged by the experimenter) and random effects (randomly 

sampled from a population of possible levels). Mixed model analysis was used to analyze 

data obtained in the DIMENZ trial using the PROC MIXED function in SAS (version 8) and 

a restricted maximum likelihood (REML) function. This gave a more precise estimate of 

treatment effects of the DF lens as it permitted the use of all available data, flexibility in 

modelling time effects and the production of realistic variance and correlation patterns for the 

treatment effects. The mixed model had a linear regression predictor for the mean response, 

but two types of random error terms: between-subject errors (fixed effects) and within-subject 

errors (random effects), unlike standard methods of ANOVA and ANCOVA which only 

model between-subject errors (Cnaan, Laird, & Slasor, 1997). Within-subject effects occurred 

because a series of observations were taken on the same child. It is therefore probable that 
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some subjects had systematically higher measurements than other participants and the model 

was improved by taking this into account.  

 

Fixed effects in the DIMENZ trial were considered to be the treatment (DF or SVD contact 

lens), group allocation, period under consideration, the sequence (DF/SVD or SVD/DF) of 

lens allocation worn, time, the stratification factors of gender and ethnicity, group by 

treatment interactions and treatment by time interactions. Random effects were considered to 

be the subject effects (within-subject variability and errors) and the effect of lens sequence 

within that subject.  

 

As the outcome measures of spherical equivalent refraction and axial length of the eye were 

collected as a series of repeated measures on the same individual, a first autoregressive 

covariance pattern was used to fit the data to take into account the positive correlation 

between observations on the same subject. In a first order autoregressive model the 

correlation between observations decreased exponentially depending on their separation in 

time, i.e. measurements taken at time periods closer together are more highly correlated than 

those taken further apart (Brown & Prescott, 1999; Cnaan et al., 1997). This was the most 

appropriate available covariance pattern as it was most likely to fit the true correlation 

between the data points, and also because it  gave the smallest Akaike Information Criterion 

(AIC) statistic on analysis (Brown & Prescott, 1999; Wolfinger, 1997). The AIC is a tool 

used for model selection to measure the goodness of fit of a statistical model. It allows the 

comparison of several models, which can be ranked according to the AIC value with the one 

having the lowest value being the best. It calculated using the equation AIC = log(L) – q, 

where L is the maximised value for the likelihood function and q is the number of covariance 

parameters (Liu & Smith, 2009; Ludden, Beal, & Sheiner, 1994). 

 

The accuracy of the estimation of treatment effects depends on the assumption that there are 

no treatment by period interactions present, the most common of which is carry-over effect. 

Carry-over effect is defined as the difference in magnitude of treatment effects if the 

treatments continue to exert their influence in the period following their administration 

(Fleiss, 1989). If these treatment by period interactions are found to be present it is still 
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possible to obtain an estimate of treatment effects from data obtained during the first period, 

but in general the trial will not have been powered to give statistically significant results in 

this situation. Mixed model analysis of DIMENZ data examined both treatment by period and 

treatment by time interactions, fitted in the model as fixed effects, to identify any significant 

period and time interactions. 

 

Between Eye Comparison 

Due to the paired-eye nature of the DIMENZ trial, a standard mixed model analysis of each 

period, considered separately, was also performed. To account for the paired-eye nature of 

the DIMENZ trial, linear mixed effects models were again used to investigate the difference 

in progression between the eyes fitted with the DF and SVD lenses, and the inter-eye 

difference (i.e. SER SVDEye  - SER DFEye) over time. Mixed effects models were fitted using 

the PROC MIXED procedure in SAS version 8 (SAS Institute Inc, USA) and the restricted 

maximum likelihood (REML) fitting algorithm. Treatment, time and treatment by time 

interactions were fitted as fixed effects in this analysis, where as subject effects were 

considered random. Modelling of the data in SAS included a repeated measures statement to 

account for the correlation between visits on each subject and an autoregressive covariance 

pattern was used to fit the data (Brown & Prescott, 1999; Cnaan et al., 1997; Wolfinger, 

1997).  

 

Missing Data 

Occurrence of missing data is a major issue in clinical trials (Lane, 2007). Mixed models 

analysis provided a robust method of dealing with missing values where-by a likelihood-

based approach which models all actual observations, with no attempt at imputation or 

adjustment for the missing data was adopted. Treatment effects were calculated at a selected 

time point by constructing estimates of the effects at that time. These estimates were based on 

all of the actual observations at that time point, combined with contributions from the 

observations at other times, mediated by the correlation defined by the covariance matrix. 

This allowed data from subjects who dropped out or had incomplete data sets to make a 

contribution to the estimation of treatment effects at the final time point. 
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Chapter 4. Results 

4.1. Baseline Data 

4.1.1. Recruitment 

Invitations to participate in the DIMENZ trial were mailed to 183 children indentified from 

The University of Auckland Optometry Clinic database as potentially meeting the entry 

criteria. Of these, 72 responded to the invitation and 40 children were enrolled into the 

DIMENZ trial between December 2005 and March 2007. The remaining 32 children did not 

meet the eligibility criteria: 14 children showed less than 0.50 D myopia progression in the 

previous 12 months, six had astigmatism >1.25 D as determined by subjective refraction, a 

further six were intolerant to contact lenses with a daily disposable soft contact lens trial, 

while others had refractive errors that were too high or too low for inclusion, or were 

anisometropic or strabismic. Enrolment took longer than anticipated due to the strict 

inclusion and exclusion criteria applied, particularly the exclusion of children in whom 

myopia progression could not be documented. 

 

Of the 40 children who were enrolled in the DIMENZ trial previous optometry records were 

available for 33 children. Of these, 18 children showed documented myopia progression of > 

0.50 D per annum, 11 showed 0.5 D in the last 12 month period and four had their first pair 

of spectacles prescribed within the last six months period so it was assumed that their myopia 

had progressed within the previous year. The remaining seven children had uncertain 

progression history as previous clinical records were unavailable. All of these children 

showed an increase of myopia of at least 0.50 D spherical equivalent compared with their 

current spectacle correction. 

4.1.2. Demographic Data 

The mean (± SD) age of the 40 children entering the DIMENZ trial was 13.39 ± 0.85 years. 

Twenty-nine (72.5%) were female, 13 (32.5%) identified themselves as being of east-Asian 

descent, while the remaining 27 (67.5%) included children of New Zealand European, Indian 

and Maori/Pacifica ethnicity. Participants were allocated to one of two treatment groups as 
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described in the methods section. A total of 21 participants were randomly assigned to Group 

1 and wore the DF lens in the dominant eye for the first 10 months. The remaining 19 

participants were allocated to Group 2 and wore the DF lens in the non-dominant eye for the 

first 10 months followed by 10 months wear in the non-dominant eye. Demographic data for 

Groups 1 and 2 is shown in Table 5. 

 

 Group 1 Group 2 All Participants 

Age (mean ± SD) 13.49 ± 0.89 13.28 ± 0.83 13.39 ± 0.85 

Male 7 (33.33%) 4 (21.05%) 11 (27.5%) 

Female 14 (66.67%) 15 (78.95%) 29 (72.5%) 

East Asian Ethnicity 6 (28.57%) 7 (36.84%) 13 (32.5%) 

Non-East Asian Ethnicity 15 (71.43%) 12 (63.16%) 27 (67.5%) 

 

Table 5: General demographic characteristics of children enrolled in the DIMENZ trial showing mean 

age, gender and ethnicity data. 

 

4.1.3. Ocular Component Data 

Mean baseline ocular component data are summarized in Table 6 (individual baseline data for 

each subject is found in Appendix 1). In this section the DF eye refers to the eye assigned to 

wear the DF lens in the first 10 month period and the SVD eye refers to the eye assigned to 

wear the single vision lens in the first 10 month period. The mean (± SD) SER for all eyes 

was -2.70 ± 1.12 D. The mean inter-eye difference in SER at baseline was -0.05 ± 0.36 D.  At 

baseline there was no significant difference between the SER of the DF eye (-2.67 ± 1.09 D) 

compared with the SVD eye (-2.72 ± 1.16 D); paired t-test P = 0.43. Participants in Group 1 

were slightly more myopic than participants in Group 2 in both the DF and SVD eyes, but 

this did not reach statistical significance (P = 0.25 & 0.17 for the DF and SVD lens wearing 

eyes, respectively). Due to the strict exclusion criteria with regard to astigmatic refractive 

error values of J0 and J45 were small for all participants. The overall mean (± SD) value for J0 

was -0.01 ± 0.19 D; the mean for J45 was 0.04 ± 0.12 D. 
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The overall mean axial length of the eyes of all participants was 24.49 ± 0.29 mm. The 

average inter-eye difference in axial length at the beginning of the study was 0.00 ± 0.16 mm. 

There was no difference in mean axial lengths between the DF and SVD eyes (P = 0.89). 

Participants in Group 1 had slightly longer axial lengths than those in Group 2, in agreement 

with the slightly higher myopic refractive error in Group 1. However, this again did not reach 

statistical significance (P = 0.74 & 0.63 for the DF and SVD lens wearing eyes, respectively).  

 

  

 

DF Eye SVD Eye 

SER (D) All participants -2.67 ± 1.09 -2.72 ± 1.16 

  Group 1 -2.86 ± 1.08 -2.96 ± 1.08 

  Group 2 -2.46 ± 1.09 -2.45 ± 1.22 

J0 (D) All participants -0.01 ± 0.20 -0.01 ± 0.18 

  Group 1 -0.05 ± 0.22 -0.03 ± 0.21 

  Group 2 0.04 ± 0.17 0.01 ± 0.11 

J45 (D) All participants 0.03 ± 0.11 0.04 ± 0.12 

  Group 1 0.01 ± 0.11 0.03 ± 0.14 

  Group 2 0.04 ± 0.11 0.06 ± 0.12 

Axial Length (mm) All participants 24.49 ± 0.72 24.49 ± 0.72 

  Group 1 24.52 ± 0.69 24.55 ± 0.73 

  Group 2 24.45 ± 0.76 24.43 ± 0.78 

Corneal Power (D) All participants 43.78 ± 1.27 43.82 ± 1.23 

  Group 1 43.83 ± 1.04 43.88 ± 1.02 

  Group 2 43.72 ± 1.38 43.75 ± 1.46 

 

Table 6: Mean (± SD) baseline ocular component data for SER, astigmatism, axial length of the eye and 

corneal power for participants enrolled in the DIMENZ trial. 

 

For each eye, corneal power was calculated as the average of the horizontal and vertical 

meridional powers. The overall mean corneal power was 43.78 ± 1.27 D for the DF eyes and 

43.82 ± 1.23 D for the SVD eyes; there was no significant difference between the two (P = 

0.44). There was also no statistically significant differences between Group 1 and Group 

Two, either for the DF (P = 0.78) or SVD eyes (P = 0.75). 

 



 

74 
 

4.1.4. Hetereophoria 

All children enrolled in the trial were required to show normal binocular function, with no 

manifest strabismus at distance or near, as assessed by cover test and ocular history. Most 

children showed a small to moderate exophoria at distance (29/40) and at near (21/40), 

measured using the von Graefe method. The mean exophoria at distance was 1.42 ± 2.06
∆
; 

values for near heterophoria were more variable with a mean exophoria of 1.25 ± 3.39
∆
.  

Figure 12 shows the frequency of distance and near heterophorias for children enrolled in the 

DIMENZ study. 

 

Figure 12: Distribution of distance and near phorias for 40 subjects enrolled in the DIMENZ trial 

measured by the von Graefe method at the initial eye examination 
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4.2. Myopia Progression  

4.2.1. Subjects 

Of the 40 subjects enrolled, 35 (87.5%) completed the 10 month outcome measurements and 

34 (85%) completed final 20 month measures. Of the five subjects not completing the 10 

month data measures, three dropped out due to difficulties with contact lens insertion and 

removal, one withdrew due to adverse publicity regarding contact lens solution, and one 

withdrew due to dislike of cycloplegic outcome measures. The subjects who withdrew due to 

difficulties with lens handling, discontinued within three weeks of baseline measures. The 

other two participants discontinued within the first five months of the study, before the first 

outcome measures were taken. Of the five subjects who did not complete the study to the 10 

month outcome measures, two were from Group 1 and three were from Group 2. One subject 

withdrew after 10 months due to discomfort with contact lens wear. One further subject 

ceased contact lens wear approximately two months prior to the 20 months outcome 

measures, but these were still performed and data was analysed according to the intention to 

treat principles. 

4.3. Mixed Models Cross-Over Analysis 

All children became more myopic and showed corresponding ocular axial elongation during 

the course of the DIMENZ study. Eyes fitted with DF lenses showed less myopia progression 

and reduced rates of axial elongation of the eye than those fitted with SVD lenses in both 

Period One and Two. Solutions for the Type Three Tests for Fixed Effects (Shaw & Mitchell-

Olds, 1993) are shown in Table 7. These results showed that effect of DF lenses on SER 

approached, but did not meet, statistical significant (P = 0.087). This is likely to be due to the 

significant slowing of myopia progression in the second period in the eye fitted with the SVD 

lens which resulted in highly significant period, sequence and time effects seen over the 

course of the 20 month study. 
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Effect SER  Axial Length 

 P Value P Value 

Treatment 0.0874 0.0022 

Period 0.0024 0.0416 

Sequence 0.0031 0.5057 

Time <0.0001 <0.0001 

Time*Treatment 0.0133 <0.0001 

Gender 0.4251 0.0028 

Ethnicity <0.0001 <0.0001 

 

Table 7: Results of the Type Three tests for fixed effects for cycloplegic SER and axial length of the eye in 

DIMENZ subjects after 20 months of CL wear 

 

Treatment effects of the DF lens on the axial length of the eye were more robust and a 

significant treatment effect was found with the mixed model cross-over analysis (P = 0.002). 

