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Original Article

Complete anterior capsulotomy is one of the critical 
steps in cataract surgery. Even in cases where the surgeon 

performs a perfect capsulotomy, changes in the anterior 
capsule opening may occur, usually several weeks after 
surgery [1]. Reduction of the anterior capsule opening 
area leads to a reduced optic zone area and severe con-
traction may cause a reduction in visual outcomes. Re-
cently, several studies have focused on how to prevent an-
terior capsule contraction. 

Some pathologic conditions, like uveitis, pseudoexfolia-
tion syndrome, and retinitis pigmentosa, are correlated 
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Purpose: To compare the anterior capsule contraction and intraocular lens (IOL) decentration among three 

types of IOL to determine the influence of haptic design on anterior capsule stability.

Methods: One hundred fifty patients were enrolled in this prospective, randomized study and 260 eyes under-

went implantation of one of the following IOLs: modified L-haptic IOL (n = 74), modified C-haptic IOL (n = 97), 

or a plate-haptic IOL (n = 89). The area of the anterior capsule opening, IOL decentration, and capsule overlap 

were measured using retroillumination photospot 1 day and 2 months after cataract surgery.

Results: The area of capsule opening at postoperative day 1 was significantly different between the three IOLs 

(p < 0.01). All IOLs showed reduction of the anterior capsule opening from 1 day to 2 months after surgery, 

and greater reduction was shown in the modified C-haptic IOL (p < 0.001). At postoperative month 2, IOL de-

centration was significantly different between the IOLs and showed a positive correlation with the mean area 

reduction during month 2. 

Conclusions: The degree of anterior capsule contraction and IOL decentration in modified L-haptic IOLs were 

less than those in modified C-haptic IOLs and comparable to those in plate-haptic IOLs.
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with anterior capsule contraction [2-4]. In normal eyes, re-
duction of the anterior capsule opening is related to the 
initial anterior capsulotomy size, roundness, circularity, 
and intraocular lens (IOL) design and material [5-7]. Some 
studies have reported that silicone IOLs with a plate-haptic 
design are more susceptible to anterior capsule shrinkage 
due to the limitation of capsular dilation [8]. Tsinopoulos et 
al. [9] reported that anterior capsule contraction syndrome 
occurs more frequently with hydrophilic lenses than with 
hydrophobic lenses. 

Due to advances in minimally invasive surgery, foldable 
acrylic IOLs are preferred over various other materials. We 
hypothesized that IOL haptic design may influence anteri-
or capsule stability in the very early post-surgery period, 
even when IOLs are made of the same material. A previ-
ous study compared IOLs made with different designs and 
different materials. There are few studies that have evalu-
ated differences in anterior capsule stability after single 
piece acrylic IOL implantation with modified L-haptic de-
sign or plate-haptic design.

The purpose of our study was to compare anterior cap-
sule contraction and IOL decentration following implanta-
tion of single piece acrylic IOLs with different haptic de-
signs. 

Materials and Methods 

This was a prospective, observer-blinded study of pa-
tients who had cataract surgery between March 2012 and 
November 2013 at Seoul  St. Mary’s Hospital, Seoul, Ko-
rea. In all, 260 eyes from 150 patients were included in this 
study. Study protocol followed the guidelines of the Decla-
ration of Helsinki and was approved by the hospital’s insti-
tutional review board. Written informed consent was ob-
tained f rom patients before the study and potential 
complications were explained in detail. Inclusion criteria 
were the presence of a senile cataract in adults older than 
55 years of age, normal axial length between 22 mm and 
25.5 mm, and a dilated pupil larger than 8.0 mm. No pa-
tient had a history of ocular surgery, pupil abnormality, or 
ocular disease other than cataract. Each patient underwent 
a complete ophthalmologic evaluation. 

Patients were randomly implanted with one of three 
types of IOL during cataract surgery: Matrix Aurium 404 
IOL (Medennium, Irvine, CA, USA), EC-1 PAL IOL (Aar-
en Scientific, Ontario, CA, USA), and CT Asphina 509M 
IOL (Carl Zeiss, Jena, Germany). The three IOLs have dif-
ferent haptic designs but are made of the same acrylic ma-
terial and consist of a single piece (Table 1).

One surgeon (CKJ) performed all of the cataract surger-
ies using a standard procedure. Continuous curvilinear 
capsulorhexis of 5.0 mm to 5.5 mm diameter was carefully 

Table 1. Characteristics of the three types of acrylic intraocular lenses

Characteristics Matrix Aurium 404 
(Medennium) EC-1 PAL (Aaren Scientific) CT Asphina 509M (Carl Zeiss)

Lens design Single piece Single piece Single piece

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

Overall length (mm) 13 13 11

Optic diameter (mm)   6   6   6

Haptic design Modified L sharp-edged design Modified C sharp-edged design Plate sharp-edged design

Haptic posterior angulation  
(degree)   0   5   0
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performed. After successful phacoemulsification, the IOL 
was implanted. 

