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INTRODUCTION
Amblyopia is the most common cause of monocular visual im-

pairment in children and young adults. It is a disorder in which there is 
processing of visual information dysfunction . This dysfunction is usua l ly 
detected as reduced best-corrected visual acuity in one or both eyes, 
which cannot be attributed to the direct effect of any struc tural abnor-
mality of the visual pathway(1,2). Amblyopia is believed to be cau  sed 
by abnormal visual experience early in life resulting from stra bis mus, 
anisometropia, bilateral high refractive errors or visual deprivation(3-5). 
In special, esotropia is the most common cause of strabis mic and 
combined (strabismic and anisometropic) amblyopia(6,7).

Previous studies reported that esotropic amblyopic eyes are 
shorter than their fellow eyes(8,9). Although most researchers agree 
that refractive error is in large part genetically determined, a growing 
body of evidence shows that visual experiences early in life may in-
fluence ocular growth and eventual refractive status(10). One previous 
longitudinal study that followed strabismic amblyopes observed 
that in children with hyperopia, the axial length increased less in the 
amblyopic eye when compared to the fellow eye, suggesting that 

good vision influences the ocular growth rate(11). These findings are in 
agreement with animal studies, which have shown that abnormal vi-
sual input alters postnatal eye growth. Monocular deprivation of form 
vision, for example, by lid-suture or occlusion, resulted in excessive 
ocular elongation(12-14). In contrast, less severe deprivation, for example, 
caused by chronic unilateral atropinization, resulted in reduced axial 
elongation(15). 

The precise mechanisms coordinating the optical and structural 
development of the eye are poorly understood, but evidences sug-
gest that there is a process of emmetropization, by which the hypero-
pic eye of a newborn is progressively directed towards emmetropia. 
There is a very fast eye growth during the first 3 years of age, the rate 
growth then slows, and axial length reaches its adult size around 15 
years of age(16,17). The relationships between the biometric parameters 
were studied in normal adult eyes and showed: positive correlations 
between lens thickness and age, spherical equivalent and age, axial 
length and anterior chamber depth; negative correlations between 
anterior chamber depth and age, vitreous chamber depth and age, 
spherical equivalent and years of formal education(18).
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AbsTRACT
Purpose: To investigate the contribution of the individual ocular components, i.e. 
anterior chamber depth, lens thickness and vitreous chamber depth, to total axial 
length in patients with esotropic amblyopia. 
Methods: The study population consisted of 74 children, aged between 5 and 8 years: 
thirty-seven patients with esotropic amblyopia and 37 healthy volunteers (control 
group). The participants underwent a comprehensive ophthalmological examina tion, 
including cycloplegic refraction and A-scan ultrasonography. Anterior chamber depth, 
lens thickness, vitreous chamber depth and total axial length were recorded. Paired 
Student’s t-tests were used to compare biometric measurements between amblyopic 
eyes and their fellow eyes and between right and left eyes in the control group. 
To evaluate the contribution of the ocular components to the total axial length, we 
report the individual components as a percentage of total axial length. 
Results:  The comparison between amblyopic and fellow eyes regarding the indivi-
dual contribution from ocular components to the total axial length revealed greater 
contribution from lens thickness (P=0.001) and smaller contribution from vitreous 
chamber depth (P=0.001) in amblyopic eyes, despite similar contribution from anterior 
chamber depth (P=0.434). The comparison between right and left eyes in the control 
group showed similar contributions from anterior chamber depth (P=0.620), lens 
thickness (P=0.721), and vitreous chamber depth (P=0.483). 
Conclusions: This study shows differences between amblyopic and non-amblyopic 
eyes when the total axial length is broken down into the individual contribution from 
the ocular components.
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RESUMO
Objetivo: Investigar a contribuição individual da profundidade da câmara anterior, da 
espessura do cristalino e da profundidade da câmara vítrea para o comprimento axial 
total em pacientes com ambliopia por esotropia. 
Métodos: Foram incluídas 74 crianças com idade entre 5 e 8 anos, sendo 37 pacientes 
com ambliopia por esotropia e 37 voluntários sadios (grupo controle). Foi realizado exame 
oftalmológico completo, incluindo refração sob cicloplegia e ultrassonografia modo A. 
Foram registrados profundidade da câmara anterior, espessura do cristalino, profundidade 
da câmara vítrea e comprimento axial total. A contribuição individual de cada componente 
para o comprimento axial total foi relatada como valor porcentual e teste t de Student 
pareado foi utilizado para a comparação entre olho amblíope e olho contralateral e entre 
olho direito e esquerdo no grupo controle. 
Resultados: Olhos amblíopes, quando comparados aos olhos contralaterais, apre sen
taram maior contribuição da espessura do cristalino (P=0,001), menor contribuição da 
profundidade da câmara vítrea (P=0,001) e contribuição semelhante da profundi  da de da 
câmara anterior (P=0,434) para o comprimento axial total. A comparação entre olho direito 
e olho esquerdo no grupo controle mostrou contribuições semelhantes da profundidade 
da câmara anterior (p=0,620), da espessura do cristalino (P=0,721) e da profundidade da 
câmara vítrea (P=0,483) para o comprimento axial total. 
Conclusões: Este estudo mostrou diferenças entre olhos amblíopes e não amblíopes 
quan do o comprimento axial total é dividido nas contribuições individuais dos seus 
com po nentes.

