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ABSTRACT

Introduction: The aim of this work is to inves-
tigate the dynamic changes of capsular-in-
traocular lens (IOL) adhesion in plate-haptic
hydrophilic and loop-haptic hydrophobic eyes.
Methods: Cataract eyes that met the inclusion
criteria were randomly assigned to receive
implantation of a plate-haptic hydrophilic or
loop-haptic IOL. The anterior capsular adhe-
sion, posterior capsular adhesion, and the con-
figurations of the capsular bend were evaluated
using swept-source optical coherence tomogra-
phy at 1 day, 1 week, 1 month, and 3 months
postoperatively.
Results: In total, 66 eyes of 66 patients were
eligible for the analysis: 33 in the plate-haptic
group and 33 in the loop-haptic group. The
contact between the anterior capsule and IOL in
the plate-haptic group was earlier than that in
the loop-haptic group upon comparing the
measurements taken at 1 day and 1 week
(p = 0.001, p = 0.003, respectively). The

complete attachment of the posterior capsule
and IOL in the plate-haptic group was signifi-
cantly greater at 1 week, 1 month, and
3 months (p = 0.001, p = 0.000, p = 0.001,
respectively). The capsular bend index of the
plate-haptic group was significantly greater
than that of the loop-haptic group at each time
points except at 1 day (p = 0.007, p = 0.049,
p = 0.005, respectively). Furthermore, a new
type of capsular bend, ‘‘cocked adhesion,’’ was
observed in the plate-haptic eyes.
Conclusions: The plate-haptic IOL demon-
strated excellent capsular adhesion compared to
the loop-haptic IOL, which was probably
attributed to haptic compressibility. A special
cocked configuration of the capsular bend in
plate-haptic IOL was observed for the first time.
Further studies are warranted to confirm the
effect of the new type of capsular bend.
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Key Summary Points

Why carry out this study?

Capsular-intraocular lens (IOL) adhesion is
a critical factor affecting the optical
performance and clinical outcomes
following cataract surgery.

Haptic design has also been described as
an important factor influencing the long-
term capsular bend configuration.

Plate-haptic design IOLs has been widely
used. However, few studies focus on the
dynamic changes between the plate-
haptic IOL and capsule.

What was learned from the study?

This study demonstrated that capsule
adhesion to plate-haptic IOL was excellent
compared to loop-haptic IOL.

A special configuration of capsular bend
was observed. These features presumably
reshaped our understanding of capsular-
IOL evolution postoperatively.

INTRODUCTION

The dynamic process involving intraocular
lenses (IOLs) and capsular bag is a critical factor
affecting the optical performance and clinical
outcomes following cataract surgery. Several
studies have emphasized that the strong adhe-
sion between the IOL and lens capsule prevents
posterior capsule opacification (PCO) formation
and anterior capsule contraction [1] attributed
to lens epithelial cell(LEC) proliferation and
migration. Capsular-IOL adhesion seems to be
the key for understanding the biological
behavior of the capsular-IOL complex.

Postoperative capsular adhesion with IOL
results frommany factors, including IOL design,
IOL materials [2], surgery [3], and axial length
[4]. Previous studies have confirmed that the
capsular apposition to the IOL was impacted by

the IOL design [5]. Most of the studies focused
on the optic edge design [6, 7]. Haptic design
has also been described as an important factor
influencing the long-term capsular bend con-
figuration [8]. The configuration of the haptic
could affect the friction between the IOL and
capsular bags [9].

At present, plate-haptic design IOLs have
been used in clinical practice for many years.
Considering the plate-haptic design, bifocal,
trifocal, astigmatism correction, and trifocal
astigmatism correction IOL has been widely
used. The plate-haptic toric IOLs tended to be
more stable intraoperatively [10, 11]. However,
few studies exist concerning the dynamic
changes between the plate-haptic IOL and
capsule.

