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ABSTRACT    BackgroundBackground: While the foci responsible for amblyopia are thought to be in the 
cerebral cortex, it remains controversial whether the retina of amblyopic patients is completely 
normal. The present study measured foveal bulge (FB) using optical coherence tomography 
(OCT) and the longitudinal reflectivity profiles (LRP) method with ImageJ in patients with 
unilateral amblyopia in order to examine the effect of amblyopia on photoreceptor cell normality.
   MethodsMethods: This study enrolled 48 patients (6.8 ± 2.3 years old) with unilateral amblyopia and 
29 healthy control children (7.6 ± 3.0 years old) with no history of ocular disease. Macular 
3D scan images were obtained using the DRI OCT-1 Atlantis (TOPCON). The FB vertex and 
foveal pit (FP) positions were then identified using analysis software to evaluate the positional 
relationship. In addition, FB height was quantified using the LRP method.
   ResultsResults: The logarithm of the minimum angle of resolution (logMAR) was significantly higher 
in amblyopic eyes as compared to fellow or control eyes (p < 0.001). The FB position was 
deviated nasally relative to the FP in 14.6 % of the amblyopic eyes, in 0.4 % of the fellow eyes, 
and in 3.6 % of the control eyes, with others located on the FP. The mean deviation of the FB 
from the FP was 3.0 ± 7.1 μm in the amblyopic eyes, 2.2 ± 6.4 μm in the fellow eyes, and 
0.8 μm in the control eyes. FB heights in the horizontal and vertical sections were 85.4 ± 7.9 
μm and 87.5 ± 8.5 μm in the amblyopic eye, respectively, with these values not significantly 
different from those determined for the fellow or control eyes. Multiple regression analysis 
was used to evaluate the independent variables of age, logMAR, refractive error, axial length, 
and central retinal thickness with respect to the dependent variables of the FB height, which 
showed no significant association between the variables.
   ConclusionsConclusions: There was no significant difference between the amblyopic eyes and the 
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INTRODUCTION
   The pathogenesis of amblyopia has been thought 
to be based on morphological and functional 
abnormalities in the visual cortex and lateral 
geniculate nucleus１－４）. However, it has yet to 
be definitively determined whether dysfunction 
or structural abnormality of the retina is present 
in amblyopia５）. In conjunction with the recent 
increased use of optical coherence tomography 
(OCT), there have been a number of studies 
reporting on the retinal microstructure of amblyopic 
eyes６－８）. Our previous studies demonstrated 
that there were no characteristic findings for the 
retinal thickness and retinal vascular structure in 
amblyopic eyes, with these results appearing to 
support a previous theory that there is no structural 
abnormality of the retina in amblyopia９－11）.
   When using OCT, the previous studies of the 
retinal structure in amblyopic eyes have primarily 
focused on the retinal thickness or vascular 
structure９－11）. In contrast, only a few studies have 
examined the foveal bulge (FB) in amblyopic 
eyes12，13）. The FB is a bulge in the fovea of the 
ellipsoid zone, and is considered to be a high-density 
site of photoreceptor cells. In addition, the FB has 
been shown to be significantly associated with the 
visual acuity and is considered to be an indicator of 
photoreceptor normality14，15）. Furthermore, it has 
been recently reported that the use of longitudinal 
reflectivity profiles (LRP) utilizing ImageJ for OCT 
images is an objective method for the evaluation 
of the FB16）. To the best of our knowledge, there 
have been no reports on the evaluation of the FB in 
amblyopic eyes when using the LRP method.
   In this study, we evaluated the FB in amblyopic 
eyes using OCT and the LRP method with imageJ 

and then examined the effect of amblyopia on FB.

MATERIALS AND METHODS
   This study evaluated 96 eyes of 48 patients with 
unilateral amblyopia (mean age 6.8 ± 2.3 years). 
Unilateral amblyopia was caused by strabismus, 
anisometropia, or both. The best-corrected decimal 
visual acuity of the amblyopic eye at the time of 
the OCT measurement was 0.9 or less, with a best-
corrected decimal visual acuity of the fellow eye 
of 1.0 or more. The presence or absence of prior 
amblyopia treatment did not affect inclusion in the 
current study. The study also included 29 eyes of 
healthy control children, who were age-matched to 
the amblyopes with a mean age of 7.6 ± 3.0 years. 
The OCT measurements were performed in both 
eyes of the patients with amblyopia and in the right 
eye of the control children.
   Swept-source OCT (DRI OCT-1 Atlantis, Topcon 
Corporation, Tokyo, Japan) was used for the 
measurement. A 3D scan was employed for imaging 
that covers a 12 × 9 mm area with a resolution 
of 512 × 256 A-scans. The FB’s position relative 
to the foveal pit (FP) from both the horizontal and 
vertical tomographic images and the height of the 
FB were assessed.
   For the analysis, after taking the 3D scan images, 
the deepest position of the FP was identified 
from the B scan images using EnView (Topcon 
Corporation, Tokyo, Japan), which is the analysis 
software installed in the DRI OCT-1 Atlantis. We 
then evaluated the position of the FB relative to the 
FP. In addition, after correction for the magnification 
by the axial length, the distance from the FP to the 
vertex of the FB was measured using the number 