However, this analysis also showed significant period and time effects, although the sequence 

of lens allocation was not significant when axial length of the eye was analysed. 

 

Treatment-by-Time and Treatment-by-Period Interactions 

Mixed model analysis takes into account both between-subject and within subject factors; 

treatment is considered a between-subjects factor because levels of treatment change between 

subjects, while time is a within-subjects factor as different measurements are taken on the 

same subject at different times (Littell, Milliken, Stroup, & Wolfinger, 1996). Mixed model 

analysis of the DIMENZ trial showed that there were significant time effects (P < 0.0001) 

and treatment by time interactions (P = 0.013). This was either due to the natural slowing of 

myopia progression with time or there was a carry-over treatment from the DF lenses into the 

second period. With an age range of 12-14 for the starting age of treatment it is highly likely 
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that in the second half of the study subjects would be entering a phase where myopia 

progression was slowing and so treatment by time interactions are due to a change in the rate 

of myopia progression through the trial. However, it is not possible to rule out carry-over 

effects completely as no wash-out period was employed in the DIMENZ trial. 

 

The purpose of a two-period cross-over trial is to compare the effectiveness of two treatments 

(or a treatment and control), but for this comparison to be valid the effect of the treatment 

cannot be influenced by the time period in which it was given or by carry-over effects from 

the first treatment that was administered (Reed, 2003). The full mixed-model cross-over 

analysis given above demonstrates that there were significant treatment by time and treatment 

by period effects and so the DIMENZ data cannot be validly analysed with the full mixed-

model cross-over analysis. In situations where significant period or time interactions occur, it 

is recommended that the measurements obtained in the second period be dropped from any 

further analysis and only data from the first period is analysed, in the same fashion as a 

parallel design study (Brown & Prescott, 1999; Grieve & Senn, 1998). This approach is taken 

below, but in addition, the paired-eye nature of the DIMENZ trial allowed data from Period 

Two to be analysed by using inter-eye differences and comparisons between progression in 

the DF and SVD lens wearing eyes. 

 

4.3.1. Changes in Spherical Equivalent Refraction (SER) 

Period One 

At study entry the mean (± SD) SER of all 40 subjects was -2.67 ± 1.09 D in the DF eye and -

2.72 ± 1.16 D in the SVD eye. Over the first 10 month period the mean spherical equivalent 

refraction became more myopic in both the DF and SVD lens wearing eyes, although the 

progression was greater in the eyes wearing SVD lenses (individual subject data is shown in 

Appendix 2). At 10 months, the mean increase in myopia was -0.44 ± 0.33 D in the eyes 

wearing DF lenses, compared with -0.68 ± 0.40 D in the control eyes fitted with SVD contact 

lenses (see Figure 13). Using mixed model analysis to take into account the repeated 

measures and paired-eye nature of the trial, this difference in myopia progression was found 

to be statistically significant (P < 0.0001). The treatment effect of DF lenses was calculated 
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as 0.24 D over a 10 month period; a 12 month adjusted treatment effect was calculated as a 

reduction in myopia progression of 0.28 D per year in eyes fitted with DF lenses.  

 

Figure 13: Mean (± SEM) SER progression in DIMENZ trial where one eye (blue line) was fitted with a 

DF lens (dashed) in the first period and a SVD lens (solid) in the second period, while the contra-lateral 

eye (red line) wore a SVD lens (solid) in the first period and a DF lens (dashed) in the second period. 

Cycloplegic SER was measured at baseline, Outcome Measures (OM) 1 (5 months), OM 2 (10 months), 

OM 3 (15 months) and OM 4 (20 months).  

 

In Period One, myopia progression in both the DF and SVD lenses was greater in the first 

five months of the period. Between 0-5 months there was a statistically significant difference 

in the myopia progression in the SVD eye (-0.44 ± 0.24 D) compared with the DF eye (-0.26 

± 0.27 D) (P = 0.005). However, between 5-10 months there was no statistically significant 

difference in myopia progression between the two eyes (P = 0.420), which suggests the 

greatest treatment effects of the DF lens are seen at the initiation of treatment during the 

initial five months of lens wear. 
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Myopia progression was slower during the second period. Between 10-15 months eyes 

wearing DF lenses showed, on average, a small myopic shift in SER (-0.08 ± 0.37 D) 

compared with a myopic shift of -0.25 ± 0.37 D in the eye wearing the SVD lens. This 

approached but did not meet statistical significance (P = 0.062). Again in the second half of 

period two, from 15-20 months, there was no significant difference in myopia progression 

rates between the two eyes (DF = -0.13 ± 0.34 D & SVD = -0.14 ± 0.38 D) (P = 0.864). 

 

To compare with other studies of myopia progression in contact lenses the percentage of eyes 

showing a change of at least 0.75 D was calculated (Walline et al., 2008). Figure 14 shows 

that during Period One 14 eyes in the SVD lens wearing group showed myopia progression 

of at least 0.75 D compared with only four DF lens wearing eyes. Therefore the proportion of 

SVD eyes whose myopia progressed by more than 0.75 D was 40%, compared with only 

11% of DF lens wearing eyes.  

 

Figure 14: Distribution of myopia progression within the sample of 35 children who completed the first 10 

months of CL wear. A total of 14 eyes fitted with SVD lenses showed > 0.75 D of myopia progression, 

compared with only 4 eyes fitted with the DF lenses. 
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Issues at Cross-over Point 

Four subjects (Subject 4, 6, 13, 18) misunderstood the instructions at the cross-over point in 

the DIMENZ trial and continued to wear the DF lens in the same eye for a further five 

months, despite written and oral instructions. Data from these subjects was taken into account 

in statistical analysis by using a random co-efficients model which treats time as a continuous 

variable in the mixed model analysis. A random co-efficients model includes a quantitative 

time effect as a covariate in the model and the fixed effects are treated as an average rate of 

change over time. 

Period Two 

After 10 months, the contact lens allocation was crossed-over so that the eyes that had 

previously worn the DF lenses were now fitted with SVD lenses, and eyes previously fitted 

with the control (SVD) lens were now fitted with the DF lens. At the beginning of Period 

Two the mean (± SD) SER in the eye switching from SVD (control) to DF lens wear was -

3.47 ± 1.23 D and the SER in the eye switching from DF to SVD lens wear was -3.23 ± 1.19 

D. Again in the second period the progression of myopia was greater in the eyes wearing 

SVD lenses than in eyes wearing the DF lenses (see Figure 13). Between 10 and 20 months, 

the mean increase in myopia was -0.38 ± 0.39 D in the SVD lens wearing eyes and -0.19 ± 

0.36 D in eyes fitted with the DF lenses. Again a statistically significant difference in rates of 

myopia progression were seen between the two eyes (P = 0.003) The treatment effect of the 

DF lenses in the second period was calculated as 0.19 D, with a 12 month adjusted treatment 

effect of 0.23 D. 
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Figure 15: Distribution of myopia progression within the sample of 34 children who completed the second 

10 month period of CL wear. Myopia progression was reduced in both the DF and SVD lens wearing eyes 

during the second period and a significant number of eyes (DF = 13 & SVD = 6) showed a slight 

hyperopic shift in SER. 

 

Most participants showed only a small change in refractive error during the second period. 

Figure 15 shows that during Period Two only four eyes wearing SVD lenses and two eyes 

wearing DF lenses showed myopia progression of 0.75 D or more. It is also interesting to 

note that 13 eyes fitted with DF lenses and 6 eyes fitted with SVD lenses showed a slight 

hyperopic shift in their refractive error during the second period. 

 

Percentage Change in Refractive Error 

An alternative method of analysing treatment efficacy of the dual-focus contact lens is to 

examine the percentage change from baseline myopia in the treatment (DF) eye versus the 

control (SVD) eye (Vickers, 2001). This was calculated for the DIMENZ data, in period one 

and two, by comparing refractive error pre- and post-treatment, using the formula: 
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Percentage change = (baseline refractive error – refractive error after treatment) * 100 

baseline refractive error 

 

In general percentage change calculations agreed well with the absolute trends seen in the 

DIMENZ data. After five months of contact lens wear, myopia progressed by 20.77 ± 

23.73% in the eye wearing the SVD lens, compared with only 10.04 ± 12.09% in the eye 

wearing the DF lens. It was during this time that the most significant treatment effects of the 

DF lens were observed, and in all other periods the efficacy of the lens was not as great either 

in terms of absolute or percentage changes. At the end of the first period after 10 months of 

contact lens wear, the percentage change in myopic refractive error was 21.11 ± 13.57% in 

the SVD lens wearing eye compared with 18.15 ± 13.63% in the DF lens wearing eye.  

Statistical analysis shows a significant difference in percentage change between the two eyes 

during the first five months of the DIMENZ trial (P = 0.020) but not between 0-10 months (P 

= 0.366). 

 

Changes in period two were smaller than those seen in period one, with reduced myopia 

progression in both eyes. At the 15 month time point, the percentage change in myopia 

progression in the SVD lens wearing eye was 10.10 ± 15.11% compared with only 2.30 ± 

11.32% in the DF eye. Smaller differences in percentage treatment effects were again seen in 

the second five months of period two with the change in the SVD eye being 15.57 ± 21.90% 

and a change of 7.41 ± 12.35% in the DF eye. Statistically significant differences in 

percentage change were seen both in the first five months of period two (P = 0.020) and but 

not between 10-20 months (P = 0.067). 

 

Analysing percentage change data illustrates two important issues regarding the treatment 

effects of the dual focus lens. First, the greatest treatment effects were seen in the first five 

months of lens wear in either eye and these tended to reduce with time, irrespective of the 

rate of myopia progression which was considerably less during the second period. Secondly 

myopia, in terms of percentage change, was highly variable as evidenced by the large 

standard deviations particularly in the SVD lens wearing eye during the first five months of 

the DIMENZ trial. Due to the high variability of this data it is possible that percentage 
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change data became non-normally distributed and that statistical analysis was biased when 

analysing these results (Vickers, 2001). 

 

Group Allocation and Stratification Factors in Periods One and Two: Refractive Error 

Table 8 shows progression rates during Period One based on Group Allocation (Group 1 = 

DF lens in dominant eye, Group 2 = DF lens in non-dominant eye) and the stratification 

factors of gender and ethnicity (East Asian and non-East Asian). There was no significant 

interaction between Group allocation and treatment effect (P = 0.831) in DIMENZ subjects. 

There were also no significant differences in myopia progression between male and female 

participants (P = 0.425). There was a significant effect of ethnicity (P < 0.0001) as East Asian 

participants showed greater myopia progression in both the DF and SVD lens-wearing eyes. 

However, treatment effects of the DF lens were similar between the two groups, with a 12 

month adjusted treatment effect of 0.269 D in the East Asian participants and 0.289 D in the 

non-East Asian children. 

 Number of 

Subjects 

SVD Eye (D) DF Eye (D) 

All Subjects 35 -0.68 ± 0.41 -0.44 ± 0.33 

Group 1 19 -0.69 ± 0.35 -0.44 ± 0.25 

Group 2 16 -0.66 ± 0.47 -0.45 ± 0.40 

Male 10 -0.66 ± 0.37 -0.46 ± 0.28 

Female 25 -0.68 ± 0.43 -0.43 ± 0.35 

East Asian 12 -0.76 ± 0.52 -0.54 ± 0.41 

Non-East Asian 23 -0.63 ± 0.34 -0.39 ± 0.27 

 

Table 8: Myopia progression rates (mean ± SD) in DIMENZ participants showing stratification factors 

for initial DF lens allocation to dominant (Group 1) or non-dominant eye (Group 2) with gender and 

ethnicity. A statistically significant difference was found only for ethnicity, with East Asian participants 

having greater myopia progression in both the DF and SVD lens wearing eyes 
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Slowing of Myopia Progression 

A number of children showed slowing of their myopia progression over the course of the 

DIMENZ trial and those subjects who showed less than 0.25 D of myopia progression in the 

eye fitted with the SVD lens during either 10 month period were identified as ‘stable 

myopes’. In total five children in the first period (see Appendix 2: subjects 11, 17, 18, 20 and 

22) and 14 children in Period Two (see Appendix 2: subjects 1, 2, 5, 6, 7, 11, 14, 20, 30, 31, 

32, 33, 37, 40) were classified as stable myopes. In children who were classified as stable 

myopes there was no significant change in refractive error in either the SVD (Period One = 

0.07 ± 0.11 D and Period Two = 0.01 ± 0.21 D) or DF (Period One = -0.11 ± 0.14 D and 

Period Two = 0.07 ± 0.27 D) eye. It is interesting to note that three of the five children who 

were classified as stable myopes in the first period, actually showed greater myopia 

progression in the second period. There are several possible explanations for this. It is 

possible that the withdrawal of an effective treatment (DF contact lens) and its replacement 

with an ineffective one may have resulted in a rebound effect in which the subjects’ myopia 

progression worsened in the second period (Fleiss, 1989). There is also evidence that there 

are temporal variations in myopia progression, especially in periods after intense study (N. 

W. H. Tan et al., 2000) and it may be that this has contributed to the variability in myopia 

progression between periods. 