To our knowledge, no studies have focused
on the plate-haptic IOL changes with the cap-
sule. Thus, we investigated the capsular–IOL
interactions in plate- and loop-haptic eyes.

METHODS

This prospective study was conducted at the Eye
Hospital of Wenzhou Medical University, Hang-
zhou, between July 2020 and July 2021. This
prospective study was approved by the Institu-
tional Review Board/Ethics Committee of the eye
hospital affiliated Wenzhou Medical University.
Practices and research were conducted in accor-
dance with the tenets of the Declaration of Hel-
sinki. The study was registered at www.
clinicaltrials.gov and the clinical trial accession
number is NCT05148741. Informed consent to
participate in the study was obtained from all
patients.

The inclusion criteria were as follows: (1)
patients with age-related cataract who underwent
uncomplicated cataract surgery, (2) axial length
within the normal range (22–26 mm), (3) anterior
capsule completely covering the IOL optics, (4)
pupil could be fully dilated at least at 7 mmduring
each follow-up. The exclusion criteria included a
history of corneal opacity, uveitis, glaucoma, high
myopia, andother eye diseases; anyother previous
intraocular surgery; poor mydriasis; incomplete
anterior capsulorrhexis overlapping the IOL optic;
and being unavailable for follow-up.
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Surgical Technique

Surgeries were performed by the same surgeon
(Z.Y.E). Phacoemulsification was performed
through a 2.0-mm clear corneal incision. Cen-
tral continuous curvilinear capsulorhexis was
performed and the IOL was implanted into the
capsule bag horizontally, followed by vis-
coelastic material removal behind the optic.
Topical steroidal eye drops (tobra-mycin and
dexamethasone; Alcon Laboratories, Inc., Fort
Worth, TX, USA) were administered after the
surgery to all the patients four times a day and
tapered for 1 month; antibiotic eye drops
(levofloxacin; Santen, Inc., Suzhou, China) were
prescribed for 2 weeks.

Intraocular Lens

The patients were divided into two groups based
on the type of IOL: plate-haptic IOL (509 M,
Carl Zeiss, Meditec, Jena, Germany) and loop-
haptic IOL (SN6AWF, Alcon, Fort Worth, TX,
USA). The characteristics of the plate- and loop-
haptic IOLs are shown in Table 1.

Postoperative Measurements Using Swept-
Source Optical Coherence Tomography
(SS-OCT)

The Fourier-domain SS-OCT (Casia SS-1000,
Tomey, Nagoya, Japan) is a commercially
available SS-OCT with a swept-source laser
wavelength of 1310 nm. It scans with a high
speed of 30,000 A-scans/second and each image
comprises 512 A- scans. Each three-dimensional
radial scanning takes only 2.4 s and 128 cross-
sectional images of the anterior segment are
captured. Measurements and image analysis are
performed by the same inspector. The standard
SS-OCT scans were performed in all the eyes.
The Capsular-IOL adhesion was evaluated by
analyzing anterior and posterior capsule adhe-
sion. Capsular bends were evaluated using the
scans perpendicular to the haptic as 0� and ±

30� of the three lower optic districts (Fig. 1). As
previous studies, the capsular bend index (CBI)
represented the average bending degree of the
capsule in different sections [7]. The bending of

the capsule was recorded as 0 to 4 in three fixed
sections (at the bottom of optic edge with an
angle of 0� and ± 30� to the haptics). The three
scores of the same eye were integrated into the

CBI formula: CBI ¼ 1=3
P3

k¼1CK(CK represented

is the stage of capsular bend of different
sections).

The mean postoperative change in the cap-
sular bend until the 3-month follow-up time
was evaluated using the following formula:

CBIRMS ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Pn

i¼1 CBIi �CBIiþ1ð Þ2

n

s

The follow-up examinations were performed
at 1 day, 1 week, 1 month, and 3 months after
the surgery.