Descritores: Ambliopia; Comprimento axial do olho; Cristalino; Esotropia; Ultrasso no  grafia
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The emmetropization process involves the coordination of post-
natal axial elongation with the maturation of one’s refractive com-
ponents(19,20). Eyes with amblyopia represent a group in which there is 
an abnormal visual input and this could be associated with impaired 
modulation of axial growth. Most previous investigations on amblyo-
pic eyes(8,9,11) concentrated solely on the total axial length, not on the 
contribution of each ocular component to the total axial length. Only 
one study evaluated the contribution of anterior chamber depth, lens 
thickness and vitreous chamber depth as percentages of axial length 
in strabismic amblyopes. They found that the contribution of anterior 
chamber depth and vitreous chamber depth to axial length were si -
milar between amblyopic and fellow eyes. However, lens thickness 
contributed more to the total axial length in the amblyopic eye when 
compared to the fellow eye(21). Nevertheless, these investigators in-
cluded only 18 strabismic patients and used through-the-lid A-scan 
ultra sound biometry. It is known that through-the-lid biometry is 
relatively inaccurate when compared to corneal contact method, due 
to the lack of control of patient fixation during the test(22). 

The purpose of our study was to investigate the contribution of 
each individual ocular component, i.e. anterior chamber depth, lens 
thickness and vitreous chamber depth, to total axial length in pa  -
tients with esotropic amblyopia.

METHODs
The study population consisted of 74 children: thirty-seven con -

se cutive patients with esotropic amblyopia selected from the Strabis-
mus Service of the Department of Ophthalmology of the University 
of São Paulo and 37 healthy volunteers (control group). Ethical ap-
proval was obtained from the University of São Paulo Research Ethics 
Committee/Investigational Review Board (Project number 0315/08). 
Parents provided written informed consent and study subjects gave 
assent after all procedures were explained. The study protocol adhe-
red to the tenets of the Declaration of Helsinki.

All subjects underwent a comprehensive ophthalmological exa-
mination, including visual acuity assessment, ocular motility exami-
nation, sensory binocular function evaluation, cycloplegic refraction, 
biomicroscopy, indirect ophthalmoscopy, and A-scan ultrasonogra-
phy. All measurements were carried out by the same investigator and 
tests were performed at the same visit.

