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Purpose: This study aimed to analyze the impact of long-term ICL implantation on lens density, focusing on the relationship between 
the anterior subcapsule, anterior lens density, and implantable collamer lenses (ICL) position after ICL V4c implantation.
Methods: This retrospective study included 145 eyes with ICL V4c implantation and average follow-up of 4.2 years (range: 3–8 
years). The control group comprised 65 myopic eyes without surgery. All participants underwent comprehensive ophthalmologic 
examinations, and lens density were measured using quantitative Scheimpflug images.
Results: The central anterior subcapsular densities were 8.62 ± 1.39% preoperatively, 8.99 ± 1.31% at 3 months, and 9.29 ± 0.95% at 
the last follow-up post ICL implantation (p < 0.001). At last follow-up, the anterior subcapsular densities were 9.29 ± 0.95% in the 
central region, 8.92 ± 0.79% in the long axis of peripheral region, and 8.62 ± 0.76% in the short axis of peripheral region (p < 0.001). 
The densities were lower in the non-surgical group than in the ICL implantation group. One eye (0.69%) was discovered to have 
anterior subcapsular and nuclear opacification.
Conclusion: The density of the anterior subcapsule increased over time after ICL implantation. Preoperative refraction and pupil size 
were correlated with changes in anterior subcapsule density. The central anterior subcapsule density was higher than that at the 
periphery, and the peripheral density of the long axis was higher than that of the short axis.
Keywords: ASC, anterior subcapsular opacification, ICL, lens density, V4c

Introduction
High myopia can be challenging to correct effectively due to corneal thickness limitations. Phakic intraocular lenses 
(pIOLs) provide a safe and reversible solution that preserves corneal integrity.1 The implantable collamer lens (ICL; 
Staar Surgical, Nidau, Switzerland) is a widely recognized option approved by the Food and Drug Administration for 
correcting moderate to high myopia (up to −18D) and astigmatism (up to 6D). Numerous studies have demonstrated the 
safety and efficacy of ICL implantation.2–4 Despite the verified safety of the implantable collamer lens (ICL), research 
has reported some complications related to its use. Cataract formation, particularly in the anterior subcapsule, is one of 
the most frequently documented safety issues with ICL implantation.5 Previous studies have indicated that anterior 
subcapsular opacification and cataract formation in traditional ICL models without the central hole are associated with 
low vault.6,7 The ICL V4c model features a 360-μm central hole that promotes aqueous humor circulation and eliminates 
the need for iridotomy.8 This “CentraFLOW Technology” design is more resistant to lens opacification than the V4 
model and can control the flow of aqueous humor between the ICL and the crystalline lens.9
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Both subjective and objective methods can be used to assess the lens clarity. The lens opacification classification 
system III (LOCS III) is a subjective method used to evaluate approximate cataract morphology and opacity with a slit- 
lamp microscope.10 Conversely, measuring the lens density using the Scheimpflug camera of the Pentacam is an 
objective method for evaluating the opacity of a part of the lens. Additionally, it is possible to observe variations in 
the lens density before visible opacification occurs, providing a reference for preventing anterior subcapsular opacifica
tion and cataracts. The Pentacam provides a precise and reproducible measurement of the lens density in the selected 
area.11 Objective measurements can sensitively and accurately record changes in the lens density at different locations 
and evaluate cataract development.

While the long-term incidence of cataracts with ICL V4c (with a central hole) is lower compared to the previous 
model without a central hole,9,12 ICL V4c implantation may still have an impact on crystalline lens density, particularly 
in patients aged 40 years and above. Studies by Ye et al and Yang et al demonstrated that anterior average lens density 
(a-ALD), as measured by Pentacam, increased 4 years post-ICL implantation compared to preoperative measurements 
and 3 months post-surgery. Additionally, in patients exceeding 40 years of age, a-ALD was found to rise at 3 months 
post-operation compared to preoperative values.13,14 It is crucial to assess the likelihood of a continuous rise in lens 
density with the extended surgical duration, identify the threshold at which heightened lens density leads to anterior 
subcapsular opacification or cataracts, and determine the optimal timing for clinical intervention. Distinguishing whether 
elevated lens density is due to age-related factors or the impact of ICL implantation is vital for clinical diagnosis.

