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INTRODUCTION 

 

Optometrists, through their clinical education, training, experience, and broad geographic distribution, 

have the means to provide effective primary eye and vision care for a significant portion of the American 

public and are often the first health care practitioners to diagnose patients with myopia. 

 

This Optometric Clinical Practice Guideline for the Care of the Patient with Myopia describes appropriate 

examination and treatment procedures for myopia and contains recommendations for diagnosis and 

management of myopia.  This Guideline will assist optometrists in achieving the following goals: 

 

• Accurately diagnose the different types of myopia 

• Improve the quality of care rendered to patients with myopia 

• Inform and educate parents, patients, and other health care practitioners about the options of 

correction, control, or reduction of myopia 

• Decrease visual morbidity related to higher degrees of myopia. 
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I. STATEMENT OF THE PROBLEM 

 

Myopia is the refractive anomaly of the eye in which the conjugate focus of the retina is at some finite 

point in front of the eye, when the eye is not accommodating.  It can also be described as the refractive 

condition in which parallel light rays from an object at optical infinity are focused by the eye in front of the 

retina, with accommodation relaxed.  Myopia is derived from the term "muopia" which, in Greek, means to 

close the eyes.  It manifests itself as blurred distance vision, hence, the popular term "nearsightedness."  

Clear distance vision can be restored by the application of the proper minus power (concave) spectacle 

or contact lenses or corneal modification procedures in which corneal refractive power is decreased.  In 

some cases of pseudomyopia, unaided distance vision can be improved with vision therapy. 

 

Myopia is a highly significant problem, not only because of its high prevalence, but also because it can 

contribute to visual morbidity and increase the risk for vision-threatening conditions (e.g., retinal breaks 

and detachment, glaucoma).  Because myopia is associated with reduced distance vision without optical 

correction, it can be a limiting factor in occupational choices.  Uncorrected myopia prevents the individual 

from seeing distant objects clearly.  In addition, the posterior segment changes in the myopic eye place it 

at risk for the development of other ocular conditions. 

 

A. Description and Classification of Myopia 

 

Various classification systems have been described for myopia (Table 1).1  This Guideline uses a 

classification by clinical entity:  simple myopia, nocturnal myopia, pseudomyopia, degenerative myopia, 

and induced (acquired) myopia.2  Other systems classify myopia by degree (i.e., low, medium, or high) or 

by age of onset (i.e., congenital, youth-onset, early adult-onset, late adult-onset).1 

 

There is a somewhat different diagnosis and treatment strategy for each type of myopia.  Simple myopia 

and nocturnal myopia may be viewed as physiologic forms of myopia because the only deviation from 
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normal structure and function is the need for minus power lenses for normal distance visual acuity.  

Degenerative myopia, also called pathological myopia, is due to the development of structural defects in 

the posterior segment of the eye.  Induced myopia may be viewed as a secondary myopia that is 

pathologic in nature, i.e., some external agent or alteration of normal physiological function has induced 

the myopia, which is often temporary.  (See Appendix Figure 3 for ICD-9-CM classification codes for 

myopia.) 

 

__________________________________________________________________________________  

Insert Table 1 here 

__________________________________________________________________________________  

 

1. Simple Myopia 

 

The refractive status of the eye with simple myopia is dependent on the optical power of the cornea and 

the crystalline lens, and the axial length.  In emmetropic eyes, axial length and optical power are inversely 

correlated.3-9  An eye with greater than average optical power can be emmetropic if it is sufficiently 

shorter than average, as can an eye with less than average optical power if it is sufficiently longer than 

average. 

 

An eye with simple myopia is an otherwise normal eye that is either too long for its optical power or, less 

commonly, too optically powerful for its axial length.  Simple myopia, which is much more common than 

the other types of myopia, is generally less than 6 diopters (D); in many patients it is less than 4 or 5 D.  

Astigmatism may occur in conjunction with simple myopia.  Terms used to describe the combination of 

myopia and astigmatism include astigmatic myopia, simple myopic astigmatism (when one principal 

meridian of an eye is emmetropic and the other is myopic), and compound myopic astigmatism (when 

both principal meridians are myopic).  When the degree of myopia is unequal in the two eyes, the 

condition is called anisometropic myopia (anisomyopia); when one eye is emmetropic and the other is 
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myopic, the condition is known as simple myopic anisometropia.  Although it is not at all uncommon for 

the degree of myopia to differ between the two eyes, anisometropia may not become clinically significant 

until the difference between the two eyes reaches about 1 D. 

 

2. Nocturnal Myopia 

 

Occurring only in dim illumination, nocturnal or night myopia is due primarily to increased accommodative 

response associated with low levels of light.10-13  Because there is insufficient contrast for an adequate 

accommodative stimulus, the eye assumes the intermediate dark focus accommodative position rather 

than focusing for infinity. 

 

3. Pseudomyopia 

 

Pseudomyopia is the result of an increase in ocular refractive power due to overstimulation of the eye's 

accommodative mechanism or ciliary spasm.2,14,15  The condition is so named because the patient only 

appears to have myopia due to an inappropriate accommodative response. 

 

4. Degenerative Myopia 

 

A high degree of myopia associated with degenerative changes in the posterior segment of the eye is 

known as degenerative or pathological myopia.2,16  The degenerative changes can result in abnormal 

visual function, such as a decrease in best corrected visual acuity or changes in visual fields.  Sequelae 

such as retinal detachment and glaucoma are relatively common. 
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5. Induced Myopia 

 

Induced or acquired myopia is the result of exposure to various pharmaceutical agents, variation in blood 

sugar levels, nuclear sclerosis of the crystalline lens, or other anomalous conditions.17  This myopia is 

often temporary and reversible. 

 

B. Epidemiology of Myopia 

 

1. Prevalence and Incidence 

 

The prevalence of myopia varies with age and other factors.  When examined without the aid of 

cycloplegic agents, a significant number of infants are found to have some degree of myopia.18,19  Their 

myopia tends to decrease, and most such infants reach emmetropia by 2-3 years of age.  The prevalence 

of myopia is high in premature infants.20,21 

 

Myopia of at least 0.50 D has a lower prevalence (< 5%) in the 5-year-old population than in any other 

age group.22,23  The prevalence of myopia increases in school-age and young adult cohorts, reaching 20-

25 percent in the mid to late teenage population and 25-35 percent in young adults in the United States 

and developed countries.22-30  It is reported to be higher in some areas of Asia.31  The prevalence of 

myopia declines somewhat in the population over age 45 years, reaching about 20 percent in 65-year 

olds,25,30,32 and decreasing to as low as 14 percent of persons in their seventies.33  Reviews of the 

extensive literature on myopia identify some factors associated with prevalence.34-39  Some studies have 

found a slightly higher prevalence of myopia in females than in males.  The prevalence of myopia 

increases with income level and educational attainment, and it is higher among persons who work in 

occupations requiring a great deal of near work. 
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2. Risk Factors 

 

An important risk factor for the development of simple myopia is a family history of myopia.19,40-43  Studies 

have shown a 33-60 percent prevalence of myopia in children whose parents both have myopia.  In 

children who have one parent with myopia, the prevalence was 23-40 percent.  Most studies found that 

when neither parent has myopia, only 6-15 percent of the children were myopic.  A difference in the 

prevalence of myopia as a function of parental history exists even for children in their first few years of 

school.44 

 

Myopia that is revealed by noncycloplegic retinoscopy in infancy and subsequently decreases to 

emmetropia before the child enters school appears to be a risk factor for the development of myopia 

during childhood.19  One analysis suggests that refractive error at school entry is a better predictor of who 

will become myopic in childhood than either parental history of myopia or the presence of myopia in 

infancy.45  Both children46-48 and young adults49-52 with refractive errors in the range of emmetropia to 

about 0.50 D of hyperopia are more likely to become myopic than individuals of the same age who have 

hyperopia greater than about 0.50 D.  Moreover, the risk for myopia is higher in children who have 

against-the-rule astigmatism.45 

 

Some characteristics of the ocular accommodative and vergence systems may be risk factors for myopia 

development.  These include esophoria at near, low positive relative accommodation, and a more 

convergent position of the midpoint between the near base-in and base-out fusional vergence ranges.53-56 

 Young adults with myopia have a more distant dark focus of accommodation than young adults with 

emmetropia or hyperopia.57-59  Accommodative response to stimuli from a closer viewing distance or from 

added minus lens power is lower in persons with myopia and in children who are actively progressing 

toward more severe myopia than in persons with emmetropia or hyperopia.60-63  Decreased 

accommodative response for nearpoint viewing detectable by more plus lens power on dynamic 

retinoscopy or the binocular cross cylinder test is a risk factor for myopia that is consistent with 
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contemporary theories of the development of myopia.  The theories are based on studies of experimental 

animal models in which retinal image defocus can result in myopia.64-69 

 

Doing a substantial amount of near work on a regular basis can increase the risk for myopia.  Myopia is 

associated with greater time spent reading and doing near work, better reading test scores, more years of 

education, occupations that require a great deal of near work, and greater academic ability.26,34,37,70-76 

 

Steeper corneal curvature and a ratio of axial length to corneal radius that is greater than 3.00 may also 

be risk factors.47,77  In children, conditions that prevent normal ocular image formation (e.g., eyelid 

hemangiomas, neonatal eyelid closure, corneal opacity, retrolental fibroplasia associated with retinopathy 

of prematurity, and vitreous hemorrhage) often result in myopia.20,78-84  These relatively severe disruptions 

result in a high degree of myopia, which is usually pathological. 

 

__________________________________________________________________________________  

Insert Table 2 here 

__________________________________________________________________________________  

 

C. Clinical Background of Myopia 

 

1. Natural History 

 

a. Simple Myopia 

 

Myopia that develops in childhood is often called youth- or juvenile-onset myopia.1  Once simple myopia 

appears in a child, it almost always increases in severity.85-87  Studies have found that the rates of 

progression of childhood myopia range from 0 to over 1.00 D per year, but that most progression is in the 
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range of 0.3-0.5 D per year.88  The progression of childhood myopia commonly stops or slows down in 

the middle to late teenage years, sooner for girls than for boys.89 

 

Progression of simple myopia can occur in adults who had myopia in childhood or in young adults with 

adult-onset myopia.  Early adult-onset myopia appears between ages 20 and 40; late adult-onset myopia 

appears after age 40.1  The rates of progression of myopia during young adulthood are generally lower 

than the rates of progression of childhood myopia.51,90-94  Myopia usually decreases in severity beginning 

at about age 45.32,33,86 

 

Although the precise etiology of simple myopia is unknown, both inheritance and environmental factors 

play significant roles.  The strong association of myopia and near work34,36,37,72-74,95,96 suggests near work 

as an etiological factor.  Animal studies have shown that a defocus of retinal imagery induces myopia by 

stimulating an elongation of the vitreous chamber, moving the retina behind the focal plane.66-69  Diet has 

sometimes been suggested to be a factor, but supporting evidence is not available.2 

 

b. Nocturnal Myopia 

 

Occurring under conditions of darkness or very dim illumination, nocturnal myopia is due largely or 

entirely to an increase in accommodation associated with the decreased accommodative cues in 

darkness.  The accommodative dark focus appears to be relatively stable, at least over a period of 

days.97,98 

 

c. Pseudomyopia 

 

Pseudomyopia is generally encountered in younger patients performing excessive close work.  Sustained 

or excessive near demands result in hypertonicity of the ciliary body such that an emmetropic or slightly 

hyperopic patient clinically appears to be myopic or a myopic patient appears to be more so.  In 
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psychogenic accommodative spasm, psychological influences can produce spasm of the near reflex.17  

There do not appear to be any data on changes in pseudomyopia over time.  Presumably, the condition is 

longstanding. 

 

d. Degenerative Myopia 

 

Enlargement of the eye in degenerative myopia may affect the appearance of the optic nerve.  The retina 

is temporarily stretched away from the optic nerve (myopic conus).  The peripheral retina is also affected, 

producing characteristic changes of degenerative myopia.  Lattice degeneration increases in prevalence 

from less than 1 percent in eyes with 22-mm axial lengths to approximately 16 percent in eyes with axial 

lengths of at least 30 mm.99  As the eye enlarges, the retinal pigment epithelium thins,100 resulting in a 

tessellated (checkered) appearance of the fundus and increased visibility of the choroidal vasculature.  

Posterior staphyloma can also develop as the eye enlarges.101  Stretching and thinning of the choroid can 

result in decreased choroidal circulation and choroidal neovascularization.102  Severe congenital myopia 

during infancy typically becomes degenerative myopia. 

 

e. Induced Myopia 

 

The natural history of induced myopia depends upon the initiating condition or agent.  A refractive shift 

toward myopia after about age 60 is usually associated with the development of nuclear sclerosis of the 

crystalline lens,103 and thus is a form of induced myopia. 

 

Table 3 lists possible etiologic factors for the development of each type of myopia. 

 

__________________________________________________________________________________  

Insert Table 3 here 

__________________________________________________________________________________  
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2.  Common Signs, Symptoms, and Complications 

 

The most common symptom associated with uncorrected myopia is blurred distance vision.  In simple 

myopia and degenerative myopia, the distance blur is constant.  In nocturnal myopia, distance vision is 

blurred only in dim illumination or in dark conditions.  In pseudomyopia, the blurred distance vision may 

be constant or intermittent with greater distance blur occurring after near work.  Blurred distance vision in 

induced myopia can vary from transient (lasting a few hours) to constant, depending upon the particular 

agent or condition causing it. 