The inclusion criteria for all the participants were age between 5 
and 8 years old and bilateral hyperopia, defined as refractive error of 
at least +1.00 D in all meridians. Exclusion criteria were astigmatism 
(in either eye) >1.5 D at 90º or 180º, >1.0 D in oblique axis (>10o eccen-
tric to 90º or 180º), astigmatic anisometropia ≥1.0 D, nystagmus, pre-
vious extraocular muscle surgery or intraocular surgery, any structural 
ocular anomalies, birth weight ≤2500 g or developmental delay. The 
inclusion criteria for the amblyopic subjects were esotropia and am-
blyopia, defined as a 2-line or more difference in best-corrected visual 
acuity between the eyes without an underlying ocular or neurologi-
cal cause. All patients were undergoing occlusion therapy for at least 
6 months. The control group required children without amblyopia, 
strabismus or any other ocular disease. 

Monocular visual acuity was measured using a Lea symbols logMAR 
distance chart. Subjects were tested using optimal spectacle cor-
rection and visual acuity was recorded as the last line on which at 
least three of the five symbols were identified correctly. Monoculari-
ty was ensured with an adhesive patch attached to the skin. Ocular 
deviations were determined by prism and alternate cover test at dis-
tance and near fixation, with spectacle correction. Sensory fusion was 
evaluated using Bagolini striated lenses and stereopsis with a Titmus 
Stereo Test. Cycloplegia was obtained with 2 drops of 1%, cyclopen-
tolate separated by 5 minutes. One drop of 0.5% proparacaine hydro-
chloride was used before the cyclopentolate to minimize discomfort. 
Streak retinoscopy was performed 35 minutes after the initial instilla-
tion. Refractive error is reported as the spherical equivalent. 

 Anterior chamber depth, lens thickness, vitreous chamber depth 
and total axial length were measured through the dilated pupil with 
A-scan ultrasonography (Alcon Ultrascan) using a contact 10-MHz 
transducer with a handheld probe on a semi-automated measure-
ment mode. The cornea was anesthetized with a drop of 0.5% pro-
paracaine hydrochloride. An average of ten readings for each, with a 
standard deviation (SD) of ≤0.10 mm was used. The children were in 
supine position and were asked to look at the light in the center of 
the ultrasound probe, which was gently placed on the central cornea. 
Care was taken to ensure that the measurement was on-axis and 
without indentation. The readings were obtained when a satisfactory 
scan image was achieved. Ultrasound records with small corneal or 
retinal peaks were deleted. A good image was defined as one with 
well-defined echoes corresponding to the cornea, the anterior and 
posterior poles of the lens, and the posterior wall of the eye. The 
ultrasonography unit was calibrated at the beggining of each testing 
session.

Student’s t test was used to compare age between amblyopic 
group and control group. Paired Student’s t-tests were used to com-
pare refractive error and biometric measurements between ambly-
opic eyes and their fellow eyes and between right and left eyes in 
the control group. To evaluate the contribution of the ocular compo-
nents to the total axial length, we report the individual components 
as a percentage of total axial length and paired Student’s t-tests were 
used to compare interocular differences. The alpha level (type I error) 
was set at 0.05. Bonferroni correction was used to adjust for multiple 
comparisons. Sample size was calculated based on an expected dif-
ference of 0.1 mm on axial length between amblyopic and fellow 
eyes. A pilot study on 10 patients revealed a 0.2 mm standard devia-
tion for this difference. The necessary sample size for an expected 
95% confidence level and 80% power was 31 cases and 31 controls.

REsULTs
Both groups were similar with respect to age: mean ± SD was 

6.8 ± 1.3 years in the amblyopic group and 7.3 ± 1.1 years in the control 
group (P=0.059). Mean ± SD visual acuity in the amblyopic eye was 
0.35 ± 0.21 logMAR and in the fellow eye was 0.06 ± 0.09 log               MAR. In 
the control group, mean ± SD visual acuity was 0.01 ± 0.09 logMAR in 
the right eye and 0.02 ± 0.08 logMAR in the left eye. In the amblyopic 
group, mean ± SD ocular deviation was 16.8 ± 13.8 prism diopters at 
distance and 24.1 ± 14.4 prism diopters at near.

Sensory testing revealed in all amblyopic patients suppression of 
the amblyopic eye on Bagolini striated lenses and no stereopsis (wor-
se than 3000 arc-seconds) on the Titmus stereo test. In all the subjects 
from the control group, sensory testing showed simultaneous macu-
lar perception on Bagolini striated lenses and stereopsis better than 
or equal to 50 arc-seconds on the Titmus stereo test.

