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As the eye grows, the axial length increases while the cornea and lens flatten. High refractive errors
which are common in the neonatal period, reduce rapidly during the first year of life through the process
called emmetropization. The possibility that long term full- time glasses wear may impede emmetropization
must be considered. Hyperopia greater than 5.00 diopters (D) in young children is associated with an increased
risk of amblyopia and strabismus, therefore optical correction should be prescribed. When hyperopia is
associated with esotropia, full correction of the cycloplegic refractive error should be prescribed. Myopia
greater than 8.00 D and astigmatism greater than 2.50 D are common causes of isometropic amblyopia.
Patients with hyperopic anisometropia with as little as l D difference between the eyes may develop amblyopia
while the difference should reach 3-4 D for myopic anisometropia to develop amblyopia. Full cycloplegic
refractive difference between two eyes should be given to the anisometropic child in spite of age, strabismus
and degree of anisometropia. Myopia control is the attempt to slow the rate of progression of myopia such as
cycloplegic agents, plus lenses at near, and rigid contact lenses.
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Refractive error is a manifestation of the com-
bination between the optical components of the eye
(i.e., the curvatures, refractive indices, and distances
between the cornea, aqueous, lens, and vitreous) and
the axial length of the eye. As the eye grows, the axial
length increases while the cornea and lens flatten.
The axial length is approximately 16.8 mm. at birth and
increases to about 23.6 mm. in adulthood(1). The mean
keratometry value is 51.2 diopters (D) in newborn and
43.5 D in adults(1). The refractive power of the lens
decreases from a mean of 34.4 diopters in the newborn
to adult value of 18.8 diopters(1). The anterior chamber
deepens to reach the adult size by the end of the
second year. These components change continuously
as the eye grows but change abruptly during the first
2 years of life.

The mean refractive error of a full-term infant
is +0.62 + 2.24 D at birth(2). The high standard deviation
implies the wide range of refractive errors in newborns.
The prevalence of refractive error among full-term
infants has a normal bell-shaped distribution. A study

showed that 75 % of full-term infants were hyperopic
(+1 to +12 D) while 25% of infants were myopic (-1 to
-12 D)(3). The incidence of astigmatism is higher in the
infant than adult group. In infants, 75 % have against-
the-rule astigmatism, 21% have with-the-rule astigma-
tism and 8% have oblique astigmatism(4). In adults, with-
the-rule astigmatism predominates. The incidence of
astigmatism decreases with advancing years, reaching
adult levels from between 18 months to 3.5 years(5).
High refractive errors which are common in the neona-
tal period, reduce rapidly during the first year of life(5).
A shift from hypermetropia at birth to emmetropia in
the adult indicates the process of emmetropization.

Emmetropization
Emmetropization is a mechanism to achieve

emmetropia in youths and to maintain emmetropia with
advancing years. This process is complete in 82% of
full term infants by 12 months of age(6). High hyperopia
associated with high astigmatism suggests a break-
down in the process of emmetropization. Emmetropiza-
tion is the combination of passive and active processes(7).

� The passive process occurs with normal
growth of the eye. As the eyeball enlarges, the power
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of the cornea and the lens is reduced by lengthening of
the radius of curvature. The proportional enlargement
of the eye reduces the power of the dioptric system in
proportion to the increasing axial length. When these
changes are not proportional, ametropia develops. This
passive emmetropization elucidates the maintenance
of emmetropia in the growing eye.

� The active emmetropization explains the
reduction towards emmetropia reported in infants and
the maintenance of emmetropia. This mechanism in-
volves the visual feedback mechanism from the retinal
image and subsequent adjustment of the growth of the
eye. Ametropia results when a defective image inter-
feres with this feedback. Inheritance determines the
tendency to definite globe proportions and environ-
ment plays a part in influencing the action of active
emmetropization. Nevertheless, the environment pos-
sibly plays a greater role in influencing the develop-
ment and degree of myopia than in hyperopia.