 

With the exception of pseudomyopia and some forms of induced myopia, asthenopic symptoms are not 

characteristic of myopia.  If asthenopia is present in a patient with myopia, it is usually due to some other 

cause, such as astigmatism, anisometropia, an accommodative dysfunction, or to a vergence disorder.  

Children with simple myopia are often unaware that they have reduced distance vision until they discover 

that other children see better than they can.  For example, many school children first notice that they 

cannot read the chalkboard as well as their classmates.  For others who never report a problem, poor 

distance vision is first detected during vision screening or comprehensive eye and vision examination. 

 

The primary sign of myopia is reduced unaided distance visual acuity, which can be corrected to standard 

or near-standard levels with the appropriate minus power optical correction.  The uncorrected visual 

acuity level and the degree of uncorrected myopia are highly correlated.104-106 

 

In nocturnal myopia, the results of retinoscopy in a dark room may be shifted in the minus direction, 

compared with the standard manifest refraction.  Patients who have nocturnal myopia often complain of 

difficulty driving at night and/or blurred distance vision at night. 
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Patients with pseudomyopia frequently have fluctuations in distance visual acuity that correspond to 

fluctuations in accommodation.  These fluctuations in accommodation may be observable as variations in 

visual acuity and retinoscopic reflex and, sometimes, changes in pupil diameter.  The definitive sign of 

pseudomyopia is significantly more minus power on the manifest refraction than on the cycloplegic 

refraction.  This additional minus power cannot be eliminated with the standard refraction procedures 

used to relax accommodation at distance. 

 

Degenerative or pathological myopia is generally high myopia that is congenital or of early onset.  

Corrected visual acuity may be reduced as a result of pathological changes in the posterior segment.  

Abnormal or adverse ocular changes in degenerative myopia can include:16,107-114 

 

• Vitreous liquefaction and posterior vitreous detachment 

• Peripapillary atrophy appearing as temporal choroidal or scleral crescents or rings around the optic 

disc 

• Lattice degeneration in the peripheral retina 

• Tilting or malinsertion of the optic disc, usually associated with myopic conus 

• Thinning of the retinal pigment epithelium with resulting atrophic appearance of the fundus  

• Ectasia of the sclera posteriorly (posterior staphyloma) 

• Breaks in Bruch's membrane and choriocapillaris, resulting in lines across the fundus called 

"lacquer cracks" 

• Fuchs' spot in the macular area. 

 

The observation of some of these signs in isolation does not necessarily indicate pathological myopia.  

For example, small choroidal crescents on the temporal side of the optic disc are often seen in simple 

myopia. Patients with degenerative myopia may complain of floaters or flashes of light associated with 

retinal changes. 
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Patients with myopia are more likely to have a retinal detachment than patients with hyperopia, and the 

risk for retinal detachment increases as myopia increases.115  One study found that the risk of developing 

retinal detachment in a person with 10 D or more myopia is 1 in 148, compared with 1 in 48,913 for 

persons who have less than 5 D of hyperopia and 1 in 6,662 for persons who have less than 5 D of 

myopia.115  Patients with myopia are also more likely than those with hyperopia to have most forms of 

glaucoma; vision loss can occur at lower intraocular pressures when the patient is myopic.116-119  Because 

of these associations with retinal detachment and glaucoma, degenerative myopia is one of the leading 

causes of blindness in the United States, United Kingdom, and Canada.120-123 

 

3. Early Detection and Prevention 

 

Reduced unaided distance visual acuity is a possible indication of myopia, particularly when unaided near 

visual acuity is normal or better than unaided distance acuity.  Myopia can be detected by visual acuity 

testing, retinoscopy, autorefraction, or photorefraction during vision screening or clinical examination.  

The Modified Clinical Technique, one of the most common vision screening test batteries, includes visual 

acuity, ophthalmoscopy, retinoscopy, and a cover test.124  Some screening programs include 

autorefraction or photorefraction rather than retinoscopy.  Patients or their parents should be cautioned 

that screenings do not substitute for a comprehensive eye and vision examination.  Visual acuity testing, 

retinoscopy, autorefraction, or photorefraction alone cannot distinguish among the types of myopia. 

 

There is no universally accepted method of preventing myopia.  However, some clinicians identify 

nearpoint vision stress as a possible contributor to the development of simple myopia.  When presented 

with signs of nearpoint vision stress, such as distance blur, poor accommodative facility, and refraction at 

about plano, some clinicians recommend regimens such as the following:125 

 

• Plus power lenses in single-vision or bifocal form for reading and near work, as indicated by phoria, 

relative accommodation, or other findings 
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• Vision therapy or orthoptics to eliminate deficiencies in accommodation and vergence function 

 

 

Further research into the risk factors relating to incipient myopia is needed to clarify and support these 

clinical interventions. 
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II. CARE PROCESS 

 

This Guideline describes the optometric care provided for a patient with myopia.  The components of 

patient care described are not intended to be all inclusive because professional judgment and individual 

patient symptoms and findings may have significant impact on the nature, extent, and course of the 

optometric services provided.  Some components of care may be delegated. 

 

A. Diagnosis of Myopia 

 

The evaluation of a patient with myopia includes the elements of a comprehensive eye and vision 

examination* with particular emphasis on the following areas. 

 

1. Patient History 

 

The major components of the patient history include a review of the nature of the presenting problem and 

chief complaint, visual, ocular, and general health history, developmental and family history, use of 

medications and medication allergies, and vocational and avocational vision requirements. 

 

a. Simple Myopia 

 

The only symptom typical of simple myopia is blurred distance vision.  It is important to discern whether 

the blurred distance vision is constant or transient.  In simple myopia, the distance blur is constant.  Near  

                                                     

* Refer to the Optometric Clinical Practice Guideline on Comprehensive Adult Eye and Vision 

Examination and the Optometric Clinical Practice Guideline on Pediatric Eye and Vision 

Examination. 
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vision may be "normal" if patients adjust near working distance to coincide with the linear reciprocal of the 

dioptric amount of the refractive error.  Symptoms other than distance blur may represent some other 

coexisting condition.  Clinicians should recognize that undiagnosed myopic children may not report 

blurred distance vision. 

 

b. Nocturnal Myopia 

 

The primary symptom of nocturnal myopia is blurred distance vision in dim illumination.  Patients may 

complain of difficulty seeing road signs when driving at night. 

 

c. Pseudomyopia 

 

A distance blur that is transient, especially when it is greater after near work, may indicate 

accommodative infacility or pseudomyopia. 

 

d. Degenerative Myopia 

 

In degenerative myopia, there is a considerable blur at distance because the degree of myopia is typically 

significant.  The patient has to hold nearpoint objects quite close to the eyes, due to the magnitude of the 

uncorrected myopia.  The patient may notice flashes of light or floaters associated with vitreoretinal 

changes.  If pathological posterior segment changes have affected retinal function, the patient may have 

a history of vision loss and, perhaps, report the use of low vision services or devices.  Patients with 

degenerative myopia may also express concern about the high power of their optical correction, and they 

often have some discomfort due to the weight or inconvenience of the correction. 
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e. Induced Myopia 

 

Patients with induced myopia also report blurred distance vision.  The time course of the distance blur 

depends upon the agent or the condition that has induced the myopia.  Whether other symptoms are 

present depends upon the cause of the induced myopia.  The pupils are constricted when the cause of 

induced myopia is exposure to cholinergic agonist pharmaceutical agents. 

 

2. Ocular Examination 

 

a. Visual Acuity 

 

Both unaided distance and near visual acuities should be measured.  Because of the correlation of 

unaided distance visual acuity with the degree of myopia, visual acuity provides a means of checking the 

internal consistency of refractive findings, provided the reduced visual acuity is only a function of the 

myopia, and not another ocular condition (e.g., high astigmatism).  When the patient regularly wears an 

optical correction, aided visual acuity should be measured. 

 

b. Refraction 

 

Retinoscopy provides an objective measure of refractive error and yields a good approximation of the 

subjective refraction.126  Use of an objective autorefractor may be substituted for retinoscopy,127,128 

although an autorefractor will not give the qualitative information (e.g., clarity of the ocular media, optical 

quality of the retinoscopic reflex, and fluctuations in pupil size) that retinoscopy does.  Retinoscopy in a 

completely darkened room may be useful in the diagnosis of nocturnal myopia, although there is no 

proven procedure for the correction of nocturnal myopia.11,129 
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A careful subjective refraction should be conducted to determine the lowest minus lens power that 

achieves best visual acuity.  A cycloplegic refraction is required for the definitive diagnosis of 

pseudomyopia.  Keratometry can be useful in predicting the degree of any astigmatism by Javal's rule or 

a simplification of Javal's rule.130-132 

 

c. Ocular Motility, Binocular Vision, and Accommodation 

 

Because convergence excess, accommodative insufficiency, and accommodative infacility are frequently 

observed in patients with myopia,65,125 testing should include assessment of accommodation, vergence, 

and binocularity.  Measurement of heterophoria, dynamic retinoscopy, accommodative facility testing, 

versions, and other related measurements may be indicated.  The specific tests selected should be age 

appropriate. 

 

d. Ocular Health Assessment and Systemic Health Screening 

 

Examination of the patient with myopia should include direct or indirect ophthalmoscopy or fundus 

biomicroscopy and measurement of intraocular pressure.  This testing is indicated not only for preventive 

evaluation, but also because of the increased risk for glaucoma, retinal and choroidal atrophy, and retinal 

breaks and detachment in patients with myopia.  Viewing of the peripheral retina is enhanced by pupillary 

dilation and is of particular importance in pathological myopia.  Slit lamp biomicroscopy can be important 

in the differential diagnosis of induced or acquired myopia, including myopia from contact lens-induced 

corneal edema or from age-related lenticular nuclear sclerosis.17 
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3. Supplemental Testing 

 

Additional procedures may be indicated for identifying associated conditions and documenting and 

monitoring retinal changes in patients with degenerative myopia.  These additional procedures may 

include: 

 

• Fundus photography 

• A- and B-scan ultrasonography 

• Visual fields 

• Tests such as fasting blood sugar (e.g., to identify causes of induced myopia). 

 

B. Management of Myopia 

 

The range of services an optometrist may provide in the treatment of myopia varies, depending on state 

scope of practice laws and regulations and the individual optometrist's certification.  The vast majority of 

patients with myopia can be treated by most primary care optometrists, but treatment of some patients 

with myopia may require referral for consultation or treatment by another optometrist or ophthalmologist 

for services outside the primary care optometrist's scope of practice (See Appendix Figure 1.) 

 

1. Basis for Treatment 

 

The goals for management of the patient with myopia are clear, comfortable, efficient binocular vision and 

good ocular health.  The primary symptom in patients with low and moderate myopia is lack of clear 

vision at distance, which can be restored by optical correction.  Treatment directed to slowing the 

progression of myopia is referred to as "myopia control".  Effective myopia control results in less severe 

myopia and less vitreous chamber elongation than would otherwise have occurred.  Regimens to reduce 
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myopia lessen dependence on spectacles or contact lenses, but they do not lessen the risk for myopia 

sequelae. 

 

2. Available Treatment Options 

 

a. Optical Correction 

 

Optical correction in the form of spectacles or contact lenses provides clear distance vision.  Whether 

spectacles or contact lenses are preferable in a given case depends upon numerous factors, including 

patient age, motivation for wearing contact lenses, compliance with contact lens care procedures, corneal 

physiology, and financial considerations.  It is the optometrist's responsibility to advise and counsel the 

patient regarding the optical correction options available and to guide the patient in the selection of the 

appropriate spectacles and/or contact lenses. 

 

Spectacles and contact lenses each have particular advantages.  Some advantages of spectacles for 

patients with myopia are: 

 

• Spectacles may be more economical in many cases. 

• Spectacles provide some eye safety, particularly when the lenses are of polycarbonate materials. 

• Spectacles readily allow the incorporation of other optical treatments (e.g., prism, bifocals, or 

progressive addition lenses) which can be used for the management of esophoria or any 

accommodative disorders accompanying myopia. 

• Spectacles require less accommodation than contact lenses for myopia, so that the likelihood of 

accommodative asthenopia or nearpoint blur in patients approaching presbyopia may be less. 

• Spectacles provide better correction of some types of astigmatism. 

 

Some advantages of contact lenses for patients with myopia are: 
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• Contact lenses provide better cosmesis. 

• Contact lenses provide a larger retinal image size and slightly better visual acuity in severe myopia. 

• Contact lenses result in less aniseikonia in anisometropia.133-136 

• Contact lenses reduce the problems of weight, visual field restrictions, and the possibility of 

induced prismatic imbalance from the tilt of the spectacle frame experienced by some spectacle 

lens wearers. 

• Contact lenses (e.g., rigid gas-permeable lenses) may reduce the rate of myopia progression due 

entirely or in part to corneal flattening.137 

 

b. Medical (Pharmaceutical) 

 

Cycloplegic agents* are sometimes used to reduce accommodative response as part of the treatment of 

pseudomyopia.138  Some studies have reported that daily topical administration of atropine139-142 and 

cyclopentolate142 reduces myopia progression rates in children with youth-onset myopia.  However, this 

benefit does not seem to outweigh the discomfort and risks associated with chronic cycloplegia.  The 

associated pupillary dilation results in light sensitivity.  Because of the inactivation of the ciliary muscle, 

high plus lens additions (i.e., 2.50 D) are required for near vision.  In addition to potential allergic 

reactions, idiosyncratic reactions, and systemic toxicity,143 chronic application of atropine can have 

adverse effects on the retina.144 

 

 

 

_________________________ 

* Every effort has been made to ensure drug dosage recommendations are appropriate at the time 

of publication of the Guideline.  However, as treatment recommendations change due to continuing 
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research and clinical experience, clinicians should verify drug dosage schedules with product 

information sheets. 

