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Abstract 

Background:  Chalazion may affect visual acuity. This study aimed to evaluate refractive status of chalazia and effect 
of different sites, sizes, and numbers of chalazion on astigmatism.

Methods:  Three hundred ninety-eight patients aged 0.5–6 years were divided into the chalazion group (491 eyes) 
and the control group (305 eyes). Chalazia were classified according to the site, size, and number. Refractive status was 
analyzed through the comparison of incidence, type, mean value and vector analysis.

Results:  The incidence, type, refractive mean and of astigmatism in the chalazion group were higher than those 
in the control group, and the difference was statistically significant (P < 0.05). For comparison of the incidence, the 
middle-upper eyelid (50%) was highest, followed by 41.77% in the medial-upper eyelid, both higher than that in 
the control group (P < 0.05). In medium (54.55%) and large groups (54.76%) were higher than that in the control 
group (27.21%) (P < 0.05). In multiple chalazia, the astigmatism incidence for chalazion with two masses was highest 
(56%), much higher than that in the control group (P < 0.05). However, this difference was not significant in chalazion 
with ≥3 masses (P > 0.05). For comparison of the refractive mean,the medial-upper eyelid, middle-upper eyelid and 
medial-lower eyelid were higher than the control group (P < 0.05) (P < 0.05). The 3-5 mm and >5 mm group were 
higher than those in the control group and <3 mm group(P < 0.05), and the>5 mm group was larger than the 3-5 mm 
group，suggesting that the risk of astigmatism was higher when the size of masses > 5 mm. Astigmatism vector 
analysis can intuitively show the differences between groups, the results are the same as refractive astigmatism.

Conclusion:  Chalazia in children can easily lead to astigmatism, especially AR and OBL. Chalazia in the middle-upper 
eyelid, size ≥3 mm, and multiple chalazia (especially two masses) are risk factors of astigmatism. Invasive treatment 
should be performed promptly if conservative treatment cannot avoid further harm to the visual acuity due to 
astigmatism.
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Background
A chalazion is an idiopathic chronic nonpurulent inflam-
mation of the meibomian gland that progresses slowly 
with pressing pain. A deep chalazion is caused by inflam-
mation of the meibomian gland, whereas a superficial 
chalazion is caused by inflammation of the Zeis gland 
[1]. A chalazion causes swelling of the eyelids and pto-
sis and can develop in children and adults. Several risk 
factors have been reported, including local factors such 
as eyelid mite infection [2], meibomian gland dysfunc-
tion and blepharitis [3, 4], and rosacea in children [5], as 
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well as systemic factors such as vitamin A deficiency [6], 
low serum ferritin levels [7], and androgen imbalance in 
adolescents [8]. Currently, chalazion masses have various 
treatment options. Conservative treatment includes hot 
compresses and/or combined with medications such as 
tobramycin or tobramycin dexamethasone eye drops and 
ophthalmic ointment [9]. If conservative treatment fails, 
invasive treatment such as local steroid injections or sur-
gical excision can be performed [10].

Some common eye diseases, such as congenital ptosis 
[11], eyelid hemangioma [12], allergic conjunctivitis [13] 
and bad eye rubbing habit [14], can cause astigmatism in 
children. It has been confirmed that large chalazions in 
the middle- upper eyelid could cause corneal astigmatism 
[15–18]. In an elderly man with farsightedness due to a 
chalazion mass in the middle-upper right eyelid, visual 
acuity returned to normal after the mass was removed 
[19]. In another case, a patient undergoing laser-assisted 
in situ keratomileusis had an upper eyelid chalazion that 
resulted in the loss of visual acuity [20].

Astigmatism is a common type of refractive error, and 
its effect on visual acuity is determined based on both 
dioptric and axial aspects [21]. Traditional methods com-
pare astigmatism mainly according to the incidence and 
degree of astigmatism, ignoring the influence of astig-
matism direction. Eydelman MB et al. introduced vector 
analysis to calculate eye astigmatism changes [22]. For 
astigmatism screening in younger children, the American 
Academy of Pediatrics Committee on Ophthalmology 
and Strabismus (AAPOS) recommends using the Spot 
binocular visual acuity screener that can screen children 
aged over 6 months and has a high specificity for children 
with refractive abnormalities (including astigmatism) and 
high-risk factors for amblyopia [23, 24].

