
MIT Open Access Articles

Prevention of myopia by partial 
correction of hyperopia: a twins study

The MIT Faculty has made this article openly available. Please share
how this access benefits you. Your story matters.

Citation: Medina, Antonio. “Prevention of Myopia by Partial Correction of Hyperopia: a Twins 
Study.” International Ophthalmology 38, no. 2 (March 10, 2017): 577–583.

As Published: https://doi.org/10.1007/s10792-017-0493-7

Publisher: Springer Netherlands

Persistent URL: http://hdl.handle.net/1721.1/116905

Version: Author's final manuscript: final author's manuscript post peer review, without 
publisher's formatting or copy editing

Terms of Use: Article is made available in accordance with the publisher's policy and may be 
subject to US copyright law. Please refer to the publisher's site for terms of use.

https://libraries.mit.edu/forms/dspace-oa-articles.html
http://hdl.handle.net/1721.1/116905


 
 

1 
 

 

Prevention of Myopia by Partial Correction of Hyperopia: A Twins Study 

 

 

 

 

 

 

 

 

 Antonio Medina,
1
 Ph.D. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

Research Laboratory of Electronics 

Cambridge, Massachusetts 02139 

Tel: 408 365 4329 

puerta@alum.mit.edu 

 

 

 

 

 

 

 



 
 

2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Keywords:  emmetropia; emmetropization; myopia; hyperopia; myopia prevention; feedback 

 

 

1 Present address: Multivision Research 450 S Abel St. Unit 361361, Milpitas, California 90536 

  



 
 

3 
 

ABSTRACT 

 

 

Purpose: To confirm the prediction of emmetropization feedback theory that myopia can be 

prevented by correcting the hyperopia of a child at risk of becoming myopic. 

Methods: We conducted such myopia prevention treatment with twins at risk. Their hyperopia 

was partially corrected by one half at age 7 and in subsequent years until age 16. 

Results: Hyperopia progressively decreased in all eyes as expected. None of the twins developed 

myopia. The spherical equivalent refractions of the followed eyes were +1 D and +1.25 D at age 

16. Feedback theory accurately predicted these values. 

Conclusions: The treatment of the twins with partial correction of their hyperopia was 

successful. Prevention of myopia with this technique is relatively simple and powerful. The use of 

this myopia prevention treatment has no adverse effects. This prevention treatment is indicated 

in children with a hyperopic reserve at risk of developing myopia. 
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INTRODUCTION 

It is well known that most children are hyperopic at birth and that their hyperopia 

declines over the years to the point of reaching emmetropia. This decline and the resultant non-

Gaussian distribution of refractive errors have been named emmetropization [1]. In some cases 

this trend continues after emmetropia is reached and myopia develops [2]. The decline may not 

start precisely at birth, but soon thereafter [3]. 

The term emmetropization usually refers to a mechanism regulating the long term focus 

of the eye towards emmetropia. There is now persuasive evidence indicating that regulation is by 

feedback control that extends well beyond the first years of life [4, 5]. In the simplest proposed 

form, this feedback control has been defined as a first order feedback system [5]. We will use 

and refer to such a first order feedback system in this report as “feedback theory.” Feedback 

theory has a mathematical equation that can predict the future refraction of an eye. Feedback 

theory does not require or depend on any physiological mechanism. It only requires that there is 

an optically produced signal related to refractive error that is fed back to alter the eye to achieve 

a set refraction. Feedback theory completely describes emmetropization by the transfer function 

F(s) = 1/(ks+1) and this function is all that is needed for analytical or numerical calculations. See 

Appendix I. A transfer function is defined in the s-domain. Operation in the s-domain facilitates 

the derivation of general deductions analytically, such as the linearity of myopia progression 

[17]. To operate with specific patient refraction data in time (t), we transform from the s-domain 

to the t-domain using the Laplace transform and obtain the refraction = f(t) equations. Appendix 

I shows how to obtain the refraction equation with the transfer function F(s) when a correcting 

lens of power R is applied to the eye. The equations for each correction were derived in [5] and 

are the equations used in this paper. 
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It appears likely that the process of emmetropization in humans is most active during the 

early years of life, since the non-Gaussian leptokurtic distribution of refractive errors is 

established in 6 to 8 year olds [1, 6-7]. The influence of near work on the eye appears to affect 

young people older than 8, which implies that feedback operates after the age of 8 years. 