Table 1 shows the comparison of refractive error and ocular com-
ponents between amblyopic and fellow eyes. We observed more 
hyperopia, shorter vitreous chamber depth and shorter axial length 
in amblyopic eyes, despite similar anterior chamber depth and lens 
thickness. Table 2 shows the comparison between amblyopic and 
fellow eyes for each individual ocular component’s contribution to 
the total axial length. We observed greater contribution from lens 
thickness and smaller contribution from vitreous chamber depth in 
amblyopic eyes, despite similar contribution from anterior chamber 
depth.

Table 3 shows the comparison of refractive error and ocular com-
ponents between right and left eyes in the control group. We obser-
ved no differences regarding refractive error or ocular components. 
Table 4 shows the comparison between right and left eyes in the 
control group for each individual ocular component’s contribution to 
the total axial length and we observed similar contributions.

Figure 1 shows the interocular differences of ocular components 
expressed as a percentage of total axial length in amblyopic patients. 
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DIsCUssION
Our study shows a disproportionately greater contribution from 

lens thickness in amblyopic eyes compared to fellow eyes when the 
total axial length is broken down into the individual contribution 
from the ocular components. One previous study found similar re  sults 
and hypothesized that amblyopia may cause a stalling in the emme-
tropization process, leaving the lens disproportionately thicker(21).

The role played by the ocular components in emmetropization 
in normal eyes is not completely understood. Most commonly, there 
is an associated reduction in corneal and lens refractive power as the 

eye grows, resulting in progressive reduction of hyperopia(23,24). Du -
ring emmetropization, both the anterior chamber and the vitreous 
chamber deepen, the cornea flattens and the lens flattens and be-
come thinner due to equatorial stretch during the ocular sagittal 
ex      pansion(25,26). Some investigators have suggested that in amblyopia 
the lens is disproportionately thicker because the eye appears to be 
under-developed, as a result of impaired emmetropization in the 
infantile phase, before the lens thinning due to sagittal expansion of 
the globe(21). Theories explaining the emmetropization process involve 
feedback mechanisms in which retinal image quality may affect axial 

Table 1. Comparison of refractive error and ocular components between amblyopic eyes and fellow eyes

Amblyopic eyes 
(n=37) 

mean ± SD

Fellow eyes 
(n=37)

mean ± SD
P value
(t-test)

Spherical equivalent refractive error (D) 03.71 ± 1.71 03.15 ± 1.48 <0.001

Anterior chamber depth (mm) 03.38 ± 0.17 03.40 ± 0.19 <0.194

Lens thickness (mm) 03.52 ± 0.15 03.51 ± 0.14 <0.205

Vitreous chamber depth (mm) 14.71 ± 0.90 14.89 ± 0.85 <0.001

Axial length (mm) 21.61 ± 0.93 21.80 ± 0.88 <0.001

SD= standard deviation; D= diopters

Table 2.  Comparison between amblyopic and fellow eyes for each individual ocular component’s contribution to 
the total axial length

Amblyopic eyes 
(n=37)

mean ± SD

Fellow eyes 
(n=37)

mean ± SD
P value
(t-test)

Anterior chamber depth (%) 15.65 ± 0.73 15.60 ± 0.83 0.434

Lens thickness (%) 16.34 ± 1.07 16.13 ± 0.96 0.001

Vitreous chamber depth (%) 68.01 ± 1.48 68.28 ± 1.42 0.001

SD= standard deviation

Table 3. Comparison of refractive error and ocular components between right and left eyes in the control group

Right eyes 
(n=37)

mean ± SD

Left eyes 
(n=37)

mean ± SD
P value
(t-test)