Statistical Analysis

Pass 15.0 (NCSs, USA) was used to calculate the
sample size. The CBI score was considered as the
main parameter. The calculated sample size was
18 cases (18 eyes) in each group (alpha = 0.05;
beta = 0.90). Considering the loss of follow-up
rate as 20%, at least 23 eyes were included in
each group.

Statistical analysis was performed using IBM
SPSS Statistics ver. 26.0 (IBM SPSS Statistics for
Windows, Version 26.0, Armonk, NY, USA). The
Kolmogorov–Smirnov test was used to deter-
mine the normality of the data distribution;
paired t tests and Mann–Whitney U tests were
used for the pairwise comparisons. Repeated
measures analysis of variance was used for
evaluating the parameters at different time
points. A p value of less than 0.05 was consid-
ered statistically significant.

RESULTS

Patient Characteristics

From July 2020 to July 2021, 80 patients (80
eyes) undergoing cataract surgery were enrolled
and evaluated. We excluded one patient (one
eyes) owing to vitreous hemorrhage; six
patients (six eyes) were excluded owing to poor
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pupil dilation. Seven patients (seven eyes) failed
to return for follow-up on time. Thus, in total,
66 eyes from 66 patients were eligible for
inclusion in the study and underwent data
analysis, including 33 eyes for each group. No
statistically significant differences were
observed in the age, axial length, and sex,
except for the IOL diopter (Table 2). There were
no significant differences in the intraocular
pressure (IOP) during the follow-up time in the
two groups.

Dynamic Changes in Capsule Adhesion
with the IOL

Anterior Capsular Adhesion
The anterior capsule came in contact with the
IOL earlier in the plate-haptic group compared
to the loop-haptic group. Fisher’s exact test
showed significant difference between the
plate- and loop-haptic eyes considering anterior
capsular-IOL adhesion upon comparing the
measurements taken at 1 day and 1 week post-
operatively (p = 0.001, p = 0.003, respectively).
The most anterior capsules achieved perfect
adhesion with the IOL in both the groups at
1 month and 3 months postoperatively (97 vs.
94%, p = 0.558) (Fig. 2).

Posterior Capsular Adhesion
Figure 3 summarizes the percentage of eyes with
first found perfect adhesion between the poste-
rior capsule and IOL optic at each follow-up
time in both of the groups. No significant dif-
ferences were observed between the complete

attachment of the posterior capsule and IOL at
1 day after surgery in the plate- and loop-haptic
groups. The difference was statistically signifi-
cant at 1 week and 1 month postoperatively
(p = 0.001, p = 0.000, respectively). At 3 months
postoperatively, the posterior capsules were
completely attached to the IOL in 32 eyes (97%)
in the plate-haptic group, which was signifi-
cantly greater than that in the loop-haptic
group (p = 0.001). For the loop-haptic group, 15
eyes had incomplete contact between the IOL
and the posterior capsule at 3 months after
surgery.

CBI The post-operative capsular bend forma-
tion of the plate-haptic group seemed quicker
than that of the loop-haptic group throughout
the follow-up time. The difference between
them was significant at every time point except
for 1 day (Table 3). The mean CBIRMS was simi-
lar during the 3 months after surgery between
the two groups.

Types of Capsular Bends
Various configurations of capsular bends were
observed at the 3 months’ follow-up time. As
shown in Table 4, ‘‘Anterior adhesion’’ was
found in more images of loop-haptic compared
to the plate-haptic group. A new type of cap-
sular bend, ‘‘Cocked adhesion’’ (posterior cap-
sule bypassed the edge of the optic, fusing with
the anterior capsule cocked from the surface of
the IOL) was observed. The ‘‘Cocked’’ configu-
ration accounted for 35% of the bends in 99
images of plate-haptic eyes, which was not
observed in loop-haptic eyes.