 

Treatment effects of the DF lens were also calculated when stable myopes were removed, and 

this showed the treatment effects of the DF lens to be greater in children whose myopia 

progressed more than 0.25 D per period.  In Period One when the five children who showed < 

0.25 D myopia progression were removed from the analysis, the mean myopia progression 

was -0.49 ± 0.32 D in the DF eye compared with -0.76 ± 0.35 D in the SVD eye. The 12 

month adjusted treatment effect in Period One was calculated as 0.33 D when only 

progressing myopes were included in the analysis. In Period Two when 14 the stable myopes 

were removed from the analysis the mean myopia progression was -0.34 ± 0.32 D in the DF 

lens wearing eye and -0.60 ± 0.27 D in the SVD lens wearing eye, giving a 12 month 

adjusted treatment effect of 0.31 D. 
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Treatment Effect in Children with More Rapidly Progressing Myopia (‘Median Split’ 

Analysis) 

During Period One the median progression of myopia was -0.58 D in the SVD eyes. Children 

who progressed more than this amount in the SVD eye were classified as ‘fast progressing 

myopes’ and those that progressed less than or equal to this amount were classified as ‘slower 

progressing myopes’; by definition all of the stable myopes fell into the ‘slower progression 

myopes’ group. Table 9 shows that when the data was analysed in this way the treatment 

effect of the DF lenses became more apparent. In the group of 17 children who were 

classified as fast progressers the 10 month treatment effect was 0.41 D (12 month adjusted 

effect = 0.49 D), compared with only 0.07 D in the group of children with slower progression 

rates (P < 0.0001). 

 

 

Period One Data 

Number of  

Subjects 

SVD Eye (D) 

Change in 10 

months 

DF Eye (D) 

Change in 10 

months 

12-month 

adjusted 

treatment effect 

Fast Progressing  

Myopes 

17 -1.00 ± 0.29 -0.59 ± 0.32 0.49 D 

Slow Progressing 

Myopes 

18 -0.37 ± 0.21 -0.30 ± 0.27 0.09 D 

 

Table 9: Myopia progression rates (Mean ± SD) of DIMENZ children over the first 10 month period 

when classified as fast (> 0.577 D) or slow (≤ 0.577 D) progressing myopes using a median split of data 

obtained from all 35 children who completed Period One 

 

During Period Two the median progression of myopia in the SVD eyes was -0.41 D and the 

median split data based on progression rates in Period Two is shown in Table 10. Again it is 

apparent from this data that the rate of myopia progression has slowed in both the SVD and 

DF eye during the second period and as such the treatment effects seen are smaller than those 

seen in the first ten months of contact lens wear. However, the treatment effects of the DF 

lens were again more significant in children who had higher rates of myopia progression, 

than those whose myopia had begun to stabilise. 
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Period Two Data 

Number of  

Subjects 

SVD Eye (D) 

Change in 10 

months 

DF Eye (D) 

Change in 10 

months 

12-month 

adjusted 

treatment effect 

Fast Progressing  

Myopes 

17 -0.68 ± 0.22 -0.39 ± 0.33 0.35 D 

Slow Progressing 

Myopes 

17 -0.06 ± 0.23 0.02 ± 0.27 0.10 D 

 

Table 10: Myopia progression rates (Mean ± SD) of DIMENZ children over the second 10 month period 

when classified as fast (> 0.411 D) or slow (< 0.411 D) progressing myopes using a median split of data 

obtained from all 34 children who completed Period Two 

 

Inter-Eye Difference in Refraction 

At baseline the mean (± SD) inter-eye difference (SVDEye – DFEye) in SER was -0.04 ± 0.36 

D. During the first 10 months of the study the mean inter-eye difference increased, as the 

mean increase in SER was greater in the SVD wearing eyes than in the eyes wearing the DF 

lenses. Mixed model analysis showed that there was a significant interaction between SER 

and time. After 10 months of lens wear the mean inter-eye difference was -0.24 ± 0.42 D, 

which was significantly different from the mean inter-eye difference at baseline (P < 0.0001). 

During the second 10 months of the study the mean inter-eye difference decreased, as the 

mean increase in SER was larger in the SVD wearing eyes than in the eyes wearing the DF 

lenses (P = 0.005). By the end of Period Two the mean inter-eye difference was -0.01 ± 0.39 

D, which was similar to that seen at the baseline measures (P = 0.535). 

 

4.3.2. Changes in Axial Length 

Period One 

Corresponding to the reduced progression of myopic refractive error, eyes fitted with DF 

lenses also had reduced axial elongation during the DIMENZ trial (see Figure 16). At 

baseline the mean (± SD) axial length of all 40 children was 24.49 ± 0.75 mm in the DF lens, 

and 24.49 ± 0.72 mm in the SVD eye. Both eyes increased in total axial length during the 

first 10 months of the trial; however the eyes wearing the DF lens showed less change in 
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axial length than the eye wearing the SVD lens (individual subject data is shown in Appendix 

3). The mean (± SD) increase in axial length over the first 10 month period was 0.11 ± 0.08 

mm in the DF eye compared with 0.22 ± 0.09 mm in the SVD eye (see Figure 16). Based on 

axial length data, the 10 month treatment effect was a reduction in axial elongation of the eye 

of 0.11 mm, with a 12 month adjusted treatment effect of 0.13 mm (P < 0.0001). 

 

Period Two 

The mean increase in axial length over the second 10 month period was less than in the first 

period but again the DF eye showed less change in axial length than the eye wearing the SVD 

lens. The mean (± SD) increase in axial length in the second period was 0.03 ± 0.01 mm in 

the eye wearing the DF lens and 0.14 ± 0.10 mm in the eye wearing the SVD lens (Figure 

16). Based on axial length data, the treatment effect in the second period was a reduction in 

axial elongation of the eye of 0.12 mm, with a 12 month adjusted treatment effect of 0.14 mm 

(P = 0.0001). This treatment effect in the second period is very similar to that seen in Period 

One, which is due to the fact that during the second period there was almost no axial 

elongation in the eyes wearing the DF lens.  

 

While there is no significant difference in the DF lens treatment effect between Periods One 

and Two, the treatment effect in terms of myopia progression was greater in Period One (12 

month adjusted effect of 0.28 D) than in Period Two (12 month adjusted effect of 0.23 D). 

This may be due to a number of factors; first, the standard deviations in refractive change are 

much greater than seen in measures of axial length with the IOLMaster, and therefore there is 

greater variability in calculation the treatment effect in terms of refractive error. Secondly, 

refractive changes seen may be influenced by differences in corneal changes seen in eyes 

fitted with DF lenses (see Section 4.3.4). Axial length measures are not dependent on corneal 

curvature assessment and therefore may be a more robust measure in this contact lens trial. 
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Figure 16: Mean (± SEM) axial elongation of the eye for subjects in the DIMENZ trial where one eye 

(blue line) was fitted with a DF lens (dashed) in the first period and a SVD lens (solid) in the second 

period, while the contra-lateral eye (red line) wore a SVD lens (solid) in the first period and a DF lens 

(dashed) in the second period. Partial coherence interferometry was used to measure ocular axial length 

at baseline, Outcome Measures (OM) 1 (5 months), OM 2 (10 months), OM 3 (15 months) and OM 4 (20 

months).  

 

 

Group Allocation and Stratification Factors: Axial Length of the Eye 

Table 11 shows the rate of axial elongation of the eye during Period One based on Group 

Allocation (Group 1 = DF lens in dominant eye, Group 2 = DF lens in non-dominant eye) and 

the stratification factors of gender and ethnicity (East Asian and non-East Asian). Subjects in 

Group 1 showed greater rates of axial elongation in both the DF and SVD lens wearing eyes 

than those in Group 2 (P = 0.003), although the 12 month adjusted treatment effect between 

the two groups was similar (Group 1 = 0.13 mm and Group 2 = 0.12 mm). There was a 

significant effect of ethnicity (P < 0.0001) as East Asian participants showed greater 

increases in axial length of the eye in both the DF and SVD lens-wearing eyes. However, 
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treatment effects of the DF lens were similar between the two groups, with a 12 month 

adjusted treatment effect of 0.10 mm in the East Asian participants and 0.11 mm in the non-

East Asian children. Male subjects showed greater ocular axial elongation than female 

subjects (P = 0.003), which may be due to gender differences in overall body growth 

dimension at this age (K Zadnik et al., 2002). However, the treatment effect of DF lenses, at 

least in terms of retarding ocular growth, appeared to be greater in male participants (12 

month treatment effect = 0.18 mm) than female participants (12 month treatment effect = 

0.11 mm), although the number of male subjects in the DIMENZ trial was low. 

 

 Number of 

Subjects 

SVD Eye (mm) DF Eye (mm) 

All Subjects 35 0.22 ± 0.09  0.11 ± 0.08 

Group 1 19 0.23 ± 0.09 0.12 ± 0.06 

Group 2 16 0.21 ± 0.09 0.10  ± 0.11 

Male 10 0.26 ± 0.08 0.10 ± 0.07 

Female 25 0.20 ± 0.09 0.11 ± 0.09 

East Asian 12 0.24 ± 0.07 0.14 ± 0.10 

Non-East Asian 23 0.21 ± 0.10 0.10 ± 0.07 

 

Table 11: Axial length progression rates (mean ± SD) in DIMENZ participants for the first 10 month 

period showing stratification factors for initial DF lens allocation to dominant (Group 1) or non-dominant 

eye (Group 2) with gender and ethnicity.  

 

Slowing of Axial Elongation of the Eye 

Of the 35 children who completed the first 10 month period, four children were identified as 

having minimal change of ≤0.10 mm or less over 10 months in axial length. (This value was 

chosen because a 0.10 mm change in axial length of the eye approximately corresponds to a 

0.25 D change in SER, which was used as the definition of stable myopia when analysing 

SER data.) Of these five children, three (subjects 11, 20 and 22) had already been identified 

as ‘stable myopes’ based on SER results, while the other two children (subjects 4 and 26) had 
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shown more than 0.25 D increase in myopic error despite minimal change in axial length of 

the eye. Two children who were classified as ‘stable myopes’ based on SER, showed 

increased axial length of the eye during the first period of data collection. One of these 

showed similar axial elongation in both the SVD and DF lens wearing eyes (subject 18), 

while the other child showed significantly greater growth in the SVD eye than the DF eye 

(subject 17). 

 

Of the 34 children who completed the second 10 month period, 14 children were identified as 

having minimal change (≤0.10 mm or less over 10 months) in axial length (subjects 1, 2, 4, 5, 

6, 7, 20, 21, 22, 23, 24, 26, 27, 40). When these children were removed from the analysis the 

mean increase in axial length in the eye wearing the DF lens was 0.07 ± 0.08 mm and in the 

SVD lens eye was 0.21 ± 0.06 mm, with a 12 month adjusted treatment effect of 0.16 mm. 

Figure 17 shows that in general the rate of axial elongation is higher in both DF and SVD 

lens wearing eyes during Period One than in Period Two. This was probably explained by the 

natural tendency of myopia to slow with time. 
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Figure 17: Distribution of the progression rates of the axial length of the eye (mm) in the SVD and DF 

eyes during Period One (A) and Period Two (B). There is a significant slowing of ocular growth during 

the second and a significant number of eyes showed a small reduction of axial length during Period Two 

 

During Period Two a significant number of eyes fitted with DF lenses actually became 

shorter during the second period. Of the 13 DF lens wearing eyes that became shorter during 

the second period, nine also experienced a hyperopic shift in SER (subjects 1, 4, 5, 6, 20, 24, 

31, 32 and 34). Four subjects (3, 25, 26 and 30) showed reduced axial length of the eye and a 

small (< 0.25 D) increase in myopia. Both of the subjects (5 and 24) who showed a reduction 

in axial length of eye wearing the SVD, also showed a corresponding hyperopic shift in SER. 

In general, eyes do not get smaller at this age, however there is some evidence from animal 

models that young developing eyes can get smaller during periods of plus lens treatment (I. 

Morgan & Megaw, 2004). This is a fascinating finding and one that should be pursued further 

in future clinical trials of DF lenses. 

 

Inter-eye Difference in Axial Length of the Eye 

At study entry the mean (± SD) inter-eye difference (SVD Eye – DF Eye) in axial length was 

0.00 ± 0.16 mm for all 40 subjects. During the first 10 months of the study the mean inter-eye 
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difference increased, as the mean increase in axial myopia was higher in the SVD wearing 

eyes than in the DF lens wearing eyes. After 10 months of contact lens wear the inter-eye 

difference was 0.11 ± 0.18 mm overall (P < 0.0001). During the second 10 months of the 

study the mean inter-eye difference decreased, as the mean increase in AXL was larger in the 

SVD wearing eyes than in the eyes wearing the DF lenses. Mixed model analysis showed that 

there was a significant interaction between SER and time (P = 0.005) and by the end of 

Period Two the mean inter-eye difference was -0.02 ± 0.18 D, which was not significantly 

different to that seen at the baseline measures (P = 0.968). 

 

4.3.3. Changes in Astigmatism 

Refractive astigmatism was low in DIMENZ participants due to the strict inclusion criteria. 

At baseline there was no significant difference in either J0 or J45 between the DF and SVD 

eyes (P = 0.838 & P = 0.613 respectively). Refractive astigmatism then increased during the 

DIMENZ trial, after contact lens wear was commenced in both the DF and SVD eyes.   

 

Changes in J0 

Over the first 10 months of CL wear there was a positive increase in J0 values for both eyes, 

indicating an increase in power in the vertical meridian of the eye and therefore an increase in 

with-the-rule astigmatism. After 10 months of contact lens wear there was a significant 

difference (P = 0.001) in J0 values between the DF and SVD eyes, as J0 increased more in the 

eyes wearing the DF lens (0.18 ± 0.16 D) than in the eyes wearing the SVD lens (0.08 ± 0.11 

D), see Figure 18. During the second period, there was again a significant increase in J0 

values with time in the eye now fitted with the DF lens (P < 0.0001) but no significant change 

in J0 values in the eye now fitted with the SVD lens. The DF lens appeared to cause greater 

change in refractive astigmatism than SVD lenses. 

