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Abstract
● AIM: To evaluate refraction and ocular biological 
characteristics in children with unilateral congenital ptosis.
● METHODS: In this cross-sectional study, 200 Chinese 
children (3-15y) with unilateral congenital ptosis were 
evaluated. Cycloplegic refraction and ocular biological 
measurements were taken from Oct. 2020 to Aug. 2022.
● RESULTS: In patients with congenital ptosis, the 
prevalence of with-the-rule astigmatism and oblique 
astigmatism was significantly high. The cornea was flatter in 
ptotic eyes [K1 (42.37±1.62 vs 42.78±1.51 D), K2 (43.8±1.86 
vs 44.2±1.64 D), corneal power (Km; 43.09±1.68 vs 
43.49±1.53 D), all P<0.001]. Axial length (AL) was longer 
in ptotic eyes (22.55 vs 22.51 mm, P=0.012). The white-to-
white (WTW) was significantly smaller in ptotic eyes (11.49 
vs 11.65 mm, P<0.001). The central corneal thickness (CCT) 
was greater in ptotic eyes (553.50 vs 545.00 µm, P<0.001). 
No significant differences were found in anterior chamber 
depth (AD), lens thickness (LT) and vitreous thickness (VT) 
between ptotic and fellow eyes (P>0.05). In addition, the 
incidence of amblyopia in ptosis eyes was 32.0%, which 
was significantly higher than that in the normal population.
● CONCLUSION: Ptotic eyes have longer AL, flatter, 
thicker and smaller corneas than fellow eyes. The congenital 
ptosis increases the risk of amblyopia. The results suggest 
that regular examinations of refractive status and ocular 
biological parameters such as AL, are essential for children 

with unilateral congenital ptosis.
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INTRODUCTION

C ongenital ptosis, a prevalent developmental disorder of 
the eyelid, primarily arises from abnormalities in the 

oculomotor nerve nucleus or levator muscle, leading to partial 
or complete inability of the upper eyelid to elevate[1]. This 
disease is often evident at birth or during the first year of life[2]. 
Congenital ptosis significantly affects the aesthetic appearance, 
psychology well-being and visual function of children[3-4]. 
Currently, research primarily concentrates on the surgical 
advancements for treating ptosis. However, there is a scarcity 
of studies exploring the refractive status and ocular biological 
parameters with ptosis. Prior investigations into refractive 
status have indicated that congenital ptosis can elevate the 
risk of myopia, hyperopia, astigmatism, anisometropia and 
amblyopia[5-7], albeit with considerable variability in the 
incidence of these abnormalities. Some studies of ptosis 
patients have reported a tendency for myopia in the affected 
eye[8-9], while others have found no significant difference 
in refractive errors between the ptotic and fellow eyes[10]. 
Similarly, studies have documented that congenital ptosis 
influences ocular biological parameters[11-12], while the specific 
changes in these parameters in ptosis remain unclear.
In this study, the optical biometer, a non-contact biometric 
instrument, was used to accurately examine ocular biological 
parameters, including axial length (AL), central corneal 
thickness (CCT), lens thickness (LT), anterior chamber depth 
(AD) and keratometry values (K1, K2). The objective of this 
study was to evaluate the impact of congenital unilateral 
ptosis on refractive status and ocular biometric parameters 
in children.
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PARTICIPANTS AND METHODS
Ethical Approval  The Ethics Committee at Zhongshan 
Ophthalmic Center, Sun Yat-sen University, approved this 
study (Permit Number 2023KYPJ097). The study complied 
with the Declaration of Helsinki, and informed consent was 
obtained from patients or their guardians for the use of all data.
Research Objects  A total of 200 patients diagnosed with 
unilateral congenital ptosis at Zhongshan Eye Centre of Sun 
Yat-sen University, spanning from October 2020 to August 
2022 were included in this study. Patient ages ranged from 3 to 
15y, with a mean of 6.44±3.20y, with a gender distribution of 
126 males and 74 females. The exclusion criteria included the 
following: 1) encompassing individuals with other ophthalmic 
or systemic disorders (such as corneal opacity, congenital 
cataract, glaucoma, fundus disease, strabismus, high myopia, 
trauma, small palpebral fissure syndrome, oculomotor nerve 
palsy, levator palsy); 2) patients with a history of eyelid 
surgery or use of a hard contact lenses, which could potentially 
alter corneal shape and a family history of high myopia.
Diagnosis and Indexing of Ptosis  According to the severity 
of the ptosis eyes, children with unilateral congenital ptosis 
were further divided into 3 groups by 2 ophthalmologists: mild 
group [margin reflex distance (MRD)-1≥2 mm], moderate 
group (0≤MRD-1<2 mm), and severe group (MRD-1<0). 
MRD-1 measurements were obtained by assessing the distance 
from the central margin of the upper eyelid to the pupillary 
light reflex at the primary gaze position[6].
Check Methods  An experienced ophthalmologist conducted 
an ophthalmic slit-lamp examination (Topcon SL-2F) on 
both eyes, focusing on the anterior segment. Subsequently, 
an accomplished optometrist measured cycloplegic refraction 
after achieving ciliary muscle paralysis with 0.5% tropicamide 
eye solution (Santen Pharmaceutical Co., Japan). This solution 
was instilled three times at ten-minute intervals to ensure 
pupil dilation The spherical degree, cylindrical degree and 
axial direction of each eye were meticulously recorded and 
transformed into the spherical equivalent refraction (SER; 
spherical degree+0.5×cylinder degree), which was used 
to calculate the refraction. Myopia was defined as 
SER<-0.50 D, hyperopia as SER>+0.50 D and emmetropic 
as -0.5≤SER≤+0.5 D. Astigmatism was characterized by 
a cylindrical degree exceeding 0.5 D. A difference of 1.00 D 
or more in SER between the two eyes were recognized as 
anisometropia[12]. Astigmatism was further subclassified 
into with-the-rule (WTR; 0°≤axis≤30°, or 150°≤axis≤180°), 
against-the-rule (ATR; 60°≤axis≤120°), and oblique (OA; 
30°<axis<60°, or 120°<axis<150°). Amblyopia was defined 
as a visual condition in which the best-corrected visual acuity 
(BCVA) of one or both eyes is below the normative level 
expected for the individual’s age, stemming from various 