Most studies on the relationship between chalazion 
and astigmatism have focused on corneal astigmatism 
rather than total astigmatism [15, 17, 18]. However, these 
studies have reported single-site masses, mainly larger 
masses in the middle-upper eyelid, and lack compre-
hensive studies of all site [15, 16]. Moreover, the afore-
mentioned studies have included mainly older children 
(> 7 years old) [25] or adults [15–17, 19] with no reports 
on preschool children (except for case reports), and the 
sample size is small [15, 16, 18]. However, children aged 
1–6 years old are more likely to develop chalazion, espe-
cially those between 2 and 5 years old [3]. Nevertheless, 
no large-sample studies have examined the effects of 
chalazion masses on the incidence rate and type of astig-
matism in children. To the best of our knowledge, this is 
the first study to investigate the features of astigmatism in 
a large sample of children aged 0–6 years with chalazion 
masses. By the comparison of incidence, type, mean 
value and vector analysis of astigmatism to investigate 

the effect of the site, size, and the number of chalazion 
masses in astigmatism and to clarify the risk factors of 
chalazion-induced astigmatism.

Material and methods
Participants
A total of 398 children aged 0.5–6 years who complained 
of chalazion masses and attended the Department of 
Ophthalmology of the Children’s Hospital of Chong-
qing Medical University from June 2020 to June 2021 
were included in the study. All children were distrib-
uted into the chalazion group (491 eyes) and the non-
chalazion group (control group, 305 eyes) according to 
their chalazion status. The sites, sizes, and numbers of 
chalazion masses in each eye were recorded and classi-
fied, and the refractive status was examined. Chalazion 
masses were also divided into the single chalazion group 
and the multiple chalazion group (≥2) according to the 
number of chalazion masses. Moreover, single chalazion 
masses were classified into the following six groups 
according to the location in the eyelid: lateral-upper, 
middle-upper, medial-upper, lateral-lower, middle-lower, 
and medial-lower eyelids. Finally, single chalazion cases 
were divided into three groups according to the size of 
the masses: small (< 3 mm), medium (3–5 mm), and large 
(> 5 mm) [15]. Patients who met the following inclusion 
criteria were included: (1) consent of the child’s par-
ents or legal guardians for participation in the study, 
good compliance of the child, and signed informed con-
sent form; (2) children aged 0–6 years diagnosed with 
chalazion masses in one or both eyes; and (3) no aller-
gic conjunctivitis, trichiasis or often rubbing the eye and 
other symptoms; (4) no opacity of the refracting media 
and no other ophthalmic diseases such as strabismus. 
The exclusion criteria were as follows: (1) children aged 
≥6 years; (2) eyelid abnormalities such as congenital 
or acquired ptosis, lower eyelid entropion and trichia-
sis, and eyelid masses other than chalazion; (3) corneal 
abnormalities such as ocular trauma, history of wearing 
contact lens, keratoconjunctival dermoid tumor, corneal 
scarring, and severe xerophthalmia; and (4) children with 
a history of diseases other than a chalazion and who were 
uncooperative in the examination of visual acuity. The 
study protocol was approved by the ethics committee of 
the Children’s Hospital of Chongqing Medical University. 
The protocol adhered to the provisions of the Declaration 
of Helsinki.

Research methods
All children underwent a routine ophthalmic examina-
tion by the same physician, who palpated for masses and 
then everted the lids to check if there were any chalazion 
on the conjunctival surface of the eyelid and recorded the 
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number, size, and sites of chalazion masses in each eye. 
They also underwent an astigmatic diopter examination.

Measurement of the size of chalazion masses
For the chalazia masses protruding from the skin surface, 
we marked the edge of the masses with gentian violet on 
the skin surface (Fig. 1A), for the chalazia masses with no 
obvious tactile sensation, we evaluated the edge of the 
lump according to the morphology and color changes of 
the conjunctival surface of the eyelid after opening the 
eyelid (Fig.  1C) and then measured the horizontal and 
vertical diameters of the mass with a ruler (Fig.1B,D) 
[18]. Given the three-dimensional structure of chalazion 
masses, the total volume of each mass is theoretically 
the most clinically significant measurement. However, 
considering the difficulty of three-dimensional measure-
ment, we used the horizontal width of each mass as a 
proxy for this value [9].

