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Purpose: The purpose of this study was to investigate the characteristics of corneal
higher-order aberrations (HOAs) in patients with congenital ectopia lentis (CEL).

Methods: Clinical characteristics and HOAs of 60 patients with CEL and 75 healthy
controls at ZhongshanOphthalmic Center in Chinawere retrospectively analyzed. TheQ
value and the corneal HOAs in the CEL group and the controls were measured by using
Pentacam and compared value between the CEL and control groups. The correlation
between HOAs and age was investigated using the Pearson correlation analysis.

Results: The Q value of anterior corneal surface in the CEL group was larger than that in
the controls (−0.41± 0.17 vs.−0.32± 0.13, P= 0.001); the total corneal horizontal coma
in the CEL group were larger than that in the controls (0.24± 0.18 vs. −0.05± 0.14, P<
0.001); both the primary spherical aberrations of the anterior and total corneal surface
were lower in the CEL group than that in the controls (for anterior corneal surface: 0.15±
0.08 vs. 0.27±0.08μm,P<0.001; for total corneal surface: 0.10±0.09 vs. 0.23±0.09μm,
P < 0.001), the anterior and total corneal horizontal coma were negatively associated
with age, whereas the anterior and total corneal spherical aberrations were positively
associated with age in patients with CEL.

Conclusions: Patients with CEL had higher corneal horizontal coma and lower corneal
vertical coma primary spherical aberrations than healthy controls.

Translational Relevance: These findings are informative for the clinical managements
in patients with CEL.

Introduction

Congenital ectopia lentis (CEL) is characterized
by displacement of the lens from its normal position
due to abnormal development of zonular fibers, which
can lead to severe refractive errors, astigmatism, and
amblyopia.1 CEL is often associated with systemic
diseases, such as Marfan’s syndrome, sulfite oxidase
deficiency, and Weill-Marchesani syndrome. However,
CEL can occur as an isolated ocular anomaly, and it
is often accompanied by other ocular dysplasia. Petra

Gehle has noted that quite a few patients with CEL
have ocular features, such as flattened corneas, megalo-
cornea, and even keratoconus, which may be associ-
ated with corneal dysplasia.2 Besides, the morphology
of corneal in CEL is markedly different from that of
normal subjects in our clinical practice, which suggest
that the corneal characteristics of patients with CEL
are special and may be different from those of the
healthy population.

Considering the cornea accounts for about 70% of
the refractive power of the eye,3 it is worth noting that
corneal higher-order aberrations (HOAs; also a major
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contributor to ocular aberrations) could significantly
affect optimal vision quality.4 The characterization of
corneal HOAs is important in assessing the patients’
visual function and recent studies elucidated the impor-
tance of corneal HOAs in various kinds of corneal
diseases, such as herpetic keratitis, bullous keratopa-
thy, perforation, Stevens-Johnson syndrome, and infec-
tious keratitis.5–7 However, the corneal HOAs in CEL
is still poorly understood. The purpose of this study
is to characterize corneal HOAs in CEL and to evalu-
ate the correlation with visual function of the patients
with CEL.

In this study, we aim to investigate the character-
istics and distribution of corneal HOAs in eyes of
patients with CEL.

Patients and Methods

Design

This retrospective study was conducted at the
ZhongShan Ophthalmic Center, Sun Yet-Sun Univer-
sity, Guangzhou, China. All participants had signed
an informed consent form. The study was approved by
the HumanResearch Ethics Committee of ZhongShan
Ophthalmic Center and followed the principles of the
Declaration of Helsinki, and the institutional review
board (IRB) was 2020KYPJ146.

Patients

The study reviewed the medical records of patients
with CEL treated between July 2014 and June 2020.
The included criteria were as follows: (1) patients
diagnosed with bilateral ectopia lentis (EL); and (2)
patients younger than 45 years old. The exclusion
criteria were as follow: (1) patients with secondary
lens dislocations or lens dislocation caused by ocular
trauma were excluded; (2) patients with ocular surgery
history; and (3) patients with pre-existing corneal
diseases or wear contact lenses that may influence
corneal higher-order aberrations.

Corneal Assessment

We used the rotating Scheimpflug camera with the
PentacamHR system (Oculus Inc., Wetzlar, Germany)
to measure the anterior, posterior, and total higher-
order corneal aberrations. All measurements were
performed by the same experienced technician. The
measurements were performed using the 6.00mmpupil
scan diameter. Corneal parameters included Q value,
horizontal coma Z (3, 1), vertical coma Z (3, −1),

oblique trefoil Z (3, 3), vertical trefoil Z (3, −3), and
primary spherical aberration Z (4, 0) of the anterior
corneal surface, posterior corneal, and total corneal
surface were obtained. Basic information from the
medical records were also included.