This study examined long-term anterior subcapsule and anterior lens density in individuals that underwent ICL implanta
tion and compared it with those in individuals with myopia that did not undergo surgical intervention. The aim was to analyze 
the impact of long-term ICL implantation on lens density, focusing on the relationship between the anterior subcapsule, 
anterior lens density, and ICL position after ICL V4c implantation, providing guidance for clinical decision-making.

Materials and Methods
Patients
A total of 145 eyes were included in this retrospective case-control study, all of which underwent ICL V4c implantation 
to correct myopia or myopic astigmatism at the Eye Ear Nose and Throat Hospital, Fudan University. The surgeries were 
performed between January 2015 and September 2020, with an average follow-up period of 4.2 years (range: 3–8 years). 
To assess the impact of lens density in different regions without ICL implantation, this study included a control group 
consisting of 65 eyes of individuals with myopia that did not undergo the operation. Based on Chow et al’s work, the 
sample sizes were calculated using an α of 0.05, a power (1−β) of 80%, and a 2:1 ICL implantation to control ratio, with 
lens opacity incidence rates also considered.15–17 Both the ICL implantation and control groups met all inclusion criteria. 
Patient characteristics and ocular parameters were carefully matched to ensure comparability between the two groups.

The inclusion criteria for the study were as follows: (1) patients who had undergone ICL implantation more than 3 
years prior to the study, (2) had available preoperative and 3-month postoperative imaging records and (3) had undergone 
a safe surgical procedure without intraoperative lens injury or any intraoperative or postoperative complications. 
Exclusion criteria included (1) a cumulative refractive error (including the refractive error corrected by the implanted 
ICL lens and the postoperative residual error) exceeding −2000 diopters, (2) age above 50 years, (3) the presence of other 
ocular diseases, (4) a history of trauma, or ocular surgeries other than ICL implantation, including procedures such as 
intravitreal injections for high myopia-related retinal hemorrhage.

The following assessments were recorded: (1) uncorrected distance visual acuity (UDVA) and corrected distance 
visual acuity (CDVA); (2) manifest and cycloplegic refraction; (3) slit lamp biomicroscopy and fundoscopic examina
tions; (4) intraocular pressure (IOP, Tonemeterx-10, Canon, Japan); (5) corneal topography and central corneal thickness 
(Pentacam HR, Type 70900; Oculus Optikgeräte GmbH, Wetzlar, Germany); (6) horizontal corneal diameter (white-to- 
white, [WTW], (IOL Master 500, ZEISS, Germany); (7) axial length (IOL Master); (8) anterior chamber depth (ACD), 
anterior chamber volume (ACV), and anterior chamber angle (ACG) (Pentacam); (9) endothelial cell density (ECD, SP- 
3000P, Topcon Corporation, Tokyo, Japan); (10) optical coherence tomography (OCT, Optovue, Florida, USA); and (11) 
ultrasound biomicroscopy (UBM, Quantel Medical, Clermont-Ferrand, France).
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Compliance With Ethics Guidelines
The study adhered to the principles of the Helsinki Declaration and received approval from the Ethics Committee of 
Fudan University Eye, Ear, Nose, and Throat Hospital (2021018). Participants provided written informed consent 
following a comprehensive explanation of the procedure. To protect their privacy, all data were anonymized.