Astigmatic diopter and axial measurement
Astigmatic diopter and axial parameters were measured 
three times by a Spot binocular visual acuity screener 
(Spot Vision Screener Model VS100, Welch Allyn, Ska-
neateles Falls, NY, USA) [23, 24] and averaged.

Data collection and processing
To reduce error, data collection and processing were 
performed by the same physician, and astigmatism was 
defined by an absolute value of ≥1.00 degrees in cylin-
drical power. Data were analyzed on an eye-by-eye basis. 
WR was defined as astigmatism with the main merid-
ian of maximum refractive power at 90° ± 30°, AR at 
180° ± 30°, and OBL between 30° and 60° or 120° and 
150°. In this study, non-WR refers to the sum of AR and 
OBL.

Vector analysis and doubled‑angle plots
Convert all manifest refraction data from the spectacle 
to the corneal plane. Flip the cylinder axes of left eyes 
around the vertical axis so that errors due to cyclotor-
sion or antisymmetrical healing patterns do not tend to 
cancel out when averaging data from right and left eyes. 
The correct conversion method is to create a “trans-
formed” refraction for left eyes in which the new axis 
is equal to 180° minus the original axis [22]. The usual 
plotting convention is to label the polar plot with axes 
from 0° to 180° (based on axes prior to doubling) instead 
of 0° to 360°. A cylinder vector C is defined as C = (x, 
y), with its absolute C = |C|. A = axis(°). The vector 

Fig. 1  Measurement of the size of chalazion masses. A Chalazion protruding from the skin surface, marked the edge of the mass with gentian 
violet. B Measured it with a ruler (the horizontal diameters = 9 mm). C A chalazion with no obvious tactile sensation, we everted the eyelid to 
evaluated the edge of the mass according to the morphology and color changes of the conjunctival surface. D Measured it with a ruler (the 
horizontal diameters = 2 mm)
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components are calculated as follows: x = C × cos(2 × A), 
y = C × sin(2 × A) (Holladay). The centroid values of 
each plotted vector in the ophthalmic coordinate sys-
tem XCENTROID= 

∑

n

i=1
Xi

n
 and YCENTROID= 

∑

n

i=1
Yi

n
 (n = the 

number of eyes). The length of ellipse in horizontal semi-
axis = standard deviation of X= 

n

i=1
(Xi−X)

n−1
,length of 

ellipse in vertical semi-axis = standard deviation of Y= √

∑

n

i=1
(Yi−Y )

n−1
 [22, 26]. The doubled-angle plot is a polar 

plot of astigmatism data using the value of the cylinder 
for the magnitude and the axis of the astigmatism for the 
angle. The angles range from 0 to 180 degrees and cor-
respond to the range of angles for astigmatism. The rings 
represent the magnitude of the astigmatism; the inner 
ring is 1.0 D and the step size between rings 1.0 D [27].

Statistical analysis
All data were categorized, recorded, and tabulated. SPSS 
software version 20.0 (IBM Corp., Armonk, NY, USA) 
was used for all statistical analyses. The χ2 test was used 
to compare the incidence rates of astigmatism types, 
and the Fisher exact probability method was used when 
the theoretical frequency number of row x list exceeded 
20% < 5. Student’s t-test and one-way ANOVA were 
applied in the comparison of differences between two or 
three groups of measurement data, respectively. The data 
were presented as mean ± SD. The difference was con-
sidered significant when P < 0.05. When multiple groups 
showed a significant difference, further two-by-two com-
parisons were performed three times at a test level of 
α = 0.05/3 = 0.0167.