Preterm infants
While preterm infants tend to be more myopic

and astigmatic at birth than the fullterm group,
emmetropization also occurs in the preterm infants(8).
At term age, they do not differ from the fullterm group
in astigmatism or anisometropia. Preterm children with
retinopathy of prematurity (ROP) frequently fail to
emmetropize, resulting in high refractive error, in par-
ticular myopia(9). The impact of prematurity on refrac-
tive development when ROP is absent is controversial.
Some authors have reported that preterm infants who
do not have ROP have an increased risk of developing
significant refractive errors, mostly myopia(10). Others
have found that preterm infants show a more normal
pattern of refractive development(11).

Optical correction in children
Ametropia correction in children requires

special considerations. The best corrected visual acui-
ty is not the only goal of prescribing optical correction
in children. Ophthalmologists must carefully consider
to provide the focused retinal image and to maintain an
optimal balance between accommodation and conver-
gence when prescribing correction. The childûs lack of
cooperation with subjective refraction makes subjec-
tive refraction unpractical; therefore objective tech-
niques such as retinoscopy can be used. Adequate
cycloplegia is required to control the accommodation.
Strabismus may alter general prescribing guidelines.
The possibility that long term full time glasses wear
may impede emmetropization must be considered.

Hyperopia
The prevalence and magnitude of hyperopia

is greatest during early childhood, decreasing in the
first decade of life through the process of emmetropi-
zation. Most infants have mild hyperopia, with only a
small group of cases having moderate or high hypero-
pia. While emmetropization results in a gradual decrease
in the magnitude of hyperopia in most children, the
change occurs more rapidly in cases with high hypero-
pia. However, infants with high hyperopia are more
likely to remain significantly hyperopic throughout
childhood; and in young children with significant
hyperopic astigmatism, especially against-the-rule
astigmatism, the reduction in hyperopia is less than
those without significant astigmatism(12). Some children
who do not go through the process of emmetropization,
remain significantly hyperopic and have an increased
risk for developing strabismus and amblyopia(13).
Children with moderate and high hyperopia are at par-
ticularly increased risk of refractive and strabismic
amblyopia. Children who have +3.50 or more diopters
of meridional hypermetropia show the benefit of
decreased risk for strabismus and amblyopia from
early optical correction(14). However, a study in animals
showed that early optical correction in young primates
can impede with emmetropization(15). Therefore the
refractive error has the potential to persist following
early spectacle lenses treatment(15). However, partial
spectacle correction of hyperopia in infant can reduce
the risk of amblyopia and strabismus(16).

Uncorrected hyperopia may cause:
� Constant or intermittent blurred vision.

Children with low to moderate hyperopia usually have
normal visual acuity; they may have blurred vision and
asthenopia when visual demands are high.

� Amblyopia. High hyperopia in young chil-
dren is associated with an increased risk of amblyopia
and strabismus(6). A person who has never been opti-
cally corrected for high hyperopia (+5.00 D or more),
with or without astigmatism, is at risk of isometropic
amblyopia.

� Strabismus. The majority of patients with
early-onset esotropia are hyperopic. Children who
have +3.50 D or more in infancy were 13 times more
likely to develop strabismus, and 6 times more likely to
have reduced visual acuity by 4 years, compared with
infants with low hyperopia or emmetropia(17). Wearing
a partial spectacle correction reduced these risk ratios
to 4:1 and 2.5:1 respectively(17). Infant refractive cor-
rection significantly reduces accommodative esotropia
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and amblyopia incidence without interfering with
emmetropization(18). It has also been reported that hy-
peropia changes slowly in esotropic children provided
with total optical correction(19). In contrast, Ingram et al
have showed that hyperopic children with strabismus
fail to emmetropize whether they wear glasses or not(20).
Repka et al have reported that accommodative esotro-
pes wearing full hyperopic correction are less likely to
go through emmetropization(21). Persons with esopho-
ria and inadequate fusional divergence amplitude are
often symptomatic as a result of the uncorrected
hyperopia

� Asthenopia. Young individuals with hy-
peropia commonly have sufficient accommodative
reserve to maintain clear vision without causing asthe-
nopia. When the degree of hyperopia is too great or
the accommodative reserve is insufficient due to age
or fatigue, asthenopia and blurred vision develop.