 

c. Vision Therapy 

 

Unaided visual acuity can be improved in patients with myopia using vision therapy, but myopia does not 

appear to be reduced.145-152  Procedures have been proposed for reducing myopic progression 

rates,153,154 but no studies have tested their efficacy. 

 

Vision therapy to reduce accommodative response is often provided for pseudomyopia.138,155,156  Auditory 

biofeedback has also been used successfully in the treatment of pseudomyopia.157,158 

 

d. Orthokeratology 

 

Orthokeratology is the programmed fitting of a series of contact lenses, over a period of weeks or months, 

to flatten the cornea and reduce myopia.  Studies of orthokeratology with standard rigid contact lenses159-

170 show that individuals' responses vary considerably to orthokeratology, with myopia reduction up to 

3.00 D obtained in some patients.  The average reduction reported in studies was 0.75-1.00 D; most of 

this reduction occurs within the first 4-6 months of the orthokeratology program.  Corneas with greater 

peripheral flattening are thought more likely to have successful central flattening, thus leading to reduced 

myopia via orthokeratology.  With adequate followup care, orthokeratology is a safe and effective 

procedure.  However, studies suggest that refractive error shifts toward the original baseline in patients 

who stop wearing contact lenses.  The extent of shift varies from one patient to another, although myopia 

usually does not fully return to baseline level.  Wearing retainer lenses several hours each day is 

generally required to maintain the improved refractive state. 
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Orthokeratology is thought to steepen the peripheral cornea as it flattens the central cornea.  Some 

contact lenses that are specially designed to maximize these changes differ from standard, rigid lenses in 

that the secondary curve is steeper rather than flatter than the base curve.  The mean myopia reduction 

with such lenses has been reported to be about 2 D.171,172  Orthokeratology with such lenses results in a 

uniform, rather than irregular, corneal surface.  Orthokeratology is generally performed only on adults, 

although the apparent control of myopia with rigid gas-permeable contact lenses in children is probably 

due to orthokeratology-like effects. 

 

e. Refractive Surgery 

 

There are several refractive surgery methods in use; others are in various stages of research and 

development.173-175  One procedure is radial keratotomy (RK), in which a spoke-like radial pattern of 

incisions in the paracentral cornea weaken a portion of the cornea.  The weakened part steepens while 

the central cornea flattens.  The amount of resultant refractive change depends on the size of the optical 

zone and the number and depth of the incisions.  RK has limited predictability, especially in more severe 

cases of myopia.  Although everyone who undergoes RK experiences a reduction in myopia,176 the 

patients most likely to be pleased with the outcome of the procedure are those who wish to decrease their 

reliance on spectacles or contact lenses. 

 

The reported visual complications of RK include diurnal variation of refraction and visual acuity, glare, 

monocular diplopia, a presumably permanent reduction in best corrected visual acuity, increased 

astigmatism, irregular astigmatism, induced anisometropia, and a gradual shift toward hyperopia that 

continues for months or years after the surgical procedure.176-185  This shift toward hyperopia can lead to 

early onset of presbyopic symptoms.  RK incisions may also decrease the structural integrity of the 

globe.186 
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Excimer laser photorefractive keratectomy (PRK) is a procedure in which corneal power is decreased by 

laser ablation of the central cornea.  The compiled results of several studies of this procedure show that 

48-92 percent of patients have achieved 6/6 (20/20) unaided visual acuity after PRK.177,187-195  One-half, 

or one line, of best corrected visual acuity was lost by 0.4-29 percent of patients.177,187-189,191,193-196  

Corneal haze is common after PRK and takes a few months to resolve.  Patients sometimes report that 

without correction, they see better than before refractive surgery, but that with correction, they do not see 

as well as before the surgery.175  PRK refractive results appear to be more predictable than those of 

RK.197,198  Vision-threatening complications, particularly corneal complications, occur after 1-2 percent of 

PRK procedures for moderate myopia.199  Some studies have reported reduced contrast sensitivity 

following PRK.199  In one study, the mean best corrected high contrast visual acuity was reduced by one 

line, and the mean best corrected low contrast visual acuity was reduced by half a line one year after 

PRK.200  Glare and perceived distortion are commonly reported.201  Visual complaints after refractive 

surgery may be related to aberrations in the eye's optics induced by the surgical procedures.202 

 

RK and PRK are the most common refractive surgery procedures for cases of low or moderate myopia.  

Additional refractive surgery procedures for myopia include cryolathe keratomileusis, automated lamellar 

keratomileusis (ALK), and laser in situ keratomileusis (LASIK).175,203  In cryolathe keratomileusis, a 

section of corneal stroma is removed, frozen, and shaped on a lathe to minus power.  It is then replaced 

in the cornea to reduce corneal power.  Cryolathe keratomileusis is used for more severe myopia. 

 

In ALK, a layer of corneal epithelium and superficial stroma of predetermined thickness is removed with a 

microkeratome except for a small section providing an attachment to the cornea.  The microkeratome is 

then used to remove a specific amount of corneal stroma to flatten the cornea after which, the flap of 

superficial corneal tissue is replaced.  LASIK is similar to ALK, except that corneal stromal tissue is 

removed by a laser rather than by microkeratome.  The complications of LASIK and ALK have not been 

studied as extensively as those for RK and PRK.  The LASIK procedure is gaining popularity among 
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surgeons.  Clinicians should consult the most recent literature for information on refractive surgery and 

comanagement of refractive surgery patients in this rapidly changing field. 

 

The best candidates for refractive surgery are patients who are highly motivated to have better unaided 

visual acuity and decreased reliance on spectacles or contact lenses.  Patients who are concerned about 

seeing as well as possible, with correction if necessary, are not good candidates due to the potential 

decrease in best corrected visual acuity.  Patients undergoing myopia progression should not have 

refractive surgery.  Refractive surgery should not be performed on myopic patients prior to physical 

maturity or others whose myopia has not stabilized.  Although refractive surgery is usually successful in 

reducing myopia, the patients for whom it is most likely to be successful--those with less severe myopia--

may regret that they are no longer myopic when they become presbyopic. 

 

3. Management Strategy for Myopia Correction 

 

a. Simple Myopia 

 

• Pediatric Cases.  It is generally not necessary to correct myopia of less than about 3 D in infants 

and toddlers.  Myopia of as much as 3 D in an infant will sometimes disappear by 2 years of 

age.18,19  Myopia may also decrease in a child born prematurely; 50 percent reach emmetropia by 

age 7.  Moreover, because infants interact for the most part with things that are close to them, they 

do not need clear distance vision.  Myopia of more than 1.00-2.00 D in preschool children can be 

corrected with minus lenses, when the children's interactions involve persons and objects at 

intermediate distances.  If the myopia is left uncorrected, the preschool myopic child should be 

examined at 6-month intervals.  Optical correction should be prescribed if the myopia reaches a 

higher degree, thus making distance viewing more difficult, or if the child appears to have adverse 

behavioral effects caused by not being able to see clearly at far or intermediate distances. 
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 Demands on both distance and near vision increase as children enter and progress through 

school. Vision screening programs often use distance visual acuity of 20/40, or 1.00 D of myopia, 

as the criterion for referral116 during children's first few grades in school.  It may be prudent for 

clinicians to use one or both of these criteria as a guide in correcting myopia in children. 

 

• Adolescent and Adult Cases.  Most clinicians will proceed to correct any significant degree of 

myopia to improve distance visual acuity in the adolescent or adult patient.  Persons who are more 

precise and discriminating than others are more likely to have visual complaints pertaining to very 

low refractive errors;204 thus they are likely to benefit from the optical correction of a very small 

degree of myopia. 

 

 Patients also differ in their occupational, educational, and recreational needs for distance vision.  In 

general, any degree of myopia should be corrected any time the patient would be adversely 

affected by the lack of clear distance vision.  In cases of high exophoria or intermittent exotropia, a 

prescription for full-time wear of the full refractive correction for myopia is warranted.  In cases of 

esophoria at near or accommodative insufficiency, a plus lens addition for near may be 

appropriate. 

 

 An option for the patient with very low ametropia is to try to improve the visual environment before 

prescribing lenses.204  For example, an option to present to the parents of a grade school child with 

0.50 D of myopia who complains of difficulty seeing the chalkboard from the back of the classroom 

is to ask the teacher to move the child toward the front of the room.205 

 

 Because the 95 percent limits of agreement for repeatability of subjective refraction is about 0.50 

D,206 a change in refraction of about 0.50 D from the patient's existing spectacle correction is an 

indication for a prescription change.  Patients who are more sensitive to slight amounts of blur may 

report much better vision with prescription changes of as little as 0.25 D.  A trial frame 
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demonstration of the difference between the new refraction and the existing correction can be 

helpful in deciding whether the patient is obviously able to appreciate improved vision with the new 

correction when the difference is small. 

 

• Myopic Astigmatism.  In cases of compound myopic astigmatism, some cylinder correction 

should generally be incorporated in the prescription when the amount of astigmatism is 0.50 D or 

greater.  If the patient has successfully worn a correction with 0.25 D cylinder, cylinder correction of 

as little as 0.25 D can be incorporated in the new prescription.  Any of these guidelines for 

correction of simple myopia should be applied judiciously; the clinician should apply professional 

judgment, considering such factors as the patient's occupational, scholastic, and recreational 

needs. 

 

• Accommodation and Vergence.  It is important to consider the patient's accommodation and 

vergence functions.  Full-time wear of the full minus power correction for myopia may be 

recommended for young patients with high exophoria, a moderate accommodative 

convergence/accommodation (AC/A) ratio, and normal accommodative function.  A nearpoint plus 

lens addition (i.e., reduced minus power for near viewing, compared with the distance correction) is 

often indicated for nonpresbyopic patients with accommodative insufficiency or convergence 

excess.207-210  The plus lens addition can be provided by either a bifocal lens or a progressive 

addition lens.  Patients who have a relatively low degree of myopia and little or no astigmatism or 

anisometropia can also be advised to remove their glasses for reading. 

 

b. Nocturnal Myopia 

 

When nocturnal myopia is diagnosed, the prescription for minus lenses for use only at night or in 

darkened conditions can be based on an arbitrary increase in minus power or possibly the results of the 

dark room retinoscopy procedure.  For patients who require spectacle correction of myopia under normal 
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illumination, the prescription for a second pair of glasses for nighttime seeing can incorporate the 

additional minus power. 

 

c. Pseudomyopia 

 

The goal of treatment for pseudomyopia is to relax the patient's accommodation.  The full minus lens 

power from the manifest refraction should not be prescribed for long-term use.  Although this minus 

power may improve the patient's distance visual acuity, it will not aid in reducing accommodative 

response.  Treatment to reduce accommodative dysfunction may include one or a combination of the 

following: 

 

• Vision therapy 

• Instillation of a cycloplegic agent to eliminate accommodative spasm 

• Nearpoint plus lens addition 

• Instruction in visual hygiene. 

 

Plus lenses alone may not eliminate pseudomyopia, but often they can prevent another occurrence of 

pseudomyopia by keeping accommodative response at a lower level.  Pseudomyopia occasionally occurs 

secondary to high exophoria as a means of maintaining fusion through accommodative convergence.  In 

such cases, vision therapy to improve positive fusional convergence can be added to the basic treatment 

for pseudomyopia. 

 

d. Degenerative Myopia 

 

Contact lenses offer the advantages of expanded visual field and improved cosmesis in the correction of 

high myopia.  A disadvantage of contact lenses for high myopia, especially in presbyopic patients, is that 

greater accommodation is required with contact lenses than with spectacle lenses, resulting in the 
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possibility of nearpoint blur and eyestrain.  When spectacles are prescribed, the clinician should attempt 

to minimize weight and optimize the appearance of the spectacles by using small eye sizes, round lens 

shapes, high-index lenses, thick eyewire frames, dark frames, and antireflection coatings.  The 

prescription for spectacle lenses for severe myopia should include a carefully derived interpupillary 

distance measurement due to the possibility of significant induced prism when high-power lenses are not 

properly centered.  For cases of severe myopia, adjustment for vertex distance should be determined and 

incorporated in lens prescriptions. 

 

The management of degenerative myopia should include appropriate treatment for retinal complications.  

Patients should be educated about the symptoms of retinal detachment and the need to seek immediate 

care if they experience such symptoms.  Low vision services can be provided when best corrected visual 

acuity levels are significantly reduced. 

 

e. Induced Myopia 

 

The treatment for induced myopia depends upon the causative agent.  This treatment may involve 

preventing future exposure to the agent (e.g., in cholinergic pharmaceutical agent-induced myopia), 

referral to an appropriate practitioner for additional testing and treatment (e.g., refractive shifts thought to 

be due to changes in blood glucose level or nuclear sclerosis of the lens that has advanced to a stage 

indicating cataract extraction), or other treatment appropriate for the particular causative agent.  Table 4 

lists pharmaceutical agents that can induce myopia. 

__________________________________________________________________________________  

Insert Table 4 here 

__________________________________________________________________________________  

 

4. Management Strategy for Control of Simple Myopia 

 

 28



Myopia control is the attempt to slow the rate of progression of myopia.  The most commonly used 

methods of myopia control are plus lenses at near and rigid contact lenses. 