ICL Axis, Crystalline Lens Density, and Vault Height
The ICL axis was measured using an OPD-Scan III (Nidek Co., Ltd., Gamagori, Japan). Measurements were conducted 
under mesopic lighting conditions (3 cd/m²), with pupils dilated to ensure a size of over 6.0 mm. ICL axis data were 
obtained by manually aligning the angle scale to the two peripheral holes of the ICL under retrobulbar illumination 
mode.18

Lens density was measured using a Pentacam device at three time points: preoperatively, 3 months postoperatively, 
and at the last follow-up. Patients underwent pupil dilation to achieve a pupil size exceeding 6.0 mm at the last follow-up. 
All the measurements were performed under dark conditions. Only images with a quality factor above 95% were 
considered acceptable We obtained the long and short ICL axis meridian planes from the Scheimpflug images to measure 
the density of the anterior subcapsular and anterior middle lens regions for eyes with ICL implantation. For eyes without 
ICL implantation, the crystalline lens density was measured along the horizontal 180° axis and the vertical 90° axis. The 
long axis of the ICL refers to the axis along the longer direction of the lens, representing its overall length. The short axis 
is the axis perpendicular to the long axis, corresponding to the shorter direction of the lens. In the Scheimpflug image 
mode, we employed line densitogram and area densitometry tools to determine the density at the anterior subcapsule and 
anterior lens (the anterior one-third region). As shown in Figure 1, we evaluated the density of the central lens (diameter 
within a 2-mm area) and peripheral lens (diameter outside of a 2-mm area) separately. The software automatically 
calculated the areas of the selected image and provided numerical values for the average lens density, expressed as the 
percentage of absorbed light. The data presented were derived from the average of five repeated measurements at each 
time point to ensure accuracy and reliability. The optical density of the lens was measured on a scale ranging from 0% to 
100%, where 0% represented a completely clear lens and 100% indicated full opacity.

Vault height measurements were obtained using anterior segment OCT (AS-OCT) (CASIA II, Tomey Corporation, 
Nagoya, Japan) under dark conditions with pupil mydriasis exceeding 6.0 mm. We used the meridian planes of the long 
and short ICL axis from the CASIA II images to assess both central and peripheral vault heights. The long axis of the 
ICL is the longer direction of the lens, while the short axis is perpendicular to it and represents the shorter direction. The 
central vault was measured at the location of the central hole, while the peripheral vault was measured on two sides 
within a diameter of 6–7 mm around the central hole.

Statistical Analysis
Data analyses were conducted using SPSS software (version 26.0; IBM, USA). Results are presented as the mean ± 
standard deviation. Data normality was confirmed using the Shapiro–Wilk test. Student’s t-test was applied for normally 
distributed data, whereas the Mann–Whitney U-test was used for non-normally distributed data to compare two groups. 
Analysis of variance (ANOVA) was used for comparisons involving more than two groups of continuous variables. Post- 
hoc analysis was carried out using the Least Significant Difference (LSD) method. To eliminate the potential influence of 
age on the lens density between the ICL implantation group and the non-surgical group, analysis of covariance 
(ANCOVA) was performed to adjust the data. Pearson or Spearman correlation coefficients were used to assess the 
relationship between lens density and other variables based on data distribution. A two-tailed test was used for all 
hypothesis testing, with statistical significance defined as p < 0.05.

Results
Patient Profiles
In this study, the group that underwent ICL implantation included 145 eyes from 145 patients, while the non-surgical group 
consisted of 65 eyes from 65 patients. Patient demographic data are shown in Table 1. The ICL implantation group had a mean age 
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of 32.41 ± 6.04 years (range: 22–49 years) and a mean spherical equivalent of −9.30 ± 2.96D. In contrast, the non-surgical group 
showed a mean age of 31.48 ± 6.23 years (range: 21–50 years) and a mean spherical equivalent of −8.72 ± 3.27D. There were no 
significant differences between the two groups in terms of age, mean spherical equivalent, CDVA, or axial length (P > 0.05).