Table 1 Characteristics of the plate-haptic and loop-haptic IOLs

Plate-haptic (Zeiss Asphina 509M) Loop-haptic (Acrysof IQ SN60WF)

Material Hydrophilic acrylic (25%) with hydrophobic surface Hydrophobic acrylic

Overall length (mm) 11 13

Optic diameter (mm) 6 6

A constant 117.9 119.2

Refractive index 1.46 1.55

Haptic design Plate-type Loop-type
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Figure 4 illustrates the changes in the SS-OCT
images of a representative patient in the plate-
haptic and loop-haptic groups. In an eye with a
plate-haptic IOL, the anterior capsule was not
contacting the optic at 1 day following the
surgery. At 1 week, the anterior capsule was
opposed to the optic. The posterior capsule had
fully contacted the optic. The capsular bend was
completed at 1 month. At 3 months, the ante-
rior capsule and fused posterior capsule showed
marked scattering of light combined with the
trend of cocked from the optic.

In an eye with a loop-haptic IOL, the ante-
rior and posterior capsule remained separate
from the optic at 1 day and 1 week. At 1 month,
the anterior capsule was contacted with the IOL
and the capsular bend was formed. At
3 months, the completed capsular bend was
parallel with the optic section.

DISCUSSION

In this study, we analyzed the dynamic changes
of capsular-IOL adhesion between plate-haptic
hydrophilic and loop-haptic hydrophobic eyes
and found that plate-haptic hydrophilic IOL
demonstrated excellent postoperative capsule
adhesion. Notably, a new type of capsular bend,
‘‘Cocked adhesion’’ was observed in plate-haptic
eyes.

In our study, the speed of CBI formation was
quicker in the plate-haptic IOL than in the loop-
haptic IOL. The apposition of the plate-haptic
IOL to the posterior capsule was complete in
most patients at 1 month, while only half of the
posterior capsule with loop-haptic IOLs were
adherent at 1 month and 3 months postopera-
tively. Thus, the plate-haptic IOL had excellent
capsular adhesion compared with the loop-
haptic IOL. This can be the reason the plate-
haptic toric IOL was more stable [10–13]. Pre-
vious studies revealed that toric IOL rotation
occurs in the early stage following IOL implan-
tation and also found prompt adhesion of the
IOL capsule with the plate-type haptic could be
attributed to excellent IOL stability [14].

We consider the differences between the two
IOLs in haptic compressibility with capsule
maybe the reason [9]. The plate-hapticFi
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configuration distributes the force along the
capsular bag in four points, which could
increase the force between the IOL and lens
capsule. This stress could actively enhance the
peripheral posterior capsule contact with the
IOL. While the loop haptics contacted with
capsule in two dictions, which produce less
compressibility with capsule.

The experimental study of real-time lenticu-
lar imaging and quantified capsular dynamics
during implantation of different IOLs revealed
that the plate-type IOL demonstrated the
highest values of capsular deformation com-
pared to the loop haptic IOL [15]. This finding

could be used to explain our result that the
stress of the capsule was higher following plate-
haptic IOL implantation. The strong deforma-
tion of the capsule could also result in better
capsular stability of plate-haptic IOLs in high
myopia eyes.

We found that the posterior capsule bypas-
sed the edge of the optic and fused with the
anterior capsule cocked from the surface of the
IOL at 3 months postoperatively in a few of
plate-haptic eyes. We defined the new

Table 2 Patients characteristics

Plate-haptic Loop-haptic P value

No (eyes) 33 33

Sex (male/female) 9/24 16/17 0.076

Laterality (left/right) 14/19 15/18 0.804

Age (years) 71.00 ± 8.70 74.03 ± 8.05 0.147

Axial length (mm) 23.68 ± 1.07 23.46 ± 0.80 0.350

IOL diopter (D) 19.98 ± 1.96 21.77 ± 1.70 \ 0.01

Fig. 2 Number (%) of eyes with anterior capsule-intraoc-
ular lens adhesion at each follow-up between the plate-
haptic and loop-haptic groups. *Statistically significant
differences among groups (p value\ 0.05). NS no signif-
icance (p value[ 0.05)

Fig. 3 Number (%) of eyes with posterior capsule-
intraocular lens (IOL) adhesion at each follow-up between
the plate-haptic and loop-haptic groups. N-A non-
attached, I-A incomplete attachment, C-A completed
attachment, NS no significance (p value[ 0.05); **Statis-
tically significant differences among groups (p value\
0.01). ***Statistically significant differences among groups
(p value\ 0.01)

Ophthalmol Ther



configuration of the capsular bend as ‘‘cocked’’
configuration. The reason for this special con-
figuration was uncertain since it was not
reported in previous studies [16].