factors including uncorrected refractive anisometropia, 
refractive errors, and form deprivation during the pivotal stage 
of visual maturation. Alternatively, it may manifest as BCVA 
difference of two or more Snellen lines between the two eyes, 
with the eye exhibiting the lower acuity being classified as 
amblyopic[13].
The ocular biological parameters were measured utilizing an 
advanced ocular biometry system (Optical Biometer, SW-
9000, Suoer, China). Additionally, the corneal curvature was 
measured three times consecutively, and the average of these 
measurements was recorded.
To validate the AL measurements, the individual readings 
were compared, and only those with a variation of no more 
than 0.02 mm were considered valid, adhering to established 
criteria[14]. Prior to participation, informed consent was obtained 
from all patients or their legal guardians, authorizing the use of 
their data for research purposes. To avoid pressure on the eye 
during the measurement process, the patient's droopy eyelid 
was carefully elevated, and the pupil was gently exposed using 
minimal finger pressure. Five consecutive measurements were 
averaged. The average of three consecutive measurements of 
corneal curvature was taken. AL was considered valid if the 
individual measurements varied by no more than 0.02 mm[14]. 
Statistical Analysis  Statistical analysis was performed by 
using the statistical software SPSS 25.0 (SPSS Inc., IBM, USA). 
First, we measured the normality distribution and variance 
homogeneity of continuous variables. Then, the continuous 
variable data that conformed to a normal distribution were 
expressed as the mean±standard error, and t-test was used 
for comparisons. The other data that did not conform to a 
normal distribution were expressed as P50 (P25-P75), and 
the Wilcoxon rank sum test was used to compare ptotic eyes 
and fellow eyes. The Chi-square test was used to compare the 
ratios. P<0.05 was considered statistically significant.
RESULTS
General Information  A total of 200 patients, aged between 3 
and 15y, were diagnosed with unilateral congenital ptosis. The 
cohort comprised 126 males and 74 females. The severity of 
ptosis was categorized as mild in 17 patients (8.5%) with mild 
disease, moderate in 84 patients (42.0%), and severe in 99 
patients (49.5%).
Refraction  Table 1 showed that there were 175 (87.5%) eyes 
with refractive error in the ptotic eyes, including 27 (13.5%) 
with myopia and 148 (74%) with hyperopia; 169 (84.5%) 
eyes with refractive errors in the fellow eyes, including 26 
(13.0%) with myopia and 143 (71.5%) with hyperopia, with no 
statistically significant difference in refractive error between 
the ptotic eyes and fellow eyes (P>0.05). Furthermore, Figure 1 
also demonstrated that there was no significant difference in 
refractive errors among the ptosis subgroups (P>0.05).