 

a. Plus at Near 

 

The effectiveness of the prescription of plus lens power at near in a bifocal lens form has been the 

subject of considerable research.  Among several studies of the effectiveness of bifocal lenses for myopia 

control in children,211 some found no statistically significant reduction in myopia progression rates with 

bifocals,212-214 while others found that bifocals controlled myopia.215-218  Many of these studies have been 

retrospective, some conducted with relatively small numbers of subjects.  Whereas most of the studies 

did not have masked examiners, the results may have been affected by examiner bias.  Some studies 

have reported that myopia control with bifocals is related to particular clinical test findings:  One study 

found greater control of childhood myopia progression when intraocular pressure was greater than or 

equal to 17 mm Hg.219  Other investigators noted a reduction of mean myopia progression rates of about 

0.2 D per year with bifocals in children who have nearpoint esophoria.217,220-223 

 

It is advisable to fit bifocals slightly higher in nonpresbyopic than in presbyopic patients, and to make sure 

that the spectacle frame is maintained in good adjustment.  There is no general agreement on the most 

effective power of the near addition.  Some studies suggest that near add powers of about 1.00 D appear 

to be as effective or more effective than higher power adds.211,217  Progressive addition lenses can also 

be used in nonpresbyopic patients.224,225  Additional studies may help to confirm whether, and when, near 

plus additions can be effective in slowing myopia progression rates in children.  Near plus lens additions 

are commonly used in patients with near esophoria to relieve asthenopia and improve near vision 

efficiency.  Thus, bifocals or progressive addition lenses can be useful in myopic patients with nearpoint 

esophoria, regardless of whether the near plus add slows the progression of myopia.  Studies of the 

effect of bifocals on rates of childhood myopia progression are summarized in Table 5. 
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__________________________________________________________________________________  

Insert Table 5 Here 

__________________________________________________________________________________  

 

b. Rigid Contact Lenses 

 

Rigid gas-permeable contact lenses have been reported effective in slowing the rate of myopia 

progression in children.137  In one study, the mean 3-year increase in spherical equivalent myopia among 

56 rigid gas-permeable contact lens wearers was 0.48 D (standard deviation, SD, 0.70),137 and the mean 

increase among 20 spectacle lens wearers was 1.53 D (SD, 0.81).  The contact lens group had an 

average corneal flattening of 0.37 D, which did not account for the full 1.05 D difference in myopia 

progression between the wearers of contact and spectacle lenses.  One possible explanation is that there 

may have been more flattening at the corneal apex than at the region of the cornea measured by the 

keratometer.137  However, since the contact lenses were fitted in approximate alignment with the cornea, 

it is difficult to explain their ability to induce the required amount of corneal flattening.  An alternative 

explanation is that the contact lenses have an effect on axial elongation of the eye.137  The contact lens 

wearers' eyes continued to elongate:  Axial elongation averaged 0.48 mm (SD, 0.48) throughout the 3 

years of the study.137  Unfortunately, axial elongation measurements were not obtained on the spectacle 

lens wearers, but it is possible that their axial elongation was even greater. 

 

Twenty-three members of the contact-lens wearing group discontinued contact lens wear after 

completion of the study.226  These subjects' average increase in myopia was 0.76 D during 44 months of 

contact lens wear.  During the 2.5 months in which they did not wear contact lenses, their myopia 

increased 0.27 D, and keratometery findings showed a mean corneal steepening of 0.25 D.226  These 

patients' mean increase in axial length was 0.65 mm after 44 months of contact lens wear, and the mean 

change after an additional 2.5 months, during which contact lenses were not worn, was negligible (0.03 

mm).  It appears that the myopia increase during that 2.5 month period was due to corneal steepening. 
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Myopia control with rigid gas-permeable contact lenses appears to be due to corneal flattening and 

perhaps some slowing of axial elongation of the eye.  To the extent that the vitreous chamber elongation 

responsible for the progression of childhood myopia continues during the years when contact lenses are 

worn, the control of myopia with rigid contact lenses would not reduce the chance of developing posterior 

segment sequelae of myopia.  In addition, there appears to be a rebound effect (i.e., resteepening of the 

cornea) when lens wear is discontinued. 

 

c. Vision Therapy and Visual Hygiene 

 

Some clinicians suggest that some myopia control can result from the use of vision therapy to improve 

accommodation and vergence functions and from recommendations for improved visual hygiene (i.e., 

reading conditions and lifestyle).227-231  There is no evidence that these procedures are effective myopia 

controls; however, the visual hygiene recommendations appear useful regarding efficiency in reading and 

visual work, and they make good common sense, regardless of whether they control myopia effectively.  

Visual hygiene recommendations include the following:227-231 

 

• When reading or doing intensive near work, take a break about every 30 minutes.  During the 

break, stand up and look out a window. 

• When reading, maintain proper distance from the book.  The book should be at least as far from 

your eyes as your elbow when you make a fist and hold it against your nose. 

• Be sure illumination is sufficient for reading.  Avoid glare on the page by using a diffuse light source 

and allowing it to shine on the page from behind you (over your shoulder), rather than shining or 

reflecting toward you. 

• Read or do other visual work using a relaxed upright posture. 

• Place a limit on the time spent watching television and watching video games.  Sit 5-6 feet away 

from the television. 
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5. Patient Education 

 

a. Simple Myopia 

 

Clinicians should inform parents of children with simple myopia that has its onset in childhood that the 

condition almost always increases in severity until the progression slows or stops in the mid to late teens. 

 Clinicians should also tell parents about the options available for myopia correction, possible myopia 

control, or myopia reduction in their children.  Young adults with myopia can be told that increases in 

myopia during young adulthood are not uncommon.  In some patients the increase in simple myopia may 

continue into the third decade of life. 

 

When spectacles are prescribed, the clinician should advise the patient about the use of polycarbonate 

lenses for eye protection.  Instructions should be given concerning the frequency of wearing spectacles 

or contact lenses.  Patients with low degrees of myopia and insignificant degrees of astigmatism and 

anisometropia can be told to take their glasses off to read, especially if they have esophoria at near or 

have a high lag in accommodation.  The optometrist should educate patients and parents about the 

importance of regular followup care. 

 

b. Nocturnal Myopia 

 

Patients with nocturnal myopia should be educated about the nature of the dark focus of accommodation 

and nocturnal myopia.  Optometrists should instruct patients with nocturnal myopia to wear the correction 

for nighttime seeing under dark conditions, such as when driving at night. 

 

c. Pseudomyopia 
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Patients with pseudomyopia should be educated concerning the nature of accommodation and 

pseudomyopia.  They should be told that the goal of treatment for pseudomyopia is to relax 

accommodation.  Clinicians should explain that periods of blurred distance vision occur when 

accommodation is not relaxed, and that blurred distance vision may occur periodically until 

accommodative response is reduced. 

 

d. Degenerative Myopia 

 

Patients with degenerative myopia should be advised to have annual or more frequent eye and vision 

examinations, depending upon the severity of ocular changes.  Patients need to understand the 

importance of regular retinal examination, visual fields testing, and measurement of intraocular pressure. 

 Clinicians should educate them about the causes and symptoms of retinal break or detachment and 

glaucoma.  Patients should also be advised to seek immediate care if they experience the onset of 

symptoms.  Patients with degenerative myopia should be instructed to avoid the causes of blunt trauma 

and to wear eye protection when they are at risk for blunt ocular trauma (e.g., playing tennis, racquetball). 

 

e. Induced Myopia 

 

Patients with induced myopia should be educated about the agent or condition inducing the myopia and 

the nature of the changes occurring in the eye.  Clinicians should inform patients whether the induced 

myopia will be temporary or long standing and, if appropriate, how to avoid the induced myopia in the 

future. 

 

6. Prognosis and Followup 
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The prognosis for correction of simple myopia is very good.  Patients can achieve better distance vision 

with correction.  Depending upon the degree of myopia, astigmatism, anisometropia, and the patient's 

accommodation and vergence functions, the patient may or may not see better at near with correction. 

 

Appendix Figure 2 summarizes recommendations for followup care.  Children with simple myopia should 

be examined annually.  Followup at 6-month intervals may be appropriate for children who have 

unusually high myopia progression rates.  Adults with simple myopia should be examined at least every 2 

years.  Followup examination should be more frequent when warranted by any other co-existing 

conditions.  Contact lens wearers generally require more frequent followup for evaluation of lens fit and 

corneal physiology.  When no prescription is given for simple myopia of a low degree that is expected to 

increase (e.g., in a young child with -0.50 to -0.75 D of myopia), followup should be scheduled at about 6-

month intervals. 

 

The patient with nocturnal myopia should be evaluated 3-4 weeks after receiving the correction for 

nighttime seeing, to determine whether the correction has eliminated the symptoms of poor vision under 

darkened conditions and/or difficulty driving at night.  After the symptoms have abated, the patient should 

subsequently be examined annually.  The prognosis for correction of nocturnal myopia is good. 

 

Treatments for pseudomyopia are usually successful, but the course of treatment may be slow and it may 

require several weeks.  Followup examinations should be conducted at frequent intervals (e.g., every 1-4 

weeks) until the accommodative excess and symptoms have been eliminated.  Once accommodation has 

been relaxed, examinations should be conducted on an annual basis. 

 

The prognosis for patients with degenerative myopia varies with the retinal and ocular changes that 

occur. Examinations should be conducted on an annual or more frequent basis, depending upon the 

nature and severity of retinal and ocular changes.  Regular retinal examination, visual fields testing, and 

measurement of intraocular pressure are important aspects of followup care. 
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In cases of induced myopia, both prognosis and recommended frequency of followup examination 

depend upon the inducing agent or condition.17 
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CONCLUSION 

 

Myopia is a common refractive condition that can affect clarity of vision, limit occupational choices, and 

contribute to increased risk for vision-threatening conditions.  The major symptom of myopia (blurred 

distance vision) and the major sign (reduced unaided distance visual acuity) can generally be improved 

with appropriate minus power lenses. 

 

Simple myopia is much more common than the other types of myopia.  The usual treatment for simple 

myopia is optical correction (i.e., the prescription of minus power spectacle lenses or contact lenses to 

restore distance visual acuity).  Other treatment options include myopia control to attempt to reduce the 

rate of myopia progression in patients whose myopia is increasing or myopia reduction in patients whose 

myopia has stabilized.  Myopia control with rigid contact lenses does not appear to reduce vitreous 

chamber elongation, nor does myopia reduction with corneal modification procedures alter existing axial 

elongation that has already occurred.  Thus neither decreases the risk for the posterior segment 

sequelae of myopia. 

 

The treatment for nocturnal myopia is to prescribe minus power correction for nighttime seeing only, to 

compensate for the dark focus of accommodation.  The management for pseudomyopia involves 

eliminating the accommodative excess responsible for the pseudomyopia.  Degenerative myopia is more 

severe than other forms of myopia and is associated with retinal changes, potentially causing loss of 

visual function.  The management of degenerative myopia includes correction with minus lenses to 

improve distance vision and monitoring retinal and ocular changes.  Because myopia can be induced by 

various agents and conditions, the treatment of induced myopia should be tailored to the specific inducing 

agent or condition. 

 

The examination of patients who have any of the forms of myopia should include a comprehensive 

patient history, measurement of refraction, investigation of accommodation and vergence function, and 
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evaluation of ocular health.  The patient should be advised about available treatment options and 

counseled regarding the need for followup care. 

 37



III. REFERENCES 

 

1. Grosvenor T.  A review and a suggested classification system for myopia on the basis of age-

related prevalence and age of onset.  Am J Optom Physiol Opt 1987; 64:545-54. 

 

2. Goss DA, Eskridge JB.  Myopia.  In:  Amos JF, ed.  Diagnosis and management in vision care.  

Boston:  Butterworths, 1987:121-71. 

 

3. Stenstrom S.  Investigation of the variation and the correlation of the optical elements of human 

eyes.  Part III.  Am J Optom 1948; 25:340-50. 

 

4. Stenstrom S.  Investigation of the variation and the correlation of the optical elements of human 

eyes.  Part V.  Am J Optom 1948; 25:438-49. 

 

5. Sorsby A, Benjamin B, Davey JB, et al.  Emmetropia and its aberrations.  Medical Research 

Council Special Report Series no 293.  London:  Her Majesty's Stationery Office, 1957. 

 

6. van Alphen GWHM.  On emmetropia and ametropia.  Ophthalmologica 1961; 142(suppl):1-92. 

 

7. Araki M.  Studies on refractive components of human eye by means of ultrasonic echogram.  

Report III.  The correlation of among refractive components.  Acta Soc Ophthalmol Jpn 1962; 

128-47. 

 

8. Francois J, Goes F.  Ultrasonographic study of 100 emmetropic eyes.  Ophthalmologica 1977; 

175:321-7. 

 

 38



9. Larsen JS.  Axial length of the emmetropic eye and its relation to the head size.  Acta 

Ophthalmol 1979; 57:76-83. 

 

10. Leibowitz HW, Owens DA.  Night myopia and the intermediate dark focus of accommodation.  J 

Opt Soc Am 1975; 65:1121-8. 

 

11. Owens DA, Leibowitz HW.  Night myopia:  cause and a possible basis for amelioration.  Am J 

Optom Physiol Opt 1976; 53:709-17. 