fellow or control eyes for the FB position and height, which is considered to reflect the 
normality of photoreceptors. Our results suggest that amblyopia does not affect the normality of 
photoreceptors. doi：10.11482/KMJ-E202450017　(Accepted on February 22, 2024)
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(logMAR), refractive error, axial length, and central 
retinal thickness with respect to the dependent 
variables of the height of the FB. All statistical 
analyses were performed using SPSS version 22.0 
(IBM Corporation, Armonk, NY, USA), with a 
p-value < 0.05 considered statistically significant.
   All of the procedures conformed to the tenets 
of the Declaration of Helsinki. This study was 
approved by the Ethics Committee of Kawasaki 
Medical School (registration number: 3473-01).

RESULTS
   Table 1 presents the subjects’ demographic 
data. The logMAR was significantly higher in the 
amblyopic eyes as compared to the fellow or control 
eyes (p < 0.001). The spherical equivalent was 
significantly higher in the amblyopic eyes versus 
those of the fellow or control eyes (p < 0.001). 
Also, the axial length was shorter in the amblyopic 
eyes as compared to the fellow or control eyes. 
Lastly, although the central retinal thickness in the 
amblyopic eyes was not significantly different from 
that observed in the fellow eyes (p = 0.718), the 
amblyopic eyes were thinner than the control eyes (p 
< 0.001).
   We were able to detect the FB in all 77 eyes 
examined. The position of the FB relative to the FP 
was deviated in 13 of 77 eyes of all of the subjects 
(16.9 %). In addition, the direction of the FB 
deviation was nasally in all cases. The percentage 
of the nasal deviation was 14.6 % (7 eyes) in the 
amblyopic eye, 10.4 % (5 eyes) in the fellow eye, 
and 3.6 % (1 eye) in the control eye (Fig. 2). There 

of A scan images and then converted to microns. 
The distance between the vertex of the FB and the 
Bruch’s membrane was quantified as the height of 
the FB, and then analyzed by LRP using ImageJ16）

(Fig. 1).
   Statistical analysis was performed by comparing 
the heights of the FB between the groups. The 
comparisons included the amblyopic eye vs. the 
fellow eye, and the amblyopic eye vs. the control 
eye (amblyopic eye vs. fellow eye: paired-samples 
t-test, amblyopic eye vs. control eye: two-sample 
t-test). Subsequently, a multiple regression analysis 
was used to evaluate the independent variables of 
age, logarithm of the minimum angle of resolution 

Fig. 1. Evaluation of the foveal bulge (FB) height using the 
longitudinal reflectivity profiles (LRP) method
The height of the FB was evaluated by the LRP method 
using imageJ. First, a perpendicular line (dashed line) is 
drawn between the peak of the FB reflectivity profile for 
the ellipsoid zone and Bruch’s membrane. Subsequently, 
the OCT image on the perpendicular line is analyzed by 
the LRP method using imageJ. As a result of the waveform 
analysis, the peak of the reflectivity profile for FB (① ) and 
the peak of the reflectivity profile for Bruch’s membrane 
( ② ) are extracted, with the distance between ① and ② 
then quantitatively evaluated as the height of the FB (③ ).