Ocular characteristics in unilateral ptosis
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Table 2 presented that the SERs of ptotic eyes and fellow eyes 
were 1.25 (0.50-2.25) D and 1.50 (0.75-2.00) D, respectively, 
with no statistically significant difference between them 
(P=0.50). It also indicated that differences in refractive error of 
ptotic and fellow eyes were not significant.
Regarding the degree of spherical power (DS), ptotic eyes 
exhibited a mean value of 1.63 (0.75-2.50) DS, while fellow 
eyes had an average of 1.50 (0.75-2.00) DS. The astigmatic 
power (cylindrical power; DC) of ptotic eyes was -0.50 (-1.25 
to -0.25) DC, and that of fellow eyes was -0.50 (-0.75 to -0.00) 

DC. Table 2 showed a significant difference in the spherical 
power and cylindrical power between ptotic and fellow eyes 
(P<0.05). Specifically, the spherical equivalent of the ptotic 
eyes was found to be 0.13 D higher compared to that of the 
fellow eyes.
Astigmatism  From Table 1, the percentage of astigmatism 
observed in ptotic eyes did not significantly differ from that 
in fellow eyes (64.5% vs 57%, P=0.125). Among the 129 
ptotic eyes exhibiting astigmatism, 9 (4.5%) had mild ptosis, 
55 (27.5%) had moderate ptosis, and 65 (32.5%) had severe 
ptosis. There was no statistically significant difference in the 
percentage of astigmatism among the three subgroups of ptosis 
(P>0.05; Figure 1).
Furthermore, Table 3 revealed that the incidence rates of WTR 
OA in ptotic eyes were significantly higher than those in fellow 
eyes (P<0.05). Conversely, no significant difference was 
observed in the incidence of ATR between ptosis and fellow 
eyes [96 (48%) vs 104 (52%), P>0.05; Table 1)].
Notably, Figure 2 demonstrated that the incidence of ATR was 
higher than that of the other two types of astigmatism in ptotic 
eyes.
Amblyopia  Among the 200 patients with ptosis, 64 (32.0%) 
had amblyopia, of which 1 (0.5%) with mild ptosis, 24 (12%) 
with moderate ptosis, and 39 (19.5%) with severe ptosis. 
In contrast, only 5 fellow eyes (2.5%) were found to have 
amblyopia. The incidence of amblyopia was significantly 
higher in ptotic eyes than in fellow eyes (32% vs 2.5%, 
P<0.001), suggesting that children with ptosis had a higher 
risk of amblyopia (Table 1). According to the severity of 
ptosis, ptotic eyes were categorized into mild, moderate and 
severe ptosis. The incidence of amblyopia in severe ptosis was 
significantly higher than that in mild-moderate ptosis (P<0.05), 
indicating a correlation between the severity of ptosis and the 
likelihood of developing amblyopia.
Ocular Biological Parameters  Table 4 revealed a comparison 
of keratometry values between ptotic eyes and fellow eyes. 
The K1, K2 and Km of ptotic eyes were 42.37±1.62, 43.8±1.86, 
43.09±1.68 D, and the K1, K2 and km of fellow eyes were 
42.78±1.51, 44.2±1.64, and 43.49±1.53 D, respectively. 
Table 3 showed that K1, K2, and km were smaller in ptotic 
eyes (P<0.05). Additionally, Table 5 and Figure 3B provided 
further insights into the relationship between the severity of 
ptosis and keratometry values. Specifically, they show that the 
Km in moderate-severe ptosis was significantly smaller than 
that in mild ptosis (P<0.05). This finding suggests that as the 
severity of ptosis increases, there is a corresponding decrease 
in keratometry values.
Table 4 and Figure 3A indicated that the AL of ptotic eyes 
was longer than that of fellow eyes [22.55 (22.04-23.29) vs 
22.51 (22.03-23.28) mm, P=0.012], suggesting that ptosis 