Statistical Analysis

The normality of the distributions of continuous
data was assessed by Kolmogorov–Smirnov test and all
continuous datawith normal distribution are presented
as mean ± standard deviations (SDs). All variables
were statistically analyzed for quantitative data. The
student’s test and Pearson’s χ2 test were used to
compare the differences between the CEL and control
group; Pearson correlation analysis was used to evalu-
ate the correlation between HOAs and age. All data
was analyzed with SPSS version 22.0 (SPSS/IBM Inc,
Chicago, IL, USA). The P values less than 0.05 were
considered statistically significant.

Results

Demographic Characteristics of Included
Subjects

This retrospective case-control study included 135
eyes from 135 subjects who underwent measurements
using the rotating Scheimpflug camera (Pentacam).
The demographic characteristics and clinical features
of 60 patients with CEL and 75 healthy control eyes
are shown in Table 1. The average age of the two
groups was13.1 ± 8.47 and15.3 ± 7.18, respectively (P
= 0.103).

Characteristics of Corneal Pattern of Patients
With CEL

Figure 1 shows the pentacam-4 refractive maps for
a healthy control and a patient with CEL. Compared
with healthy subjects, the anterior surface sagittal map
of patients with CEL showed non-collar-like symme-
try and an abnormal irregular height map, whereas
the anterior surface sagittal map of normal controls
showed a tie-like symmetric distribution and a symmet-
ric hourglass shape in the height map.

As Table 2 shows, there is a statistically significant
difference in the Q value (a key corneal parameter
that reflects the corneal shape) of the anterior surface
between the CEL group and controls (−0.41± 0.17 for
the CEL group versus −0.32 ± 0.13 for the controls,
P = 0.001).
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Table 1. The Demographic and Clinical Features of 60 Patients With CEL at Baseline.

Overall CEL Group Control Group P Value

Patients (n) 135 60 75 –
Male/female (n) 70/65 32/28 38/37 0.320
Mean age (SD, range) 14.34 ± 7.82 13.11 ± 8.47 15.32 ± 7.18 0.103
Age group (n)

≤10 years 49 30 19 0.803
10–20 years 53 15 38 0.522
>20 years 33 15 18 0.908
SD, standard deviation.

Figure 1. Comparison of the Pentacam-4 refractive maps in the patients with congenital ectopia lentis and controls.

Corneal Higher-Order Aberrations

The characteristics of the HOAs of interest are
shown in Table 2 and Figure 2. The patients with CEL
had lower anterior and total corneal spherical aberra-
tions and larger posterior surface spherical aberration;
among them, the anterior and total corneal horizon-
tal coma (z 3, 1) of the CEL group was larger than
that of controls (for anterior corneal horizontal coma:
0.22 ± 0.18 for CEL versus −0.05 ± 0.14 for controls,
P < 0.001, for total corneal horizontal coma: 0.24
± 0.18 for CEL versus −0.05 ± 0.14 for controls,
P < 0.001). Supplementary Material and Figure 3
showed that age-specific distribution of corneal HOAs
and the results shows that the anterior and total

corneal surface of horizontal coma of CEL in each
age group was larger than that in the controls (all P
< 0.05). For patients with CEL of ages 10–20 years
and ages >20 years, the anterior surface of vertical
coma was lower than that of the controls (−0.20 ±
0.32 vs. −0.02 ± 0.24 μm, P = 0.031; and −0.06
± 0.20 vs. 0.10 ± 0.22 μm, P = 0.047), for patients
with CEL of ages <10 years and ages 10–20 years,
the primary spherical aberration of anterior surface
and total cornea was lower than that of the controls
(all P < 0.001).

According to the scatter plot and the Pearson corre-
lation analysis are shown in Figure 4, the horizon-
tal coma of the anterior corneal and total surface in
patients with CEL were negatively associated with age
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Table 2. Comparisons of Corneal Higher-Order Aberrations of Patients in the CEL and Control Groups