Slataper's study showed that average refractive error was a minimum in the late twenties [3]. 

Many believe that emmetropization is disrupted if hyperopia is corrected with lenses. 

Prescribing plus lenses to young hyperopes should indeed interfere with the process of 

emmetropization according to feedback theory. Some children are partially corrected as a 

compromise between the benefit of emmetropization and the alleviation of hyperopia-related 

symptoms. 

Feedback theory predicts that the refractive error of hyperopic children that are fully 

corrected would not change substantially. It further anticipates that if hyperopia is under 

corrected, the greater the correction, the slower the hyperopic decline. The theory is supported by 

many cases confirming these predictions. Studies on children prescribed positive spectacle lenses 

show that emmetropization occurs more rapidly and more completely in those children who do 

not wear their prescription full time. 

Hyperopia in very young children appears to be maintained if it is fully corrected and the 

spectacles are worn [8]. Accordingly, it was proposed that for those hyperopic children destined 

to be myopic, full correction could prevent myopia [9]. This report follows up on that 

recommendation and proposes using partial correction instead. Full correction would prevent 

myopia, but would also keep the hyperopia. If instead of full correction, we corrected partially, 

feedback theory shows that for every eye there is a particular under correction that will produce a 

decline of hyperopia that would stabilize at emmetropia. 
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There is great variability among clinicians in their choice of treatment of hyperopic 

children [10]. Partial, full, or no correction of hyperopia are treatments normally used. Therefore 

treatment with half correction would be within accepted clinical practice. In this study we 

conducted such myopia prevention treatment with twins at risk. Twins are generally exposed to 

the same environment and therefore the measurement of the effect of treatment is differential. 

The identical age is also an advantage because emmetropization may vary with age. If there are 

any environmental or age effects, they would affect them equally, avoiding different results. 

The children at risk of developing myopia must first be identified. Indication of risk is the 

degree of their hyperopia [3, 19] or the refraction of the parents. 

The probability of myopic parents having myopic children is high [2, 6, 11]. These risk 

factors add to a general factor based on the increasing prevalence of myopia [12]. Close work, 

computer use, indoors activities and familial tendency are further risk factors for myopia [2, 13, 

14, 22]. More risk factors are included in the discussion. 

MATERIALS AND METHODS 

Selection was based on the following criteria: Fraternal twins being raised together in an 

identical environment; age 6 to 10; both twins had uncorrected low to mild hyperopia; 

uncorrected visual acuity was better than 20/30; and astigmatism was no greater than 0.75 D 

(diopters) for all four eyes; both parents were myopic of no more than 6 D; no tropias, binocular 

abnormalities or pathological condition were present in the parents’ and twins’ eyes; a 

commitment by the parents to participate for at least 9 years; parents could monitor compliance 

of spectacle wear by the twins. One pair of twins was found that met the criteria and parents 

were willing to participate in this myopia prevention treatment. 
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We partially corrected the hyperopia of the twin brothers (referred here as N and M) at 

age 7 and followed their refraction for 9 years. Treatment consisted in correction of their 

hyperopia by one half. This is not an unusual treatment and it is accepted by many professionals 

as management of child hyperopia. 

The research protocol adhered to the Declaration of Helsinki for research involving 

human subjects. The parents of the children provided written consent to the treatment, screening 

and follow-up assessments. The choice of half correction was based on the feedback theory’s 

general prediction that hyperopia so treated decreases at a rate slower than when it is 

uncorrected. The theory further estimated that emmetropia (defined as refraction between -0.25 

D and +0.75 D) would be reached at around age 25 if the twins’ right eyes hyperopia were so 

corrected. 