Table 1. Demographic data of subjects included in the study

amblyopic eye fellow eye healthy eye P Value
amblyopic vs. fellow eye

P Value
amblyopic vs. healthy eye

logMAR 0.36 ± 0.23 - 0.13 ± 0.01 - 0.12 ± 0.07 < 0.001 < 0.001
spherical refractive error （D） 5.32 ± 1.81 1.80 ± 1.51 0.44 ± 1.44 < 0.001 < 0.001
axial length （mm） 21.11 ± 0.96 22.29 ± 1.04 22.77 ± 1.11 < 0.001 < 0.001
central retinal thickness （μm） 207.7 ± 25.9 208.1 ± 24.5 229.4 ± 27.3 0.718 0.001
logMAR, spherical refractive error, axial length, and central retinal thickness are shown as the mean and standard deviation.
logMAR: logarithm of the minimum angle of resolution
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was no significant difference in the percentage 
comparing the two proportions of the nasal 
deviation between the amblyopic and fellow eyes, or 
between the amblyopic and control eyes (amblyopic 
eye vs. fellow eye: p = 0.537, amblyopic eye vs. 
the control eye: p = 0.131). The mean deviation 
of the FB relative to the FP was 3.0 ± 7.1 μm in 

the amblyopic eyes, 2.2 ± 6.4 μm in the fellow 
eyes, and 0.8 μm in the control eye (with only one 
subject found to have a deviated FB among the 
control eyes).
   The FB height in the horizontal section was 
85.4 ± 7.9 μm in the amblyopic eye, 85.0 ± 
9.0 μm in the fellow eye, and 82.5 ± 7.4 μm in 

Fig. 3. The height of the foveal bulge (FB)
A indicates the FB height in the horizontal section, while B indicates the FB height in the vertical section. 
The FB height in the horizontal and vertical sections in the amblyopic eye was not significantly different 
from that observed for the fellow or control eyes. In addition, there was no significant difference in the FB 
height between the horizontal and vertical sections in any group.

Fig. 2. The position of the foveal bulge (FB) relative to the foveal pit (FP)
The percentage of the position of the FB relative to the FP that showed nasal deviation was 14.6 % (7 eyes) 
in the amblyopic eye (A), 10.4 % (5 eyes) in the fellow eye (B), and 3.6 % (1 eye) in the control eye (C). 
There was no deviation observed in the other subjects. There was also no significant difference observed in 
the percentage of the nasal deviation among the groups.



21 Miki A, et al. : Evaluation of photoreceptors in amblyopic eyes

the control eye (Fig. 3). The horizontal FB height 
in the amblyopic eye was not significantly different 
from the fellow or the control eyes (amblyopic eye 
vs. fellow eye: p = 0.374, amblyopic eye vs. control 
eye: p = 0.120). The FB height in the vertical 
section was 87.5 ± 8.5 μm in the amblyopic eye, 
86.7 ± 10.1 μm in the fellow eye, and 84.3 ± 
8.2 μm in the control eye (Fig. 3). Similar to the 
horizontal FB height, the vertical FB height in the 
amblyopic eye was not significantly different from 
the fellow and control eyes (amblyopic vs. fellow 
eye: p = 0.289, amblyopic vs. control eye: p = 
0.118). There was no significant difference in the 
FB height between horizontal and vertical sections 
in any group (amblyopic eye: p = 0.105, fellow eye: 
p = 0.132, control eye: p = 0.170).
   Finally, multiple regression analysis of the factors 
affecting the FB height demonstrated that there 
was no significant association for any factor (age: 
p = 0.706, logMAR: p = 0.221, refractive error: 
p = 0.909, axial length: p = 0.330, central retinal 
thickness: p = 0.278).

DISCUSSION
   This study initially compared the FB of amblyopic 
and healthy control eyes, with the effect of 
amblyopia on the photoreceptor normality then 
examined. In addition, we also examined the factors 
influencing the height of the FB.
   Current results showed that the FB could be found 
in all amblyopic patients and control subjects, 
with 14.6 % of the amblyopic eyes exhibiting a 
nasal deviation of the FB. However, the percentage 
of cases with deviated FB was not significantly 
different among the amblyopic, fellow, and control 
eyes. Therefore, the deviation was not specifically 
associated with the amblyopic eyes. In a previous 
report, Parthasarathy et al. reported that the FB 
deviated nasally from the FP in 75 out of 146 eyes 
(51 %) of healthy subjects (mean age: 43.9 ± 
14.4 years)17）. Similarly, Matsui et al. additionally 