Results
General information
A total of 796 eyes of 398 children (male, n = 167; 
female, n = 231) were included in the study. The young-
est and oldest participants were 6 months and 71 months, 
respectively (mean age, 2.86 ± 1.301 years). Of the total 
eyes, 491 had a chalazion, while 305 had no chalazion. 
There were 345 eyes (70.26%) with single chalazion and 
146 eyes (29.74%) with multiple chalazion masses. For 
solitary chalazion, 1) according to site of the chalazion, 
differences in the distribution were noted in the lateral-
upper (n = 64), middle-upper (n = 98), medial-upper 
(n = 79), lateral-lower (n = 38), middle-lower (n = 41), 
and medial-lower (n = 25) eyelids. More chalazion 
masses were observed in the upper eyelid than in the 
lower eyelid and in the middle eyelid than in the lateral 
and medial eyelids. Meanwhile, the highest number of 
chalazion masses was in the middle-upper eyelid. 2) 
according to size of the chalazion, small group (n = 159), 
medium group (n = 143) and large group (n = 43). In 
multiple chalazia: 1) according to site of the chalazion, 
the upper eyelid (n = 59), the lower eyelid (n = 53), and 

both eyelids (n = 112), 2) according to number of the 
chalazion, two masses (n = 100), more than three masses 
(n = 46) (Table 1).

Incidence, types of astigmatism between the two groups 
and different groupings
The incidence rate of astigmatism in the chalazion 
group was 42.97% (211/491), which was significantly 
higher than that in the control group (27.21%, 83/305) 
(χ2 = 20.062, P < 0.001) (Table  2). In both groups, WR 
was the predominant type of astigmatism. The incidence 
rates of the different types of astigmatism in the two 
groups were 72.98% versus 83.34% for WR, 19.43% ver-
sus 13.25% for AR, and 7.58% versus 2.41% for OBL. The 
incidence rate of OBL in the chalazion group was 27.02%, 
which was significantly higher than that in the control 
group (16.66%) (χ2 = 4.231, P = 0.04) (Table 3).

According to the site, in a solitary chalazion, the high-
est incidence rate of astigmatism was 50% (49/98) in 
the middle-upper eyelid group, 41.77% (33/79) in the 
medial-upper lid group, 37.50% in the lateral-upper eye-
lid group, 34.15% in the middle-lower lid group, 30.00% 
in the medial-lower eyelid group, and 28.95% in the 
lateral-lower eyelids, with statistically significant differ-
ences (χ2 = 20.343 P = 0.002). The difference between 
the incidence rates of astigmatism in the medial-upper 
and middle-upper eyelid groups with that of the control 

Table 1  Baseline distribution of the 798 eyes

Cases Cases Cases

Control 305

Chalazion group 491

Site (single) Size (single) Number

Lateral-upper 64 Small (<  3 mm) 159 Single 345

Middle-upper 98 Medium (3–5 mm) 143 Muitiple 146

Medial-upper 79 Large (> 5 mm) 43 2 100

Lateral-lower 38 ≥3 46

Middle-lower 41

Medial-lower 25

Table 2  Comparison of the incidence rate of astigmatism 
between the two groups

* indicates a difference in the incidence rate of astigmatism between the 
chalazion group and the control group (P < 0.05)

Chalazion Total Astigmatism χ2 P

Yes No

Yes 491 211 280 20.062 0.000*

No 305 83 222

Total 796 294 502



Page 5 of 10Ouyang et al. BMC Ophthalmology          (2022) 22:310 	

group were statistically significant (P < 0.001 and P = 0.01, 
respectively). In conclusion, the incidence rate of astig-
matism was higher in the upper eyelid group than in the 
lower eyelid group, higher in the medial eyelid group 
than in the lateral eyelid group, and highest in the mid-
dle eyelid group (Fig. 2A). According to the size, The inci-
dence rate of astigmatism was significantly higher in the 
3–5 mm (54.55%) and the > 5 mm group (54.76%) than 
that in the < 3 mm group (30.82%) and the control group 
(27.12%) (χ2 = − 5.661 P = 0 .000). Moreover, we found 
a statistically significant difference in the incidence rate 
of astigmatism between the 3–5 mm and > 5 mm groups 
with that of the control group (P < 0.001). Further, the 
incidence rate of astigmatism was higher than 50% when 
the mass size was ≥3 mm (Fig.  2B). According to the 
number，When the number of masses was 2, the high-
est incidence rate of astigmatism was 56%. Further, in 
this case, the astigmatism incidence rate was significantly 
higher in the multiple chalazion group (49.31%) than that 
in the solitary chalazion group (40.29%) both higher than 
that in the control group (27.21%; χ2 = 20.343, P = 0.002). 
However, pairwise comparisons showed that the dif-
ference in the incidence rate of astigmatism was not 

statistically significant when the number of masses was 
≥3 (P > 0.05) (Fig. 2C).