The twins’ eyes were refracted yearly (except for two missed years) under cycloplegia by 

standard subjective and retinoscopic techniques. The cycloplegic protocol was two drops of 

Cyclogyl (Cyclopentolate Hcl) 1% instilled 15 minutes apart and 45 minutes prior to refraction. 

The same experienced optometrist did all the refractions with no knowledge of the study. 

After every refraction, spectacles were prescribed with half the sphere of the refractive error. 

Astigmatism was preserved in the prescribed corrections. The twins wore their glasses at all 

times. 

The treatment continued till age 16. The feedback theory equations were then solved 

numerically to calculate the twins’ refraction curves from all refractive data for their right eyes. 

The right eyes were chosen because they had the lowest hyperopia and the goal of this study was 

to avoid myopia in all eyes, thus if myopia was avoided for the right eyes, it would also be 

avoided to a great certainty for their left eyes that were more hyperopic. All references here are 



 
 

8 
 

to right eyes unless otherwise noted. The left and right eyes were correlated and followed a 

similar course. 

RESULTS 

Hyperopia progressively decreased in all four eyes as expected. None developed myopia. 

Figs. 1 and 2 depict the spherical equivalent refractive errors of the eyes of twins N and M 

respectively from age 7 to 16 and the predicted curves for their refraction. The spherical 

equivalent refractions of the eyes of twins N and M were +1 D and +1.25 D respectively at age 

16. The model predicts that the twins N and M would be at +0.75 D and +0.29 D respectively at 

age 25 if treatment continued. 

The hyperopia of twin M decreased almost 3 D from +3.75 D to +1.25 D, substantially 

more than twin N as feedback theory predicted, Fig 2. 

DISCUSSION 

Feedback theory teaches that the refraction of the twins if they had been fully corrected at 

age 7 would not have changed significantly. It further informs that if under-corrected, the greater 

the correction, the slower the hyperopic decline. The same is true for any child of any age or 

degree of hyperopia. The theory also predicts the twins’ eyes refractive development and 

asymptotic stabilization if they stop wearing any correction at age 16. In that case, twin N would 

be at +0.4 D at age 23, while twin M would reach 0 D at that age. The refraction of twins N and 

M would then stabilize at +0.2 D and -0.74 D respectively. 

The twins were at risk of developing myopia. Hyperopia can decrease about 3 D in ten 

years, even when partially corrected, as demonstrated by twin M, Fig 2. Myopia can develop or 

progress even in the twenties and thirties [14, 17, 18]. Slataper’s large study of 33,051 
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cycloplegic refractions showed an average hyperopia of almost 4 D in children of age 7 and that 

the average refractive error was minimum around age 30 [3]. According to the “prognostic 

significance” that Slataper attached to his data based on its average change, our twins N and M 

would reach a refractive error of -1.8 D and +0.5 D respectively at age 32. In a group of 183 

children (363 eyes) of age 4 to 19, the mean refractive error at age 4 was found to be +2.86 D 

and was gradually decreasing to reach 0 D at the age of 14 [15]. Our twins were close to this 

mean value at age 7. In a group of 4512 children of ages 6 to 13, 414 crossed from hyperopia to 

myopia in the few years (1 to 7) that they were followed. The authors of the study concluded that 

the children’s degree of initial hyperopia was related to their probability of becoming myopic in 

the period they were followed and suggested to use it as a general prognosticator [19]. That 

study, which partially contradicted their previous work [2], is of little assistance to predict end-

myopia because surely many more hyperopic children became myopic in the years after follow-

up ended. 

These studies are based on average trends and cannot tell us how the refractive 

development would be for individual children. It was nevertheless reasonable to expect that the 

twins were at risk of becoming myopic at age 16 or later. The twins also met other risk factors- 

the parents were myopic and well-educated, living in a typical North-American urban setting, 

where early education is the norm and includes extensive reading, daily near-vision homework 

and computer use indoors, in addition to frequent use of modern electronic devices at close 

distance. 

We also had information about the twins’ paternal grandparents and grand-grandparents. 