 

12. Epstein D.  Accommodation as the primary cause of low-luminance myopia--experimental 

evidence.  Acta Ophthalmol 1983; 61:424-30. 

 

13. Hope GM, Rubin ML.  Night myopia.  Surv Ophthalmol 1984; 29:129-36. 

 

14. Alexander GF.  Spasm of accommodation.  Trans Ophthalmol Soc UK 1940; 60:207-12. 

 

15. Stenson SM, Raskind RH.  Pseudomyopia:  etiology, mechanisms and therapy.  J Pediatr 

Ophthalmol 1970; 7:110-5. 

 

16. Curtin BJ.  The myopias:  basic science and clinical management.  Philadelphia:  Harper & 

Row, 1985:237-435. 

 

17. Locke LC.  Induced refractive and visual changes.  In:  Amos JF, ed.  Diagnosis and 

management in vision care.  Boston:  Butterworths, 1987:313-67. 

 

 39



18. Mohindra I, Held R.  Refraction in humans from birth to five years.  In:  Fledelius HC, Alsbirk 

PH, Goldschmidt E, eds.  Third International Conference on Myopia.  Doc Ophthalmol Proc, ser 

vol 28.  August 24-27, 1980.  The Hague:  Dr. W. Junk Publishers, 1981:19-27. 

 

19. Gwiazda J, Thorn F, Bauer J, Held R.  Emmetropization and the progression of manifest 

refraction in children followed from infancy to puberty.  Clin Vis Sci 1993; 8:337-44. 

 

20. Fletcher MC, Brandon S.  Myopia of prematurity.  Am J Ophthalmol 1955; 40:474-81. 

 

21. Drillen CM.  The growth and development of the premature born infant.  Baltimore:  Williams & 

Wilkins, 1964:83-107. 

 

22. Hirsch MJ.  The changes in refraction between the ages of 5 and 14--theoretical and practical 

considerations.  Am J Optom 1952; 29:445-59. 

 

23. Young FA, Beattie RJ, Newby FJ, Swindal MT.  The Pullman study--a visual survey of Pullman 

schoolchildren.  Part II.  Am J Optom 1954; 31:192-203. 

 

24. Roberts J, Slaby D.  Refraction status of youths 12-17 years.  Vital Health Stat 1974; 148:1-55. 

 

25. Roberts J, Rowland M.  Refraction status and motility defects of persons 4-74 years.  Vital 

Health Stat 1978; 206:1-124. 

 

26. Angle J, Wissman DA.  The epidemiology of myopia.  Am J Epidemiol 1980; 111:220-8. 

 

27. Laatikainen L, Erkkila H.  Refractive errors and other ocular findings in school children.  Acta 

Ophthalmol 1980; 58:129-36. 

 40



 

28. Sperduto RD, Seigel D, Roberts J, Rowland M.  Prevalence of myopia in the United States.  

Arch Ophthalmol 1983; 101:405-7. 

 

29. Mäntyjärvi M.  Incidence of myopia in a population of Finnish school children.  Acta Ophthalmol 

1983; 61:417-23. 

 

30. Fledelius HC.  Is myopia getting more frequent?  A cross-sectional study of 1416 Danes ages 

16 years +.  Acta Ophthalmol 1983; 61:545-59. 

 

31. Lin LL-K, Chen C-J, Hung P-T, Ko L-S.  Nationwide survey of myopia among schoolchildren in 

Taiwan, 1986.  Acta Ophthalmol 1988; 66(suppl 185):29-33. 

 

32. Hirsch MJ.  Changes in refractive state after the age of forty-five.  Am J Optom 1958; 35:229-

37. 

 

33. Wang Q, Klein BEK, Klein R, Moss SE.  Refractive status in the Beaver Dam Eye Study.  Invest 

Ophthalmol Vis Sci 1994; 35:4344-7. 

 

34. Baldwin WR.  A review of statistical studies of relations between myopia and ethnic, behavioral, 

and physiological characteristics.  Am J Optom Physiol Opt 1981; 58:516-27. 

 

35. Curtin BJ.  The myopias:  basic science and clinical management.  Philadelphia:  Harper & 

Row, 1985:39-59. 

 

36. National Academy of Sciences Working Group on Myopia Prevalence and Progression.  

Myopia:  prevalence and progression.  Washington, DC:  National Academy Press, 1989. 

 41



 

37. Bear JC.  Epidemiology and genetics of refractive anomalies.  In:  Grosvenor T,  

 Flom MC, eds.  Refractive anomalies:  research and clinical applications.  Boston:  Butterworth-

Heinemann, 1991:57-80. 

 

38. Grosvenor T.  Primary care optometry.  Anomalies of refraction and binocular vision, 3rd ed.  

Boston:  Butterworth-Heinemann, 1996:33-72. 

 

39. Birnbaum MH.  Optometric management of nearpoint vision disorders.  Boston:  Butterworth-

Heinemann, 1993:11-23. 

 

40. Wold KC.  Hereditary myopia.  Arch Ophthalmol 1949; 42:225-37. 

 

41. Keller JT.  A comparison of the refractive status of myopic children and their parents.  Am J 

Optom 1973; 50:206-11. 

 

42. Ashton GC.  Segregation analysis of ocular refraction and myopia.  Hum Hered 1985; 35:232-9. 

 

43. Goss DA, Jackson TW.  Clinical findings before the onset of myopia in youth:  4.  Parental 

history of myopia.  Optom Vis Sci 1996; 73:279-82. 

 

44. Zadnik K, Satariano WA, Mutti DO, et al.  The effect of parental history of myopia on children's 

eye size.  JAMA 1994; 271:1323-7. 

 

45. Mutti DO, Zadnik K.  The utility of three predictors of childhood myopia:  a Bayesian analysis.  

Vision Res 1995; 35:1345-52. 

 

 42



46. Hirsch MJ.  Predictability of refraction at age 14 on the basis of testing at age 6.  Interim report 

from the Ojai Longitudinal Study of Refraction.  Am J Optom 1964; 41:567-73. 

 

47. Baldwin WR.  A serial study of refractive status in youth.  Am J Optom 1957; 34:486-90. 

 

48. Goss DA, Jackson TW.  Clinical findings before the onset of myopia in youth:  1.  Ocular optical 

components.  Optom Vis Sci 1995; 72:870-8. 

 

49. Hayden R.  Development and prevention of myopia at the United States Naval Academy.  Arch 

Ophthalmol 1941; 25:539-41. 

 

50. Hynes EA.  Refractive changes in normal young men.  Arch Ophthalmol 1956; 56:761-7. 

 

51. Diamond S.  Acquired myopia in airline pilots.  J Aviat Med 1957; 28:559-68. 

 

52. O'Neal MR, Cannon TR.  Refractive error change at the United States Air Force Academy--

class of 1985.  Am J Optom Physiol Opt 1987; 64:344-54. 

 

53. Goss DA.  Clinical accommodation and heterophoria findings preceding juvenile onset of 

myopia.  Optom Vis Sci 1991; 68:110-6. 

 

54. Drobe B, de Saint-André R.  The pre-myopic syndrome.  Ophthalmic Physiol Opt 1995; 15:375-

8. 

 

55. Goss DA, Jackson TW.  Clinical findings before the onset of myopia in youth:  2.  Zone of clear 

single binocular vision.  Optom Vis Sci 1996; 73:263-8. 

 

 43



56. Goss DA, Jackson TW.  Clinical findings before the onset of myopia in youth:  3.  Heterophoria. 

 Optom Vis Sci 1996; 73:269-78. 

 

57. Maddock RJ, Millodot M, Leat S, Johnson CA.  Accommodation response and refractive error.  

Invest Ophthalmol Vis Sci 1981; 20:387-91. 

 

58. McBrien NA, Millodot M.  The relationship between tonic accommodation and refractive error.  

Invest Ophthalmol Vis Sci 1987; 28:997-1001. 

 

59. Bullimore MA, Boyd T, Mather HE, Gilmartin B.  Near retinoscopy and refractive error.  Clin Exp 

Optom 1988; 71:114-8. 

 

60. McBrien NA, Millodot M.  The effect of refractive error on the accommodative response 

gradient.  Ophthalmic Physiol Opt 1986; 6:145-9. 

 

61. Bullimore MA, Gilmartin B, Royston JM.  Steady-state accommodation and ocular biometry in 

late-onset myopia.  Doc Ophthalmol 1992; 80:143-55. 

 

62. Gwiazda J, Thorn F, Bauer J, Held R.  Myopic children show insufficient accommodative 

response to blur.  Invest Ophthalmol Vis Sci 1993; 34:690-4. 

 

63. Rosenfield M, Gilmartin B.  Effect of target proximity on the open-loop accommodative 

response.  Optom Vis Sci 1990; 67:74-9. 

 

64. Sivak JG, Barrie DL, Callender MG, et al.  Optical causes of experimental myopia.  In:  Bock G, 

Widdows K, ed.  Myopia and the control of eye growth.  CIBA Found Symp 155.  Chichester, 

England:  John Wiley & Sons, 1990:160-72. 

 44



 

65. Goss DA, Zhai H.  Clinical and laboratory investigations of the relationship of accommodation 

and convergence function with refractive error--a literature review.  Doc Ophthalmol 1994; 

86:349-80. 

 

66. Goss DA, Wickham MG.  Retinal-image mediated ocular growth as a mechanism for juvenile 

onset myopia and for emmetropization--a literature review.  Doc Ophthalmol 1995; 90:341-75. 

 

67. Norton TT, Siegwart JT Jr.  Animal models of emmetropization:  matching axial length to the 

focal plane.  J Am Optom Assoc 1995; 66:405-14. 

 

68. Wallman J, McFadden S.  Monkey eyes grow into focus.  Nature Med 1995; 1:737-9. 

 

69. Hung L-F, Crawford ML, Smith EL.  Spectacle lenses alter eye growth and the refractive status 

of young monkeys.  Nature Med 1995; 1:761-5. 

 

70. Goldschmidt E.  On the etiology of myopia--an epidemiological study.  Copenhagen:  

Munksgaard, 1968:122-5. 

 

71. Peckham CS, Gardiner PA, Goldstein H.  Acquired myopia in 11-year-old children.  BMJ 1977; 

1:542-4. 

 

72. Angle J, Wissman DA.  Age, reading, and myopia.  Am J Optom Physiol Opt 1978; 55:302-8. 

 

73. Richler A, Bear JC.  The distribution of refraction in three isolated communities in Western 

Newfoundland.  Am J Optom Physiol Opt 1980; 57:861-71. 

 

 45



74. Richler A, Bear JC.  Refraction, nearwork and education--a population study in Newfoundland.  

Acta Ophthalmol 1980; 58:468-78. 

 

75. Krause U, Krause K, Rantikillio P.  Sex differences in refractive errors.  Acta Ophthalmol 1982; 

60:917-24. 

 

76. Rosner M, Belkin M.  Intelligence, education, and myopia in males.  Arch Ophthalmol 1987; 

105:1508-11. 

 

77. Grosvenor T.  High axial length/corneal radius ratio as a risk factor in the development of 

myopia.  Am J Optom Physiol Opt 1988; 65:689-96. 

 

78. Robb RM.  Refractive errors associated with hemangiomas of the eyelids and orbit in infancy.  

Am J Ophthalmol 1977; 83:52-8. 

 

79. O'Leary DJ, Millodot M.  Eyelid closure causes myopia in humans.  Experientia 1979; 35:1478-

9. 

 

80. Hoyt CS, Stone RD, Fromer C, Billson FA.  Monocular axial myopia associated with neonatal 

eyelid closure in human infants.  Am J Ophthalmol 1981; 91:197-200. 

 

81. Rabin J, van Sluyters RC, Malach R.  Emmetropization:  a vision-dependent phenomenon.  

Invest Ophthalmol Vis Sci 1981; 20:561-4. 

 

82. Nathan J, Kiely PM, Crewther SG, Crewther DP.  Disease-associated visual image degradation 

and spherical refractive errors in children.  Am J Optom Physiol Opt 1985; 62:680-8. 

 

 46



83. Gee SS, Tabbara KF.  Increase in ocular axial length in patients with corneal opacification.  

Ophthalmology 1988; 95:1276-8. 

 

84. Miller-Meeks MJ, Bennett SR, Keech RV, Blodi CF.  Myopia induced by vitreous hemorrhage.  

Am J Ophthalmol 1990; 109:199-203. 

 

85. Bücklers M.  Changes in refraction during life.  Br J Ophthalmol 1953; 37:587-92. 

 

86. Hofstetter HW.  Some interrelationships of age, refraction, and rate of refractive change.  Am J 

Optom 1954; 31:161-9. 

 

87. Hirsch MJ.  A longitudinal study of the refractive state of children during the first six years of 

school.  A preliminary report of the Ojai study.  Am J Optom 1961; 38:564-71. 

 

88. Goss DA, Cox VD.  Trends in the change of clinical refractive error in myopes.  J Am Optom 

Assoc 1985; 56:608-13. 

 

89. Goss DA, Winkler RL.  Progression of myopia in youth:  age of cessation.  Am J Optom Physiol 

Opt 1983; 60:651-8. 

 

90. Dunphy EB, Stoll MR, King SH.  Myopia among American male graduate students.  Am J 

Ophthalmol 1968; 65:518-22. 

 

91. Kent PR.  Acquired myopia of maturity.  Am J Optom 1963; 40:247-56. 

 

92. Grosvenor T.  A longitudinal study of refractive changes between ages 20 and 40.  Part 2:  

Changes for individual subjects.  Optom Weekly 1977; 68:415-9. 