studied 147 healthy eyes (mean age: 24.9 ± 4.5 
years) and reported that the FB was deviated 
nasally from the center of the FP in 97 eyes (66 
%)16）. Our current results showed the same trend 
as that reported in the previous reports in which 
the FB was shown to deviate nasally with respect 
to the FP. It has been hypothesized that the normal 
development of FP is the reason for the nasal 
deviation of the FB12）. During development, the FP 
expands more temporally than nasally, and thus, 
the FP is considered to be deviated to the temporal 
side. As a result, the FB will be positioned nasal to 
the temporally deviated FP. In our present study, 
the proportion of the FB nasal deviations tended to 
be smaller as compared to that reported in previous 
studies. A possible reason for this is the influence 
of the subjects’ age. The outer structure of the 
retina develops rapidly from 4 to 6 years of age, 
reaching adult levels by 13 years of age18）. The 
mean age of the subjects in our current study was 
6.8 ± 2.3 years, which suggests that this may have 
been during a period of fluctuation with regard 
to the positional relationship between the FP and 
FB. Furthermore, it should be noted that we did 
not examine whether the position of the FBs in 
amblyopic eyes as compared to the control eyes 
showed any specific changes during the follow-up 
period. Thus, future studies that follow the same 
eyes will need to be undertaken.
   Cakir et al.13） and Nishi et al.12） have both 
reported on the outer segment length (OS length), 
which corresponds to the FB height, in amblyopic 
eyes. Cakir et al.13） evaluated the OS length in 34 
strabismic amblyopic eyes without anisometropia 
(mean age 10.3 ± 4.9 years) and reported that there 
was no significant difference between the amblyopic 
and healthy eyes. Nishi et al.12） evaluated the OS 
length in 21 eyes (mean age 6.0 ± 2.3 years) 
with anisometropic amblyopia before and after 
amblyopia treatment. Although Nishi et al. also 
reported that the OS length of the amblyopic eyes 
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was significantly shorter than that of the fellow eyes 
before treatment, after undergoing treatment, it was 
significantly increased and subsequently became 
no different from that observed in the fellow eyes, 
with the OS length significantly correlated with 
the visual acuity12）. In contrast, the FB height in 
the amblyopic eye was not significantly different 
between the fellow and control eyes in our present 
study. There was no factor, including for the 
logMAR that affected the FB height when analyzed 
by multiple regression analysis. One possible reason 
for the difference between the report of Nishi et al. 
and our current study may be due to the difference 
in the methods for evaluating the FB height. Nishi 
et al. evaluated the scanning mode of a single 
scan when using the Spectralis OCT (Heidelberg 
Engineering, Germany), which is a spectral domain 
OCT. In contrast, our current study used swept-
source OCT, which permits higher speed scanning 
than the spectral domain OCT. In addition, we 
also used a 3D scan mode that was able to capture 
multiple images, including the fovea. Therefore, it 
is conceivable that the detection of the FB could 
have been more accurate in our present study. 
Furthermore, Cakir et al. and Nishi et al. both 
measured the FB height manually using built-in 
calipers. In contrast, evaluations in our present study 
were done by the LRP, which has been reported to 
be an objective method for the evaluation of FB16）.
   There were two limitations for our current 
study. First, in this study we did not investigate 
the changes in FB over time. As the present study 
assessed a single measurement, it was not possible 
to determine whether the deviation of the FB 
position was due to developmental effects. Thus, it 
will be necessary to further examine the course of 
these patients over time in the future. Second, the 
number of subjects in the current study was quite 
small. There was no significant difference in the rate 
of nasal deviation, but it tended to be higher in the 
amblyopic eye than in the control eye (control eye: 

3.6 %, amblyopic eye: 14.6 %). However, it was 
not clear from our results whether this difference in 
percentage reflects a tendency for specific changes 
in the amblyopic eye. Therefore, in the future it will 
be necessary to increase the number of subjects in 
order to verify the trend of the present results found 
in this study.
   In conclusion, there was no significant difference 
among the amblyopic, fellow, and healthy control 
eyes with regard to the position and height of the FB 
relative to the FP. Our results suggest that amblyopia 
does not affect photoreceptor normality.

CONFLICT OF INTEREST
   No conflicting relationship exists for any author.

REFERENCES
１） Hubel DH, Wiesel TN: Binocular interaction in 

striate cortex of kittens reared with artificial squint. 
J Neurophysiol. 1965; 28: 1041-1059. doi: 10.1152/
jn.1965.28.6.1041.

２） von Noorden GK: Histological studies of the visual 
system in monkeys with experimental amblyopia. Invest 
Ophthalmol. 1973; 12: 727-738.

３） Miki A, Liu GT, Goldsmith ZG, Liu CSJ, HaselgroveJC: 
Decreased act ivat ion of  the lateral  geniculate 
nucleus in a patient with anisometropic amblyopia 
demonstrated by functional magnetic resonance 
imaging. Ophthalmologica. 2003; 217: 365-369. doi: 
10.1159/000071353.