Table 1 Incidence of refractive errors and amblyopia for ptosis eyes 

compared to fellow eyes                                                                       n (%)
Parameters Postotic eyes Fellow eyes χ2 P
Myopia 27 (13.5) 26 (13.0) 0.022b 0.883

Mild ptosis 4 (2.0)
Moderate ptosis 11 (5.5)
Severe ptosis 12 (6.0)

Emmetropia 25 (12.5) 31 (15.5) 0.748b 0.387
Mild ptosis 0
Moderate ptosis 11 (5.5)
Severe ptosis 14 (7.0)

Hyperopia 148 (74.0) 143 (71.5) 0.315b 0.574
Mild ptosis 13 (6.5)
Moderate ptosis 62 (31.0)
Severe ptosis 73 (36.5)

WTR 21 (10.5) 7 (3.5) 7.527b 0.006
Mild ptosis 2 (1.0)
Moderate ptosis 7 (3.5)
Severe ptosis 12 (6.0)

ATR 96 (48.0) 104 (52.0) 0.640b 0.424
Mild ptosis 7 (3.5)
Moderate ptosis 44 (22.0)
Severe ptosis 45 (22.5)

OA 12 (6.0) 3 (1.5) 5.610b 0.018
Mild ptosis 0
Moderate ptosis 4 (26.7)
Severe ptosis 8 (53.3)

Astigmatism 129 (64.5) 114 (57.0) 2.359b 0.125
Mild ptosis 9 (4.5)
Moderate ptosis 55 (27.5)
Severe ptosis 65 (32.5)
WTR 21 (10.5) 7 (3.5) 7.527b 0.006
ATR 96 (48.0) 104 (52.0) 0.640b 0.424
OA 12 (6.0) 3 (1.5) 5.610b 0.018
WTR vs ATR 7.167b 0.007
ATR vs OA 5.715c 0.017
None 71 (35.5) 86 (43.0)

Amblyopia 64 (32.0) 5 (2.5) 60.966b <0.001
Mild ptosis 1 (0.5)
Moderate ptosis 24 (12.0)
Severe ptosis 39 (19.5)a

None 136 (68.0) 195 (97.5)
aP<0.05 compared with the mild ptosis group; bPearson Chi-square 

test; cFisher exact test. WTR: With-the-rule; ATR: Against-the-rule; 

OA: Oblique astigmatism.
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may be associated with changes in AL. However, there was 
no significant difference in AL among the mild to severe 
ptosis subgroups (P>0.05; Table 5). This suggests that the 
severity of ptosis does not have a significant impact on AL. 
Table 4 provided additional information on ocular parameters, 
comparing ptotic eyes to fellow eyes. The results show that the 
white-to-white (WTW) was significantly smaller and the CCT 
was greater in ptotic eyes than in fellow eyes. The WTW of 
ptotic eyes was 11.49 (11.13-11.84) mm, and fellow eyes was 
11.65 (11.32-12.03) mm; the CCT of ptotic eyes was 553.50 
(533.25-578.00) μm, and fellow eyes was 545.00 (525.25-568.75) 
μm, and the differences of WTW and CCT were statistically 
significant (P<0.05). The AD of ptotic eyes was 2.59 (2.26-
2.84) mm, and fellow eyes was 2.60 (2.30-2.87) mm; the LT of 
ptotic eyes was 3.71 (3.42-4.03) mm, and fellow eyes was 3.72 
(3.41-4.01) mm; the vitreous chamber depth (VT) of ptotic 
eyes was 15.77 (15.06-17.04) mm, and fellow eyes was 15.71 
(15.01-16.77) mm. The differences in AD, LT and VT between 
the ptotic and fellow eyes were not significant (P>0.05). These 
findings suggest that ptosis may have specific effects on certain 
ocular parameters, such as AL, WTW, and CCT, but does not 
significantly impact AD, LT, and VT.
DISCUSSION
Our study demonstrated that the prevalence of amblyopia was 
higher in ptosis patients than in the normal population, which 

Table 3 Analysis of difference in WTR, ATR, and OA in the ptotic eyes

Parameters n (%) DC (mean±SD)
WTR 21 (10.5) -1.06±0.50
ATR 96 (48.0) -1.30±0.84
OA 12 (6.0) -1.00±0.41
F 1.483
P 0.231

WTR: With-the-rule; ATR: Against-the-rule; OA: Oblique; DC: Diopter 

cylinder.