Efficacy and Safety
Figure 2A and B display that the efficacy index, defined as the ratio of postoperative UDVA to preoperative CDVA, was 
found to be 0.86 ± 0.28, with values ranging from 0.06 to 1.71. The safety index at the final follow-up, determined by the 
ratio of postoperative CDVA to preoperative CDVA, was recorded at 1.19 ± 0.23, with a range between 0.29 and 2.14. 
Among the eyes examined in this study, 52.41% attained a postoperative UDVA of 20/20 or better, while 90.34% 
achieved a postoperative UDVA of 20/40 or better. Furthermore, 94.48% of the eyes reached a postoperative CDVA of 
20/20 or better, and 99.31% had a postoperative CDVA of 20/40 or better. Additionally, 1.38% (2/145) of eyes 
experienced a decrease of ≥ 2 lines in CDVA due to complications, with one eye affected by macular schisis and the 
other by a cataract.

Figure 1 (A) To measure the density of the central anterior subcapsule, a 1.8-mm line (purple line), using the line densitogram tools, was positioned along the central front 
of the crystalline lens outline, with its center aligned to the central hole of the implantable collamer lens (ICL). The average density of this region was automatically 
calculated. To measure the density of the peripheral anterior subcapsule, two 1.8-mm lines (red and blue lines), employing the line densitogram tools, were positioned along 
each side of the peripheral front of the crystalline lens outline. These lines were situated more than 1 mm outside the central hole of the ICL; (B) To measure the density of 
the central anterior lens, a 1.8×0.8 mm rectangle (purple rectangle), using the area densitometry tools, was created. This rectangle was placed along the central front of the 
one-third region of lens, with its center aligned to the central hole of the implantable collamer lens (ICL). To measure the density of the peripheral anterior lens, two 
1.8×0.8 mm rectangles (red and blue rectangles), using the area densitometry tools, were drawn. These rectangles were positioned along each side of the peripheral front of 
the one-third region of lens and were situated more than 1 mm outside the central hole of ICL.
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Predictability and Stability
Figure 3A illustrates a scatter plot comparing the attempted versus achieved spherical equivalent. At the last follow-up, the 
analysis of preoperative spherical equivalent (SE) against the target refractive power revealed that 44.14% of eyes fell 
within ±0.50 D, while 75.86% were within ±1.00 D, as shown in Figure 3B. Figure 3C shows the stability of SE refraction. 
The preoperative SE was −8.59 ± 2.87 D, −0.29 ± 0.47 D at 3 months, and −0.77 ± 0.69 D at the last follow-up.

Crystalline Lens Density and Vault Height
Table 2 presents the density in different regions of the lens at the last follow-up after ICL and that of non-surgical group. 
Additionally, the central and peripheral vault heights at the long and short ICL axes are listed. After ICL implantation, the 
densities of the anterior subcapsule and anterior lens in the peripheral region were lower than those in the central region 
(p < 0.001). Furthermore, the densities of the anterior subcapsule in the peripheral region along the short axis were lower 
than those in the peripheral region along the long axis (p < 0.05). In contrast, no differences were observed in the density 
of the anterior subcapsule and anterior lens between the peripheral and central regions along both the long and short axes 

Table 1 Demographic Data of Patients with Myopia That Underwent ICL Implantation and 
Those of the Non-Surgical Group

Characteristics ICL Implantation (n=145) Non-Surgery (n=65) p-value

Mean ± SD Range Mean ± SD Range

Gender (male/female) 22/123 11/54 0.747
Age (years) 32.41 ± 6.04 22, 49 31.48 ± 6.23 21, 50 0.549

Sphere (D) −8.70 ± 2.91 −19.00, −1.75 −8.17 ± 3.11 −18.25, −1.50 0.146

Cylinder (DC) −1.19 ± 1.10 −5.25, 0 −1.10 ± 0.99 −4.50, 0 0.675
SE (D) −9.30 ± 2.96 −19.00, −1.75 −8.72 ± 3.27 −19.25, −2.25 0.108

Axial Length 27.17 ± 1.44 23.08, 31.26 26.90 ± 1.34 24.29, 31.13 0.207

CDVA (logMAR) −0.00 ± 0.07 −0.10, 0.40 −0.00 ± 0.01 −0.10, 0 0.303

Abbreviations: ICL, implantable collamer lens; SD,standard deviation; SE, Spherical equivalent; D, diopter; DC, 
cylindrical diopter.

