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Purpose: This study is to investigate if the improvement of visual sensory (VS) by amblyopia treatment affects

the ocular functions in refractive errors, accommodative errors and phoria at distance and near. Methods: 10

subjects (17 eyes, mean age of 10.7±2.9 years) who treated amblyopia completely, were participated for this

study. Refractive errors, accommodative errors, and distance and near phoria were compared between before and

after treatments of amblyopia. Refractive errors and accommodative errors at 40 cm were measured using open-

field auto-refractor (NVision-5001, Shin Nippon, Japan) and using monocular estimated method (MEM)

respectively. Phoria was determined at 3 m for distance and at 40 cm for near using Howell phoria card, cover

test or Maddox rod. Results: Mean corrected visual acuity (CVA) significantly increased from 0.46±0.11

(decimal notation) for before amblyopia treatment to a level of 1.03±0.13 for after amblyopia treatment

(p < 0.001). For spherical refractive error, hyperopia significantly decreased from +2.29±0.86 D to a level of

+1.1±2.38D (p < 0.05) but astigmatism did not significantly change; −1.80± 1.41D for before treatment and

−1.65±1.30D for after treatment (p > 0.05). Accommodative error significantly decreased from accommodative

lag of +1.1±0.75D to a level of +0.5± 0.59D (accommodative lag) (p < 0.05). Distance phoria significantly

changed from eso 2.9± 6.17PD (prism diopters) to a level of eso 0.2±3.49 PD (p < 0.05), and near phoria also

significantly changed from eso 0.4± 2.32PD to level of exo 2±4.9 PD (p < 0.05). There was a high correlation

(r = 0.88, p < 0.001) between improvement of visual acuity and decrease of accommodative lag. Conclusions:

Hyperopic refractive error decreased with improvement of CVA or VS by amblyopia treatment. And the

improvement of VS by amblyopia treatment also improved accommodative error, and changed phoria coupled

with accommodation.
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Introduction

Human’s ocular functions rapidly develop over the few

months of life under normal condition. Visual acuity grows

from about 20/330 at 1 month old to 20/19 at 5 years old.[1]

Accommodation response also improves with increase of

age. Haynes et al.[2] reported that before 1 month of age,

it showed poor accommodative response to the changing

accommodative stimulus and wide range of accommoda-

tive response levels was observed, ranging from approxi-

mately 3.5 D to 8.75 D. The flexibility of the response

improves with increase of age and adult-like response is

achieved by 4 months of age. Banks[3] noted three changes

with increase of age, namely an increase in the gradient of

the stimulus-response function, a decrease in variability within

same age group, and decline in the mean accommodative

error. 

Infants have the ability to converge and diverge in the

appropriate direction as early 1 month of age, but they

cannot consistently converge to near targets until 2months

age.[4] Moreover, the ability to response appropriately to faster

target motion so increases with age increases.[5] Even through

under the normal vision condition, ocular functions such as

visual acuity, accommodation and eye movement change

with increase of age, any visual deprivation for obstacle

during early age have an extremely detrimental effect upon
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development.[6] The most common outcome of abnormal

visual experience in early age is sensory disorder or ambly-

opia[7] which is lower corrective visual acuity. In addition

to the lower sensory, previous studies have reported that

amblyopia had lower ocular functions than normal vision.

Amblyopia has been found to have longer reaction time

than normal vision,[8,9] increased visual evoked potential

(VEP) latency,[10] and deficits in velocity[11] and motion[12,13]

discrimination.

If we analogize a cause of lower ocular functions out of

previous studies, we can have a result that lower sensory

influence on low ocular functions. Banks[3] also formulated

2 hypotheses for mechanism of accommodative develop-

ment, namely “motor hypothesis”, which is development in

the motor component of the accommodative control system

accounts for the infant developmental changes observed with

his study, and “sensory hypothesis” which programming of

accurate accommodative response is dependent on the detec-

tion of the consequences of inaccurate accommodation.

However, it still remains a question whether there are cor-

relations between sensory and motor in ocular functions of

accommodation and phoria. So this study is to investigate

using a novel method whether improvement of visual sen-

sory by amblyopia treatment affects ocular functions or not.