� Accommodative dysfunction and binocu-
lar dysfunction. Uncorrected hyperopia may contri-
bute to learning problems, possibly by optical blur,
accommodative and binocular dysfunction, and fatigue.

� Red or tearing eyes, frequent blinking,
squinting and facial contortions while reading, focus-
ing problems, decreased binocularity and eye-hand
coordination, and difficulty with or aversion to reading.

The presence and severity of these symptoms
varies extensively, depending on the degree of the hy-
peropia, the presence of astigmatism or anisometropia,
the patient s age, the condition of accommodation and
convergence and the work demands. The early detec-
tion and treatment of significant hyperopia can pre-
vent and reduce the incidence and severity of these
complications.

In mentally and multiply handicapped chil-
dren, the prevalence of significant hyperopia is higher
than in normal children. The optical correction of their
hyperopia is the same as other children.

General guidelines for childhood hyperopia
The precise correction of childhood hypero-

pia is more difficult than that of myopia. Children
with significant hyperopia are more visually impaired
than their myopic peers who can see clearly at near
distances. The close association between childhood
hyperopia, amblyopia, and strabismus, makes hypero-
pia a greater risk factor than myopia. Optical correction
should be based on both static and cycloplegic reti-
noscopy, accommodative and binocular assessment,
accommodative convergence/accommodation (AC/A)
ratio, age, degree of symptoms, amount of hyperopia,

visual acuity and the correction modified to facilitate
binocularity and compliance. The goals of treatment
are to reduce accommodative demand and to provide
clear, comfortable vision and normal binocularity.

� Young children with low to moderate hy-
peropia generally require no treatment unless they do
not have strabismus, amblyopia, or other significant
vision problems.

� Optical correction should be prescribed for
young children with moderate to high hyperopia. Any
significant astigmatic errors should be fully corrected
at the same time. Occlusion therapy should start in
patients with amblyopia.

� Some young persons with hyperopia,
including those with moderate and high hyperopia,
may be rather free of signs and symptoms. If the
optical correction is deferred, such persons should be
considered çat riské and re-examined periodically

� After optical correction has been worn for
even a short time, a significant increase in hyperopia
may appear due to the manifestation of latent hypero-
pia.

� In young children with isometropic amblyo-
pia from bilateral high hyperopia, they typically do not
manifest esotropia because they make no attempt to
accommodate it. Partial optical correction may inad-
vertently stimulate accommodative esotropia, because
the patient now can accommodate to overcome the
remaining uncorrected hyperopia. Thus, full optical
correction is indicated in this condition.

� When hyperopia is associated with esotro-
pia, full correction of the cycloplegic refractive error
should be prescribed. Later, reduction of the hyper-
opic correction should be attempted, based on the
degree of deviation at distance and at near with the
full cycloplegic correction in place. Accommodative
esotropes may be able to discontinue glasses use as a
result of increased fusional divergence amplitudes,
the loss of hyperopia, or a decrease in the synkinesis
between accommodation and convergence.

� Young children with accommodative esotro-
pia, normally require only a short period of adaptation
to tolerate full hyperopic correction. For some persons
who do not initially tolerate the full hyperopic correc-
tion, using cycloplegic agents to blur uncorrected
vision may encourage acceptance of the prescribed
treatment.

� In a school-age child, full hyperopic correc-
tion may create blurred distant vision because of the
childûs inability to relax accommodation completely.
For the child without esotropia, the reduction in the
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quantity of correction may facilitate the acceptance     of
the glasses.

� Hyperopic contact lenses can relax accom-
modation more effectively than spectacles. In accom-
modative esotropia, contact lenses reduce and elimi-
nate esotropia at near to a greater extent than spec-
tacles. Contact lenses reduce aniseikonia and ani-
sophoria in persons with anisometropia, improving
binocularity.

Myopia
The prevalence of myopia is less than 5%

in the 5-year-old population, increasing to 20-25 % in
teenagers and 25-35 % in adults. It is reported to be
higher in Asia. The prevalence of myopia increases with
income level, more years of education, and greater
time spent doing near work. A family history of
myopia is an important risk factor for the development
of myopia.