 47



 

93. Zadnik K, Mutti DO.  Refractive error changes in law students.  Am J Optom Physiol Opt 1987; 

64:558-61. 

 

94. Goss DA, Erickson P, Cox VD.  Prevalence and pattern of adult myopia progression in a 

general optometric practice population.  Am J Optom Physiol Opt 1985; 62:470-7. 

 

95. Curtin BJ.  The myopias:  basic science and clinical management.  Philadelphia:  Harper & 

Row, 1985:120-9. 

 

96. Grosvenor T.  Are visual anomalies related to reading ability?  J Am Optom Assoc 1977; 

48:510-6. 

 

97. Miller RJ.  Temporal stability of the dark focus of accommodation.  Am J Optom Physiol Opt 

1978; 55:447-50. 

 

98. Owens RL, Higgins KE.  Long-term stability of the dark focus of accommodation.  Am J Optom 

Physiol Opt 1983; 60:32-8. 

 

99. Curtin BJ.  Pathologic myopia.  Ophthalmic Forum 1985; 3:192-5. 

 

100. Rabb MF, Garonn I, LaFrance F.  Myopic macular degeneration.  Int Ophthalmol Clin 1981; 

21:51-69. 

 

101. Curtin BJ.  The myopias:  basic science and clinical management.  Philadelphia:  Harper & 

Row, 1985:301-8. 

 

 48



102. Auila MP, Weiter JJ, Jalkh AE, et al.  Natural history of choroidal neovascularization in 

degenerative myopia.  Ophthalmology 1984; 91:1573-81. 

 

103. Sperduto RD, Hiller R.  The prevalence of nuclear, cortical and posterior subcapsular lens 

opacities in a general population sample.  Ophthalmology 1984; 91:815-8. 

 

104. Hirsch MJ.  Relation of visual acuity to myopia.  Arch Ophthalmol 1945; 34:418-21. 

 

105. Crawford JS, Shagass C, Pashby TJ.  Relationship between visual acuity and refractive error in 

myopia.  Am J Ophthalmol 1945; 28:1220-5. 

 

106. Peters HB.  The relationship between refractive error and visual acuity at three age levels.  Am 

J Optom 1961; 38:194-8. 

 

107. Karlin DB, Curtin BJ.  Peripheral chorioretinal lesions and axial length of the myopic eye.  Am J 

Ophthalmol 1976; 81:625-35. 

 

108. Curtin BJ.  The posterior staphyloma of pathologic myopia.  Trans Am Ophthalmol Soc 1977; 

75:67-86. 

 

109. Levy JH, Pollock HM, Curtin BJ.  The Fuchs' spot.  Ann Ophthalmol 1977; 9:1433-43. 

 

110. Curtin BJ.  Posterior staphyloma development in pathologic myopia.  Ann Ophthalmol 1982; 

14:655-8. 

 

111. Shapiro M, Chandra SR.  Evolution of lacquer cracks in high myopia.  Ann Ophthalmol 1985; 

17:231-5. 

 49



 

112. Hoffman DJ, Heath DA.  Staphyloma and other risk factors in axial myopia.  J Am Optom Assoc 

1987; 58:907-13. 

 

113. Goldschmidt E, Fledelius HC, Fuchs J, Nissen KR.  High myopia in Denmark with emphasis on 

visual loss and fundus changes.  Acta Ophthalmol 1990; 68 (suppl 195):95-7. 

 

114. Celorio JM, Pruett RC.  Prevalence of lattice degeneration and its relation to axial length in 

severe myopia.  Am J Ophthalmol 1991; 111:20-3. 

 

115. Perkins ES.  Morbidity from myopia.  Sight-Saving Rev 1979; 49:11-9. 

 

116. Perkins ES.  Glaucoma in the younger age groups.  Arch Ophthalmol 1960; 64:882-91. 

 

117. Perkins ES, Jay BS.  Pigmentary glaucoma.  Trans Ophthalmol Soc UK 1960; 80:153-67. 

 

118. Daubs JE, Crick RP.  Effect of refractive error on the risk of ocular hypertension and open angle 

glaucoma.  Trans Ophthalmol Soc UK 1981; 101:121-6. 

 

119. Perkins ES, Phelps CD.  Open angle glaucoma, ocular hypertension, low tension glaucoma and 

refraction.  Arch Ophthalmol 1982; 100:1464-7. 

 

120. MacDonald AE.  Causes of blindness in Canada.  Can Med Assoc J 1965; 92:264-79. 

 

121. Sorsby A.  Department of Health and Social Security.  Reports on public health and medical 

subjects, no. 128.  The incidence and causes of blindness in England and Wales 1963-68, with 

 50



an appendix on services available for incipient blindness.  London:  Her Majesty's Stationery 

Office, 1972; 128:1-72. 

 

122. Hatfield EM.  Why are they blind?  Sight-Saving Rev 1975; 45:3-22. 

 

123. Curtin BJ.  The myopias:  basic science and clinical management.  Philadelphia:  Harper & 

Row, 1985:7-10. 

 

124. Schmidt PP.  Vision screening.  In:  Rosenbloom AA, Morgan MW, eds.  Principles and practice 

of pediatric optometry.  Philadelphia:  JB Lippincott, 1990:467-85. 

 

125. Birnbaum MH.  Optometric management of nearpoint vision disorders.  Boston:  Butterworth-

Heinemann, 1993:303-6. 

 

126. Rosenberg R.  Static retinoscopy.  In:  Eskridge JB, Amos JF, Bartlett JD, eds.  Clinical 

procedures in optometry.  Philadelphia:  JB Lippincott, 1991:155-67. 

 

127. Grosvenor T.  Primary care optometry.  Anomalies of refraction and binocular vision, 3rd ed.  

Boston:  Butterworth-Heinemann, 1996:277-80. 

 

128. Rosenberg R.  Automated refraction.  In:  Eskridge JB, Amos JF, Bartlett JD, eds.  Clinical 

procedures in optometry.  Philadelphia:  JB Lippincott, 1991:168-73. 

 

129. Owens DA, Mohindra I, Held R.  The effectiveness of a retinoscope beam as an 

accommodative stimulus.  Invest Ophthalmol Vis Sci 1980; 19:942-9. 

 

 51



130. Grosvenor T, Quintero S, Perrigin DM.  Predicting refractive astigmatism:  a suggested 

simplification of Javal's rule.  Am J Optom Physiol Opt 1988; 65:292-7. 

 

131. Goss DA, Eskridge JB.  Keratometry.  In:  Eskridge JB, Amos JF, Bartlett JD, eds.  Clinical 

procedures in optometry.  Philadelphia:  JB Lippincott, 1991:135-54. 

 

132. Grosvenor T.  Primary care optometry.  Anomalies of refraction and binocular vision, 3rd ed.  

Boston:  Butterworth-Heinemann, 1996:253-9. 

 

133. Arner RS.  Eikonometer measurements in anisometropes with spectacles and contact lenses.  J 

Am Optom Assoc 1969; 40:712-5. 

 

134. Rose L, Levinson A.  Anisometropia and aniseikonia.  Am J Optom Physiol Opt 1972; 49:480-4. 

 

135. Bradley A, Rabin J, Freeman RD.  Nonoptical determinants of aniseikonia.  Invest Ophthalmol 

Vis Sci 1983; 24:507-12. 

 

136. Rabin J, Bradley A, Freeman RD.  On the relation between aniseikonia and axial 

anisometropia.  Am J Optom Physiol Opt 1983; 60:553-8. 

 

137. Perrigin J, Perrigin D, Quintero S, Grosvenor T.  Silicone-acrylate contact lenses for myopia 

control:  3-year results.  Optom Vis Sci 1990; 67:764-9. 

 

138. Rutstein RP, Daum KM, Amos JF.  Accommodative spasm:  a study of 17 cases.  J Am Optom 

Assoc 1988; 59:527-38. 

 

139. Dyer JA.  Role of cycloplegics in progressive myopia.  Ophthalmology 1979; 86:692-4. 

 52



 

140. Bedrossian RH.  The effect of atropine on myopia.  Ophthalmology 1979; 86:713-7. 

 

141. Brodstein RS, Brodstein DE, Olson RJ, et al.  The treatment of myopia with atropine and 

bifocals.  Ophthalmology 1984; 91:1373-9. 

 

142. Yen M-Y, Liu J-H, Kao S-C, Shiao C-H.  Comparison of the effect of atropine and 

cyclopentolate on myopia.  Ann Ophthalmol 1989; 21:180-7. 

 

143. Newcomb RD, Ransom FG.  Adverse systemic effects of ocular drug therapy.  In:  Bartlett JD, 

Jaanus SD, eds.  Clinical ocular pharmacology.  Boston:  Butterworths, 1984:941-60. 

 

144. Crewther DP, Crewther SG, Cleland BG.  Is the retina sensitive to the effects of prolonged blur? 

 Exp Brain Res 1985; 58:427-34. 

 

145. Woods AC.  Report from the Wilmer Institute on the results obtained in the treatment of myopia 

by visual training.  Trans Am Acad Ophthalmol Otolaryngol 1945; 50:37-65. 

 

146. Ewalt HW.  The Baltimore myopia control project.  J Am Optom Assoc 1946; 17:167-85. 

 

147. Hackman RB.  An evaluation of the Baltimore myopia project.  B.  Statistical procedure.  J Am 

Optom Assoc 1947; 18:416-26. 

 

148. Rowe AJ.  Orthoptic training to improve the visual acuity of a myope--a case report.  Am J 

Optom 1947; 24:494. 

 

149. Bateman E.  Comment on the treatment of myopia.  Am J Optom 1948; 25:241-2. 

 53



 

150. Collins FJ, Epstein LH, Hannay HJ.  A component analysis of an operant training program for 

improving visual acuity in myopic students.  Behav Ther 1981; 12:692-701. 

 

151. Balliett R, Clay A, Blood K.  The training of visual acuity in myopia.  J Am Optom Assoc 1982; 

53:719-24. 

 

152. Matson JL, Helsel WJ, LaGrow SJ.  Training visual efficiency in myopic persons.  Behav Res 

Ther 1983; 21:115-8. 

 

153. Friedman E.  Vision training program for myopia management.  Am J Optom Physiol Opt 1981; 

58:546-53. 

 

154. Birnbaum MH.  Optometric management of nearpoint vision disorders.  Boston:  Butterworth-

Heinemann, 1993:304, 344-5. 

 

155. Stoddard KB.  Physiological limitations on the functional production and elimination of 

ametropia.  Am J Optom 1942; 19:112-8. 

 

156. Scheiman M, Wick B.  Clinical management of binocular vision-heterophoric, accommodative, 

and eye movement disorders.  Philadelphia:  JB Lippincott, 1994:356-66. 

 

157. Trachtman JN.  Biofeedback of accommodation to reduce functional myopia:  a case report.  

Am J Optom Physiol Opt 1978; 55:400-6. 

 

158. Trachtman JN, Giambalvo V, Feldman J.  Biofeedback of accommodation to reduce functional 

myopia.  Biofeedback Self Regul 1981; 6:547-64. 

 54



 

159. Kerns RL.  Research in orthokeratology.  I.  Introduction and background.  J Am Optom Assoc 

1976; 47:1047-51. 

 

160. Kerns RL.  Research in orthokeratology.  II.  Experimental design, protocol, and method.  J Am 

Optom Assoc 1976; 47:1275-85. 

 

161. Kerns RL.  Research in orthokeratology.  III.  Results and observations.  J Am Optom Assoc 

1976; 47:1505-15. 

 

162. Kerns RL.  Research in orthokeratology.  IV.  Results and observations.  J Am Optom Assoc 

1977; 48:227-38. 

 

163. Kerns RL.  Research in orthokeratology.  V.  Results and observations--recovery aspects.  J 

Am Optom Assoc 1977; 48:345-59. 

 

164. Kerns RL.  Research in orthokeratology.  VI.  Statistical and clinical analyses.  J Am Optom 

Assoc 1977; 48:1134-47. 

 

165. Kerns RL.  Research in orthokeratology.  VII.  Examination of techniques, procedure and 

control.  J Am Optom Assoc 1977; 48:1541-53. 

 

166. Kerns RL.  Research in orthokeratology.  VIII.  Results, conclusions and discussion of 

techniques.  J Am Optom Assoc 1978; 49:308-14. 

 

167. Coon LJ.  International Orthokeratology Section of National Eye Research Foundation, 1981; 

5:11-83. 

 55



 

168. Brand RJ, Polse KA, Schwalbe JS.  The Berkeley Orthokeratology Study.  I.  General conduct 

of the study.  Am J Optom Physiol Opt 1983; 60:175-86. 

 

169. Polse KA, Brand RJ, Schwalbe JS, et al.  The Berkeley Orthokeratology Study.  II.  Efficacy and 

duration.  Am J Optom Physiol Opt 1983; 60:187-98. 

 

170. Polse KA, Brand RJ, Keener RJ, et al.  The Berkeley Orthokeratology Study.  III.  Safety.  Am J 

Optom Physiol Opt 1983; 60:321-8. 

 

171. Horner DG, Wheeler WH, Soni PS, et al.  A noninvasive alternative to radial keratometry.  

Ophthalmic and Visual Optics, Optical Society of America Technical Digest Series 1992; 3:42-5. 

 

172. Soni PS, Horner DG.  Orthokeratology.  In:  Bennett ES, Weissman BA, eds.  Clinical contact 

lens practice.  Philadelphia:  JB Lippincott, 1993:1-7. 