 Digital retroillumination photospots through a dilated 
pupil were obtained to evaluate the area of the anterior 
capsule opening immediately after continuous curvilinear 
capsulorhexis before viscoelastic removal, 1 day and 2 
months postoperatively (Fig. 1A-1C). IOL decentration was 
measured using vector analysis between the pupil center 
and IOL center. Maximal and minimal distances between 
the edge of capsulotomy and the edge of the IOL optic 
were calculated to determine capsulotomy overlap (overlap 
= distance minimum / distance maximum). All measure-
ments were repeated three times and performed by a single 
experienced technician. Photospots were imported into 

Image J (National Institutes of Health, Bethesda, MD, 
USA) for measurement of capsulotomy diameter and area. 
IOL optic size was used as a reference scale. We used the 
same amount and type of mydriatic eyedrops to eliminate 
the effect of mydriatic drops on changes in the shape and 
size of the pupil before taking the photospot. 

Statistical analyses

Statistical analysis was performed using PASW ver. 18.0 
(SPSS Inc., Chicago, IL, USA). Paired t-tests and 
Mann-Whitney tests were used for pair-wise comparisons. 
One-way ANOVA was used to compare all three IOLs. 
Pearson correlations were used to evaluate linear relation-
ships. All data are expressed as the mean ± standard devi-
ation. A p-value less than 0.05 was considered statistically 
significant.

Results 

Seventy-four patients received a modified L-haptic IOL, 
97 patients received a modified C-haptic IOL, and 89 pa-
tients received a plate-haptic IOL implant. The average pa-
tient age was 66.25 ± 15.22 years in the modified L-haptic 
IOL group, 68.00 ± 10.12 years in the modified C-haptic 
IOL group, and 68.80 ± 8.71 years in the plate-haptic IOL 
group (p = 0.705) (Table 2).

The initial area of the anterior capsule opening was not 
significantly different between the three IOL groups (p = 
0.129). Fig. 2 shows the area of the anterior capsule open-
ing on day 1 and 2 months postoperatively according to 
the IOLs. The differences in area between the time point 
after continuous curvilinear capsulorhexis and postopera-
tive day 1 was 0.38 ± 1.26 mm2 for the modified L-haptic 

Table 2. Patient characteristics

Characteristics Matrix Aurium 404 (Medennium) EC-1 PAL (Aaren Scientific) CT Asphina 509M (Carl Zeiss) p-value

No. of eyes 74 97 89 -

Mean age (yr) 66.25 ± 15.22 68.00 ± 10.12  68.80 ± 8.71 0.705

Female / male 47 / 27 49 / 48 49 / 40 0.954

OD / OS 39 / 35 47 / 50 44 / 45 0.961

Axial length  23.71 ± 1.09  23.52 ± 1.07  23.53 ± 1.21 0.161

OD = right eye; OS = left eye. 

Fig. 1. Digital retroillumination photospots 1 day and 2 months 
after surgery. (A) Modified L-haptic IOL, (B) modified C-haptic 
IOL, (C) plate-haptic IOL. IOL = intraocular lens.

1 day 2 mon
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IOL, –0.54 ± 1.88 mm2 for the modified C-haptic IOL, and 
0.03 ± 2.13 mm2 for the plate-haptic IOL.

All IOLs showed significant reductions in anterior cap-
sule opening at 2 months compared to on day 1, and a 
greater reduction was shown in the modified C-haptic IOL 
(modif ied L-haptic IOL, –1.81 ± 2.76 mm2; modif ied 
C-haptic IOL, –3.91 ± 2.91 mm2; and plate-haptic IOL, 
–2.50 ± 1.95 mm2) groups. The mean area reduction was 
significantly different between the three IOLs (p = 0.003). 

Two months postoperative, IOL decentration was signifi-
cantly different between the three IOLs (modified L-haptic 
IOL, 0.24 ± 0.12; modified C-haptic IOL, 0.31 ± 0.12; and 
plate-haptic IOL, 0.26 ± 0.11, respectively; p = 0.002). No 
significant differences were founded in capsule overlap 
between the three IOLs (modified L-haptic IOL, 0.51 ± 
0.16; modified C-haptic IOL, 0.48 ± 0.17; and plate-haptic 
IOL, 0.51 ± 0.16, respectively; p = 0.233). In all three IOLs, 
the degree of IOL decentration was significantly correlated 
with mean area reduction between the initial capsulotomy 
and postoperative month 2, with the strongest correlations 
observed for the modified C-haptic IOL (Fig. 3).