Subjects and Methods

10 subjects (17eyes) (mean age of 10.7± 2.9 years) who

have treated amblyopia completely, were participated for

this study. Amblyopes were 7 subjects for both eyes ambly-

opia and 3 subjects for one eye amblyopia. Refractive

errors, accommodative errors, and distance and near pho-

ria were compared between before and after treatments of

amlyopia. For the treatment of amblyopia, it was prescribed

with near addition lenses (NAL) to make non-accommoda-

tive lag measured by monocular estimated method (MEM)

in amblyopic eye, and with NAL to make 0.50 D of

accommodative lag in normal eyes.[14] Subjects were asked

wearing near glasses for reading at near. Total period of

amblyopia treatment was 50±20 months (about 4 years).

Refractive errors and accommodative errors at 40 cm were

measured using open-field auto-refractor (NVision-5001, Shin

Nippon, Japan) and MEM respectively. Phoria was deter-

mined at 3 m for distance and at 40 cm for near using

Howell phoria card, cover test or Maddox rod. Howell

phoria card was used for subjects who phoria could be mea-

sured with Howell card, otherwise Maddox rod or cover

test was used. 

Results

Corrected visual acuity of pre- and post-treatments of

amblyopia showed in Fig. 1. Mean corrected visual acuity

(CVA) was significantly increased by 0.46 ± 0.11 (deci-

mal notation) for before amblyoipa treatment to a level of

1.03 ± 0.13 for after amblyopia treatment (paired t-test,

p < 0.001). For spherical refractive error, hyperopia signifi-

cantly decreased by +2.29± 0.86D to a level of +1.1±

2.38D (paired t-test: p < 0.05) but astigmatism did not sig-

nificantly changed; −1.80± 1.41D for before treatment and

−1.65 ± 1.30D for after treatment (paired t-test: p > 0.05). 

Fig. 2 shows accommodative lag at 40 cm of pre-treat-

ment and post-treatment. Accommodative lag significantly

decreased by +1.1± 0.75D to a level of 0.5± 0.59D

(paired t-test: p < 0.00). This result means that eyes of

post-treatment with distance correction can see clearer than

eyes of pre-treatment. 

Fig. 3 shows correlation between change of visual acuity

Fig. 1. Corrected visual acuity of pre-treatment and post-

treatment of amblyopia. Error bars: Standard Error

Mean.

Fig. 2. Accommodative lag of pre-treatment and post-treatment

of amblyopia. Error bars: Standard Error Mean.
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and change of accommodative lag in pre-treatment and

post-treatment. Not only accommodative lag was decreased

with increase of visual acuity by post-treatment, but also

there was a high correlation (r = 0.88, p < 0.001) between

improvement of visual acuity and decrease of accommoda-

tive lag. 

Both distance and near phoria also showed significant

changes in Fig. 4. Distance phoria was significantly changed by

eso 2.9±6.17 PD (prism diopters) to a level of eso 0.2±

3.49 PD (pair t-test: p<0.05), and near phoria also signifi-

cantly changed by eso 0.4±2.32 PD to level of exo 2±4.9

PD (pair t-test: p < 0.05). This means that phoria at both

distance and near shift from eso-direction to exo-direction. 

Discussion

Hyperopic refractive error decreased 1.1 D during the

amblyopia treatment period of 50±20 months (about 4

years). This study showed that refractive error in the

amblyopic hyperopia was not much changed than in myo-

pia and hyperopia. In a study of refractive error for

Korean myopia children, Kim and Kim[15] reported that myo-

pia increased –0.78 D per year. Previous hyperopia stud-

ies[16,17] also reported less change of refractive error than

myopia change. Zadnik et al.
[16] reported that refractive

error decreased toward emmetropia with age from an aver-

age of +0.73 D at age 6 years to an average of +0.50 D

by age 12 years. The hyperopic refractive error change in

this study was extremely low as about 0.30 D per year,

while in previous studies was about 0.60 D per year,

which was twice of this study result (0.30 D). The cause

that refractive error change is smaller in amblyopic eye

than in non-amblyopic eye has never been found out, but

still remains as a question. The more studies are required

in the future. 

This study showed that improvement of visual sensory

by amblyopia treatment improved accommodative response

or reduced accommodative lag. In this study, vision train-

ing by physical technic was not used for accommodative

improvement, but used only added lenses for improving

visual sensory. As results of this study, improvement of sen-

sory may have a decisive effect on accommodative improve-

ment. Banks[3] also suggested that visual accommodation is

commonly viewed as a control system with two primary

components; a sensory component which evaluates the

clarity or sharpness of the retinal image in order to deter-

mine whether an accommodative change is required, and a

motor component which implements the changes in lens

shape needed to maximize images sharpness. Among two

primary components, he hypothesized that sensory is pro-

gramming of accurate accommodative responses being depen-

dent on the detection of the consequences of inaccurate

accommodation. Thus the sensory hypothesis holds that

accommodative development results from development in

the ability to detect the image blurring resulting from focus-

ing error, and this study confirmed Banks’ hypothesis.