 

Changes in J45 

Values for J45 also increased after contact lens wear was commenced in both the DF (0.02 ± 

0.09 D) and SVD (-0.06 ± 0.10 D) eyes. In contrast to values for J0, values for J45 increased 
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more in the SVD lens eye than in the eye wearing the DF lens, although this change was 

neither clinically or statistically significant (P = 0.109). During Period Two, there was 

essentially no change in the eye now fitted with the SVD lens (0.00 ± 0.11 D) and a slight 

decrease in the values of J45 in the DF lens eye (-0.02 ± 0.13 D). There was no significant 

change over time (P = 0.595). 

 

Figure 18: Mean (± SEM) change in J0 values for subjects in the DIMENZ trial where one eye (blue line) 

was fitted with a DF lens (dashed) in the first period and a SVD lens (solid) in the second period, while the 

contra-lateral eye (red line) wore a SVD lens (solid) in the first period and a DF lens (dashed) in the 

second period. J0 was calculated by Fourier decomposition of cycloplegic autorefraction results at 

baseline, Outcome Measures (OM) 1 (5 months), OM 2 (10 months), OM 3 (15 months) and OM 4 (20 

months). 
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Figure 19: Mean (± SEM) change in J45 values for subjects in the DIMENZ trial where one eye (blue line) 

was fitted with a DF lens (dashed) in the first period and a SVD lens (solid) in the second period, while the 

contra-lateral eye (red line) wore a SVD lens (solid) in the first period and a DF lens (dashed) in the 

second period. J45 was calculated by Fourier decomposition of cycloplegic autorefraction results at 

baseline, Outcome Measures (OM) 1 (5 months), OM 2 (10 months), OM 3 (15 months) and OM 4 (20 

months). 

 

 

 

4.3.4. Changes in Corneal Curvature 

Corneal cylinder was decomposed into its constituent J0 and J45 values in order to allow 

comparison with changes in refractive cylinder. Results showed over the first 10 month 

period that, on average, values for J0 increased by 0.19 ± 0.22 D in the eyes wearing the DF 

lenses and by 0.07 ± 0.21 D in eyes wearing the SVD lenses (see Figure 20). After 10 months 

of CL wear there was no significant difference in J0 values between the DF and SVD lens 



 

95 
 

wearing eyes (P = 0.180). After the CL allocation was crossed-over, values for J0 continues to 

increase for both eyes, so that after 20 months of CL wear, eyes that were wearing the SVD 

lens in the second period showed an additional increase in J0 of 0.03 ± 0.23 D, and eyes now 

fitted with the DF lens an additional 0.115 ± 0.238 D of with-the-rule corneal astigmatism. At 

the end of 20 months there was no significant difference in with-the-rule corneal astigmatism 

between the SVD and DF lens wearing eyes (P = 0.536). Overall, both eyes showed a similar 

increase in values for J0, with the eyes fitted with DF lens in the first period and the SVD lens 

in the second period increasing by a total of 0.15 ± 0.23 D, and the eyes fitted with the SVD 

lens in the first period and the DF lens in the second period increasing by a total of 0.18 ± 

0.23 D. Changes in corneal values for J0, explain the generalised increase in refractive J0 

values, however they do not explain the difference in J0 values seen between the DF and SVD 

lens wearing eyes at Outcome Measures Two. 

 

Changes in J45 values for corneal astigmatism were of a much small magnitude than those for 

J0. Over the first 10 month period eyes fitted with the DF lenses showed a small increase in 

J45 values of 0.00 ± 0.14 D, while eyes fitted with the SVD lenses increased by 0.01 ± 0.17 D 

(see Figure 21). No significant difference between the two eyes was found (P = 0.785). After 

the contact lens allocation was crossed-over there was again very little change in values for 

J45, with the eye now wearing the SVD lens showing a slight decrease of -0.01 ± 0.21 D, and 

eyes now fitted with the DF lens showing an increase of 0.04 ± 0.02 D. At the conclusion of 

the DIMENZ trial there was again no statistically significant difference between the eyes (P = 

0.255). 
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Figure 20: Mean (± SEM) change in J0 corneal curvature (D) values for subjects in the DIMENZ trial 

where one eye (blue line) was fitted with a DF lens (dashed) in the first period and a SVD lens (solid) in 

the second period, while the contra-lateral eye (red line) wore a SVD lens (solid) in the first period and a 

DF lens (dashed) in the second period. Corneal curvature was measured at baseline, Outcome Measures 

(OM) 1 (5 months), OM 2 (10 months), OM 3 (15 months) and OM 4 (20 months). 
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Figure 21: Mean (± SEM) change in J45 corneal curvature (D) values for subjects in the DIMENZ trial 

where one eye (blue line) was fitted with a DF lens (dashed) in the first period and a SVD lens (solid) in 

the second period, while the contra-lateral eye (red line) wore a SVD lens (solid) in the first period and a 

DF lens (dashed) in the second period. Corneal curvature was measured at baseline, Outcome Measures 

(OM) 1 (5 months), OM 2 (10 months), OM 3 (15 months) and OM 4 (20 months). 
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Chapter 5. Discussion 

5.1. Study Design 

The aim of the DIMENZ trial was to evaluate the use of sustained myopic retinal defocus in 

slowing the progression of myopia and ocular axial elongation in school children. The 

monocular treatment paradigm employed in this study has been used extensively in animal 

studies of refractive error development, and has the significant advantage that the subjects act 

as their own internal control, so refractive error change can be directly compared between the 

two eyes (Irving et al., 1991; Wallman & Adams, 1987). Paired eye designs have also been 

used to test the efficacy of ocular pharmaceutical agents both in animal studies (Barathi, 

Beuerman, & Schaeffel, 2008), and in human drug trials (Gandolfi & Cimino, 2003; 

McNamara, Fusaro, Brand, Polse, & Srinivas, 1997) and this experimental design has also 

been employed in other contact lens trials, primarily to test the safety of new lens materials 

and designs (N A Brennan, Coles, Comstock, & Levy, 2002; J. Wang, Fonn, Simpson, & 

Jones, 2003).  

 

In the DIMENZ trial, the paired eye nature of the study design had several significant 

advantages over a binocular parallel design trial (see Section 3.1). Most importantly, it 

allowed rapid identification of subjects who were no longer experiencing significant myopia 

progression, i.e. those subjects whose myopia had stabilized naturally. In the DIMENZ trial 

four subjects in the first period, and 14 subjects in the second period showed <0.25 D change 

in refractive error in the untreated (control) eye. In a parallel design binocular study it would 

have been very difficult to identify these children, particularly if they had been placed in the 

treatment group, as it would have been unclear whether their reduced refractive error change 

was due to the treatment effects of the intervention or to natural slowing of their myopia 

development. Conversely, if ‘stable myopes’ had occurred in the control group, this would 

have led to an underestimation of treatment effects. 

 

The DIMENZ trial followed closely on from the Monovision Spectacle lens study (Phillips, 

2005b) in which one eye of children received myopic retinal defocus for both distance and 
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near tasks. One of the major aims of the DIMENZ trial, as a proof-of-concept study, was to 

establish whether providing clear distance vision with simultaneous myopic retinal defocus 

was also effective at slowing the progression of myopia in children. Applying a paired eye 

paradigm allowed an accurate comparison of myopia progression in eyes fitted with DF 

lenses compared with eyes fitted with SVD lenses as the fellow eye acted as control, reducing 

the inter-subject variability and allowing more accurate estimates of treatment effects (N A 

Brennan et al., 2002; Gandolfi & Cimino, 2003; Malecaze et al., 2002). However, the 

downside of this design was that it is again not a clinically applicable method, as in practice 

the DF lens would be fitted binocularly. This study does not provide any information on the 

safety and efficacy of the DF lenses in a binocular situation and how they may affect visual 

function such as acuity, contrast sensitivity and binocularity. Further studies are required to 

address these issues. 

 

One of the advantages of the paired-eye design employed was the identification of ‘stable 

myopes’ as results from these subjects would distort the treatment estimates of the 

intervention. In traditional parallel design studies the presence of stable myopes in the 

treatment group would over-estimate the effects of the therapy, while the presence of stable 

myopes in the control group would under-estimate treatment effects of the intervention. 

Being able to identify these candidates allowed a more realistic estimate of the efficacy of the 

DF lens in slowing myopia progression. However, some discrepancies exist as subjects 17, 18 

and 22, who were classified as stable myopes Period One, actually showed increased myopia 

progression in Period Two. It is difficult to account for the exact mechanism behind this. One 

possible explanation for this is that these children were recruited during the summer holiday 

period and that myopia progression was slower in the first period as academic demands were 

less (N. W. H. Tan et al., 2000). During the second period there was increased school work 

demands (D O Mutti et al., 2002; Saw et al., 2001), and less time spent outdoors (Rose, 

Morgan, Ip et al., 2008) and the rate of myopia progression was greater. In future studies 

investigating the effects of DF lenses on myopia progression, lifestyle questionnaires maybe 

useful in establishing such relationships between treatment efficacy and environmental 

factors. A second possible explanation is that some children showed a ‘rebound’ effect from 

the withdrawal of an effective treatment and the implication of the control. This has been 

recently shown to be the case in eyes treated with atropine, after the cessation of atropine eye 

drops to one eye (L. Tong et al., 2009).  
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5.2. Refractive error change 

In both periods there was significantly less myopia progression in the DF eye compared with 

SVD lens wearing eye. The overall 12 month adjusted treatment effect of the DF lenses was 

0.283 D in Period One and 0.225 D in Period Two. When Period One data was analysed 

based on progression, the median myopia progression experienced in the SVD (control) lens 

wearing eye was -0.577 D. Children who showed greater myopia progression than this 

median value were classified as ‘fast progressing myopes’, while children who showed less 

than or equal to this amount were designated ‘slow progressing myopes’. In the group of fast 

progressing myopes (n = 17) the treatment effects in the DF lens-wearing eye were 

significantly better; the 12 month adjusted treatment effect of wearing a DF lens was 0.489 

D. In the group of children designated as ‘slow progressing myopes’ (n = 18) the treatment 

effect was negligible: a 12 month treatment effect of only 0.087 D. This result suggests that 

for myopia interventions to be successful they should be initiated when myopia is progressing 

most rapidly. Twelve month treatment effects were calculated based on the assumption of a 

linear progression of myopia with time. From the work of Thorn et al. (Thorn et al., 2005) it 

is more accurate to model myopia progression using a double exponential growth (Gompertz) 

function. However, such complicated mathematical modelling is outside the scope of this 

thesis. 

 

In the second period, myopia progression was less in both the SVD and DF eyes than in 

Period One. Eyes fitted with SVD lenses showed an average progression of -0.378 ± 0.386 D 

in the second period (compared with -0.677 ± 0.405 D in the first period). Progression in the 

second period was also less in the DF lens wearing eyes: in the second period the progression 

was -0.190 ± 0.364 D, compared with -0.441 ± 0.326 D in the first period. As myopia 

progression was reduced in the second period, the treatment effect of the DF lens was also 

reduced with a 12 month adjusted treatment effect of 0.225 D in the second period (compared 

with 0.283 D in the first period). It seems likely that the differences in progression rates in the 

two periods is largely due to the natural slowing down of myopia progression with age 

(Thorn, 2000; Thorn et al., 2005). When SER data from the second period was analysed 

based on age, children who were older at recruitment (median split) showed slower myopia 

progression in both the SVD (-0.26 ± 0.52 D) and DF (-0.05 ± 0.41 D) eyes, compared with 
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children who were younger at recruitment, who progressed -0.45 ± 0.30 D in the eye wearing 

the SVD lens and -0.27 ± 0.31 D in the eye wearing the DF lens.  

 

However, as the DIMENZ trial was a paired eye cross-over comparison it is also possible that 

the DF lens continued to exert its effects in the second period on the eye now fitted with the 

SVD. A carry-over effect is defined as the difference in magnitudes of treatment effects if the 

treatments continued to exert their influence in the period following their administration 

(Fleiss, 1989); by definition, carry-over effects can only occur in the second or subsequent 

periods. To control for carry-over effects a washout period between treatments is usual, and it 

is generally desirable to organise this to be many times the length of the observation period 

(Grieve & Senn, 1998). However, in the DIMENZ trial a washout period would have been 

impractical as it would have left subjects anisometropic for a significant period of time and 

therefore was not used (Brown & Prescott, 1999; Kenward & Jones, 1987). As a wash-out 

period was not employed during the DIMENZ study it is difficult to completely rule out 

carry-over effects of the DF lens treatment effect from the first period to the second. In 

general, in the presence of carry-over effects it is recommended that the measurements 

obtained in the second period be dropped from any further analysis and only data from the 

first period be analysed, in the same fashion as a parallel design study (Fleiss, 1989; Grieve & 

Senn, 1998). Due to the paired-eye nature of the DIMENZ trial it was still possible to utilise 

the data from the second period, as the contra-lateral eye allowed for a comparison of 

treatment effects in each period. However treatment effects from period one were not directly 

comparable with treatment effects in the second period due to the reduction in myopia 

progression in the second period. 