Hayashi et al. [17] speculated three stages of
IOL fixation in the lens capsule. However, the
subsequent evolution was overlooked once the
capsular bend was formed. The Soemmering’s
ring formed in the capsular bag periphery could
reportedly result in redivision of the fusion of
the capsular bend after 10 years following sur-
gery [18]. As the proliferative pressure of the
LECs exceeds the adhesive forces between the
IOL and the capsule, the capsular bend may be
ultimately eliminated.

To the best of our knowledge, this is the first
study describing the special cocked configura-
tion of the capsular bend in plate-haptic IOLs in
the early stage postoperatively.

We speculated two factors for the ‘‘cocked’’
configuration capsule type formed in the plate-
haptic IOL in the early stage postoperatively.
First, the essential hydrophilic material in the
plate-haptic IOL could result in strong capsu-
lorhexis contraction and greater amount of
ACO. The fibrosis of anterior capsule contrac-
tion could stretch the anterior zonula moving
the posterior capsule upward and forward [1].
On the other hand, although the fibrosis of the
anterior capsule was also found in the loop-
haptic group, no ‘‘cocked adhesion’’ was
observed. The wide plate haptic stretched
backward by the anterior zonule could be
another key factor. The cooperation of the two
drive forces precipitated the configuration of
the capsular bend attributed to the opposite
direction of the optics.

Previous studies have supported the conclu-
sion that strong adhesion of the capsular bend

was most resistant to reopening of the bag
owing to LECs proliferation from the capsule
equator. This remained us that we should pay
more attention of the relationship between the
‘‘cocked’’ capsular bend and PCO.

Several limitations exist in this study. Firstly,
the number of patients was small and the
duration of follow-up time was only 3 months.
More samples and longer follow-up time are
required in future studies. Secondly, although
both the IOLs had a hydrophobic surface, the
material of the IOLs were different. The plate-
haptic IOL had a hydrophilic acrylic material
with surface hydrophobicity, while the loop-
haptic IOL had a hydrophobic acrylate material.
Thirdly, part of the IOLs were unable to com-
pletely expose the optic edges even when the
pupil was dilated over 7 mm. We speculated
that this could be associated with the mor-
phology of the preoperative crystalline lenses.
We wish to identify the preoperative crystalline

Table 3 Capsular bend index in IOLs during the follow-up time

CBI CBIRMS

1 day 1 week 1 month 3 month

Plate-haptic 0.34 ± 0.71 2.99 ± 0.96 3.79 ± 0.36 3.96 ± 0.11 1.7664 ± 0.4039

Loop-haptic 0.23 ± 0.77 2.06 ± 1.60 3.38 ± 1.12 3.48 ± 0.93 1.6703 ± 0.6086

P value 0.539 0.007 0.049 0.005 0.451

Table 4 Number (%) of capsule bend with different types at
3 months postoperatively in plate-haptic and loop-
haptic groups
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lens using plate-IOL tilt and decentration
postoperatively.

CONCLUSION

In conclusion, plate-haptic IOLs demonstrated
excellent capsular adhesion compared to loop-
haptic IOL. After complete adhesion, a new
capsular bend was generated at 3 months post-
operatively. We named it ‘‘cocked’’ capsular
bend. The ‘‘cocked’’ capsular bend was first
observed in plate-haptic IOLs and warrants fur-
ther attention.
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