Banks[3] also stated another hypothesis to accommodation,

namely “motor hypothesis” which development in the motor

component of the accommodative control system accounts

for developmental accommodative change in infanthood.

However, even all subjects participated in this study were

not infants, they also improved accommodation with sen-

sory change. We can infer through this result that improve-

ment of sensory also improves accommodation, and both

motor and sensory components are needed or required for

Fig. 3. Correlation between change of visual acuity and

change of accommodative lag in pre-treatment and

post-treatment. Post: post-amblyopia treatment, Pre:

pre-amblyopia treatment. 

Fig. 4. Phoria changes of pre-treatment and post-treatment of

amblyopia. Error bars: Standard Error Mean.
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normal accommodation.

This study showed that phoria at both distance and near

shifted from eso-direction to exo-direction. There were also

previous studies that reported change of ocular deviation.[18,19]

Koc et al.
[19] evaluated changes at the deviation angles of

63 partially accommodative esotropia patients, who had

occlusion treatment for amblyopia, and reported that mean

deviation angle at the start of therapy without glasses was

45 PD (10 − 90 PD) and became 27 PD (5 − 70 PD) after

at least 2 months with glasses. This result can be proved

by which accommodation and convergence are coupled

physiologically.[20] When the eyes accommodate, they also

converge, accommodative convergence, quantified by the

AC/A ratio.[17,21] And the higher accommodative lag the

higher convergence required. Higher accommodative lag in

pre-treatment of amblyopia also needs higher accommoda-

tive efforts to detect the clear image, and induces accom-

modative convergence, but the lower accommodative lag

after amblyopia treatment may induce the lower accommo-

dative convergence, which is shifting to exo-deviation.

Vision therapies by physical methods such as +/− flip-

per lenses or loose lenses have mainly been used to improve

ocular functions such as accommodation or binocular vision.

However this study showed that sensory improvement by

only correction of lenses correction also improved ocular

functions. Therefore, improvement of sensory can be also

as important as vision therapies by physical methods to

improve ocular functions. 

Conclusions

Hyperopic refractive error decreases with improvement

of CVA or VS in amblyopia treatment. The improvement

of VS by amblyopia treatment improves accommodative

error and changes phoria coupled with accommodation.

Efforts for improvement of sensory are required to improve

ocular functions with addition to vision therapy by physi-

cal methods.

REFERENCES

[1] Atkinson J, French J, Braddick O. Contrast sensitivity

function of preschool children. Br J Opththalmol. 1981;

65:525-529.

[2] Haynes H, White BL, Held R. Visual accommodation in

human infants. Science 1965;148:528-530.

[3] Banks MS. The development of visual accommodation

during early infancy. Child Dev. 1980:51(9);646-666.

[4] Wickelgren LW. Convergence in the human newborn. J

Exp Child Psychol. 1967;5(1):74-85.

[5] Aslin RN. Development of binocular fixation in human

infants J Exp Child Phychol. 1977;23(1):133-150.

[6] Boothe RG, Dobson V, Teller DY. Postnatal development

of vision in human and nonhuman primates. Annu Rev

Neusosci. 1985;8:495-545.

[7] Wiesel TN. Postnatal development of the visual cortex and

the influence of environment. Nature. 1982;299:58-91.

[8] Barbur JL, Hess RF, Pinney HD. Pupillary function in human

amblyopia. Ophthalmic Physiol Opt. 1994;14:139-149. 

[9] Ciuffreda KJ, Kenyon RV, Stark L. Increased saccadic

latencies in amblyopic eyes. Invest Ophthalmol Vis Sci.

1978;17:697-702. 

[10] Watts PO, Neveu MM, Holder GE, Sloper JJ. Visual evoked

potentials in successfully treated strabismic amblyopes and

normal subjects. J AAPOS. 2002;6:389-392.

[11] Steinman S, Levi DM, McKee SP. Discrimination of time

and velocity in the amblyopic visual system. Clin Vis Sci.

1988;2:265-276. 