 

A recent Japanese study investigating the effects of progressive addition lenses on myopia 

progression in children also found a significant treatment-by-period effect, which made the 

treatment effect at the end of the study ambiguous (Hasebe et al., 2008). This study also 

contained no wash-out period, as the authors argued that as the treatment period was very 

long (18 months in each period of the trial) a wash-out was not practical or necessary. The 

results of the Hasebe et al. study showed that the use of progressive lenses slowed myopia 

progression in a sample of Japanese school children, but the effect was small and of a 

magnitude similar to the COMET study (Gwiazda et al., 2003). Hasebe et al. also argued that 
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as the treatment effect of progressive lenses was greater in the first period, that early 

application of myopia interventions is warranted. This also implies that as myopia 

progression naturally slowed with the increasing age of the participants, so did the therapeutic 

value of progressive lenses. Results from both this cross-over design PAL study and the 

DIMENZ trial suggest that employing a cross-over design in human studies of myopia 

interventions may be problematic, due to the long period of data collection and the changing 

rate of myopia progression with age (D O Mutti et al., 2007; Thorn et al., 2005).  

 

5.3. Possible mechanisms for inhibition of myopia progression 

Myopic retinal defocus 

Animal models have shown that even brief periods of myopic retinal defocus can almost 

completely eliminate the ocular axial elongation associated with negative lens wear in 

neonatal animals (Norton et al., 2006; Winawer, Zhu, Choi, & Wallman, 2005; Zhu et al., 

2005). In the DIMENZ trial myopic retinal defocus did not completely eliminate myopia 

progression in the DF lens-wearing eye. On average over the first 10 month period the eyes 

assigned to wear the DF lenses showed increased myopia progression of -0.441 ± 0.326 D 

and increased axial elongation of 0.1103 ± 0.084 mm, although these results were 

significantly less than seen in the eyes assigned to wear the SVD lenses.  

 

The differences between animal models and DIMENZ participants may be due to the 

fundamental differences in refractive development. In animal models a neonate is taken and 

fitted with a lens to artificially produce myopic or hyperopic retinal defocus to an eye that is 

undergoing emmetropization (Edwards, 1996; Hung et al., 1995; Irving, Sivak, & Callender, 

1992). The process of myopia development in human children is different: these eyes have 

already emmetropized and have now over-shot emmetropia and developed a myopic 

refractive error. It is likely that both environmental (Nakatsuka et al., 2005; Rose, Morgan, Ip 

et al., 2008) and genetic (Farbrother, Kirov, Owens, & Guggenhiem, 2004; K. Zadnik, 

Satariano, Mutti, Sholtz, & Adams, 1994) factors play a role in juvenile-onset myopia, and 

that this mechanism is different from the impact that lens defocus has on the emmetropization 
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process in neonatal animals. These differences, although not characterised, perhaps explain 

the incomplete retardation of myopia progression in the DIMENZ trial. 

 

Animal models have provided convincing evidence for an emmetropization mechanism 

which relays on a clear visual environment to reach and maintain an emmetropic refractive 

error. Furthermore, a variety of animal models have been used to demonstrate the 

development of axial myopia including chicks (Wallman & Adams, 1987), tree shrew (N A 

McBrien et al., 1999) and monkeys (E. L. Smith et al., 1987; E. L. Smith & Hung, 1999), 

either with the use of negative lenses or deprivation of form vision. This myopia is not 

naturally occurring and when the normal visual environment is returned, the refractive 

development recovers to emmetropia over time (Qiao-Grider et al., 2004; Wallman & 

Adams, 1987; Wildsoet & Schmid, 2000). While these animal models have been fundamental 

in our understanding of emmetropization in humans, the link with human myopia 

development is more questionable, particularly as there appears to be a significant genetic 

component in human myopia (Farbrother, Kirov, Owens et al., 2004; Hammond, Sneider, 

Gilbert, & Spector, 2001; Liang et al., 2004). A number of clinical trials have been instigated 

in an attempt to apply findings from animal models to clinical practice, particularly in the use 

of bifocal and progressive spectacle lenses to reduce hyperopic retinal defocus at near 

(Grosvenor et al., 1987; Gwiazda et al., 2003; Hasebe, Nonaka, Nakatsuka, & Ohtsuki, 2005). 

These trials have all been largely unsuccessful, with no clinically significant difference in 

myopia progression between the treatment and control groups, which may provide further 

support to the fact there are differences in animal models of myopia development and human 

myopia development. 

 

Peripheral Refraction 

Recent evidence has suggested the importance of peripheral refractive error in the 

development of myopia (Atchison et al., 2004; Calver, Radhakrishnan, Osuobeni, & O'Leary, 

2007; Radhakrishnan et al., 2004). In addition to having excessive axial lengths, myopic eyes 

have been reported to have a more prolate shape as the eyes have grown longer axially than 

equatorially (E. L. Smith, Kee, Ramamirtham, Qiao-Grider, & Hung, 2005). As a result, 

myopic eyes tend to have more hyperopic peripheral refractions, compared with their foveal 
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refractive error, at least in the horizontal meridian (N. S. Logan, Gilmartin, Wildsoet, & 

Dunne, 2004; Singh, Logan, & Gilmartin, 2006). In a recent animal study to test the 

importance of central versus peripheral defocus, the foveal region of 13 rhesus monkeys was 

ablated by laser photocoagulation (E. L. Smith, 3rd et al., 2007). Foveal ablation had no 

apparent effect on the emmetropization process in animals who were allowed unrestricted 

vision, nor did it interfere with form deprivation myopia in those animals that wore an 

occluder in front of the treated eye. It appeared that visual signals from the fovea were not 

necessary for normal refractive development, or indeed the development of deprivation 

myopia in neonatal animals, and the results from that study suggested that peripheral defocus 

may be an important consideration in refractive development.  

 

Human studies appear to be more equivocal about the importance of peripheral refraction. 

Some studies have shown no significant differences between peripheral refraction in myopic 

and emmetropic subjects (Calver et al., 2007) while others have shown significantly more 

hyperopic peripheral refractions in myopic subjects compared with emmetropes (Atchison et 

al., 2004; D. O. Mutti, Sholtz, Friedman, & Zadnik, 2000). The multicentre CLEERE study 

found that children who developed myopia had longer ocular axial lengths and more 

hyperopic peripheral refractions than emmetropes two years before the onset of myopia (D O 

Mutti et al., 2007). The fastest rate of change of refractive error, axial length and peripheral 

refraction occurred in the year prior to the onset of myopia, but relative peripheral refraction 

remained constant after the onset of myopia, even though SER and axial length continued to 

change. 

 

It is possible that the mechanism of action of the DF lens is correction of the relatively 

hyperopic peripheral refractive error. Areas of under-correction in the treatment zones may 

focus light on, or in front of, the peripheral retina, instead of behind the retinal plane as would 

normally occur with a single vision distance correction. This correction of the relatively 

hyperopic periphery may act as an anti-myopiagenic stimulus, which halts axial elongation of 

the eye and inhibits further myopia development. Peripheral refraction was not measured in 

DIMENZ subjects so it is not known whether the 2 D of under-correction in the treatment 

zones of the DF lens corrected for the peripheral defocus in this sample of children. However, 

the CLEERE study found that peripheral refraction was relatively stable after the onset of 
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myopia, despite myopic refractive error and axial length of the eye continuing to increase for 

at least five years after the onset of myopia (D O Mutti et al., 2007).  This may suggest that, 

while peripheral refractions are inherently different in emmetropic and myopic subjects, 

correcting peripheral refraction may not prevent progression once myopia has developed. 

Differences in axial and equatorial refractions may also simply be a consequence of the 

structure of the globe, and equatorial expansion may be restricted by the extra-ocular muscles 

or constraints from orbital size (Atchison et al., 2004; D. O. Mutti et al., 2000).  The 

importance of peripheral refraction in myopia development and progression in children has 

yet to be determined and future studies of myopia interventions should measure both central 

and peripheral refraction. 

 

One major omission in the DIMENZ trial is the absence of peripheral refraction 

measurements. While it has been known for many years that localised retinal defocus can 

cause localised refractive error changes (Wallman, Gottlieb, Rajaram, & Fugate-Wentzek, 

1987), renewed interest in peripheral refractive error began in the mid-2000’s after the 

commencement of recruitment of the DIMENZ subjects (Atchison et al., 2004; E. L. Smith et 

al., 2005).Baseline peripheral refraction, and measurement of change over time of this 

parameter, would have been useful indicators of treatment efficacy, as it is perhaps changes 

in peripheral focus that are responsible for the reduced myopia progression seen in eyes 

wearing DF lenses. Future studies of DF lenses in the control of myopia should evaluate this, 

as an important theory in the development of myopia in children. 

 

5.4. Comparison with other interventions designed to retard myopia 

progression in children 

A number of studies have investigated optical methods for controlling the progression of 

myopia in children including bifocal and progressive addition lenses, RGP contact lenses and 

ortho-keratology (see Table 12). Most optical methods have shown little, if any, clinically 

significant treatment effects, with only the monocular under-correction spectacle lens study 

showing significant reduction in both the myopic refractive error and reduced axial 

elongation of the eye (Phillips, 2005b). 
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DIMENZ trial versus monocular spectacle under-correction (‘Monovision Study’) 

The impetus for the DIMENZ trial came from a study of myopia progression in Auckland 

school children where it was shown that eyes that experienced sustained myopic defocus as a 

result of under-correcting one eye, had significantly less myopia progression compared with 

fellow eyes which were fully corrected for distance viewing (Phillips, 2005b). Data indicated 

that the mean inter-eye difference in myopia progression was 0.37 D per year (95% CI: 0.19-

0.54 D per year) and the corresponding difference in vitreous chamber elongation rate was 

0.13 mm per year (95% CI: 0.08-0.18 mm per year).  However, such monovision spectacle 

therapy is not a clinically useful treatment when applied in this way, as myopia progression is 

only reduced in one eye. The DIMENZ trial used DF contact lenses to present myopic 

defocus to the retina, while simultaneously correcting refractive error to maintain the clear 

distance vision necessary for normal activities including school work. 

 

Results in the DIMENZ trial were similar to those seen in the monovision study, with both 

reduced myopia progression and axial elongation in the eye receiving myopic retinal defocus. 

Treatment effects, when measured in terms of SER, were slightly different between the two 

studies with children in the monovision study showing a mean inter-eye difference in myopia 

progression of 0.37 D per year, compared with an inter-eye difference 0.28 ± 0.42 D per year 

in the DIMENZ trial during Period One. However, when the five stable myopes were 

removed from this group the inter-eye difference became 0.37 ± 0.42 D per year, essentially 

the same result as in the monovision study. The effect of applying myopic defocus to axial 

elongation in myopic eyes was also similar between the two studies. In both studies axial 

elongation of the eye was reduced by 0.13 mm per year compared with the control eye. When 

stable myopes were removed from the analysis, there was a small increase in the treatment 

effect of the DF lenses, with reduced elongation of 0.14 ± 0.17 mm in the treated eye. 
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Table 12: Summary of optical interventions intended to slow myopia progression in children. ‘Effect’ is 

the slowing in progression in the experimental versus control groups. 

 

 

The Monovision Study was a relatively small study, where 13 children completed between 

nine and 36 months of monovision spectacle lens wear. Children were on average younger at 

recruitment than in the DIMENZ trial (11.6 years compared with 13.39 years) and had lower 

initial refractive error in both the treatment and control eyes. The older age at recruitment and 

higher level of refractive error in the DIMENZ trial may account for the presence of five 

stable myopes during the first period and the 14 stable myopes seen during the second period. 

When these children were removed from the analysis results between the two studies were 

comparable. The similarities between results are interesting as in the monovision trial the 

treated eye received complete myopic defocus, i.e. all light entering the eye was focussed 

anterior to the retina, while in the DIMENZ trial the DF lenses corrected both the distance 

refractive error, ensuring as proportion of light was focussed on the retina, as well as 

providing myopic retinal defocus. The proportion of myopic defocus experienced while 

Authors Treatment N Age 

(baseline) 

Effect 

SER/yr 

Effect 

AXL/yr 

Notes 

Grosvenor et 

al, 1987 

Bifocal Spectacle 

Lenses 

207 6-15 0 D  Axial length not 

measured. 

Leung & 

Brown, 1999 

PAL 54 9-12 0.285 D 0.165 mm Non-cycloplegic 

refraction by unmasked 

examiner. 

Fulk et al, 

2000 

Bifocal Spectacle 

Lenses 

82 6-13 0.25 D  Axial length not 

measured. 

Katz et al, 

2002 

RGP 428 6-12 -0.05 D -0.05 mm Myopia progression 

greater in RGP wearers. 

Gwiazda et 

al, 2003 

PAL 469 6-11 0.18 D 0.11 mm  

Walline et al, 

2004 

RGP 116 8-11 0.63 D -0.05 mm Refractive effect corneal. 

Axial elongation greater 

in RGP wearers. 

Cho et al, 

2005 

Ortho-K 35 7-12 NA 0.25 mm Ortho-keratology 

corrected refractive error. 

Phillips, 2005 Monocular Under-

correction 

13 11-13 0.37 D 0.13 mm Slowed progression in 

treated eye. 

DIMENZ 

Trial 

DF Contact Lenses 40 12-14 0.28 D 0.13 mm Slowed progression in 

treated eye, 

Stable myopes removed 

from data 
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wearing the DF lens was dependent on the pupil size of the subject and was not a constant 

value. Unfortunately a dose-effect curve cannot be calculated from DIMENZ data, as 

individual measurements of lens position are not available and multiple pupil diameter 

measurements would be required. However, the similarities between results of these two 

studies implies that there may not be a linear dose-effect response when applying myopic 

defocus in children and further investigation to optimise the DF contact lenses may improve 

both the efficacy and visual function of the lens.  