 

173. Waring GO III.  Management of myopia:  classification of surgical methods.  In:  Grosvenor T, 

Flom MC, eds.  Refractive anomalies:  research and clinical applications.  Boston:  Butterworth-

Heinemann, 1991:384-96. 

 

174. Waring GO III.  Development and classification of refractive surgical procedures.  In:  Waring 

GO III, ed.  Refractive keratotomy for myopia and astigmatism.  St. Louis:  Mosby-Year Book, 

1992:145-70. 

 

175. Grosvenor T.  Primary care optometry.  Anomalies of refraction and binocular vision, 3rd ed.  

Boston:  Butterworth-Heinemann, 1996:529-49. 

 

 56



176. Waring GO III, Lynn MJ, Gelender H, et al.  Results of the prospective evaluation of radial 

keratotomy (PERK) study one year after surgery.  Ophthalmology 1985; 92:177-99. 

 

177. Grosvenor T.  How predictable are the results of excimer laser photorefractive keratectomy?  A 

review.  Optom Vis Sci 1995; 72:698-712. 

 

178. Hoffer KJ, Darrin JJ, Pettit TH, et al.  Three years experience with radial keratotomy--the UCLA 

Study.  Ophthalmology 1983; 90:627-36. 

 

179. Bores LD.  Historical review and clinical results of radial keratotomy.  Int Ophthalmol Clin 1983; 

23:93-118. 

 

180. Schachar RA.  Indications, techniques, and complications of radial keratotomy.  Int Ophthalmol 

Clin 1983; 23:119-28. 

 

181. Binder PS.  Optical problems following refractive surgery.  Ophthalmology 1986; 93:739-45. 

 

182. Waring GO III, Lynn MJ, Culbertson W, et al.  Three-year results of the prospective evaluation 

of radial keratotomy (PERK) study.  Ophthalmology 1987; 94:1339-53. 

 

183. Duling K, Wick B.  Binocular vision complications after radial keratotomy.  Am J Optom Physiol 

Opt 1988; 65:215-23. 

 

184. Bullimore MA, Sheedy JE, Owen D.  Diurnal visual changes in radial keratotomy:  implications 

for visual standards.  Optom Vis Sci 1994; 71:516-21. 

 

 57



185. Waring GO III, Lynn MJ, McDonnell PJ.  Results of the prospective evaluation of radial 

keratotomy (PERK) study 10 years after surgery.  Arch Ophthalmol 1994; 112:1298-308. 

 

186. Vinger PF, Mieler WF, Oestreicher JH, et al.  Ruptured globes following radial and hexagonal 

keratotomy surgery.  Arch Ophthalmol 1996; 114:129-34. 

 

187. Seiler T, Wollensack J.  Myopic photorefractive keratectomy with the excimer laser:  one-year 

follow-up.  Ophthalmology 1991; 98:1156-63. 

 

188. Gartry DS, Kerr Muir MG, Marshall J.  Excimer laser photorefractive keratectomy:  18-month 

follow-up.  Ophthalmology 1992; 99:1209-19. 

 

189. Lawless MA, Rogers C, Cohen P.  Excimer laser photorefractive keratectomy:  12 months' 

follow-up.  Med J Aust 1993; 159:535-9. 

 

190. Weinstock SJ.  Excimer laser keratectomy:  one-year results with 100 myopic patients.  Contact 

Lens Assoc Ophthalmol J 1993; 19:178-81. 

 

191. Sher NA, Hardten DR, Fundingsland B, et al.  193-nm excimer photorefractive keratectomy in 

high myopia.  Ophthalmology 1994; 101:1576-82. 

 

192. Dutt S, Steinert RF, Raizman MB, Puliafito CA.  One-year results of excimer laser 

photorefractive keratectomy for low to moderate myopia.  Arch Ophthalmol 1994; 112:1427-36. 

 

193. Kim JH, Hahn TW, Lee YC, Sah WJ.  Excimer laser photorefractive keratectomy for myopia:  

two-year follow-up.  J Cataract Refract Surg 1994; 20(suppl):229-33. 

 

 58



194. Magnen E, Salz JJ, Nesburn AB, et al.  Results of excimer laser photorefractive keratectomy for 

the correction of myopia.  Ophthalmology 1994; 101:1548-57. 

 

195. Epstein D, Fagerholm P, Hamberg-Nystrom H, Tengroth B.  Twenty-four-month follow-up of 

excimer laser photorefractive keratectomy for myopia/refractive and visual acuity results.  

Ophthalmology 1994; 101:1558-64. 

 

196. Brancato R, Tavola A, Corones F, et al.  Excimer laser photorefractive keratectomy for myopia: 

 results in 1165 eyes.  Refract Corneal Surg 1993; 9:95-104. 

 

197. Wu HK, Demers PE.  Photorefractive keratectomy for myopia.  Ophthalmic Surg Lasers 1996; 

27:29-44. 

 

198. El-Maghraby A, Salah T, Polit F, et al.  Efficacy and safety of excimer laser photorefractive 

keratectomy and radial keratotomy for bilateral myopia.  J Cataract Refract Surg 1996; 22:51-8. 

 

199. Seiler T, McDonnell PJ.  Excimer laser photorefractive keratectomy.  Surv Ophthalmol 1995; 

40:89-118. 

 

200. Verdon W, Bullimore M, Maloney RK.  Visual performance after photorefractive keratectomy--a 

prospective study.  Arch Ophthalmol 1996; 114:1465-72. 

 

201. Halliday BL.  Refractive and visual results and patient satisfaction after excimer laser 

photorefractive keratectomy for myopia.  Br J Ophthalmol 1995; 79:881-7. 

 

202. Applegate RA, Hilmantel G, Howland HC.  Corneal aberrations increase with the magnitude of 

radial keratotomy refractive correction.  Optom Vis Sci 1996;73:585-9. 

 59



 

203. Gris O, Güell JL, Muller A.  Keratomileusis update.  J Cataract Refract Surg 1996; 22:620-3. 

 

204. Blume AJ.  Low-power lenses.  In:  Amos JF, ed.  Diagnosis and management in vision care.  

Boston:  Butterworths, 1987:239-46. 

 

205. Brookman KE.  Low ametropias.  In:  Brookman KE, ed.  Refractive management of ametropia. 

 Boston:  Butterworth-Heinemann, 1996:123-43. 

 

206. Goss DA, Grosvenor T.  Reliability of refraction:  a literature review.  J Am Optom Assoc 1996; 

67:619-30. 

 

207. Cooper J.  Accommodative dysfunction.  In:  Amos JF, ed.  Diagnosis and management in 

vision care.  Boston:  Butterworths, 1987:431-59. 

 

208. Wick BC.  Horizontal deviations.  In:  Amos JF, ed.  Diagnosis and management in vision care.  

Boston:  Butterworths, 1987:461-510. 

 

209. Scheiman M, Wick B.  Clinical management of binocular vision:  heterophoric, accommodative, 

and eye movement disorders.  Philadelphia:  JB Lippincott, 1994:219-378. 

 

210. Goss DA.  Ocular accommodation, convergence, and fixation disparity:  a manual of clinical 

analysis, 2nd ed.  Boston:  Butterworth-Heinemann, 1995:97-8, 141-4. 

 

211. Goss DA.  Effect of spectacle correction on the progression of myopia in children:  a literature 

review.  J Am Optom Assoc 1994; 65:117-28. 

 

 60



212. Grosvenor T, Perrigin DM, Perrigin J, Maslovitz B.  Houston Myopia Control Study:  a 

randomized clinical trial.  II.  Final report by the patient care team.  Am J Optom Physiol Opt 

1987; 64:482-98. 

 

213. Schwartz JT.  Results of a monozygotic co-twin control study of a treatment for myopia.  In:  

Twin research 3:  epidemiological and clinical studies.  New York:  Liss, 1981:249-58. 

 

214. Pärssinen O, Heminki E, Klemetti A.  Effect of spectacle use and accommodation on myopia 

progression:  final results of a three-year randomized clinical trial among schoolchildren.  Br J 

Ophthalmol 1989; 73:547-51. 

 

215. Miles PW.  A study of heterophoria and myopia in children some of whom wore bifocal lenses.  

Am J Ophthalmol 1962; 54:111-4. 

 

216. Roberts WL, Banford RD.  Evaluation of bifocal correction technique in juvenile myopia.  Optom 

Weekly 1967; 58(38):25-8; 58(39):21-30; 58(40):23-8; 58(41):27-34; 58(43):19-26. 

 

217. Oakley KH, Young FA.  Bifocal control of myopia.  Am J Optom Physiol Opt 1975; 52:758-64. 

 

218. Neetens A, Evens P.  The use of bifocals as an alternative in the management of low grade 

myopia.  Bull Soc Belge Ophtalmol 1985; 214:79-85. 

 

219. Jensen H.  Myopia progression in young school children:  a prospective study of myopia 

progression and the effect of a trial with bifocal lenses and beta blocker drops.  Acta 

Ophthalmol 1991; 69(suppl 200):1-79. 

 

 61



220. Goss DA.  Effect of bifocal lenses on the rate of childhood myopia progression.  Am J Optom 

Physiol Opt 1986; 63:135-41. 

 

221. Goss DA, Grosvenor T.  Rates of childhood myopia progression with bifocals as a function of 

nearpoint phoria:  consistency of three studies.  Optom Vis Sci 1990; 67:637-40. 

 

222. Goss DA, Uyesugi EF.  Effectiveness of bifocal control of childhood myopia progression as a 

function of near point phoria and binocular cross-cylinder.  J Optom Vis Dev 1995; 26:12-7. 

 

223. Fulk GW, Cyert LA.  Can bifocals slow myopia progression?  J Am Optom Assoc 1996; 67:749-

54. 

 

224. Valentino JA.  Clinical use of progressive addition lenses on nonpresbyopic patients.  Optom 

Monthly 1982; 73:513-5. 

 

225. Smith JB.  Progressive-addition lenses in the treatment of accommodative esotropia.  Am J 

Ophthalmol 1985; 99:56-62. 

 

226. Grosvenor T, Perrigin D, Perrigin J, Quintero S.  Rigid gas-permeable contact lenses for myopia 

control:  effects of discontinuation of lens wear.  Optom Vis Sci 1991; 68:385-9. 

 

227. Nolan JA.  An approach to myopia control.  Optom Weekly 1974; 65:149-54. 

 

228. Birnbaum MH.  Clinical management of myopia.  Am J Optom Physiol Opt 1981; 58:554-9. 

 

229. Birnbaum MH.  Optometric management of nearpoint vision disorders.  Boston:  Butterworth-

Heinemann, 1993:303-9. 

 62



 

230. Sherman A, Press LJ.  Myopia control:  taming the refractive beast.  In:  Press LJ, ed.  Applied 

concepts in vision therapy.  St. Louis:  Mosby-Year Book, 1997:180-7. 

 

231. Sherman A, Press LJ.  Myopia control therapy.  In:  Press LJ, ed.  Applied concepts in vision 

therapy.  St. Louis:  Mosby-Year Book, 1997:298-309. 

 63



Figure 1 
Optometric Management of the Patient with Myopia: 

A Brief Flowchart 
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Figure 2 
Frequency and Composition of Evaluation and Management Visits for Myopia 

 

Composition of Followup Evaluations 
Type of 
Patient 

Number of 
Evaluation 
Visits 

Treatment Options Frequency of Followup Visits 

VA REF A/V OH 

Management Plan 

 
Simple 
myopia 

 
1 

 
Myopia correction: 
optical correction, 
vision therapy 
 
Possible myopia 
control:  optical 
correction, vision 
therapy 
 
 
Myopia reduction: 
orthokeratology, 
refractive surgery 

 
Children:  annually 
Adults:  every 2 yr or p.r.n. 
 
 
Every 6 mo 
 
 
 
 
 
Variable, depending on method 
of myopia reduction 

 
Each 
visit 
 
 
Each 
visit 
 
 
 
 
Each 
visit 

 
Each 
visit 
 
 
Each 
visit 
 
 
 
 
Each 
visit 

 
Each visit 
 
 
 
Each visit 
 
 
 
 
 
Annually 

 
Each visit 
 
 
 
Contact lens: 
anterior segment 
each visit, posterior 
segment annually, 
Bifocals:  annually 
 
Anterior segment:  
each visit, Posterior 
segment:  annually 

 
Prescribe refractive correction; 
provide or refer patient for vision 
therapy; patient education. 
 
Prescribe refractive correction; 
provide or refer patient for vision 
therapy; recommend vision hygiene 
improvement; patient education. 
 
 
Provide or refer patient for 
orthokeratology; refer patient for 
refractive surgery; patient 
education. 

 
Nocturnal 
myopia 

 
1-2 

 
Optical correction 

 
3-4 wk after dispensing of 
prescription, then annually 

 
Each 
visit 
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or p.r.n. 

 
Annually 

 
Annually 

 
Prescribe refractive correction for 
nighttime seeing; patient education. 

 
Pseudo-
myopia 

 
1-2 

 
Optical correction, 
pharmaceuticals, 
vision therapy 

 
Every 1-4 wk until 
accommodative excess is 
eliminated, then annually 

 
Each 
visit 

 
Each 
visit 

 
Annually or 
p.r.n. 

 
Annually 

 
Prescribe refractive correction; 
reduce accommodative response 
with vision therapy; prescribe 
cycloplegic agents to eliminate 
accommodative spasm; prevent 
pseudomyopia with plus lenses; 
patient education. 