Refractive astigmatism between the two groups 
and different groupings
Refractive astigmatism between the two groups and dif-
ferent groupings are presented in Fig.  3 and Table  4. 
The arithmetic mean of astigmatism was greater in 
the chalazion group compared with the control group 
(p < 0.001). According to different sites in a solitary 
chalizion, the mean value of middle-upper, medial-
upper, medial-lower was greater compared with the 
control group (p = 0.001, p = 0.005, p = 0.02, respec-
tively). According to different sizes in a solitary chal-
izion, the mean value in medium and large group was 
significantly greater than that in the small and control 
group (p = 0.001, p = 0.000, respectively). Moreover, the 
mean value in large group was greater in medium group 
(p = 0.032). According to numbers, the mean value in 
all goups were greater than that in the control group 
(p<0.05).

Astigmatism vector analysis and double‑angle plots
The results of vector analysis of astigmatism are pre-
sented in Figs. 4, 5, 6, 7. Double angle plots can intuitively 
display the mean value and centroid value of astigma-
tism vector, 95% confidence ellipse of the centroid. Fig-
ure 4 shows the double angle plots between the chalazion 
and the control group, we can conclude that chalazion is 
more likely to cause astigmatism and the degree is more 
serious. Figure 5 shows that chalazion in the upper eyelid 
has a great influence on astigmatism. Figure 6 shows that 
chalazion in the medium and large group have a great 
influence on astigmatism. Figure  7 shows that multiple 
chalazia has a great influence on astigmatism.

Table 3  Comparison of the incidence rates of different 
astigmatism types between the two groups

* indicates a difference in the incidence rate of different types of astigmatism 
in the chalazion and control group (P < 0.05). WR = with-the-rule astigmatism; 
AR = against-the-rule astigmatism；OBL = oblique astigmatism; 
non-WR = AR + OBL

Chalazion Total Types χ2 P

WR Non-WR (AR + OBL)

Yes 211/491 154 57 (41 + 16) 4.231 0.04*

No 83/305 70 13 (11 + 2)

Total 241/796 224 70 (52 + 18)

Fig. 2  Incidence of astigmatism according to different groupings. A Comparison of the incidence rate of astigmatism in patients with a single 
chalazion at different sites. B Comparison of the incidence rate of astigmatism by mass size in patients with a single chalazion. C Comparison of 
the incidence rate of astigmatism between groups with specific numbers of chalazion masses. *indicates a difference in the incidence rate of 
astigmatism (P < 0.05)
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Discussion
The chalazion itself or its excision can damage the adja-
cent meibomian gland, and changes in the morphology 
of the meibomian gland can cause tear film instability 
and higher-order abnormalities [4, 28]. Large chalazion 
masses in the upper eyelid of children can lead to sec-
ondary ptosis and aggravated astigmatism [29], eventu-
ally increasing the risk of amblyopia. Donaldson et  al. 
reported a case of occlusion amblyopia and secondary 
exotropia due to a chalazion mass in the upper eyelid in 
a 13-month-old infant [30]. Currently, there are no uni-
form guidelines on the choice and timing of treatment 
for a chalazion and conservative treatment has an effec-
tive rate of only 25–50% [31]. We investigated the refrac-
tive status of children with a chalazion aged 0.5–6 years 
and examined the effect of the site of origin, size, and the 
number of chalazion masses on the incidence，type， 
mean value and vector analysis of astigmatism to pro-
vide a reference for the selection and timing of treatment 
modalities for a chalazion. In this study, chalazia masses 
were commonly found in the middle-upper eyelid. Chala-
zia may lead to astigmatism, especially AR and OBL. 

According to different groups, through the comparison of 
the incidence of astigmatism, we found that in the mid-
dle - upper eyelid and the medial-upper eyelid in single 
chalazion was higher than that in the control group. The 
incidence of astigmatism increased significantly when 
the size of astigmatism was ≥3 mm. When the number of 
masses was 2, the incidence of astigmatism was the high-
est. By comparison of arithmetic mean and vector mean, 
we found that the medial-upper eyelid, middle-upper 
eyelid and medial-lower eyelid could bring more severe 
astigmatism, The 3-5 mm and >5 mm group will increase 
the severity of astigmatism, but the risk of astigmatism 
was higher when the size of the mass > 5 mm.