Group CEL Control P Value

RMS HOA (CF) 0.46 ± 0.16 0.46 ± 0.15 0.872
RMS HOA (CB) 0.20 ± 0.47 0.21 ± 0.13 0.454
RMS HOA (cornea) 0.49 ± 0.18 0.47 ± 0.18 0.533
QValue CF −0.41 ± 0.17 −0.32 ± 0.13 0.001
Z (3, 3) CF 0.00 ± 0.11 −0.02 ± 0.11 0.183
Z (3, 1) CF 0.22 ± 0.17 −0.05 ± 0.14 <0.001
Z (3, −1) CF −0.13 ± 0.26 −0.01 ± 0.23 0.005
Z (3, –3) CF −0.03 ± 0.13 −0.05 ± 0.12 0.470
Z (3, 3) CB 0.01 ± 0.07 0.02 ± 0.04 0.247
Z (3, 1) CB 0.01 ± 0.03 0.00 ± 0.03 0.950
Z (3, −1) CB 0.01 ± 0.05 0.01 ± 0.05 0.805
Z (3, −3) CB −0.04 ± 0.08 −0.04 ± 0.06 0.690
Z (3, 3) cornea 0.02 ± 0.14 −0.00 ± 0.12 0.443
Z (3, 1) cornea 0.24 ± 0.18 −0.05 ± 0.14 <0.001
Z (3, −1) cornea −0.14 ± 0.26 −0.00 ± 0.23 0.002
Z (3, −3) cornea −0.08 ± 0.14 −0.09 ± 0.13 0.651
Z (4, 0) CF (um)
Mean± SD 0.15 ± 0.08 0.27 ± 0.08 <0.001
Positive (n) 58 75
Negative (n) 2 0

Z (4, 0) CB (um)
Mean± SD −0.13 ± 0.03 −0.15 ± 0.03 <0.001
Positive (n) 0 0
Negative (n) 60 75

Z (4, 0) cornea (um)
Mean± SD 0.10 ± 0.09 0.23 ± 0.09 <0.001
Positive (n) 55 75
Negative (n) 5 0

RMS(HOA), total high-order aberrations rootmain square; CF, anterior corneal surface; CB, posterior corneal surface; cornea,
total corneal surface; Z (4, 0), primary spherical aberration; Z (3, 3), oblique trefoil; Z (3, 1), horizontal coma; Z (3, −1), vertical
coma; Z (3, −3), vertical trefoil; Z (4, 0), primary spherical aberration.

(r = −0.30, P = 0.022, r = −0.30, P = 0.021, respec-
tively). The spherical aberrations of anterior and total
corneal surface were positively correlated with age (for
anterior corneal surface: r = 0.56, P < 0.001, for total
corneal surface: r = 0.51, P < 0.001).

Discussion

In our study, the Q value in the CEL group was
higher negative than that of the controls, and a signif-
icant difference in higher-order aberrations of the
cornea between patients withCEL and the controls was
detected. Compared to the controls, the patients with
CEL had a higher horizontal coma and lower primary
spherical aberrations.

It has been reported that corneal parameters of
CEL were significant different with healthy subjects.8
A previous study has suggested that the density of
corneal elastic microfibrils is significantly reduced and
the corneal central collagen fibrils are disorganized
when an FBN1 mutation occurs.9 For CEL, whose
main cause is an FBN1 mutation, it is reasonable that
the corneal structure and higher order corneal aberra-
tions may have special characteristics. In this study,
horizontal coma and primary spherical aberrations in
patients with CEL were significantly different from the
controls.

To our knowledge, HOA is one of the causes of
blurred retinal imaging and could lead to the decrease
of visual quality.10 In our study, the horizontal coma
of anterior and the whole corneal surface in the CEL
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Figure 2. Comparisons of the HOAs of the cornea in the CEL and
control groups. Z (3, 1), horizontal coma; Z (3, −1), age coma; Z (3,
3), oblique trefoil; Z (3, −3), vertical trefoil; Z (4, 0), primary spheri-
cal aberration; CF,= front corneal surface; CB, back corneal surface;
cornea, total corneal surface.

group were larger than that in the control group, and
such changes existed in each age group. In contrast,
the vertical coma of the anterior surface and the total
corneal surface of patients with CEL was significantly
lower than that of the controls; when grouped by age,
such differences also appeared in patients with CEL
older than 10 years of age. Although larger horizon-
tal coma reduced visual image quality, higher verti-
cal coma was demonstrated to enhance the depth
of focus.11 Findings above may be the reasons why
patients with CEL have low visual acuity even after
timely surgery. Considering quite a few studies have
confirmed that HOA is associated with the develop-
ment of amblyopia,12–16 the patients with CEL who
experience adverse visual effects due to an enlarged
horizontal coma could theoretically attempt tomitigate
this effect by using rigid gas permeable contact lenses.
In addition, in recent studies, Liao et al. suggested that
HOA of patients with amblyopia can be corrected by
using a real-time closed-loop adaptive optics percep-
tual learning system,17 Tan et al. pointed out that fitting
rigid gas permeable contact lenses and reverse geome-
try rigid gas permeable contact lens can effectively
decreaseHOAsof individuals induced byLasik surgery
by eliminating the irregularity and dissymmetry on
the anterior corneal surface.18,19 Hence, for patients
with CEL, the methods mentioned above can also be

used to reduce the adverse visual effects caused by
HOAs.