 

DIMENZ Trial versus Pharmacological Interventions 

The latest evidence from randomized controlled clinical trials suggests that the only 

successful therapy currently available for use as a myopia intervention is atropine eye drops 

(see Table 13). Atropine is a non-specific muscarinic antagonist that has been shown to 

inhibit axial elongation in a diverse range of species including chick (Atchison et al., 2004; 

Diether et al., 2007; N A McBrien et al., 1993; H N Schwahn et al., 2000), monkey (Tigges et 

al., 1999) and humans (Shih et al., 2001), but has not been widely used to slow myopia 

progression in clinical practice due to its mydriatic and cycloplegic effects. Most of the 

clinical trials of atropine eye drops show little, if any, myopia progression or axial elongation 

of the eye in children receiving atropine when compared with children in the placebo group 

(Chiang et al., 2001; Chua et al., 2006). However safety concerns exist over the sustained use 

of atropine eye drops, as it is possible that these drops will need to be used for many years, 

with suggestions that prolonged use may lead to toxic damage to the neural retina (Luu et al., 

2005). Recent literature also suggests that after stopping pharmacological therapy, eyes 

treated with atropine show higher rates of myopia progression compared with eyes treated 

with placebo drops (L. Tong et al., 2009). In the large ATOM study, after cessation of drops 

the mean progression in the atropine treated eyes was -1.14 ± 0.80 D over 12 months, 

compared with -0.38 ± 0.39 D in placebo treated eyes. This observed rebound effect implies 

that atropine may require long-term use to be effective in inhibiting myopia progression and 

that after cessation of therapy the treated eye may show increased rates of myopia 

progression. 
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Authors Treatment Effect 

SER/yr 

Effect 

AXL/yr 

Notes 

Shi et al, 2001 Binocular 

Atropine 

0.98 D 0.37 mm Bifocal spectacle lenses for near 

in treatment group 

Siatkowski et 

al, 2004 

Pirenzepine 0.27 D 0.04 mm No significant difference in axial 

elongation between groups. 

Chua et al, 

2006 

Monocular 

Atropine 

0.46 D 0.20 mm  

 

Table 13: Summary of pharmacological interventions intended to slow myopia progression in children. 

‘Effect’ is the slowing in progression in the experimental versus control groups. 

 

The treatment effect of DF contact lenses was not as great as that seen in clinical trials of 

atropine. However, the risk of adverse events with DF lenses is low and children in the 

DIMENZ trial also retained good visual acuity, and were able to accommodate on near 

objects, unlike children treated with atropine whom experience blurred near vision unless 

corrected with multifocal spectacle lenses.  

 

5.5. Changes in Astigmatism 

Results showed that there was a statistically significant increase in refractive J0 during the 

course of the DIMENZ trial, and more specifically refractive J0 increased more rapidly in 

eyes wearing the DF lens than in eyes fitted with the SVD lens in both periods. There was an 

overall mean increase in J0 corneal curvature values in both eyes during the study, but this 

was not different between the DF and SVD lens wearing eyes. Therefore it is unlikely that 

changes in corneal curvature fully explain the difference in J0 results seen between the eyes. 

The ACHIEVE study showed only a small change in values for J0 (0.05 ± 0.23 D), J45 (-0.05 

± 0.24) and corneal curvature (0.10 ± 0.70 D) over the three years of data collection, although 

in this study corneal curvature values were based on the change in the steepest meridian only 

(Walline et al., 2008). Values in the ACHIEVE study were much smaller than seen in the 

DIMENZ trial, and this may be related to the use of the BENZ 45G material that was used to 

manufacture the DF and SVD lenses. 

 

It is possible that the differences in J0 results may be explained by optical effects of the DF 

lens, for example changes in lenticular astigmatism. The inter-palpebral aperture is smaller in 
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the vertical meridian than in the horizontal meridian, and this may cause differential myopia 

progression rates and small amounts of refractive astigmatism to be induced. In this scenario 

J45 results would be less affected as they represent oblique meridians which would not be 

influenced by the inter-palpebral aperture. Due to the small sample size of the DIMENZ trial, 

these effects need to be investigated further. 

 

 

5.6. Accommodation and DF lenses 

The principal finding of the accommodation results is that all subjects enrolled in the 

DIMENZ trial, with their contact lens allocation of a DF lens in one eye and a SVD lens in 

the contralateral eye, showed increased accommodation for near targets. As it was not 

possible to measure accommodation through the DF lens, due to the optical discontinuities 

across the lens surface, the inclusion of a SVN lens in the contra-lateral eye was used to 

provide information about what may occur were the DF lenses to be worn binocularly. In 

general, even with a SVN lens correcting the fellow eye, subjects actively accommodated on 

the near target implying that accommodation was being driven through the distance portion 

of the DF lens. As in the monovision spectacle lens study (Phillips, 2005b), children actively 

accommodated on near targets using the distance portion of the DF contact lens and these 

results seemed to be robust whether the fellow-eye was corrected with a single vision 

distance or a single vision near addition lens. This implies that were the DF lenses also to be 

worn binocularly, children would continue to accommodate on near targets. Accommodation 

results confirm the presence of myopic retinal defocus in the DF lens wearing eye, for both 

distance and near targets. Thus children do not use DF contact lenses in the same manner as 

presbyopes use bifocal contact lenses. 

 

If accommodation was purely driven by blur, then children would not have needed to 

accommodate for the 40 cm target when the fellow eye was corrected with the near lens. 

However, accommodation is also stimulated by convergence and proximal cues and it may be 

these factors which elicit the accommodative response seen. To illustrate in its most simple 

form Figure 22 shows the position of the image planes when a dual-focus contact lens 
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corrects a pre-presbyopic eye (a and b) and a complete presbyopic, or non-accommodation, 

eye (a and c) for both distance and near tasks.  

 

Figure 22 (a) shows the position of the image planes when a DF or bifocal contact lens is 

worn by either a pre-presbyopic or presbyopic subject when viewing a distance target. For 

both pre-presbyopic and presbyopic subjects one image is located on the retina (at Fc) while 

the second image Fm, created by the under-corrected zones of the lens, is located anterior to 

the retina resulting in myopic retinal defocus. This situation occurs for both dual-focus 

contact lenses and simultaneous vision bifocal contact lenses. Figure 22 (b) shows the 

position of the image planes when a DF contact lens corrects for near viewing, in a pre-

presbyopic lens wearer. Due to the active accommodation of the pre-presbyopic eye Fc is 

maintained on the retina and Fm anterior to the retina, so that myopic retinal defocus is also 

experienced for near targets. Figure 22 (c) shows the position of the image planes when a 

simultaneous vision bifocal contact lens corrects a completely presbyopic eye viewing at 

near. Because of the absence of accommodation, Fm is located at the retinal plane, while Fc 

is located posterior to the retina (resulting in hyperopic retinal defocus). This is, however, a 

very simplistic view, as early presbyopes still do have some accommodation, although not 

enough remains for clear comfortable or sustained near viewing. In this situation, the 

undercorrected portion of the lens is used to supplement the remaining accommodation, so 

for reading tasks one focal point is located on the retina (formed from the undercorrected 

portion (near addition) of the lens) while the second focal point is located behind the retina. 

At intermediate distances, the early presbyopic patient would still be able to exert their own 

remaining accommodation, and in this situation Figure 22 (b) would again occur, where the 

distance portion of the lens forms the retinal focal point and the near addition would form a 

focal point anterior to the retina. In this later scenario there is no difference between a DF 

lens worn in a child than in an early presbyopic patients, although few patients would still be 

experiencing myopia progression in their 40’s. 
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 Figure 22: (a) Pre-presbyope or presbyope viewing distance target (b) Pre-presbyope accommodation to 

view at near (c) Presbyope viewing at near (hyperopic retinal defocus occurs) 

 

 

Hyperopic retinal defocus at near has been implicated in the development and progression of 

myopia in school-children (Gwiazda et al., 1999; Gwiazda et al., 2005; Radhakrishnan et al., 

2004) and would be an undesirable situation to have occur in DIMENZ subjects. No children 

in the DIMENZ study experienced hyperopic retinal defocus when measured with their 

DIMENZ contact lens allocation in place. However, at the two week measurements, three 

children showed that they completely relaxed their accommodation when fitted with a SVN 

lens in the contra-lateral eye. Ten month results also indicate that two of these three children 

showed greater progression in the eye wearing the DF lens (-1.089 D & -0.692 D) than in the 

eye wearing the SVD lens (-0.432 D & -0.515 D). It is possible that at some time during that 

10 month period, these children relaxed their accommodation and used the under-corrected 

zone of the contact lens to focus on near work. This would result in hyperopic retinal defocus 

at near, although myopic retinal defocus would still be present for distance targets. Results 

from these two subjects suggest that caution should be employed if fitting DF lenses 

binocularly and accurate measurements of accommodation should be made with children 

wearing the lenses to quantify the presence of myopic retinal defocus for both distance and 

near targets. 

 

Fc

Fm

Fm
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Fc

(a)

(b)

(c)



 

113 
 

One recent study has assessed the effect of bifocal soft contact lenses on the lag of 

accommodation in 35 young adult subjects (mean age 22.8 ± 2.4 years) (Tarrant, Severson, & 

Wildsoet, 2008). This study examined the effect of single vision distance contact lenses, 

single vision near contact lenses (+1.50 DS added to the distance prescription) and the 

commercially available Acuvue Bifocal simultaneous vision bifocal contact lens (+1.50 near 

addition) on the lag of accommodation in young adults. As in the DIMENZ trial, the authors 

of this study were unable to record valid autorefractor readings through the bifocal contact 

lens and therefore subjects were tested with a bifocal contact lens in one eye and consensual 

responses were measured from a SVD lens worn in the fellow eye. Results confirmed results 

of previous accommodation studies and showed that myopic subjects accommodated less 

than emmetropic subjects, irrespective of the lens type worn or the target viewing distance 

(Abbott et al., 1998; Gwiazda et al., 1995). Overall, in this study the introduction of a near 

addition reduced the lag of accommodation in both emmetropic and myopic subjects, and in 

some cases leads of accommodation were produced for near targets. While wearing the 

Acuvue Bifocal lens both emmetropes and myopes showed leads of accommodation, with 

respect to the distance power of the bifocal contact lens, at all target distances. Interestingly, 

the reduction in accommodative lag was greater while wearing the bifocal contact lens than 

the single vision near lens, even though the near addition was the same. The authors suggest 

that this may be because the bifocal contact lens increases the depth of focus and therefore 

artificially extends the accommodation range of the wearer. They also suggest that bifocal 

contact lenses have greater amounts of spherical aberrations than single vision lenses, which 

would result in more positive power in the near zones. Spherical aberrations also tend to 

become more negative when the human eye accommodates on near targets, and adding 

positive spherical aberration in the bifocal contact lens may improve the retinal image 

quality, thereby decreasing the accommodative lag experienced by improving the blur-driven 

accommodative response. 

 

Lags of accommodation for DIMENZ subjects can be calculated in the same manner, 

although data was not collected for lags while wearing a single vision distance or single 

vision near correction binocularly. The mean lag of accommodation was 0.454 ± 0.294 D 

(range 0.116 D lead of accommodation to 1.354 D lag of accommodation) as measured while 

wearing a SVD lens in the contra-lateral eye. No significant difference in myopia progression 

was found in children who had larger lags of accommodation (> 0.45 D) compared with 
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children who had smaller lags of accommodation in either the SVD (P = 0.582) or DF lens-

wearing eyes (P = 0.982). These results suggest that the DF lenses in the DIMENZ trial do 

not inhibit myopia progression based on reducing the lag of accommodation and thereby 

reducing hyperopic retinal defocus at near, as has been suggested by some other authors 

(Aller & Wildsoet, 2008; Wason, 2008). 

 

The aim of the DIMENZ trial was not to alter lags of accommodation by using the 

undercorrected portion of the DF lens as a type of ‘near addition’. The effect of lag of 

accommodation on myopia progression has been extensively studied (Gwiazda et al., 1993; D 

O Mutti et al., 2006; Seidel et al., 2005; Tarrant et al., 2008), and although there is significant 

evidence to show that accommodative lag is increased in myopic subjects, myopia therapies 

that are aimed at reducing accommodative lag have been largely unsuccessful (Fulk et al., 

2000; Grosvenor et al., 1987; Gwiazda et al., 2003). In fact myopic retinal defocus exists in 

uncorrected myopes at distance, although may not occur at near if the level of myopia is less 

than approximately 2D, and despite this continues to progress in the majority of patients 

(Adler & Millodot, 2006; Chung et al., 2002). The difference when wearing DF contact 

lenses is that myopic retinal defocus is also always present for near tasks, and it may this that 

it is the key to the reduced rate of myopia progression shown in the children enrolled in the 

DIMENZ trial. 

5.7. Safety and efficacy of the DF lenses 

Dual-focus contact lenses provide a safe and effective form of optical correction for myopia. 

Visual function remained good in subjects, with no significant reduction in visual acuity 

between glasses and contact lenses, and no difference in vision between DF and SVD lenses 

(P = 0.628). Contrast sensitivity was also closely matched between the DF and SVD lens 

wearing eyes. Good visual function, coupled with convenience and cosmesis, ensured 

excellent compliance to contact lens wearing schedules with the average wear time in 

participants being 12.66 ± 2.21 hours, 6.87 ± 0.45 days per week at the end of period one. 

Good visual function was achieved by designing a contact lens which specifically accounted 

for the larger pupil diameters in children. Visual acuity data for bifocal contact lens trials in 

children, using Acuvue Bifocal contact lenses (Adler & Millodot, 2006; Wason, 2008), have 

not been reported but due to the smaller zones in these lenses it is probable that visual acuity 
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and contrast sensitivity were degraded (Borish, 1988). A study of 20 non-presbyopic subjects 

aged 23-31 fitted with Acuvue bifocal contact lenses showed a two line drop in acuity when 

wearing a bifocal CL with a +2.00 D near addition (Ardaya et al., 2004). The use of 

commercially available contact lenses designed for presbyopic patients, may significantly 

reduce the visual acuity in younger wearers leading to poorer compliance and reduced wear-

time. 