Discussion

Various reports have shown that IOL design and materi-
al are correlated with anterior capsule contraction [8,10]. 
With respect to IOL material, contraction occurs more fre-
quently with silicone IOLs than with polymethylmethacry-
late or acrylic IOLs [8]. Hayashi et al. [10] reported that hy-
drophilic acrylic IOLs are associated with a more 

pronounced reduction of the anterior capsule opening than 
hydrophobic acrylic IOLs. However, other authors have 
found no correlation between hydrophilicity of acrylic 
IOLs and anterior capsular shrinkage [11-13]. Gonvers et al. 
[6] reported that anterior capsule contraction in eyes with 
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Fig. 2. Change in anterior capsule opening area (mm2) according 
to the three types of intraocular lenses. The asterisks denote a 
statistically significant difference: *p < 0.01, **p < 0.001.
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Fig. 3. Correlation analysis of the mean area reduction and degree 
of intraocular lens (IOL) decentration 2 months after surgery.
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plate-haptic silicone IOLs was more extensive than that in 
eyes with three piece silicone/polymethylmethacrylate 
IOLs. Some studies have reported no significant differenc-
es between single piece and three piece acrylic IOLs or be-
tween two haptic and four haptic IOLs [11,14]. We evaluat-
ed changes in the anterior capsule opening at 1 day and 2 
months after uncomplicated cataract surgery using single 
piece acrylic IOLs with different haptic designs.

Reduction of the anterior capsule opening results from 
an imbalance between the centripetal force of anterior cap-
sular fibrosis and centrifugal force of the zonule [15,16]. 
Anterior capsular fibrosis is induced by cytokines pro-
duced by lens epithelial cells (LEC) [17]. Blocking LEC 
proliferation, migration, and differentiation prevents ante-
rior capsule contracture. Acrylic IOLs strongly adhere to 
the anterior capsule, which inhibits LEC migration [18,19].

There was a significant reduction in anterior capsule 
opening at 2 months compared to 1 day after surgery for 
all three IOLs. This reduction was largest in the modified 
C-haptic IOL, followed by the plate-haptic IOL and the 
modified L-haptic IOL. Despite being composed of the 
same material and having the same hydrophilicity, in our 
study we measured less reduction of the anterior capsule 
opening with the modified L-haptic IOL than the modified 
C-haptic IOL. This suggests the haptic of the modified 
C-haptic IOL may have had poor tensile strength and did 
not overcome centripetal forces resulting from capsular fi-
brosis [20,21]. The greater stability of the modified L-hap-
tic IOL seemed to be related to proper tension on the bag 
along its equator which resulted in less change in the an-
terior capsulotomy area. A previous study reported that a 
single piece IOL with modified L-haptic showed less cap-
sulotomy ovaling and maintained the capsular bag robustly 
[22]. Our result also supports the finding that the modified 
L-haptic design is associated with less anterior capsule 
contraction.

Plate-haptic designs are known to cause less stretching 
of the capsular bag and more pronounced anterior capsule 
contraction [5,6]. Previous studies have mostly evaluated 
cases of first generation silicone plate-haptic IOL implan-
tation. Compared with past silicone IOLs with plate-haptic 
design, the acrylic IOLs with plate-haptic design used in 
this study have relatively larger overall diameters and in-
terfacial haptic planes. These IOLs showed less contraction 
compared to modified C-haptic IOLs and were comparable 
to the modified L-haptic IOLs with regard to a reduction in 

anterior capsule contraction.
Single piece acrylic IOLs are known to produce less 

haptic force than three piece IOLs [23]. Hayashi and Ha-
yashi [24] reported that single piece acrylic IOLs with 
modified-L haptic design resulted in no significant change 
in IOL decentration compared with three-piece acrylic 
IOLs. We found similar results for the degree of IOL de-
centration with the modified L-haptic design. In our study, 
decentration of the modified L-haptic design was signifi-
cantly less than that of the modified C haptic IOL, al-
though the difference was only less than 0.1 mm. This 
suggests that haptic design is associated with better IOL 
centration. In a correlation analysis, IOL decentration was 
positively correlated with the mean area reduction between 
the initial value and the value 2 months after surgery. Ad-
ditionally, the strongest correlation was shown for the 
modified-C haptic IOL. Ohmi and Uenoyama [25] found 
that IOL decentration after surgery is influenced by asym-
metric capsular contraction. When we performed a 
well-centered circular capsulotomy, the degree of IOL de-
centration was significantly different according to IOL 
type. It is possible that different haptic designs may re-
sult in different forces on the capsular bag and affect 
anterior capsulotomy shape after IOL implantation. 

The strengths of our study include the relatively large 
population compared with previous studies and the pro-
spective randomized study design. Although our study 
had a relatively short follow-up period, our results are in-
structive. It is known that anterior capsule contraction af-
ter cataract surgery progresses rapidly during the first 
month and then slows after 3 months [10]. The prolifera-
tion of LEC and capsular contracture are active for 3 
months after surgery and the initial results correlate with 
later results. In our study, none of the patients presented 
with visually significant contracture during the first 2 
months. We were able to observe uncomplicated changes 
to their anterior capsule openings. 

In summary, our study demonstrated that contraction of 
the anterior capsule opening area was greater with the 
modified C-haptic IOL than modified L-haptic and palate 
haptic IOLs. The degree of IOL decentration was signifi-
cantly different by IOL type, and showed a positive cor-
relation with the mean area reduction over 2 months. Re-
cently, acrylic has been a popular IOL material and IOL 
design is an important factor influencing outcomes. Ante-
rior capsule contraction and IOL decentration vary accord-
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ing to IOL haptic design and, consequently, haptic design 
should be taken into consideration when determining the 
IOL to be used in selected cases. 
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