In this study, the negative Q value of the anterior
corneal surface was significantly larger in patients with
CEL than in normal controls. Corneal Q value, the
parameter to describe the aspheric morphology of
the anterior corneal surface, representing the degree
of discrepancy between the curvature of the central
and paracentral corneal regions. The normal human
cornea is transversely ellipsoidal, steep in the center
and flat at the periphery.20 Our study suggested that
the cornea may be flatter in patients with CEL. Other
studies have concluded that the flattened cornea in
patients with CEL may be related to the morpholog-
ical abnormalities in the elastic components caused
by fibrin-1 mutation in patients with CEL, which
can lead to an extraneous stretch of the cornea
and eyeball, resulting in a flattened and thinner
cornea.21

In our study, we found that patients in the CEL
group had a lower value of spherical aberration than
that in the controls. Spherical aberration is a major
component of HOA and has a significant impact
on optical quality, but spherical aberration in the
human eye can be clinically modifiable with aspheric
intraocular lens (IOLs), making it one of the most
crucial factors for clinicians to consider in their pre-
operative IOL selection options.22 Previous studies
have concluded that in order for patients to have better
visual quality after surgery, their postoperative resid-
ual spherical aberration should be preserved at 0.1 um,
although current clinicians tend to select aspheric IOLs
for patients with conventional cataract with a primary
spherical aberration of −0.2 um or −0.27 um based on
their corneal characteristics.23 In our study, there was
a significant difference in spherical aberration between
the CEL group and the control group; the mean value
of the total corneal primary spherical aberration was
0.06 ± 0.08 um in the ≤10 years old group, and the
mean value of primary spherical aberration in the
10–20 years old group was 0.12 ± 0.08. The above
findings revealed that the patients with CEL in each age
group had a lower corneal primary spherical aberra-
tion than the controls. This result suggested that for
patients with CEL, especially in the younger age group,
the residual primary spherical aberration obtained
with the conventional negative spherical aberration
compensated aspheric IOL was much lower than 0.1
um, which would reduce their postoperative visual
quality. It is also worth noting that our results also
showed that approximately 2 of 60 patients with CEL
(3.33%) had negative anterior corneal spherical aberra-
tion and 5 of 60 (8.33%) had negative spherical aberra-
tion of total corneal, which was not detected in the
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Figure 3. Comparisons of the HOAs according to age in patients in ectopia lentis. (Z (3, 1), horizontal coma; Z (3, −1), vertical coma;
Z (3, 3), oblique trefoil; Z (3, −3), vertical trefoil; Z (4, 0), primary spherical aberration; CF, front corneal surface; CB, back corneal surface;
cornea, total corneal surface.

normal control group. However, the above findings
are still theoretical and not directly associated with
IOL selection, the findings cannot confirm this retro-
spective study that which will need to be confirmed
in future prospective studies, but nevertheless, the
results remind us of the need to pay attention to
the relationship between IOLs and HOA in patients
with CEL.

As shown in Figure 2, we also found that the distri-
bution of HOAs in the anterior surface of the cornea
was consistent with that of the whole surface, a result
similar toDubbelman et al.’s conclusion that theHOAs
of the posterior corneal surface in normal subjects
represent a small fraction of those of total cornea.24
Meanwhile, as shown in Figure 4, the horizontal coma
of the anterior cornea decreased with an increase in
age, whereas the anterior and total corneal primary
spherical aberration increased with an increase in age,
which suggested that in patients with CEL, the primary
spherical aberration of anterior and total corneal
surface have a similar trend, whereas the horizontal
coma in the posterior corneal surface is stable and does
not change with age. The result may be attributed to
the fact that our study was a cross-sectional rather than
a longitudinal study, The older age of our included

patients may be due to their later ocular onset, so the
cornea is relatively more stable and thus the horizon-
tal coma does not increase significantly. However, more
longitudinal studies are needed in the future to further
investigate the relationship between age and corneal
horizontal coma.

There are some limitations in this study. First,
although the patients came from different regions
of China, the majority of them were from south-
ern China, which is not representative of the entire
CEL patient population. Second, this paper is a
cross-sectional study, and more relevant longitudinal
studies are still needed in the future to better under-
stand the distribution and changing trend of higher-
order aberration in patients with CEL. However,
this study is important as the first large sample
size study describing the distribution of HOAs
in Chinese patients with CEL, despite the above
limitations.

In conclusion, the results of this study indicate that
the patients with CEL had higher corneal horizontal
coma and lower corneal primary spherical aberrations
than healthy controls, which suggests more attention
should be paid for formulating treatment strategies in
patients with CEL.
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Figure 4. Correlations between 5 HOAs and age. Z (3, 1), horizontal coma; Z (3,−1), vertical coma; Z (3, 3), oblique trefoil; Z (3,−3), vertical
trefoil; Z (4, 0), primary spherical aberration; CF, front corneal surface; CB, back corneal surface; cornea, total corneal surface.
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