 

Adverse events were rare in the DIMENZ trial and appeared to be associated with contact 

lens wear itself, and not specifically with the DF lens. No children were permanently 

discontinued for contact lens wear although one subject was advised to remove lenses for 48 

hours after sleeping overnight in one lens and one further subject developed presumed viral 

conjunctivitis and ceased contact lens wear for a period of approximately two weeks. Both 

children returned to contact lens wear and continued to have both good vision and comfort 

with their allocated contact lenses. Optical interventions to retard myopia progression are 

preferable to pharmacological ones, due to their better safety profile and reduced risk of 

adverse events. Currently the only successful intervention for myopia control appears to be 

the use of topical atropine, but this has been associated with allergic reactions or discomfort, 

glare and blurred near vision (Chua et al., 2006). It is also possible that the accumulation of 

atropine over a long period of time may be toxic to the neural retina, and constant papillary 

dilation increases the amount of light entering the eye may lead to permanent light-damage to 

the retina (Luu et al., 2005).  

 

5.8. Study Limitations 

There were two main limitations that need to be acknowledged regarding the DIMENZ trial. 

The first limitation was the relatively short duration of the study, as the DF lens was only 

applied to each eye for a period of 10 months before being crossed-over. The large COMET 

trial found that the most significant treatment effect of progressive addition spectacle lenses 

occurred within the first year (Gwiazda et al., 2003); after the first year this treatment effect 

was maintained but did not increase in magnitude. Gwiazda et al. argued that this may have 

occurred because environmental interventions have a limited capacity to slow myopia 

progression which was exceeded after 12 months of PAL spectacle wear. However further 
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analysis of subgroups of COMET children showed that those children who had the most 

rapidly progressing myopia (near esophores with large lags of accommodation) did continue 

to show treatment benefits over the entire three years of data collection (Gwiazda et al., 

2004). In the DIMENZ trial there was a significant time effect and treatment by time 

interaction, and in order to fully establish the efficacy of the DF contact lenses a longer trial 

time would be required. 

 

The second limitation was the paired-eye nature of the DIMENZ trial. Although statistically 

this allowed for a highly powered study with a much smaller number of participants than a 

parallel design trial, the DF lenses were never worn binocularly by subjects. It was possible 

some inter-ocular yoking of myopia progression between the eyes occurred, as seen in animal 

models of myopia development (Howlett & McFadden, 2006; Hung et al., 1995; Wildsoet & 

Wallman, 1995), and this may have reduced the treatment efficacy of the DF lens. If DF 

lenses were to be prescribed clinically they would be worn binocularly, and the DIMENZ 

trial did not assess binocular safety and efficacy effects of applying sustained myopic retinal 

defocus. Further clinical trials for a longer duration with binocular DF contact lens wear are 

required to replicate these findings. 



 

117 
 

Chapter 6. Conclusion 

6.1. Conclusions 

The DIMENZ trial was the first randomized controlled clinical trial to test the efficacy of a 

specifically designed dual-focus soft contact lens that presented myopic defocus to the retina 

while simultaneously correcting distance vision. The dual-focus contact lens formed two 

focal planes, one on, and one anterior to the retina, and successfully slowed the progression 

of axial myopia in children compared with single vision contact lenses. In eyes fitted with DF 

contact lenses there was both a clinically significant (0.283 D/year) and statistically 

significant (P < 0.0001) reduction in progression of myopic refractive error, accompanied by 

a corresponding reduction of axial elongation of the eye (0.129 mm/year, P < 0.0001).  

 

The treatment effects of the DF contact lenses were most effective in children with the most 

rapidly progressing myopia. When a median split of the data was performed, children who 

showed the most rapid myopia progression in the SVD lens wearing eye (> 0.577 D) also 

showed the most significant treatment effect of the DF lenses (0.489 D/year). In children 

whose myopia had begun to stabilise (< 0.577 D increase in myopia in the SVD eye), there 

was no significant treatment effect of the DF lenses (0.087 D/year). 

 

DF contact lenses represent a safe and effective method for slowing myopia progression in 

children. Results were similar in magnitude to the monocular under-correction spectacle lens 

trial (Phillips, 2005b); however, DF lenses provide a more clinically applicable method of 

inhibiting myopia progression as they could be used to present myopic retinal defocus 

binocularly in children. Optical methods of myopia inhibition have definite advantages over 

pharmacological interventions (e.g. atropine) as they do not have the unwanted side effects of 

cycloplegia and pupillary dilation, or the possibly toxic retinal effects (Shih et al., 1999). 
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6.2. Major Outcomes 

The principal achievement of the DIMENZ trial was the design and development of a DF 

contact lens that slowed the progression of myopia in children but also allowed subjects to 

maintain excellent visual acuity and contrast sensitivity. Vision while wearing the contact 

lenses remained high, with no significant difference in vision between the DF (99.85 ± 3.53) 

and SVD (100.20 ± 2.87) lens wearing eyes. There was also no significant difference in Pelli-

Robson contrast sensitivity between the two eyes. Due to the maintenance of excellent visual 

function, compliance to contact lens wearing schedules was also high. 

 

The DIMENZ trial also successfully measured the accommodative status of subjects while 

wearing their contact lens allocation. Accommodation measurements showed that myopic 

defocus was present during both distance and near viewing while wearing their DIMENZ 

contact lens allocation. To help predict the accommodative response should the lenses be 

fitted binocularly, the fellow eye was also fitted with a single vision near lens (effective near 

addition +2.50 D) and accommodation results recorded. Results showed that there were no 

significant differences between responses when the fellow eye was corrected with either an 

SVD or SVN lens, in the majority of children. This implies that in children, accommodation 

appears to be driven through the distance portion of the dual-focus contact lens and myopic 

retinal defocus is present for both distance and near viewing. 

 

The DIMENZ trial employed a paired eye trial design, in which children were fitted with a 

DF lens in one eye and a SVD lens in the contra-lateral eye designed to act as the control 

comparison. Paired eye comparisons have been utilised in animal studies manipulating 

refractive error for many years (Howlett & McFadden, 2006; Irving et al., 1991; Irving et al., 

1992) but few human studies investigating potential myopia therapies have used this method. 

The DIMENZ trial has shown that the use of a monocular treatment paradigm has significant 

benefits over a parallel design study, namely the better estimation of treatment effects.  The 

paired eye nature of the DIMENZ trial allowed for easy identification of children who were 

no longer showing myopia progression, and who in a parallel design trial would have 

distorted the treatment effect estimates. Other benefits of this study design included a smaller 

sample size, unaltered binocular vision status of participants, a balanced number of treatment 
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and control eyes at the end of the trial and the fact that all subjects received both the 

treatment and control lenses during the trial. 

 

6.3. Future Directions 

The paired-eye nature of the DIMENZ trial was appropriate for the proof-of-concept nature 

of this thesis, and demonstrated that applying sustained myopic retinal defocus can inhibit the 

progression of juvenile-onset myopia. However, before the widespread application of DF 

contact lenses to slow myopia progression is attempted, a binocular parallel design trial 

would be prudent. Children in the DIMENZ study never wore the DF contact lenses 

binocularly at any time during the trial, and although results suggest DF lenses provide a safe 

and effective treatment, changes in vision, accommodation and myopia progression have not 

been established for a binocular treatment modality. Further clinical trials could also assess 

the effect of DF lenses on peripheral refraction to establish whether it is central or peripheral 

defocus, or a combination of both, that contributes to the reduced rate of myopia in children 

wearing DF lenses.  

 

Ideally the application of any myopia intervention would be best applied to incident myopia, 

so that a myopic refractive error never developed. However, before this can be safely 

achieved there would need to be a precise way to identify children who are likely to develop 

myopia, and the safety and efficacy of the intervention would outweigh any potential risks. 

The development of accurate method of identifying incident myopia, and the subsequent 

early application of appropriate interventions is an important task for the development of 

future clinical trial aimed at modifying refractive error development in children. 
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Appendix One 

 

Baseline Characteristics of Subjects showing Group Allocation, Ethnicity, Gender, Age 

at Baseline, and Biometric Data 

Biometric data for each participant shows axial length (AXL), cycloplegic spherical 

equivalent refraction (SER), J0 and J45 values and the average corneal curvature (K) at 

baseline for the DF and SVD eyes. 
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Appendix Two 

 

Participation data showing spherical equivalent refraction (SER) for DIMENZ subjects 

 

Cycloplegic SER values for eyes fitted with DF and SVD lenses are shown at baseline, and 

Outcome Measures (OM) 1 (5 months), OM 2 (10 months), OM 3 (15 months) and OM 4 (20 

months). After 10 months of lens wear (at OM 2) the contact lens allocation was crossed-over 

between the eyes (DF X SVD and SVD X DF). Of the 40 subjects recruited, 34 subjects 

completed the full 20 months of data collection. Five subjects withdrew before the first 

outcome measure at five months and one further subject withdrew after 10 months of contact 

lens wear. 
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Appendix Three 

 

Participation data showing axial length of the eye (AXL) for DIMENZ subjects 

 

Axial length of the eye (AXL) values for eyes fitted with DF and SVD lenses are shown at 

baseline, and Outcome Measures (OM) 1 (5 months), OM 2 (10 months), OM 3 (15 months) 

and OM 4 (20 months). After 10 months of lens wear (at OM 2) the contact lens allocation 

was crossed-over between the eyes (DF X SVD and SVD X DF). 
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Appendix Four 

 

Individual Spherical Equivalent Refraction and Axial Length Data for all 40 DIMENZ 

Subjects 

 

Development of refractive error (cycloplegic SER) and axial length for each of the 40 

participants in the DIMENZ trial. All subjects in the DIMENZ trial had one eye one eye (blue 

line) was fitted with a DF lens (dashed) in the first period and a SVD lens (solid) in the second period, 

while the contra-lateral eye (red line) wore a SVD lens (solid) in the first period and a DF lens 

(dashed) in the second period. The primary outcomes (SER and axial length) were measured at 

baseline, Outcome Measures (OM) 1 (5 months), OM 2 (10 months), OM 3 (15 months) and OM 4 

(20 months). 
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Appendix Five 

 

Compliance Survey 

 

Children enrolled in the DIMENZ trial had a Compliance Survey administered at each 

planned appointment (2 week contact lens check, outcome measures 1, 2, 3 & 4) to assess 

their contact lens wear regimens and care of contact lenses.
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Appendix Six 

 

SAS Code Used for Cross-Over Statistical Analysis of the DIMENZ Trial 

 

Linear mixed models were used to investigate the treatment effects of DF and SVD lenses 

over time. The models took into account the paired-eye nature of the DIMENZ trial, the 

repeated measures taken on the same eye and the cross-over of lens allocation at 10 months. 

The models were fit in SAS (version 8) using the PROC MIXED statement and the restricted 

maximum likelihood (REML) fitting algorithm. 
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***************************************************************************

*************** 

FOR: NICOLA ANSTICE - PhD RESEARCH PROJECT 

 

AIM: TO TEST THE EFFICACY OF THE DF LENS IN SLOWING MYOPIA PROGRESSION IN 

CHILDREN USING A CONVENTIONAL SINGLE VISION (SINGLE FOCUS) CONTACT LENS AS 

A CONTROL. 

 

OUTCOMES:  

 1) "SER" 

 2) "AXL"  

 

***************************************************************************

***************; 

 

options nofmterr nocenter pageno = 1 linesize = 105 nodate; 

dm 'log; clear'; 

dm 'output; clear'; 

 

 

 

***************************************************************************

***************; 

 

proc contents data = work.raw_data_nicola; 

run; 

 

proc print data = work.raw_data_nicola (obs=10) width=min; 

run; 

 

proc univariate data = work.raw_data_nicola plot normal; 

where Period = 1 & Visit = 0; 

var SER  AXL; 

run; 

 

proc means data = work.raw_data_nicola n min max; 

var Time  SER  AXL; 

run; 

 

 

***********************************************; 

/* VARIABLE CONSTRUCTION */ 

***********************************************; 

 

data work.myopia_analysis; /* obs=486 */ 

length Sequence $8; 

set work.raw_data_nicola; 

 

New_Time = round(Time,1); 

drop Time; rename New_Time = Time; 

 

New_SER = round(SER,0.001); 

drop SER; rename New_SER = SER; 

 

New_AXL = round(AXL,0.001); 

drop AXL; rename New_AXL = AXL; 

 

/* Right vs. Left Eye */ 

  if Treatment = 'DF' then Eye = substr(Eye_DF_lens,4,2); 

else if Treatment = 'SV' & substr(Eye_DF_lens,4,2) = 'RE' then Eye = 'LE'; 

else if Treatment = 'SV' & substr(Eye_DF_lens,4,2) = 'LE' then Eye = 'RE'; 
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/* Sequence of Treatment */ 

  if Period = 1 AND Treatment = 'DF' then Sequence = 'DF:SV'; 

else if Period = 2 AND Treatment = 'SV' then Sequence = 'DF:SV'; 

else if Period = 1 AND Treatment = 'SV' then Sequence = 'SV:DF'; 

else if Period = 2 AND Treatment = 'DF' then Sequence = 'SV:DF'; 

run; 

 

proc freq data = work.myopia_analysis; 

tables Treatment*Eye_DF_lens*Eye  Period*Treatment*Sequence  

group*period*treatment*sequence /list missing; 

tables Eye  Sequence; 

tables group*sequence /chisq; 

run; 