Spherical equivalent refractive error (D) 01.60 ± 0.87 01.58 ± 0.88 0.606

Anterior chamber depth (mm) 03.52 ± 0.24 03.53 ± 0.24 0.602

Lens thickness (mm) 03.50 ± 0.13 03.51 ± 0.12 0.598

Vitreous chamber depth (mm) 15.41 ± 0.84 15.40 ± 0.81 0.772

Axial length (mm) 22.43 ± 0.88 22.44 ± 0.84 0.917

SD= standard deviation; D= diopters
 

Table 4. Comparison between right and left eyes in the control group for each individual ocular component’s 
contribution to the total axial length

Right eyes
(n=37)

mean ± SD

Left eyes
(n=37)

mean ± SD
P value
(t-test)

Anterior chamber depth (%) 15.69 ± 1.05 15.72 ± 1.07 0.620

Lens thickness (%) 15.63 ± 0.91 15.65 ± 0.86 0.721

Vitreous chamber depth (%) 68.67 ± 1.35 68.63 ± 1.33 0.483

 SD= standard deviation
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elongation(20,27,28). Amblyopic eyes, which have an abnormal visual 
input, may fail to achieve the needed balance between its ocular 
structures during emmetropization. In our study, vitreous chamber 
depth represented a smaller proportion of the total axial length in 
amblyopic eyes than it did in the fellow eyes. The axial elongation 
in normal eyes stabilizes around teenage years(16), and therefore the 
ocular components observed in this study may still change over ti -
me, although it is  not known if there is a different growth trend in 
am blyo pic eyes. We found similar individual contribution from anterior 
cham   ber depth to total axial length in amblyopic and non-amblyopic 
eyes. This finding is consistent with the previous cited study(21). 

Even though interocular differences for the individual contribu-
tion from lens thickness and vitreous chamber depth to total axial 
length in amblyopic patients were not clinically significant in our stu dy, 
these represented statistically significant differences. The results from 
the control group indicated that there are no statistically significant 
interocular differences with respect to refractive error and ocular com-
ponents in non-amblyopic hyperopic children. 

We observed more hyperopia in the amblyopic eyes when 
com    pared to their fellow eyes. Even though there is no clear causal 
re         la  tionship, it is well known the association between hyperopic ani-
so metropia and esotropic amblyopia(29-32). Hyperopic anisometro pia 
may be considered the cause of amblyopia, since hyperopic ani so  -
metropia can lead to the development of esotropia due to poor fo-
veal fusion, and esotropia may cause amblyopia due to suppression 
of the affected eye. However, hyperopic anisometropia may be consi-
dered also the consequence of amblyopia, according to studies, both 
in animals(33) and humans(34), which have shown that amblyopia may 
be detected before the onset of anisometropia. One previous study 
with strabismic children showed a delay of some years between the 
diagnosis of strabismic amblyopia and the development of a refrac-
tive difference between the eyes(34).

Limitations of the present study deserve consideration. We stu-
died the developing eyes of children between 5 and 8 years old. 
It would be interesting to evaluate the contribution of the ocular 
com      ponents to the total axial length in younger children, as these 
parameters may change over time. We chose this age because we ex  -
pected this to be the youngest age for which corneal contact A-scan 

Figure 1. Interocular differences for the contribution of individual ocular components to the total axial length in 
amblyopic patients. The difference was calculated as the percenta ge contribution in the fellow eyes minus that of the 
amblyopic eyes. We observed no sig nificant differences for anterior chamber depth, greater contribution from the lens 
thi  ckness and smaller contribution from the vitreous chamber depth in amblyopic eyes.

biometric examination could be performed in an office setting 
wi thout sedation. Another limitation is the fact that all participants 
we re undergoing occlusion therapy at the time of the study. It is not 
known whether occlusion therapy, and associated improved visual 
acuity, could modify the eye growth rate. Because they still presented 
with amblyopia at the time of the study, we expected little effect on 
the results.

In this study, we observed statistically significant differences 
bet  ween amblyopic and non-amblyopic eyes regarding the indivi-
dual contribution from ocular components to the total axial length. 
Because the existing literature is still extremely limited, further re-
search is clearly needed to determine the significance of these fin-
dings. The hypo thesis of a different growth trend in amblyopic eyes 
is an issue that calls for a longitudinal study following amblyopes 
over several years.
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