Descriptive statistics showed that a chalazion was more 
commonly in the upper eyelid than in the lower eyelid and 
most in the middle-upper eyelid, which was consistent 
with the findings of Bagheri et al. [25]. We hypothesized 
that this is related to the anatomy of the meibomian gland. 
Greiner [32] showed that the upper eyelid has more mei-
bomian gland ducts (approximately 31 versus 26 in the 
upper and lower eyelid, respectively), more vesicles, and 
two times the secretory capacity than that of the lower 

Fig. 3  Box-whisker plots of refractive astigmatim according to different groupings. A Box-whisker plots of refractive astigmatim between control 
group and chalizia group. B Box-whisker plots of refractive astigmatim in patients with a single chalazion at different sites. C Box-whisker plots of 
refractive astigmatim by mass size in patients with a single chalazion. D Box-whisker plots of refractive astigmatim between groups with specific 
numbers of chalazion masses. *indicates a difference in the incidence rate of astigmatism (P < 0.05)
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eyelid. Further, the upper eyelid is elongated, while the 
lower eyelid is thicker and shorter (5.5 mm versus 2 mm). 
The development of a chalazion is associated with over-
secretion or blocked drainage of the meibomian gland. 

Hence, a chalazion is more likely to form and worsen 
under conditions like meibomian gland dysfunction and 
blepharitis [4]. Between the chalazion and the group, the 
incidence rate of astigmatism was higher in the chalazion 

Table 4  Comparison of astigmatism of chalazion

a means a difference in the mean astigmatic diopter compared with the control group (P < 0.05). bmeans a difference in the Mean astigmatic diopter compared with 
the medium (3–5 mm) group (P < 0.05)

Astigmatic diopter (D) P

Control group 0.68 ± 0.53 < 0.0001

Chalazion groupa 0.90 ± 0.65

Single chalazion according to different locations

  Control group 0.68 ± 0.53

  Lateral-upper eyelid 0.79 ± 0.64

  Middle-upper eyelida 0.95 ± 0.59 0.001

  Medial-upper eyelida 0.93 ± 0.76 0.005

  Lateral-lower eyelid 0.64 ± 0.41

  Middle-lower eyelid 0.74 ± 0.52

  Medial-lower eyelida 1.04 ± 0.95 0.022

Single chalazion according to different sizes

  Control group 0.68 ± 0.53

  Small (<  3 mm) 0.53 ± 0.46

  Medium (3–5 mm)a 0.90 ± 0.61 0.001

  Large (> 5 mm)ab 1.19 ± 0.88 0.000, 0.032

According to numbers

  Control group 0.68 ± 0.53

  Single 0.86 ± 0.66

  Muitiplea 1.00 ± 0.62 0.000

  2a 1.01 ± 0.61 0.000

   ≥ 3a 0.96 ± 0.65 0.015

Fig. 4  A distribution of vector astigmatism in a Double-angle plots between chalazion and control group. A = control group, B = chalazion group
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group (42.79%) than in the control group. Studies have 
confirmed that a chalazion can cause corneal astigma-
tism [15–18]. To the best of our knowledge, no studies 
have examined the incidence rate of chalazion-induced 

astigmatism to date. In addition, Moreover, the incidence 
rates of AR and OBL (20.83, 18.71%; 11.11, 5.76%, respec-
tively) were significantly higher than those of the control 
group (13.25, 2.41%), suggesting that a chalazion is more 

Fig. 5  A distribution of vector astigmatism in a Double-angle plots in patients with a single chalazion at different sites. A = control 
group, B1 = Lateral-upper eyelid, B2 = Middle-upper eyelid, B3 = Medial-upper eyelid, B4 = Lateral-lower eyelid, B5 = Middle-lower eyelid, 
B6 = Medial-lower eyelid

Fig. 6  A distribution of vector astigmatism in a Double-angle plots by mass size in patients with a single chalazion. A = control group, B1 = <3 mm 
group, B2 = 3-5 mm group, B3 = >5 mm group

Fig.7  A distribution of vector astigmatism in a Double-angle plots between groups with specific numbers of chalazion masses. A = control group, 
B1 = single group，B2 = Muitiple group, B3 = masses (2) group，B4 = masses (≥3) group
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likely to cause AR and OBL. This result is consistent with 
the findings of Ki et al. [17]. Mimouni reported that AR 
and OBL have a greater effect on the loss of UDVA in 
patients with emmetropia undergoing laser refractive sur-
gery [33]. Yen-Shou Chou [34] revealed that AR and OBL 
are more likely to cause amblyopia.