Figure 2 Refractive outcomes at last follow-up post-implantation of the implantable collamer lens (ICL). (A) Changes in Snellen lines of uncorrected distance visual acuity 
(UDVA). (B) Changes in Snellen lines of corrected distance visual acuity (CDVA).
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in the non-surgical group (p > 0.05). Additionally, the densities were lower in the non-surgical group than in the ICL 
implantation group, particularly in the central and peripheral regions of the anterior subcapsule and the central regions of 
the anterior lens (p < 0.05).

After being adjusted for the effect of age using analysis of covariance, the preoperative lens density of the central 
anterior subcapsule was 8.62 ± 1.39% in the ICL implantation group, while the value was 8.30 ± 0.83% in the non- 
surgical group (p = 0.107). Additionally, the preoperative anterior lens density in the ICL implantation group was 7.68 ± 
1.42%, compared to 7.52 ± 1.00% in the non-surgical group (p = 0.569).

Changes in Central Lens Density Preoperatively, at 3 months, and at Last Follow-up 
After ICL Implantation
As shown in Figure 4A and B, the central anterior subcapsule density was 8.62 ± 1.39% preoperatively, 8.99 ± 1.31% at 
3 months, and 9.29 ± 0.95% at the last follow-up (p < 0.001). The central lens density was 7.68 ± 1.42% preoperatively, 
7.93 ± 1.38% at 3 months, and 8.12 ± 1.15% at the last follow-up (p = 0.022).

Figure 3 Refractive outcomes at last follow-up post-implantation of the implantable collamer lens (ICL). (A) Attempted versus achieved spherical equivalent (SE) refraction. 
(B) SE refraction. (C) Stability of SE refraction up to the last follow-up. 
Abbreviations: D, diopters; Pre-op, preoperative.

Table 2 Lens Density and Vault Height at Last Follow-up in the ICL Implantation Group and Lens Density in the Non-Surgical 
Group

ICL Implantation group Long axis of Peripheral Region Central Region Short axis of Peripheral Region p-value
Non-surgery group 180° axis of peripheral region Central region 90° axis of peripheral region

Optical density (%) Mean ± SD Mean ± SD Mean ± SD

ICL implantation group
Anterior subcapsule density 8.92 ± 0.79**† 9.29 ± 0.95 8.62 ± 0.76**† < 0.001

Anterior lens density 7.75 ± 0.98* 8.12 ± 1.15 7.56 ± 0.91** < 0.001

Vault height (mm) 0.34 ± 0.16** 0.45 ± 0.22 0.34 ± 0.19** < 0.001
Non-surgery group

Anterior subcapsule density 8.17 ± 0.80 8.30 ± 0.83 7.98 ± 0.67 0.111

Anterior lens density 7.56 ± 0.93 7.52 ± 1.00 7.31 ± 0.83 0.250
p1-value < 0.001 < 0.001 < 0.001

p2-value 0.318 0.001 0.120

Notes: *differences between peripheral and central anterior subcapsule density or anterior lens density, p<0.05; ** p<0.001; †differences between long and short 
axis of peripheral anterior subcapsule density or anterior lens density, p<0.05; p1: differences in anterior subcapsule density between the ICL implantation group 
and the non-surgical group; p2: differences in anterior lens density between the ICL implantation group and the non-surgical group. 
Abbreviations: ICL, implantable collamer lens; SD, standard deviation.
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We found a positive correlation between changes in the central lens density of the anterior subcapsule with the time 
elapsed after surgery (in years), axial length, and pupil size in a dark room (p < 0.05). Additionally, a negative correlation 
was observed between spherical diopters and equivalent spherical diopters. Furthermore, changes in the central lens 
density were positively correlated with the time elapsed after surgery (p < 0.05). However, changes in the central lens 
density of the anterior subcapsule demonstrated no relationship with age, cylindrical diopter, central and peripheral vault 
heights, ACD, corneal thickness, WTW, STS, anterior chamber angle (ACA), intraocular pressure (IOP), corneal 
curvature, or corneal endothelial count (Table 3).