[12] Buckingham T, Watkins R, Bansal P, Bamford K. Hypera-

cuity thresholds for oscillatory movement are abnormal in

strabismic and anisometropic amblyopes. Optom Vis Sci.

1991; 68:351-356. 

[13] Kelly SL, Buckingham TJ. Movement hyperacuity in

childhood amblyopia. Br J Ophthalmol. 1998;82:991-995.

[14] Kim JD, Cuiffreda KJ. Effective amblyopia treatment

using near adds spectacle lenses alone. Invest Ophthalmol

Vis Sci 2013;54: E-Abstract 3988.

[15] Kim JS, Kim JD. A longitudinal study for 3 years on

myopic refractive error changes of myopic children among

patients of a Korean optometric clinic. J Korean Oph-

thalmic Opt Soc. 2012;17:249-254.

[16] Zadnik K, Mutti DO, Friedman NE, Adams AJ. Initial

cross-sectional results from the orinda longitudinal study of

myopia. Optom Vis Sci. 1993;70:750-758.

[17] Mantyjarvi MI. Changes of refraction in schoolchildren.

Arch Ophthalmol. 1985;103:790-791.

[18] Holbach HT, von Noorden GK, Avilla CW. Changes on

esotropia after occlusion therapy in patients with strabis-

mic amblyopia. J Pediatr Ophthalmol Strabismus. 1991;

28(1):6-9. 

[19] Koc F, Ozal H, Yasar H, Firat E. Resolution in partially

accommodative esotropia during occlusion treatment for

amblyopia. Eye. 2006;20:325-328. 

[20] Morgan MW. Accommodation and vergence. Am J Optom

Arch Am Acad Optom. 1968;45:417-454.

[21] Maddox E. Investigations on the relationship between

convergence and accommodation of the eyes. J Anat.

1886;20:475-505,565-584.



Effect of Visual Sensory Improvement by Amblyopia Treatment on Improvement of Ocular Functions 555

Vol. 19, No. 4, December 2014 J Korean Ophthalmic Opt Soc.

약시 치료에 의한 시감각 개선이 안기능 향상에 미치는 효과
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목적: 본 연구는 약시치료에 의한 감각개선이 굴절이상, 조절 및 원근 사위의 안기능에 영향을 미치는지를 알아

보고자 하였다. 방법: 본 연구는 약시가 치료된 10명(17안, 평균나이 10.7±2.9년)을 대상으로 약시 치료 전과 치료

후의 굴절이상도, 조절오차 및 원근 사위를 비교하였다. 굴절이상도는 개방형 자동굴절검사기(N-Vision-5001, Shin

Nippon, Japan)로 측정하였며 조절오차는 40 cm 거리에서 단안평가법(MEM)을 이용하여 측정하였다. 사위는 원거

리는 3 m 근거리는 40 cm에서 Howell 사위카드, 차폐 또는 Maddox rod에 의한 방법으로 측정하여 비교 분석하였

다. 결과: 평균 교정시력은 약시치료 전에 0.46±0.11(소수시력)에서 약시치료 후에 1.03±0.13으로 유의하게 증가되

었다(p < 0.001). 구면굴절이상도는 치료 전에 원시도가 +2.29±0.86 D에서 치료 후에 +1.1±2.38D로 감소하였지만

(p < 0.05), 난시변화는 치료 전에 −1.80±1.41 D에서 치료 후에 −1.65±1.30 D로 유의적 변화가 없었다. 조절오차

는 치료 전에는 조절지체 +1.1±0.75D에서 치료 후에는 +0.5±0.59 D로 유의적 수준에서 감소하였다(p<0.05). 원

거리사위는 치료 전에는 eso 2.9±6.17 PD(prism diopters)에서 치료 후에 eso 0.2±3.49 PD로 유의 수준에서 감소

하였고, 근거리 사위 또한 치료 전에는 eso 0.4±2.32 PD에서 치료 후에는 exo 2±4.9 PD로 유의 수준에서 변화하

였다(p<0.05). 시력 향상과 조절력 감소는 높은 상관관계(r = 0.88, p < 0.001)가 있었다. 결론: 약시치료 후 교정시력

과 시감각의 개선과 함께 원시성 굴절이상도는 감소하였으며 약시치료에 의한 시감각의 개선은 조절오차를 개선시

키고 조절에 영향을 받는 사위를 변화시키는 것으로 나타났다. 

주제어: 약시, 시감각, 안기능, 굴절이상, 조절, 사위