Table 2 Analysis of difference in refractive power between the ptotic and fellow eyes                                                         P50 (P25-P75), D

Parameters Pototic eyes (n=200) Fellow eyes (n=200) Z P
DS 1.63 (0.75-2.50) 1.50 (0.75-2.00) -5.234 <0.001b

DC -0.50 (-1.25 to -0.25) -0.50 (-0.75 to -0.00) -4.508 <0.001b

SER 1.25 (0.50-2.25) 1.50 (0.75-2.00) -0.674 0.500b

DS: Diopter sphere, DC: Diopter cylinder, SER: Spherical equivalent refraction.

Figure 1 The ratio of myopia, hyperopia and astigmatism among the fellow eye group and ptotic eye subgroup  No significant difference in 

incidence of refractive error were found among the fellow eye group and ptotic eye subgroup.

Ocular characteristics in unilateral ptosis

Figure 2 The ratio of astigmatism, including WTR, ATR and OA, 

among the ptotic eyes  The differences in the form of astigmatism 

did not reach statistical significance in the ptotic eyes. WTR: With-the-

rule; ATR: Against-the-rule; OA: Oblique.

Figure 3 Comparison of parameters of AL and Km among the ptotic 

eye subgroups and the fellow eye group  A: That there were no 

significant differences in AL among the ptotic eye subgroup; B: Km in 

moderate-severe ptosis were significantly smaller than that in mild 

ptosis. AL: Axial length; Km: Average corneal curvature.
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was consistent with previous studies[5-6,15]. However, there was 
no difference in the refractive status. Interestingly, we found 
that K1, K2, Km and WTW were smaller in ptotic eyes, while 
CCT was greater in ptotic eyes when analysing the ocular 
parameters in ptotic and fellow eyes. In addition, we found that 
the AL was longer in ptotic eyes compared to fellow eyes.
Previous studies have shown that ptosis in childhood is related 
to abnormalities in visual function, including amblyopia, 
strabismus, and refractive error, induced by stimulus deprivation 
and corneal pressure caused by the upper eyelid[8,16]. Amblyopia 
was observed to have a higher prevalence in ptosis patients 
than in the general population[7,17-19]. Previous studies have 
reported the prevalence of amblyopia in patients with ptosis, 
ranging from 19% to 70%, which may be attributed to 
different diagnostic criteria for amblyopia[20-23]. According to 
the current study, the incidence of amblyopia was 32%, which 
was aggravated with the severity of ptosis, consistent with the 
report of Srinagesh et al[24] The lower incidence compared to 
some other studies may be due to the absence of strabismus 
(misalignment of the eyes) in the cases enrolled in the current study.
Given these findings, we hypothesize that amblyopia in our 
study population is associated with both refractive errors 
and form deprivation resulting from ptosis obscuring the 
pupillary axis. These insights underscore the importance 
of early detection and intervention to mitigate the risk of 
amblyopia in individuals with congenital ptosis. According 

to previous research[21-25], the prevalence of amblyopia in 
the general population was approximately 3%, which is 
comparable to the 2.5% prevalence of amblyopia in fellow 
eyes in our study. Our findings further suggest that congenital 
ptosis plays a significant role in elevating the incidence 
of amblyopia. However, the the underlying causes of this 
heightened prevalence of amblyopia in patients with congenital 
ptosis remain controversial. Previous studies have identified 
strabismus, significant refractive errors, or anisometropia as 
primary factors contributing to the increased incidence of 
amblyopia in congenital ptosis, with potential associations 
to eyelid occlusion[26-27]. Although some experts contend 
that the occlusive effect of ptosis does not interfere with 
visual development, subsequent studies have revealed that 
1.6%-12.3% of patients with congenital ptosis will develop 
amblyopia solely due to the deprivation of occlusive stimuli[26]. 
In contrast, Griepentrog et al’s[15] findings provided a 40-
year prevalence of amblyopia in children and suggested that 
optic axis occlusion was the primary cause of amblyopia in 
congenital ptosis. In our study, all 63 cases with amblyopia 
had refractive error, including 53 astigmatism cases and 14 
anisometropia instances in the ptosis eyes. Additionally, 39 out 
of the 63 eyes amblyopic patients had severe ptosis, 24 had 
moderate ptosis, and 1 had mild ptosis. Thus, we presumed 
that amblyopia was associated with refractive error and form 
deprivation due to ptosis obscuring the pupillary axis.
The pressure of the eyelid on the eye in ptosis individuals 
may increase the likelihood of astigmatism. According to 
the present study, astigmatism occurs in ptosis at a rate of 
64.5%, significantly higher than that observed in healthy 
individuals. This finding is slightly elevated compared to 
the results reported by Hsia et al[22], which may be related to 
the fact that the subjects of our study were Asian. According 
to Kame et al[28], astigmatism is more prevalent in Asian 
populations because of their tighter eyelids and smaller lid 