Case of Occurring Cataract
One eye (0.69%) was discovered to have anterior subcapsular and nuclear opacification under slip lamp examination, 
with a decrease in CDVA (Table 4 and Figure 5A and B). No significant lens opacity was observed in the other eyes.

Figure 4 Lens density measurements preoperatively, at 3 months, and at last follow-up after implantable collamer lens (ICL) implantation (A) Central anterior subcapsule 
density (p < 0.001); (B) Central anterior lens density (p = 0.022).

Table 3 Changes in Central Lens Density and Its Correlation With Various Factors at Three Time Points: Preoperatively, at 3 months, 
and at Final Follow-up Post-Implantation of ICL

Lens density (%) Changes in Central Lens 
Density of Anterior Subcapsule 
Between Last Follow-up and 3 

Months Follow- 
up Measurements

Changes in Central Lens 
Density of Anterior 

Subcapsule Between Last 
Follow-up and Preoperative 

Measurements

Changes in Central 
Anterior Lens Density 

Between Last Follow-up 
and Preoperative 

Measurements

Mean ± SD Mean ± SD Mean ± SD
0.22 ± 1.54 0.62 ± 1.50 0.42 ± 1.46

r p r p r p

Time elapsed since surgery (years) 0.313 < 0.001** 0.419 < 0.001** 0.353 < 0.001**

Sphere (D) −0.194 0.030* −0.041 0.638 −0.018 0.841
SE (D) −0.190 0.034* −0.021 0.810 0.013 0.881

Axial length 0.191 0.032* 0.077 0.385 0.109 0.215

Pupil size in dark room 0.049 0.588 0.190 0.030* 0.141 0.109

Notes: *p<0.05; ** p<0.001. 
Abbreviations: ICL, implantable collamer lens; SD, standard deviation; D, diopter.
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Table 4 Characteristics of the Patients and Eyes in the Event of a Clinical Cataract

Age at ICL Age at CDVA UDVA CDVA Catara Vault Vault Vault Anterior Anterior Anterior
Surgery 
(years)

The last 
follow-up 
(years)

Before 
surgery 

(Decimal)

At the last 
follow-up 
(Decimal)

At the last 
follow-up 
(Decimal)

ct type Height of 
long axis of 
peripheral 

region 
(mm)

Height of 
central region 

(mm)

Height of 
short axis of 
peripheral 

region 
(mm)

Subcapsule 
density of long 
axis peripheral 

region (%)

Subcapsule 
density of 

central region 
(%)

Subcapsule 
density of short 

axis 
peripheral 
region (%)

41 49 0.7 0.05 0.2 ASC + NC 0.254 0.353 0.250 11.0 11.6 10.7

Abbreviations: ICL, implantable collamer lens; CDVA, corrected distance visual acuity; UDVA, uncorrected distance visual acuity; ASC, anterior subcapsular cataract; NC nuclear cataract.
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Discussion
ICL implantation is a safe and effective procedure for correcting myopia; however, some studies have reported potential 
complications associated with the ICL.19 One of the most common complications is cataracts, which reduces visual 
acuity and shortens the lifespan of ICL implantation. According to published reports, the rate of lens opacity in eyes with 
ICL implants (in V4 and early models without central hole) also increases over time; it was found to be 3% at 1 year, 4% 
to 11% at 2 years, 7% to 40.9% at 5 years, and 28% to 54.8% at 10 years.7,20 ICL extraction and phacoemulsification 
were frequently deemed necessary in 17%–18.3% of cases within 10 years following ICL implantation.7,20 Despite the 
limited available data, studies suggest a decreasing trend in the incidence of cataracts associated with ICL V4c (with 
a central hole) compared to models without a central hole.9,12,20 ASC is considered to be the ICL-related form of cataract, 
and most studies have reported that the indication of ASC after ICL implantation might be related to low vault height, 
fluidics of the aqueous humor, and the age of patients.6,7,20–22