They were at least one of each myopic. It is therefore probable, independently from feedback 

theory prediction, that their refractions of +1 D and +1.25 D at age 16 were due to the treatment 
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of their hyperopia. Feedback theory offered predictions that fit their refractive data accurately. 

The predictions factored in their partial correction of hyperopia. 

Feedback theory also anticipates that near work is myopizing because it is equivalent to 

wearing a minus lens for distance vision. Wearing a minus lens of a given power a percent of the 

time is the same as wearing a lens of that power reduced by the same percent full time [16]. 

We can use feedback theory to get a prediction curve for any corrective scheme. As an 

example, let’s assume that twin N was never corrected for his hyperopia, had an increased near 

work demand equivalent to wearing a -1 D lens, and was fully corrected for his subsequent 

myopia every time it increased by 0.25 D. Fig. 3 shows the result. Twin N would have crossed 

from hyperopia to myopia at age 12 and reached 1 D of myopia at age 18. If his near work 

continued at the same level, his myopia would progress. Notice that feedback theory predicts a 

linear progression or “myopia depression” while corrected [17]. 

Numerous studies have demonstrated that atropine is effective in slowing myopia 

progression in children, even at low concentrations of only 0.01% [23]. Atropine and the strategy 

described here both achieve a slowing in the progression of ametropia in the negative or myopic 

direction. The basis of the atropine effectiveness may be the same as in this study, the use of plus 

lenses. Although atropine treatment and myopia progression rate are associated, it has not been 

demonstrated that atropine itself is the ultimate cause of the reduction in the rate of progression 

rather than its effects. Feedback theory offers an alternative cause. The theory predicts a 

reduction in myopia progression rate when using atropine due to its effect on accommodation. 

Atropine reduces the accommodative amplitude, which requires that those so treated remove 

their glasses and/or use a plus addition to focus near objects [23, 24]. Atropine users are 

therefore uncorrected, under corrected, or plus corrected during near vision. In either case, 
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feedback theory predicts a reduction in the progression rate of myopia, as several investigators 

confirmed [25-27]. Chia et al results [23] also support the feedback theory explanation for the 

reduced progression rate. They used three different concentrations of atropine for three groups of 

patients and noted the percent of patients in each group that requested plus addition. The rate of 

progression of myopia was proportionally less in the groups with higher percent of plus lens 

users, as feedback theory predicts. Many patients are reluctant to use atropine for several 

reasons, such as blurred near vision and photophobia derived from undesirable cycloplegia and 

mydriasis, costs, difficulty obtaining the compounding, risk of developing glaucoma, and other 

adverse effects. An examination of the reason and extent of atropine’s effects is therefore needed 

to determine if it is worth the risks. Correcting hyperopia offers to evade myopia rather than to 

combat it. Avoiding myopia, even at the risk of remaining hyperopic is an outcome that 

compares favorably to the temporary effect of atropine treatment. 

CONCLUSIONS 

The treatment of the twins with partial correction of their hyperopia was successful 

because the goal of preventing myopia was achieved. The parents were very satisfied with the 

results. Even if the twins no longer wear any correction, their right eyes are expected to be 

around 0 D at age 23. At that age the probability of developing any significant myopia is low, 

based on theory and experience. 

To demonstrate that partial correction of hyperopia is also successful in preventing 

myopia in the general population, a larger number of patients with a control group is desirable. 

We encourage further studies or treatment. The treatment and results here are supported by a 

theory that has proven accurate before with many eyes. 
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Prevention of myopia with this practice is relatively simple and powerful if started at an 

early age. Although the fraction of hyperopia that must be corrected for optimal results depends 

on the child, for initial hyperopia and age close to that of the twins, a value of 50% is indicated. 

For higher or lower hyperopia, a proportional adjustment must be made. Also the older the child 

the greater the percent of corrected hyperopia must be. 

The invariance of fully corrected hyperopia is a characteristic of the feedback theory. It 

suggests that if hyperopia is very low, an immediate full correction is indicated to maintain it and 

prevent a forthcoming myopia. In contrast, usual management of such hyperopia is to leave it 

uncorrected. Ideally, and for optimal results, the reduction of hyperopia should be closely 

monitored and recorded for several years. With this information, the feedback equation can make 

more accurate predictions of future refraction and the fraction of hyperopia corrected could be 

adjusted accordingly. A refined design treatment could provide the proper correction for each 

eye so that both eyes stabilize at the same desired refraction. 