Table 4 The measurement results of ocular biological parameters in the ptotic and fellow eyes

Parameters Ptotic eyes Fellow eyes t/Z P
K1, D 42.37±1.62 42.78±1.51 -9.943 <0.001a

K2, D 43.80±1.86 44.20±1.64 -6.582 <0.001a

Km, D 43.09±1.68 43.49±1.53 -9.626 <0.001a

AL, mm 22.55 (22.04-23.29) 22.51 (22.03-23.28) -2.504 0.012b

AST, D 1.22 (0.77-1.89) 1.28 (0.89-1.90) -0.468 0.640b

WTW, mm 11.49 (11.13-11.84) 11.65 (11.32-12.03) -4.646 <0.001b

CCT, μm 553.50 (533.25-578.00) 545.00 (525.25-568.75) -10.034 <0.001b

AD, mm 2.59 (2.26-2.84) 2.60 (2.30-2.87) -1.702 0.089b

LT, mm 3.71 (3.42-4.03) 3.72 (3.41-4.01) -0.053 0.958b

VT, mm 15.77 (15.06-17.04) 15.71 (15.01-16.77) -1.898 0.058b

aConform to the normal distribution, the paired t-test was used; bDid not conform the normal distribution, the Wilcoxon signed rank 

test was used. AL : Axial length;  WTW : White-to-white;  CCT : Central corneal thickness;  AD : Anterior chamber depth;  LT : Lens thickness; 

 VT : Vitreous thickness; AST: Astigmatism.

Table 5 Differences in AL and Km among the ptotic eye subgroup

Parameters n (%) AL (mean±SD) Km (mean±SD)
Mild ptosis 17 (8.5) 22.54±0.79 43.86±1.87
Moderate ptosis 84 (42.0) 22.80±1.12 43.12±1.78a

Severe ptosis 99 (49.5) 22.73±1.11 42.92±1.53a

F 0.422 2.342
P value 0.657 0.099

aCompared with the mild ptosis group, P<0.05. AL: Axial length; Km: 

Average corneal curvature.
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fissures. Uğurbaş and Zilelioğlu[17] further observed that the 
cornea of congenital ptosis is more asymmetric and irregular, 
leading to an increase in the degree of astigmatism. In patients 
with congenital ptosis, due to weakness of the levator muscle, 
the eyelid cannot be lifted properly and is pressed against 
the corneal surface for an extended period of time, flattening 
the cornea and changing its curvature, ultimately resulting in 
astigmatism[29-30], which can vary depending on the severity of 
ptosis and the location of corneal compression. The prevalence 
of WTR and ATR was discovered by Stärk et al[31] to be 
approximately equal. However, Thapa[23] observed that two 
forms of astigmatism, OA and ATR, in ptosis. Our research 
revealed that ATR was relatively common in ptosis eyes. 
These results may be related to the fact that young children 
were enrolled in our study, whose corneas are not fully 
developed during childhood, and their response to upper eyelid 
compression is more sensitive.
Previous studies have indicated that ptosis can increase 
the prevalence of myopia and hyperopia, but we found no 
statistically significant difference in refractive error in ptosis 
eyes compared with fellow eyes, and the comparison revealed 
no significant difference in SER between the two groups. 
Nevertheless, we did detect significantly higher spherical 
and cylindrical refractive powers in ptosis eyes compared 
to their fellow eyes, hinting at an enhanced propensity for 
refractive errors in ptosis. These observations are consistent 
with previous research demonstrating that pediatric patients 
with ptosis are at a heightened risk of developing refractive 
errors[23]. The animal model demonstrated that young monkeys, 
cats, and other animals can develop axial myopia as a result of 
visual deprivation caused by eyelid suture, optical blurring, or 
chemical corneal opacity[32-33]. Nevertheless, it has also been 
suggested that the eye is not deprived of vision unless the 
ptosis is complete, i.e., obstructing the pupil so that the patient 
cannot see even while tilting the head backwards[34].
AL increases as the eye matures, and it may be influenced by 
various factors. At present, there is still no consensus on the 
effect of ptosis on AL. Some studies have reported that patients 
with ptosis have a longer AL[8], while others have suggested 
that shorter AL in this patient population[34]. Conversely, some 
research has found no significant alterations in AL[35-36]. The 
present study found an increase in AL in the ptotic eyes of 
children with ptosis compared to the fellow eyes, while there 
was no difference among the subgroups of ptosis. We clarified 
that the form deprivation brought on by pupil occlusion is not 
the primary cause of the change in AL in ptosis. Nevertheless, 
the reason for this change needs to be further explored.
In addition, our study demonstrated that the percentage of 
myopia in ptosis eyes was significantly lower than that of 
hyperopia, which was considered to be age-related with a 