Myopia in infants tends to decrease and reach
emmetropia by 2-3 years of age. Myopia of as much as
3 D will sometimes disappears by 2 years of age(22).
The presence of myopia in infancy that subsequently
decreases to emmetropia before the child enters school
appears to be a risk factor for the later development of
myopia(22). Children with refractive errors in the range
of emmetropia to +0.50 D are more likely to become
myopic than the same age children who have hypero-
pia more than +0.50 D. The risk for myopia is higher in
children who have against-the-rule astigmatism.

Pseudomyopia is the result of an increase
in ocular refractive power due to overstimulation of
accommodation or ciliary spasm.

In children, conditions that prevent normal
image formation (e.g., eyelid hemangiomas, neonatal
eyelid closure, corneal opacity, ROP and vitreous
hemorrhage) often result in myopia. The progression
of childhood myopia usually slows down in the middle
to late teenage years. Studies in animals have shown
that a defocus of retinal image induces myopia by
stimulating an elongation of the vitreous chamber(15).

Uncorrected myopia may cause
� Blurred vision. The most common symptom

associated with uncorrected myopia is blurred distance
vision. In pseudomyopia, the blurred distance vision
may be greater following near work.

� Asthenopia. Asthenopia is not characteris-
tic of myopia. If asthenopia is associated with myopia,
it is usually due to astigmatism, anisometropia, pseudo-
myopia, accommodative or vergence dysfunction.

� Amblyopia. Myopia greater than 8.00 D
can cause isometropic amblyopia.

General guidelines for childhood myopia
� Cycloplegic refractions are necessary. Atro-

pine refractions may be required in infants, esotropic
children and person with high myopia (> 10 D).

� It is not necessary to correct myopia of less
than about 3 D in infants and toddlers. In preschool
children, myopia of more than 1.00-2.00 D can be
prescribed. If the myopia is left uncorrected, the
child should be examined every 6 months. When
myopia reaches a higher degree and makes distance
viewing more difficult, optical correction should be
given.

� Before prescribing lenses, an alternative for
the patient with very low ametropia is to try to improve
the visual environment, such as moving the child
toward the front of the room.

� Generally, full refractive error including
cylinder, should be corrected. Young children tolerate
cylinder well. A careful subjective refraction should be
performed to determine the lowest minus lens power
that achieves the best visual acuity. Some ophthal-
mologists undercorrect myopia, and others may even
use bifocals with or without atropine, on the theory
that prolonged accommodation hastens the develop-
ment of myopia. However, this theory is controversial.

� Patients with low myopia and insignificant
astigmatism or anisometropia, can remove their glasses
for reading, especially if they have esophoria at near or
have a high lag in accommodation.

� In cases of esophoria at near or accommo-
dative insufficiency, a plus lens addition for near may
relieve asthenopia and improve near vision efficiency.

� Intentional undercorrection of myopia to
decrease the angle of esotropia is seldom tolerated.

� In cases of large exophoria or intermittent
exotropia, a prescription for full-time wear of the full
myopia correction is suitable. Intentional overcorrec-
tion of myopia may have some benefit to control an
intermittent exodeviation.

� Bifocal should be fit slightly higher in
non-presbyopic than in presbyopic patients.

� Pseudomyopia occasionally results from
high exophoria as a means of maintaining fusion through
accommodative convergence. The goal of treatment
for pseudomyopia is to relax the accommodation by
using a cycloplegic agent and near plus lens addition

� Contact lenses may be an alternative to
expand the visual field, provide a larger retinal image
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size and reduce the possibility of induced prismatic
imbalance from the tilt of the spectacle frame. Myopic
contact lenses require more accommodation than
spectacle lenses, resulting in the risk of nearpoint blur
and eyestrain in high myopia. Contact lenses result    in
less aniseikonia in anisometropia.

Control of Myopia
Myopia control is the attempt to slow the rate

of progression of myopia.
� Cycloplegic agents
Studies have reported that daily topical ad-

ministration of atropine and cyclopentolate reduces
myopia progression rates in children(23). Nevertheless,
this advantage does not outweigh the discomfort,
toxicity and risks associated with chronic cycloplegia.
In addition, high plus lens additions (i.e., 2.50 D) are
required for near vision due to the inactivation of the
ciliary muscle.