Ophthalmologists and optometrists would need to select patients very carefully before 

prescribing the plus lenses. The difficulty is determining who is at risk of developing myopia. 

Several factors should be weighted, in number and degree. Risk factors are myopic parents and 

even siblings, hyperopia at the time of selection, rate of change, age of child and time engaged in 

near vision, and living location as certain regions in the world have very high incidence of 

myopia. Feedback theory may indicate who is a candidate more accurately if past refractions are 

available. A patient that is not considered a candidate may become one at a later time if the 

hyperopia decreases quickly or other factors emerge. The risk of prescribing plus lenses to a 

patient that would become emmetropic without them is that the patient would remain hyperopic. 
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This result is predicted by feedback theory and by those who found that correcting hyperopia 

hinders emmetropization. 

The use of this myopia prevention treatment of hyperopia has no adverse effects because 

it has been used for many years by many practitioners to avoid interference with 

emmetropization and other reasons without problems. Therefore the treatment is indicated in 

children with a hyperopic reserve at risk of developing myopia. 
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APPENDIX I 

The feedback system output to an input lens of R diopters in the t-domain is the inverse 

Laplace transform of the output in the s-domain, which in turn is the transfer function times the 

step input in the s-domain: 

o(t) = L
−1

{O(s)} = L
−1

{I(s)F(s)} = L
−1

{L[i(t)]F(s)} = 

L
−1

{R / [s(1+ks)]} = R[1 –exp(–t/k)]     Eq. (1)  

where t is time, k is the time constant, I(s) is the step input in the s-domain, i(t) is the step 

input R in the time domain, O(s) is the output in the s-domain, and o(t) is the output in the t-

domain, L is the Laplace transform and L
-1

 is the inverse Laplace transform. 



 
 

14 
 

 

REFERENCES 

1. Sorsby A, Benjamin B, Davey JB, et al. (1961) Emmetropia and its aberrations. MRC special 

report series no. 293. Her Majesty's Stationery Office, London. 

2. Zadnik K (1997) Myopia development in childhood. Optom Vis Sci 74:603-8. 

3. Slataper FJ 1950 Age norms of refraction and vision. Arch Ophthalmol 43:466-81. 

4. Medina A (1987) A model for emmetropization: predicting the progression of ametropia. 

Ophthalmologica 194:133-139. 

5. Medina A and Fariza E (1993) Emmetropization as a First-Order Feedback System. Vis Res 

33(21):21-26. 

6. Gwiazda J, Thorn F, Bauer J, Held R (1993) Emmetropization and the progression of manifest 

refraction in children followed from infancy to puberty. Clin Vision Sci 8:337-34.  

7. Kempf GA, Collins SD, Jarman EL (1928) Refractive errors in the eyes of children as 

determined by retinoscopic examination with a cycloplegic. Public health bulletin no. 192.  

Washington, DC. 

8. Ingram RM, Arnold PE (1991) Emmetropisation, squint and reduced visual acuity after 

treatment. BR J Ophthalmol 75:414-416. 

9. Medina A (1987) A model for emmetropization: The effect of corrective lenses. Acta 

Ophthalmologica 65:565-571. 

10. Mutti DO (2007) To Emmetropize or Not to Emmetropize? The Question for Hyperopic 

Development Optometry and Vision Science 84(2):97-102. 

11. Greene PR, Medina A (2016) Refraction data survey: 2nd generation correlation of myopia, 

International Ophthalmology 2:1-6. 



 
 

15 
 

12. Vitale S, Sperduto RD, Ferris FL (2009) Increased prevalence of myopia in the United States 

between 1971-1972 and 1999-2004. Arch Ophthalmol 127:1632–1639. 