According to different sites of groups, by the analysis of 
incidence, type, mean and vector of astigmatism, suggest-
ing that the location of chalazion affects the occurrence 
of astigmatism, and the middle and inner side of upper 
eyelid are high-risk factors. Some studies analyzed the 
changes in corneal topography before and after chalazion 
removal and concluded that a chalazion increases irregu-
larities in the corneal surface, increasing higher-order 
abnormalities and thus causing corneal astigmatism [16, 
25, 28]. Previous studies have confirmed that a chalazion 
in the middle-upper eyelid can cause corneal astigmatism 
[15–18]; however, the effect of chalazion masses at other 
sites on astigmatism has not been explored. In the pre-
sent study, we found that chalazion masses at all sites and 
in the middle-upper eyelid can also lead to astigmatism. 
We hypothesized that this is related to mass compression 
that alters corneal curvature and scleral tension [35].

According to different sizes of groups, the incidence 
of astigmatism in large and medium groups was higher 
than that in control group. The arithmetic mean and vec-
tor of large and medium astigmatism were higher than 
those of control group, and the difference between large 
and medium astigmatism was statistically significant. 
These results suggested that the size of chalazion masses 
affects the occurrence of astigmatism, and the influence 
of > 5 mm group is greater than that of 3-5 mm group, 
which was consistent with the findings of Park et al. [15]. 
Ki et al. systematically revealed the mechanical effect of 
a chalazion on corneal astigmatism and found that large 
chalazion masses in the upper eyelid compress the cor-
nea, causing corneal astigmatism [17].

According to different numbers of groups, the inci-
dence of astigmatism, arithmetic mean and vector of each 
group were higher than those of the control group. The 
incidence rate of astigmatism was significantly higher in 
the multiple chalazion group (49.31%) than in the single 
chalazion group (40.29%). In addition, the highest inci-
dence rate of astigmatism was 56% with two masses; how-
ever, the incidence rate of astigmatism decreased with ≥3 
masses, suggesting that the number of chalazion masses 
increases the risk of astigmatism. Moreover, the effect of 
a chalazion on astigmatism decreased with ≥3 chalazion 
masses. We hypothesized that this might be related to the 
dispersion of the mechanical effect of chalazion pressure 
exerted on the eyes. A study reported [36] that the tensile 
strength of the cornea was 3.81 ± 0.40 MPa, and the stress 
and strain values of the cornea were α = 42.81 ± 11.67 

and β = 2.97 ± 0.21, respectively. Hence, the pressure 
imposed by a chalazion above these levels can cause cor-
neal astigmatism.

This study has some limitations. First, we only inves-
tigated the effect of the site, size, and the number of 
chalazion masses in astigmatism without further explor-
ing the specific mechanisms of astigmatism progression 
through corneal topography. The corneal topography of 
children aged > 3 years could be refined to understand 
the changes in corneal morphology in children with 
chalazion masses. Second, only the preoperative refrac-
tive status of children with chalazion masses were avail-
able, but there was no postoperative refractive data of the 
children, which will be further supplemented in future 
studies. In future studies, we will refine preoperative and 
postoperative corneal topography and diopter examina-
tions for children over 3 years old to investigate the spe-
cific mechanisms of chalazia-induced astigmatism.

Conclusion
Children are more likely to develop chalazion masses 
in the middle-upper eyelid. A chalazion can also lead 
to astigmatism, especially AR and OBL. A chalazion in 
the middle-upper eyelid is more likely to cause astigma-
tism than those in other sites. Moreover, astigmatism 
is related to the site of the origin, size, and number of 
chalazion masses. A chalazion in the middle-upper eye-
lid, chalazion masses ≥3 mm, and multiple chalazion 
masses (especially two chalazion masses) are risk fac-
tors of astigmatism. Prompt invasive treatment is rec-
ommended if conservative treatment is ineffective to 
avoid further harm to the visual acuity due to chalazion-
induced astigmatism in children.
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