We found that clinical ASC and nuclear cataract occurred in only one eye (0.69%) that was scheduled for 
phacoemulsification. In this patient, the measured anterior subcapsular density exceeded 11%, and concurrent observa
tions revealed anterior subcapsular opacity during slit-lamp microscopic examination. In contrast, the measured density 
in the transparent anterior subcapsular region ranged from 8% to 9%. Based on our observations, when the anterior 
subcapsular density exceeded 11, the likelihood of anterior subcapsular opacity formation increased.

In patients without cataract onset, the peripheral anterior subcapsular density of the long axis was higher than that of the 
short axis plane. No significant differences were observed in the various regions of the anterior subcapsular density in the non- 
surgical control group with myopia. The length of ICL ranges from 12.1–13.7 mm and the width ranges from 7.5–8.0 mm20. 
We assumed that changes in the aqueous humor circulation had less impact on the transfer of nutrients to the peripheral 
crystalline lens along the short axis of the ICL; this is because the short axis does not extend over the peripheral region of the 
crystalline lens.

The initial discovery of opacification in myopic eyes treated with the earlier version of the ICL (no central hole) 
indicated that it predominantly occurred in the peripheral regions of the lens area.7,20,21 According to Sarikkola et al, 
cataract formation in myopic eyes first manifested beneath the thickest part of the ICL, which is located at its periphery.21 

This phenomenon is probably attributed to the close proximity of the ICL to the crystalline lens in that particular region. 
In contrast, the ICL V4c, which features a central hole, is reported to pose a lower risk for anterior subcapsular cataracts 
(ASC) compared to its predecessor, as the central hole enhances aqueous humor metabolism and facilitates circulation to 
the anterior surface of the crystalline lens.9,23,24 Moreover, the implantation of the ICL V4c (with a central hole) alters the 
flow of aqueous humor, impacting the wall shear stress experienced in the central region of the crystalline lens.25 Long- 
term wall shear stress on crystalline lenses can potentially contribute to ASC formation. Our study revealed that the 
anterior subcapsular and anterior lens densities were greater in the central region compared to the peripheral region in the 

Figure 5 The eye that was discovered to have anterior lens opacity and nuclear lens opacity (A) Scheimpflug images by the Pentacam device; (B) images taken by OPD-Scan 
III under retrobulbar illumination mode. 
Abbreviations: ASC, anterior subcapsule cataract; NC, nuclear cataract.
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ICL implantation group. Furthermore, no significant differences were observed in these densities within the non-surgical 
myopic control group.

Numerous studies have considered low vault as a risk factor for ASC, primarily due to the persistent or intermittent 
contact between the ICL and the crystalline lens, along with insufficient nutrition delivered through the anterior chamber 
flow between these two structures.7,9 However, our study revealed no correlation between lens density and vault height. 
Simultaneously, we found that the peripheral vault height was lower than the central vault height, which is consistent 
with the findings of Jiménez-Alfaro et al and Trindade et al26,27 Conversely, the central lens density was higher than that 
of the peripheral region in the ICL implantation group.