13. Wong L, Coggon D, Cruddas M, Hwang CH (1993) Education, reading, and familial 

tendency as risk factors for myopia. J Epidemiol Community Health 47:50-3. 

14. Fernández-Montero A, Olmo-Jimenez JM, Olmo N, Bes-Rastrollo M, Moreno-Galarraga L, 

Moreno-Montañés J, Martínez-González MA (2015) The impact of computer use in myopia 

progression: A cohort study in Spain. Preventive Medicine 71:67-71. 

15. Kałuzny BJ, Koszewska-Kołodziejczak A (2005) Changes of eye refraction, corneal power 

and lens power during growth in emmetropia, myopia and hyperopia, Klinika Oczna 107(7- 

9):464-467. 

16. Greene PR, Brown OS, Medina AP, Graupner HB (1996) Emmetropia approach dynamics 

with diurnal dual-phase cycling. Vision Res 36(15):2249-51. 

17. Medina A (2015) The progression of corrected myopia. Graefes Arch Clin Exp Ophthalmol 

253:1273–1277. DOI:10.1007/s00417-015-2991-5. 

18. Bullimore MA, Jones LA, Moeschberger ML, Zadnik K, Payor RE (2002) A retrospective 

study of myopia progression in adult contact lens wearers. Invest Ophthalmol Vis Sci 

43(7):2110–2113.  

19. Zadnik K, et al. (2015) Prediction of Juvenile-Onset Myopia. JAMA Ophthalmology 

133(6):683-689. DOI:10.1001/jamaophthalmol.2015.0471. 

20. Fariza-Guttman E and Medina A (1991) Ophthalmic lenses induce refractive changes in 

primates. Invest Ophthalmol Vis Sci 32(4):1201. 

21. Hung LF, Crawford MLJ, Smith EL (1995) Spectacle lenses alter eye growth and the 

refractive status of young monkeys. Nature Med 1:761-5. 



 
 

16 
 

22. Rose KA, Morgan IG, Ip J, Kifley A, Huynh S, Smith W, Mitchell P (2008) Outdoor Activity 

Reduces the Prevalence of Myopia in Children,Ophthalmology;115:1279–1285. 

doi:10.1016/j.ophtha.2007.12.019 

23. Chia A, et al. (2012) Atropine for the treatment of childhood myopia: safety and efficacy of 

0.5 %, 0.1 %, and 0.01 % doses (atropine for the treatment of myopia 2). Ophthalmology 

119(2):347–354. 

24. Shih YF, et al. (2001) An intervention trial on efficacy of atropine and multi-focal glasses in 

controlling myopic progression. Acta Ophthalmol Scand 79(3):233–6. 

25. Oakley KH, Young FA (1975) Bifocal control of myopia. Am J Optom Physiol Opt 52:738–

764. 

26. Phillips J (2005) Monovision slows juvenile myopia progression unilaterally. Br J 

Ophthalmol 89:1196–1200. doi:10.1136/bjo.2004064212 

27. Medina A (2016) Detecting the effect of under-correcting myopia. Graefes Arch Clin Exp 

Ophthalmol 254:409–410. DOI 10.1007/s00417-015-3111-2 

 

ACKNOWLEDGMENTS 

Special thanks to the dedicated mathematical assistance of Francisco Gaya. 

  



 
 

17 
 

FIGURE LEGENDS 

Fig. 1. Refractive errors of twin N corrected by 50% at ages 7, 8, 10, 11, 13, 14, 15 and 16 

(diamonds) and the prediction by feedback theory (continuous line). The refractive error R(t) in 

diopters is indicated in the y axis and the x axis represents age t in years. 

Fig. 2. Refractive errors of twin M corrected by 50% at ages 7, 8, 10, 11, 13, 14, 15 and 16 

(diamonds) and the prediction by feedback theory (continuous line). 

Fig. 3. Refractive prediction (continuous line) for twin N if his hyperopia had never been 

corrected, he had an increased near work demand of 1 D and were corrected for his myopia every 

time it increased by 0.25 D (crosses denote the four corrections used for calculation). 
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Fig. 1  
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Fig. 2 
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Fig. 3 
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