 
Degener-
ative 
myopia 

 
1-2 

 
Optical correction 

 
Annually or more frequently, 
depending on retinal and ocular 
changes 

 
Each 
visit 

 
Annually 
or p.r.n. 

 
Annually or 
p.r.n. 

 
Each visit 

 
Prescribe refractive correction; 
provide or refer for appropriate 
treatment for retinal complications; 
patient education. 

 
Induced 
myopia 

 
1-2 

 
Variable, depending 
on inducing agent or 
condition 

 
Variable, depending on inducing 
agent or condition 

 
Each 
visit 

 
Each 
visit 

 
Variable, 
depending 
on inducing 
agent or 
condition 

 
Variable, depending 
on induing agent or 
condition 

 
Identify inducing agent, prevent 
further exposure to causative agent; 
refer to appropriate practitioner for 
additional testing and treatment; 
patient education. 

p.r.n. = as necessary A/V = accommodative vergence testing 
VA = visual acuity testing OH = ocular health assessment 
REF = refraction 

 65



 
 

Figure 3 
ICD-9-CM Classification of Myopia 

 
 
 
Degenerative disorders of globe 360.2 
 
Progressive high (degenerative) myopia 360.21 
 Malignant myopia 
 
Myopia  367.1 
 Near-sightedness 
 
Disorders of accommodation 367.5 
 
Spasm of accommodation 367.53 
 
Other disorders of refraction and accommodation 367.8 
 
Transient refractive change 367.81 
 
Other  367.89 
 Drug-induced disorders of refraction and accommodation 
 Toxic disorders of refraction and accommodation 
 
Unspecified disorder of refraction and accommodation 367.9 
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Abbreviations of Commonly Used Terms 
 
 
AC/A.................Accommodative convergence/accommodation 
 
ALK...................Automated lamellar keratomileusis 
 
D.......................Diopter 
 
LASIK ...............Laser in situ keratomileusis 
 
PRK..................Photorefractive keratectomy 
 
RK ....................Radial keratotomy 
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Glossary 

 

Accommodative insufficiency  Less accommodative amplitude than expected for the patient's age. 

 

Anisometropia  Condition of unequal refractive state for the two eyes, in which one eye requires a 

significantly different lens correction than the other. 

 

Astigmatism  Refractive anomaly due to unequal refraction of light in different meridians of the eye, 

generally caused by a toroidal anterior surface of the cornea. 

 

Convergence excess (CE)  Vergence condition characterized by orthophoria or near-normal phoria at 

distance and esophoria at near. 

 

Emmetropia  Refractive condition in which an infinitely distant object is imaged sharply on the retina 

without inducing an accommodative response. 

 

Esophoria  Vergence position in which the two eyes' lines of sight cross closer to the patient than the 

object of regard when binocular fusion is disrupted, the magnitude of the deviation being the same at both 

far and near fixation distances. 

 

Retinal detachment  Separation of the sensory retina from underlying structures, resulting in potential 

loss of vision. 

 

Vision therapy  Treatment process for the improvement of visual perception and coordination of the two 

eyes for efficient and comfortable binocular vision.  Synonyms:  orthoptics, vision training. 

 

Visual acuity  The clearness of vision that depends upon the sharpness of focus of the retinal image and 

the integrity of the retina and visual pathway. 

                                                          

Source:  Cline D, Hofstetter HW, Griffin JR.  Dictionary of visual science, 4th ed.  Radnor, PA:  Chilton, 

1989.  
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 Table 1 

Classification Systems for Myopia 

 

Type of Classification Classes of Myopia 

 
Clinical Entity 

 
Simple myopia 
 
Nocturnal myopia 
 
Pseudomyopia 
 
Degenerative myopia 
 
Induced myopia 
 

 
Degree 

 
Low myopia (<3.00 D) 
 
Medium myopia (3.00 D-6.00 D) 
 
High myopia (>6.00 D) 
 

 
Age of Onset 

 
Congenital myopia (present at birth and persisting  
     through infancy) 
 
Youth-onset myopia 
     (<20 years of age) 
 
Early adult-onset myopia 
     (2-40 years of age) 
 
Late adult-onset myopia 
     (>40 years of age) 
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Table 2 

Possible Risk Factors for Myopia Development 

 

 

Family history of myopia 

 

Presence of myopia on noncycloplegic retinoscopy in infancy, decreasing to emmetropia before entry into 

school 

 

Refractive error of emmetropia to 0.50 D of hyperopia 

 

Against-the-rule astigmatism 

 

Decreased accommodative function or nearpoint esophoria 

 

Substantial amount of near work on a regular basis 

 

Steep corneal curvature or high axial length to corneal radius ratio 

 

Conditions temporarily obscuring the retina from clear imagery during infancy  
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Table 3 

Possible Etiologies of Myopia by Classification 

 

Type of Myopia Etiologies 

 
Simple Myopia 

 
Inheritance 
 
Significant amounts of near work 
 
Unknown 
 

 
Nocturnal Myopia 

 
Significant levels of dark focus of accommodation 
 

 
Pseudomyopia 

 
Accommodative disorder 
 
High exophoria 
 
Cholinergic agonist agents 
 

 
Degenerative Myopia 

 
Inheritance 
 
Retinopathy of prematurity 
 
Interruption of light passing through ocular media 
 
Unknown 
 

 
Induced Myopia 

 
Age-related nuclear cataracts 
 
Exposure to sulfonamides and other 
pharmaceutical agents 
 
Significant variability in blood sugar level 
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Table 4 

Pharmaceutical Agents That Can Induce Myopia* 

 

 

Cholinergic agonists Antiallergy medications 
 Acetylcholine  Antihistamines 

 Carbachol 

 Demecarium Anticonvulsants 

 Diisopropyl fluorophosphate  Methsuximide 

 Neostigmine 

 Physostigmine Nervous system agents 

 Pilocarpine  Morphine 

   Opium 

Antibiotics  Phenothiazines 

 Isoniazid 

 Sulfonamides Heavy metals 

 Tetracycline  Arsenicals 

 

Antianginal agents Hormonal agents 

 Isosorbide dinitrate  Adrenocorticotrophic 

hormone 

   Corticosteroids 

Antihypertensives  Oral contraceptives 

 Adrenergic drugs 

 Thiazide diuretics 

 

 

                                                            

* Modified from Amos JF, ed.  Diagnosis and management in vision care.  Boston:  Butterworths, 

1987:313-67, 431-59.  
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Table 5 
Effect of Bifocals on Progression of Myopia in Childhood* 

Research Results* 

Progression of Myopia 
Study, Location Subject-no., age (yr) Type of Bifocal Single Vision Lenses, 

Mean D/yr 
Bifocal Lenses,  
Mean D/yr 

Summary/Interpretation 

 
Miles215 
St. Louis, MO 

 
SV:  103, age 6-14 
SV then BF:  48, age 8-16 

 
28 mm wide flat-top 
segments decentered 
for slight base-in effect 

 
0.75 

 
0.40 

 
Rates were lower after switch 
to BF:  age is a potential 
confounding factor, but visual 
inspection of graphs suggests 
lower rates with BF over 
common age spans. 

 
Roberts and Banford216 
New York 

 
SV:  396 
BF:  85 
Examined at least twice 
before age 17 

 
Most additions  
+0.75 to +1.50D 
in power 

 
All:  -0.41 
Orthophoria and 
Exophoria: : -0.41 
Esophoria:  -0.48 

 
All:  -0.31 

 
Rates were siginificantly lower 
in BF wearers than in SV 
group, the difference being 
greatest for patients with 
nearpoint esophoria and high 
AC/A ratios. 

 
Oakley and Young217 
Oregon 

 
SV:  298 
BF:  269 

 
Flat-top segments with 
top at pupil center, +1.50 
to +2.00 D addition 

 
Caucasians:  -0.53 
Native Americans:  -0.38 

 
Caucasians:  -0.02 
Native Americans:  -010 

 
Larger reduction in rate with 
BF than in any other study, 
which Oakley and Young 
attributed to high placement of 
addition or possible indavert-
ent investigator bias. 

 
Neetens and Evens218 
Holland 

 
SV:  733 
BF:  543 
Patients who had myopia of 
<0.50 D at age 8 or 9 

 
Total nearpoint power 
equal to zero for myopia 
up to 3D; myopia >3D:  
+2.50 addition 

 
-0.45 

 
-0.30 

 
Mean of myopia at age 18 was 
less for BF wearers (-3.55 D) 
than for SV wearers (-5.07 D). 

 
Schwarts213 
Washington, DC 

 
25 monozygotic twin pairs, 1 
of each in BF and in SV 
groups; ages 7-13 at start of 
study 

 
+1.25 D addition 

 
-0.28 

 
-.24 

 
Differences in rates for SV and 
BF groups not statistically 
significant; overall rate lower 
than rates in other studies. 

 
Grossenor et al.212 
Houston, TX 

 
SV:  39 
BF +1.00 D:  41 
BF +2.00 D:  44, 
age 6-15 at start of study 

 
Executive bifocals; top 
of reading segment 
2mm below pupil center 

 
-0.34 

 
+1.00 additions:  -0.35 
+2.00 additions:  -0.34 

 
No significant difference in 
mean rates between SV group, 
+1.00 D addition BF group, 
and +2.00 D addition BF 
group. 

 
Pärssinen et al.214 
Finland 

 
240 children mean  
beginning age 10.9 
3 study groups:  (1) full-time 
wear of SV lenses, 
(2) distance use only, 
SV lenses, (3) BF lenses 

 
28 mm wide flat-tops; to 
of reading 
segment 2-3 mm below 
pupil center; +1.75 D 
addition 

 
-0.57 

 
-0.53 

 
Mean refractive change for BF 
group not significantly different 
from that for either SV group. 

AC/A = accommodative convergence/accommodation; BF = bifocal; D = diopter; SV = single vision 
* Modified from Goss DA.  Effect of spectacle correction on the progression of myopia in children:  a literature review.  J Am Optom Assoc 1994; 65:117-28. 
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Table 5 (Continued) 
Effect of Bifocals on Progression of Myopia in Childhood* 

Research Results* 

Progression of Myopia 
Study, Location Subject-no., age (yr) Type of Bifocal Single Vision Lenses, 

Mean D/yr 
Bifocal Lenses,  
Mean D/yr 

Summary/Interpretation 

 
Jensen219 
Denmark 

 
SV:  49 
BF:  51 
Children, 2nd-5th grade 
at start of study 

 
35 mm wide segment; 
top of segment at lower 
pupil margin; 
+2.00 D addition 

 
All:  -0.57 
IOP<16:  0.43 
IOP>17:  -0.66 

 
All:  -0.48 
IOP<16:  0.47 
IOP>17:  -0.49 

 
Refractive change somewhat 
less with BF than with SV, but 
not statistically significant; for 
children with IOP >17 mm Hg, 
change less with BF than with 
SV. 

 
Goss220 
Illinois, Iowa and 
Oklahoma private 
practices 

 
SV:  52 
BF:  60 
Age 6-15 

 
Various addition powers, 
mostly +0.75 D and 
+1.00 D 

 
All:  -0.44 
>6▲ exophoria:  -0.47 
0-6▲ exophoria:  -0.43 
Esphoria:  -0.54 

 
All:  -0.37 
>6▲ exophoria:  -0.48 
0-6▲ exophoria:  -0.45 
Esphoria:  -0.32 

 
Rate of progression lower with 
BF in patients with nearpoint 
esophoria; no difference for 
patients with orthophoria and 
exophoria 

 
Goss and 
Grosvenor221 
Houston, TX 

 
SV:  32 
BF:  65 
Age 6-15; 
reanalysis of Grosvenor 
et al. data212 

 
Executive bifocals; 
+1.00 D and +2.00 D 
additions 

 
>6▲ exophoria:  -0.50 
0-6▲ exophoria:  -0.43 
Esphoria:  -0.51 

 
6▲ exophoria:  -0.43 
0-6▲ exophoria:  -0.42 
Esphoria:  -0.31 

 
Difference between rates for 
esophoric patients wearing BF 
and SV similar to findings of 
Roberts & Banford and of 
Goss; not statistically 
significant due to small sample 
size. 

 
Fulk and  
Cyert223 
Oklahoma 

 
SV:  14 
BF:  14 
Boys age 6.00-13.99; 
girls, 6.00-12.99, all with 
esophoria at near; study 
followup had esophoria at 
near; study followup 18 mo 

 
28 mm wide flat-tops, 
top of segment 1 mm 
above lower limbus; 
+1.25 D addition 

 
-0.57 

 
-0.39 

 
Bifocals did not show reduction 
in rate until third 6 months; 
overall rates not significantly 
different in BF and SV groups 
due to small sample size, but 
magnitude of difference was 
similar to that found by Roberts 
& Banford, Goss, and Goss & 
Grosvenor. 

AC/A = accommodative convergence/accommodation; BF = bifocal; D = diopter; SV = single vision 
* Modified from Goss DA.  Effect of spectacle correction on the progression of myopia in children:  a literature review.  J Am Optom Assoc 1994; 65:117-28. 
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Special Characters Used 
 
 
copyright / [4,23] 
negative sign / [6,00] 
dash / [4,34] 
bullet / [4,00] 
delta / [8,08] 
less than/equal to / [6,02] 
greater than/equal to / [6,03] 
a with umlaut ä [1,31] 
u with umlaut ü [1,71] 
u with line above / [1,193] 
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