 

proc means data = work.myopia_analysis n min max; 

var Time  SER  AXL; 

run; 

 

proc print data = work.myopia_analysis (obs=20) width=min; 

run; 

 

 

***********************************************; 

/* TABLE: BASELINE POPULATION CHARACTERISTICS BY GROUP */ 

***********************************************; 

 

proc sort data = work.myopia_analysis out = table_catg_data (keep = 

Patient_ID  Gender  Ethnicity  Group) nodupkey; 

by Patient_ID; 

run; 

 

proc freq data = table_catg_data; 

tables Gender  Ethnicity; 

tables (Gender  Ethnicity)*Group /norow nopercent chisq; 

run; 

 

***************; 

 

proc means data = work.myopia_analysis n mean std maxdec=2; 

WHERE Period = 1 & Visit = 0; 

class Eye; 

var SER  AXL; 

run; 

 

proc means data = work.myopia_analysis n mean std maxdec=2; 

WHERE Period = 1 & Visit = 0; 

class Eye  Group; 

var SER  AXL; 

run; 

 

***************; 

 

proc glm data = work.myopia_analysis; 

Title 'RIGHT EYE: Autorefaction at Baseline by Group'; 

WHERE Eye = 'RE' & Period = 1 & Visit = 0; 

class Group; 

model SER = Group; 

lsmeans Group /pdiff; 

run; quit; 
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proc glm data = work.myopia_analysis; 

Title 'RIGHT EYE: Axial Length at Baseline by Group'; 

WHERE Eye = 'RE' & Period = 1 & Visit = 0; 

class Group; 

model AXL = Group; 

lsmeans Group /pdiff; 

run; quit; 

 

proc glm data = work.myopia_analysis; 

Title 'LEFT EYE: Autorefaction at Baseline by Group'; 

WHERE Eye = 'LE' & Period = 1 & Visit = 0; 

class Group; 

model SER = Group; 

lsmeans Group /pdiff; 

run; quit; 

 

proc glm data = work.myopia_analysis; 

Title 'LEFT EYE: Axial Length at Baseline by Group'; 

WHERE Eye = 'LE' & Period = 1 & Visit = 0; 

class Group; 

model AXL = Group; 

lsmeans Group /pdiff; 

run; quit; 

 

goptions reset = all; 

 

 

***********************************************; 

/* FIGURE: OCULAR OUTCOMES OVER TIME BY TREATMENT SEQUENCE */ 

***********************************************; 

 

proc format; 

value fmt_per_visit 

1 = 'Baseline' 

2 = 'Period 1, Visit 1' 

3 = 'Period 1, Visit 2' 

4 = 'Period 2, Visit 1' 

5 = 'Period 2, Visit 2' 

; 

run; 

 

proc freq data = work.myopia_analysis; 

tables Period*Visit /list missing; 

run; 

 

data figure_SER_AXL; 

set work.myopia_analysis; 

  if Period = 1 & Visit = 0 then Follow_up = 1; 

else if Period = 1 & Visit = 1 then Follow_up = 2; 

else if Period = 1 & Visit = 2 then Follow_up = 3; 

else if Period = 2 & Visit = 1 then Follow_up = 4; 

else if Period = 2 & Visit = 2 then Follow_up = 5; 

format Follow_up  fmt_per_visit.; 

run; 

 

proc freq data = figure_SER_AXL; 

tables Period*Visit*Follow_up /list missing; 

run; 

 

***************; 
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proc means data = figure_SER_AXL noprint nway; 

WHERE Sequence = 'DF:SV' and Follow_up ne .; 

class Follow_up; 

var SER  AXL; 

output  out = Out_SER_DF_SV (drop = _:)  Mean = ; 

run; 

 

proc means data = figure_SER_AXL noprint nway; 

WHERE Sequence = 'SV:DF' and Follow_up ne .; 

class Follow_up; 

var SER  AXL; 

output  out = Out_SER_SV_DF (drop = _:)  Mean = ; 

run; 

 

data SER_AXL_by_Sequence; 

length Sequence $6; 

set Out_SER_DF_SV (in=a) 

 Out_SER_SV_DF (in=b) 

 ; 

  if a then Sequence = 'DF:SV'; 

else if b then Sequence = 'SV:DF'; 

run; 

 

proc print data = SER_AXL_by_Sequence; 

run; 

 

***************; 

 

/* Mean Cycloplegic Autorefaction Over Time by Treatment Sequence */ 

 

symbol1 color=blue  interpol=spline  width=2  value=circle  height=2;   

symbol2 color=red  interpol=spline width=2  value=dot  height=2; 

axis1 label=(' ') 

  offset=(2)  width=3; 

axis2 label=('Cycloplegic' justify=right 'Autorefaction')  width=3; 

legend1 label=('Treatment Sequence:'); 

title1 'Cycloplegic Autorefaction Over Time'; 

title2 'Stratified by Sequence of Treatment'; 

goptions  ftext = simplex  ctext = BLACK  htext = 1.6 cells; 

proc gplot data = SER_AXL_by_Sequence; 

plot SER*Follow_up = Sequence /haxis=axis1  hminor=0 

                             vaxis=axis2  vminor=1 

                             caxis=black  legend=legend1 

        ; 

run; quit; 

goptions reset = all; 

 

***************; 

 

/* Mean Axial Length Over Time by Treatment Sequence */ 

 

symbol1 color=blue  interpol=spline  width=2  value=circle  height=2;   

symbol2 color=red  interpol=spline width=2  value=dot  height=2; 

axis1 label=(' ') 

  offset=(2)  width=3; 

axis2 label=('Axial' justify=right 'Length')  width=3  order=(24.4 to 24.8 

by 0.05); 

legend1 label=('Treatment Sequence:'); 

title1 'Axial Length Over Time'; 

title2 'Stratified by Sequence of Treatment'; 

goptions  ftext = simplex  ctext = BLACK  htext = 1.7 cells; 
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proc gplot data = SER_AXL_by_Sequence; 

plot AXL*Follow_up = Sequence /haxis=axis1  hminor=0 

                             vaxis=axis2  vminor=1 

                             caxis=black  legend=legend1 

        ; 

run; quit; 

goptions reset = all; 

 

 

***********************************************; 

/* MULTIVARIATE ANALYSIS */ 

***********************************************; 

 

data multivar_analysis; /* obs=406 */ 

set work.myopia_analysis; /* obs=486 */ 

T_Catg = Time; 

/* Delete 'baseline' record for Period 2, which is exactly the same as last 

record in Period 1 */ 

if period = 2 & visit = 0 then delete; 

run; 

 

proc freq data = multivar_analysis; 

tables T_Catg; 

run; 

 

*************************; 

/*  SER */ 

*************************; 

 

proc mixed data = multivar_analysis; 

class Patient_ID  Sequence  Group  Period  Eye  Treatment  T_Catg  Gender  

Ethnicity; 

model SER = Group  Period  Eye  Treatment  Group*Treatment  Time*Treatment  

Time  Gender  Ethnicity   

   /solution; 

Random Patient_ID(Sequence); 

Repeated T_Catg / subject = Patient_ID(Sequence)  type = AR(1) r rcorr; 

lsmeans Group  Period  Eye  Treatment  Gender  Ethnicity  Group*Treatment 

/pdiff adjust = bon  slice = group; 

run; quit; 

 

*************************; 

/*  AXL */ 

*************************; 

 

proc mixed data = multivar_analysis; 

class Patient_ID  Sequence  Group  Period  Eye  Treatment  T_Catg  Gender  

Ethnicity; 

model AXL = Group  Period  Eye  Treatment  Group*Treatment  Time*Treatment  

Time  Gender  Ethnicity   

   /solution; 

Random Patient_ID(Sequence); 

Repeated T_Catg / subject = Patient_ID(Sequence)  type = AR(1) r rcorr; 

lsmeans Group  Period  Eye  Treatment  Gender  Ethnicity  Group*Treatment 

/pdiff adjust = bon  slice = group; 

run; quit; 
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Appendix Seven 

 

SAS Code Used for Period One and Two Statistical Analysis of the DIMENZ Trial 

 

Linear mixed models were used to investigate the treatment effects of DF and SVD lenses in 

each period. The models took into account the paired-eye nature of the DIMENZ trial and the 

repeated measures taken on the same eye. The models were fit in SAS (version 8) using the 

PROC MIXED statement and the restricted maximum likelihood (REML) fitting algorithm. 
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***************************************************************************

*************** 

FOR: NICOLA ANSTICE - PhD RESEARCH PROJECT 

 

AIM: TO TEST THE EFFICACY OF THE DF LENS IN SLOWING MYOPIA PROGRESSION IN 

CHILDREN USING A CONVENTIONAL SINGLE VISION (SINGLE FOCUS) CONTACT LENS AS 

A CONTROL. 

 

OUTCOMES:  

 1) "SER" 

 2) "AXL"  

 

***************************************************************************

***************; 

 

options nofmterr nocenter pageno = 1 linesize = 105 nodate; 

dm 'log; clear'; 

dm 'output; clear'; 

 

 

 

***************************************************************************

***************; 

 

proc contents data = work.raw_data_nicola; 

run; 

 

proc print data = work.raw_data_nicola (obs=10) width=min; 

run; 

 

proc univariate data = work.raw_data_nicola plot normal; 

where Period = 1 & Visit = 0; 

var SER  AXL; 

run; 

 

proc means data = work.raw_data_nicola n min max; 

var Time  SER  AXL; 

run; 

 

 

***********************************************; 

/* TABLE: BASELINE POPULATION CHARACTERISTICS BY GROUP */ 

***********************************************; 

 

proc sort data = work.myopia_analysis out = table_catg_data (keep = 

Patient_ID  Gender  Ethnicity  Group) nodupkey; 

by Patient_ID; 

run; 

 

proc freq data = table_catg_data; 

tables Gender  Ethnicity; 

tables (Gender  Ethnicity)*Group /norow nopercent chisq; 

run; 

 

***************; 

 

proc means data = work.myopia_analysis n mean std maxdec=2; 

WHERE Period = 1 & Visit = 0; 

class Eye; 

var SER  AXL; 

run; 
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proc means data = work.myopia_analysis n mean std maxdec=2; 

WHERE Period = 1 & Visit = 0; 

class Eye  Group; 

var SER  AXL; 

run; 

 

***************; 

 

***********************************************; 

/* Analysis: Period One Data */ 

***********************************************; 
proc print data=work.period_one; 

run; 

 

proc mixed data=work.period_one covtest ratio method=REML empirical; 

class Patient_ID; 

Model SER = treatment time gender ethnicity treatment*time / 

solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

proc mixed data=work.period_one covtest ratio method=REML empirical; 

class Patient_ID; 

Model AXL = treatment time gender ethnicity treatment*time / 

solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

proc mixed data=work.period_one covtest ratio method=REML empirical; 

class Patient_ID; 

Model J0 = treatment time gender ethnicity treatment*time / solution 

optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run;  

 

proc mixed data=work.period_one covtest ratio method=REML empirical; 

class Patient_ID; 

Model J45 = treatment time gender ethnicity treatment*time / 

solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

 

proc mixed data=work.period_one covtest ratio method=REML empirical; 

class Patient_ID; 

Model Corneal_J0 = treatment time gender ethnicity treatment*time / 

solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

proc mixed data=work.period_one covtest ratio method=REML empirical; 
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class Patient_ID; 

Model Corneal_J45 = treatment time gender ethnicity treatment*time / 

solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

 

***********************************************; 

/* Analysis: Period Two Data */ 

***********************************************; 
proc print data=work.period_two; 

run; 

 

proc mixed data=work.period_two covtest ratio method=REML empirical; 

class Patient_ID; 

Model SER = treatment time gender ethnicity treatment*time / 

solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

proc mixed data=work.period_two covtest ratio method=REML empirical; 

class Patient_ID; 

Model AXL = treatment time gender ethnicity treatment*time / 

solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

proc mixed data=work.period_two covtest ratio method=REML empirical; 

class Patient_ID; 

Model J0 = treatment time gender ethnicity treatment*time / solution 

optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

proc mixed data=work.period_two covtest ratio method=REML empirical; 

class Patient_ID; 

Model J45 = treatment time gender ethnicity treatment*time / 

solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

 

proc mixed data=work.period_two covtest ratio method=REML empirical; 

class Patient_ID; 

Model Corneal_J0 = treatment time gender ethnicity treatment*time / 

solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

proc mixed data=work.period_two covtest ratio method=REML empirical; 
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class Patient_ID; 

Model Corneal_J45 = treatment time gender ethnicity treatment*time / 

solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

***********************************************; 

/* Analysis: Inter-eye Difference Data */ 

***********************************************; 
proc print data=work.eye; 

run; 

 

proc mixed data=work.eye covtest ratio method=REML empirical; 

class Patient_ID; 

Model SER_Diff=visit / solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

 

proc mixed data=work.eye covtest ratio method=REML empirical; 

class Patient_ID; 

Model AXL_Diff=visit / solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

proc mixed data=work.eye covtest ratio method=REML empirical; 

class Patient_ID; 

Model J0_Diff=visit / solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

proc mixed data=work.eye covtest ratio method=REML empirical; 

class Patient_ID; 

Model J45_Diff=visit / solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

proc mixed data=work.eye covtest ratio method=REML empirical; 

class Patient_ID; 

Model Corneal_J0_Diff=visit / solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 

 

proc mixed data=work.eye covtest ratio method=REML empirical; 

class Patient_ID; 

Model Cornea_J45_Diff=visit / solution optpm=out; 

random int / subject=Patient_ID; 

repeated / type=AR(1) sub=Patient_ID r rcorr; 

run; 
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