Despite the lower vault, the ICL V4c with a central hole maintains a well-distributed aqueous humor flow between the 
ICL and the crystalline lens, facilitating circulation from the posterior to the anterior chamber. Fernández-Vigo et al 
demonstrated that the velocity of aqueous humor flow through the central hole of the ICL was increased in cases with 
reduced vault heights. Furthermore, when comparing flow rates, the central-hole ICL showed greater aqueous humor 
passage through its ducts (360-μm central hole) compared to the ICL without a central hole, particularly at lower vault 
heights.25,28 This suggests that the central-hole design of the ICL may enhance circulation at the anterior surface of the 
crystalline lens, potentially lowering the risk of cataract formation compared to its predecessor without a central hole.24,28 

Additionally, Gonzalez-Lopez et al proposed that the central port of the ICL may offer some degree of protection against 
the long-term development of cataracts, even in eyes with lower vault heights.29

Nakamura et al found that the surfaces of explanted ICLs showed no signs of damage or depositions, suggesting 
minimal contact between the ICLs and adjacent tissues, such as the iris and crystalline lens. This observation implies that 
the development of ASC may be more closely related to insufficient aqueous humor circulation than to mechanical 
interaction between the crystalline lens and the ICL.30,31 We lean toward supporting this perspective. In our study, one 
patient developed a clinical cataract; however, the ICL did not contact either the central or peripheral regions of the 
crystalline lenses. Additionally, this patient had ICL implantation after the age of 40, a period when protein aggregation 
and membrane binding in the central lens region increase significantly, leading to higher lens density, greater stiffness, 
and reduced molecular diffusion. These factors may have contributed to the development of the cataract.32 These factors 
may have contributed to the development of the cataract. Previous studies have identified age as a significant risk factor 
for cataract development following ICL implantation.19,21 In individuals with high myopia, crystalline opacity tends to 
increase progressively with age, especially in those over 40 years old.6,33,34

In our study, there was a progressive increase in anterior subcapsular density over time following surgery. This 
observation implies that ICL implantation has the potential to modify the anterior subcapsular density. Moreover, our 
study revealed that increased preoperative diopters and escalating severity of myopia were associated with increased 
density levels in the anterior subcapsule. Some studies have suggested that a preoperative diopter exceeding −12D to 
−14D is associated with an increased risk of ASC.19,35,36 Additionally, we observed a positive relationship between pupil 
size in a dark room and anterior subcapsular density. The size of the pupil is influenced by the activity of the ciliary 
muscle, and changes in pupil size can alter the position of the ICL as well as the velocity and distribution of aqueous 
humor within the eye, impacting the wall shear stress on the crystalline lens.25,28 Fernández-Vigo et al showed that the 
wall shear stress on a crystalline lens is affected by both the vault height and pupil size.25 Consequently, these alterations 
may indirectly influence the anterior subcapsular density.

The occurrence of early-onset cataracts appears to have declined in recent years, likely due to advancements in lens 
design and improvements in surgical techniques, including the surgeon’s experience and proficiency. Steinwender et al 
revealed that several patients developed central anterior subcapsular opacification after a short period of ICL V4c 
implantation. Anterior subcapsular opacification occurred during ICL implantation as a result of cannula irrigation, 
which directed a strong flow onto the capsule through the central hole of the ICL. Subsequently, the surgical technique 
was modified to prevent anterior subcapsular opacification.37

This study has some limitations. The central and peripheral vaults were measured under mydriatic conditions. In 
previous studies, there was a positive correlation between the ICL vault and the pupil diameter. During miosis, the iris 
exerts downward pressure on the ICL, leading to a reduction in the central vault.38,39 This suggests that the vault height 
may have been overestimated. Moreover, this study lacks data on changes in crystalline lens density for the control group 
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of myopic eyes without surgery, and the sample size in this study was limited. Addressing these aspects in future 
prespective study would enable a more comprehensive comparison and enhance the validation of our findings by 
including a larger sample size.

Conclusion
The density of the anterior subcapsule increased over time after ICL implantation. Preoperative refraction and pupil size 
were correlated with changes in anterior subcapsule density. The central anterior subcapsule density was higher than that 
at the periphery, and the peripheral density of the long axis was higher than that of the short axis, which may be attributed 
to wall shear stress on the crystalline lens by altering the flow of aqueous humor from the central hole.
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