４） Hess RF, Thompson B, Gole G, Mullen KT: Deficient 
responses from the lateral geniculate nucleus in humans 
with amblyopia. Eur J Neurosci. 2009; 29: 1064-1070. 
doi: 10.1111/j.1460-9568.2009.06650.x.

５） Hess RF: Amblyopia: site unseen. Clin Exp Optom. 
2001; 84: 321-336. doi: 10.1111/j.1444-0938.2001.
tb06604.x.

６） Jingjing Li, Peng Ji, Minbin Yu: Meta-analysis of retinal 
changes in unilateral amblyopia using optical coherence 
tomography. Eur J Ophthalmol. 2015; 25: 400-409. doi: 
10.5301/ejo.5000583.

7） Eric DG, Ryan G, Gena H: Imaging amblyopia: 
i n s i g h t s  f r o m  o p t i c a l  c o h e r e n c e  t o m o g r a p h y 
(OCT). Semin Ophthalmol. 2019; 34: 303-311. doi: 



23 Miki A, et al. : Evaluation of photoreceptors in amblyopic eyes

10.1080/08820538.2019.1620810.
８） Liuyi J, Jing S, Xiaobo T, Jie Y, Xingyu C: An overview 

of the retinal and choroidal changes and their influencing 
factors after treatment of amblyopia. Open Journal of 
Ophthalmology. 2022; 12: 158-169.

９） Araki S, Miki A, Goto K, Yamashita T, Takizawa G, 
Haruishi K, Ieki Y, Kiryu J, Yaoeda K: Macular retinal 
and choroidal thickness in unilateral amblyopia using 
swept-source optical coherence tomography. BMC 
Ophthalmol. 2017; 17: 167. doi: 10.1186/s12886-017-
0559-3.

10） Araki S, Miki A, Goto K, et al. Effect of amblyopia 
treatment on choroidal thickness in hypermetropic 
anisometropic amblyopia using swept-source optical 
coherence tomography. BMC Ophthalmol. 2018; 18: 
227. doi: 10.1186/s12886-018-0894-z.

11） Araki S, Miki A, Goto K, Yamashita T, Yoneda T, 
Haruishi K, Ieki Y, Kiryu J, Maehara G, Yaoeda K: 
Foveal avascular zone and macular vessel density after 
correction for magnification error in unilateral amblyopia 
using optical coherence tomography angiography. BMC 
Ophthalmol. 2019; 19: 171. doi: 10.1186/s12886-019-
1177-z.

12） Nishi T, Ueda T, Hasegawa T, Miyata K, Ogata N: 
Retinal thickness in children with anisohypermetropic 
amblyopia. Br J Ophthalmol. 2015; 99: 1060-1064. doi: 
10.1136/bjophthalmol-2014-305685.

13） Caki r  A,  Erden B,  Bolukbas i  S ,  Ozturan  SG, 

Karatas G, Mangan MS, Bayat AH, Elcioglu MN: 
Evaluation of photoreceptor outer segment length in 
children with unilateral strabismic amblyopia. EC 
OPHTHALMOLOGY. 2018; 10.1: 26-30.

14） Hasegawa T, Ueda T, Okamoto M, Ogata N: Presence of 
foveal bulge in optical coherence tomographic images in 
eyes with macular edema associated with branch retinal 
vein occlusion. Am J Ophthalmol. 2014; 157: 390-396. 
doi: 10.1016/j.ajo.2013.10.007.

15） Hasegawa  T,  Ueda  T,  Okamoto  M,  Oga ta  N: 
Relationship between presence of foveal bulge in optical 
coherence tomographic images and visual acuity after 
rhegmatogenous retinal detachment repair. Retina. 2014; 
34: 1848-1853. doi: 10.1097/IAE.0000000000000160.

16） Matsui Y, Miyata R, Uchiyama E, Matsubara H, Kondo M: 
Misalignment of foveal pit and foveal bulge determined 
by ultrahigh-resolution SD-OCT in normal eyes. Graefes 
Arch Clin Exp Ophthalmol. 2020; 258: 2131-2139. doi: 
10.1007/s00417-020-04813-6.

17） Parthasarathy MK, Bhende M: Deviation in the 
position of foveal bulge from foveal center in normal 
subjects measured using spectral-domain OCT. 
Ophthalmol Retina. 2018; 2: 337-342. doi: 10.1016/
j.oret.2017.08.002.

18） Hendrickson A, Possin D, Vajzovic L, Toth CA: 
Histologic development of the human fovea from 
midgestation to maturity. Am J Ophthalmol. 2012; 154: 
767-778. doi: 10.1016/j.ajo.2012.05.007.