� Plus at Near
The effectiveness of bifocal lenses for myo-

pia control in children is controversial, some studies
found no statistically significant reduction in myopia
progression(24), whereas others found that bifocals
controlled myopia(25). The most effective power of the
near addition is debatable. The near add powers of
about 1.00 D appear to be as effective or more effective
than higher power adds(25).

� Rigid Contact Lenses
Rigid gas-permeable contact lenses have been

reported effective in slowing the rate of myopia
progression in children(26). Myopia control is believed
to be due to corneal flattening. During 3 years of the
contact lenses treatment, the vitreous chamber still
continued to elongate, therefore the control of
myopia with rigid contact lenses would not reduce
the risk of developing myopic posterior segment
sequelae. When contact lens wear is discontinued,
there appears to be a rebound effect (i.e., resteepening
of the cornea).

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. Most
of this myopic reduction occurs within the first 4-6
months. However, the refractive error shifts toward the
original baseline in patients who stop wearing contact
lenses.

� Visual Hygiene
Although there is no evidence that visual

hygiene is effective in myopia control, this recommen-
dation appears useful.

� 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.

� Sufficient illumination 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 video games. Sit 5-6 feet away from the
television.

Astigmatism
Astigmatism, the most common refractive

error, is often present with hyperopia. Astigmatism
greater than 2.50 D can cause isometropic amblyopia.
Compound hyperopic astigmatism, especially oblique
or against-the-rule astigmatism, causes correspond-
ingly more visual problems than simple hyperopia of
equal amount. In compound astigmatism, some cylin-
der correction should be incorporated in the pre-
scription when the amount of astigmatism is 0.50 D or
greater. If the patient has successfully worn a correc-
tion with 0.25 D cylinder, cylinder correction of as little
as 0.25 D can be incorporated in the new prescription.

Anisometropia
The presence of anisometropic hyperopia

during infancy and persisting anisometropic hypero-
pia beyond 3 years of age are risk factors for the
development of strabismus and amblyopia. The person
with hyperopic anisometropia uses the less hyperopic
eye for fixation at all distances, the more hyperopic eye
never receives a clear image, resulting in amblyopia.
Patients with hyperopic anisometropia with as little as
l D difference between the eyes may develop amblyo-
pia, while those with myopic anisometropia will develop
amblyopia when the amount of anisometropia reaches
3-4 D. The patient with myopic anisometropia uses the
more myopic eye at near and the less myopic eye at far
until the myopia exceeds 3 D, thereby maintaining good
corrected acuity in each eye. Full cycloplegic refrac-
tive difference between two eyes should be given to
the anisometropic child in spite of age, strabismus and
degree of anisometropia. A few patients, especially
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adults, may need to begin with less than the full
anisometropic prescription to avoid diplopia and
ensure acceptance of the correction.
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µ“¢’È‡°’¬®  “¬µ“¬“«∑’Ëµà“ß°—π‡æ’¬ß l D „π Õßµ“ “¡“√∂∑”„Àâ‡°‘¥µ“¢’È‡°’¬®‰¥â¢≥–∑’Ë “¬µ“ —Èπ µâÕßµà“ß°—π¡“°°«à“

3-4 D ®÷ß®–‡°‘¥µ“¢’È‡°’¬®  à«πµà“ß¢Õß “¬µ“π’È§«√ª√–°Õ∫Õ¬Ÿà„π·«àπ‡ ¡Õ‚¥¬‰¡à§”π÷ß∂÷ßÕ“¬ÿ µ“‡¢À√◊Õ®”π«π¢Õß

 à«πµà“ß ‰¥â¡’°“√æ¬“¬“¡≈¥°“√‡æ‘Ë¡ “¬µ“ —Èπ‰¥â·°à °“√„™â¬“ cycloplegic agents °“√‡æ‘Ë¡‡≈π å∫«°∑’Ë„°≈â °“√„ à

contact lenses ™π‘¥·¢Áß
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