higher proportion of hyperopia at younger ages. The  majority 
of participants in this study were predominantly preschoolers 
with a predominance of hyperopia. This is further confirmed by 
the fact that fellow eyes have a substantially lower percentage 
of myopia than hyperopia.
Consistent with the study results of Li et al[35] and Liu et al[11], 
our analysis revealed that CCT was significantly thicker in 
ptotic eyes than in fellow eyes. However, Gandhi et al[18] 
showed no significant changes in CCT in ptosis patients. 
To date, the mechanism of corneal thickening is uncertain. 
According to Liu et al[11], congenital ptosis is caused by 
mechanical stress, which results in persistent corneal hypoxia 
and corneal thickening. Interestingly, we also discovered that 
the WTW of ptosis eyes was significantly smaller than that 
of fellow eyes. However, the mechanism of ptosis causing 
a decreased WTW remains to be detected. Since Yinon and 
Koslowe[37] discovered that darkness causes smaller eyes, we 
speculate that ptosis due to pupillary occlusion may have an 
impact on corneal size. Meanwhile, our results found that 
K1, K2, and Km of ptotic eyes were significantly smaller 
than those of fellow eyes, indicating that the cornea of ptotic 
eyes was thicker, which was consistent with the study results 
of Liu et al[11]. We assumed that corneal flattening was 
related to mechanical compression and the pressure degree. 
Consequently, we hypothesize that corneal thickening and 
shrinking may also be caused by delayed ocular development 
due to ptosis. Further studies are needed to evaluate corneal 
biological changes in children with congenital ptosis.
Our study has several limitations that should be acknowledged. 
The number of unilateral congenital ptosis cases included in 
our study was relatively small, which may have an impact 
on the statistics. The young age of some patients, especially 
children around three years old, may have led to a less accurate 
diagnosis of amblyopia and consequently influenced the results 
of the statistics. In the future, we plan to expand the sample 
size to further study and explore the effect of congenital ptosis 
on visual development. We will consider incorporating a 
classification of amblyopia severity into our statistical analysis 
in our next steps. In addition, it should be noted that our study 
population was exclusively Chinese, and therefore, the findings 
may not be generalizable to other ethnic groups.
In conclusion, our study suggests that refractive status is not 
associated with unilateral congenital ptosis. However, the 
incidence of amblyopia in ptotic eyes was higher than that 
in fellow eyes, and it was related to the severity of ptosis, 
which indicates that congenital ptosis may increase the risk 
of amblyopia. Moreover, our study also found that congenital 
ptosis causes the cornea to become flatter, thicker, and smaller 
as well as lengthen the AL, suggesting that ptosis may delay 
corneal development. Therefore, patients with unilateral 
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congenital ptosis should be examined regularly during sensitive 
periods of visual development to identify refractive error and 
amblyopia. Once these conditions have been identified, they 
should be treated with prescription eyeglasses, other therapies, 
or even early surgical intervention to reduce the influence of 
ptosis on visual development.
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