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Purpose: To analyze the positional relationships of various centers in patients undergoing femtosecond la-

ser-assisted cataract surgery (FLACS). 

Methods: The locations of the pupil center (PC), limbal center (LC) and lens center were analyzed in each pa-

tient using optical coherence tomography during FLACS in 35 eyes of 35 patients. Using the preoperative cor-

neal aberrometry device, angle kappa and the location of the visual axis (VA) were calculated. After acquiring 

the relative horizontal and vertical coordinates of each center, the distance and location among each center 

were compared. The relative location and distance of each center were statistically evaluated. 

Results: The distance from the PC to the lens center was 0.147 ± 0.103 mm, that from the LC to the lens center 

was 0.205 ± 0.104 mm, and that from the VA to the lens center was 0.296 ± 0.198 mm. The distance from the 

PC to the VA was 0.283 ± 0.161 mm, that from the LC to the VA was 0.362 ± 0.153 mm, and that from the lens 

center to the VA was 0.296 ± 0.198 mm. Among the various centers, the PC was the closest to the lens center, 

whereas the LC and VA were the farthest. Based on the location of the lens center, the PC, LC, and VA exhib-

ited differences in the X and Y coordinate positions (vertical p = 0.004, horizontal p < 0.001). Among them, the 

LC was significantly inferior and temporal compared to the PC (vertical p = 0.026, horizontal p = 0.023). Based 

on the location of the VA, the respective locations of the PC, LC and lens center in two dimensions did not sig-

nificantly differ (vertical p = 0.310, horizontal p = 0.926).

Conclusions: This study demonstrated the positional and locational relationships between the centers 
regarding FLACS. The locations of the PC, LC, and VA were different from the lens center with the PC 
being the closest. Surgeons should be aware of these positional relationships, especially in FLACS.
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Continuous curvilinear capsulorhexis (CCC), which was 
first introduced by Gimbel and Neuhann, is a conventional 
technique in cataract surgery [1,2]. CCC is one of the most 
important stages among various cataract surgery proce-
dures due to its inf luence on the position of intraocular 

lens (IOL) after IOL implantation [3]. IOL malposition and 
poor vision can be caused by complications resulting from 
abnormal CCC procedures. Therefore, adequate and ap-
propriate size, location and shape of CCC are consistently 
emphasized in cataract surgery [4-6]. However, the size, 
location, and shape of manual CCC may vary according to 
cataract type and surgeon experience.

There are various anatomical centers in cataract surgery. 
Pupil center (PC) and limbal center (LC), the centers of 
the pupil and limbus, respectively, are easily identified in 
the surgical field using a microscope and are commonly 
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used for conventional cataract surgery when performing 
the CCC procedure. The lens center, which is also called 
the scanned capsule center, can be analyzed using soft-
ware built into the device used in femtosecond laser-assist-
ed cataract surgery. The location of the lens center can be 
calculated and interpreted based on extrapolation of the 
anterior and posterior capsule lines of the crystalline lens 
using the Catalys femtosecond laser software (Fig. 1A-1C). 

In addition, with recent advancements in the precision 
of refractive surgery and multifocal IOL (MFIOL) implan-
tation in cataract surgery, angle kappa remains an import-
ant consideration in improving visual outcomes [7]. Angle 
kappa is of considerable importance in refractive surgery 
outcomes and may play a role in MFIOL decentration, 
which can increase glare and halo [8-10]. Numerous stud-
ies suggest that moving the center of ablation away from 
the PC and towards the visual axis (VA) may improve the 
quality and durability of visual outcomes, especially in 
hyperopic laser-assisted in situ keratomileusis (LASIK) 
patients [11,12]. Therefore, angle kappa and the location of 
the VA must be considered from the perspective of post-
operative visual outcomes.

Most surgeons perform CCC in cataract surgery based 
on the PC. However, considering the anatomical structure 
of the crystalline lens capsular bag and IOL centration, the 
positional relationship of various centers in cataract sur-
gery must be taken into account. Therefore, we analyzed 
the positional relationships of various centers using devic-
es available for preoperative evaluation of cataract surgery 
and assessed their clinical significance.

Materials and Methods

Subjects

Thirty-five eyes of 35 patients who had undergone un-
eventful cataract surgery with femtosecond laser-assistance 
by a single surgeon (HT) were reviewed in this study. The 
medical records of all subjects who underwent cataract sur-
gery from April 2016 to January 2017 in clinic of the Asan 
Medical Center in Seoul, Korea were retrospectively re-
viewed. Subjects with intraoperative or postoperative com-
plications or a history of ocular trauma history or intraocu-
lar surgical procedures were excluded from this study. 
Individuals with past or present ocular disease other than 

cataracts were also excluded from this study. The study 
protocol was approved by the institutional review board of 
the Asan Medical Center (2017-0526), and the study design 
followed the principles of the Declaration of Helsinki. 

Preoperative and postoperative ophthalmologic exam-
ination and surgical procedures

Initial testing comprised comprehensive ophthalmologic 
examination, including a review of patient medical history, 
measurement of best-corrected visual acuity (BCVA), per-
formance of slit-lamp biomicroscopy, and funduscopy. 
Preoperative and postoperative refraction and keratometry 
were measured via manifest refraction and automated ker-
atometry and refraction. Grades of nuclear sclerosis and 
cortical sclerosis were evaluated with slit-lamp biomicros-
copy using the Lens Opacities Classification System III by 
a single examiner (HT) with dilation of the pupil of the af-
fected eye. Axial length was measured using IOLMaster 
Optical Biometry (Carl Zeiss, Jena, Germany). The affect-
ed eyes of all the participants were imaged with AS-OCT 
(Visante ver. 2.0; Carl Zeiss Meditec, Jena, Germany) op-
erating in the enhanced anterior segment single mode (scan 
length, 16 mm; 256 A-scans). Specular microscopy (EM-
3000; Tomey, Nagoya, Japan), corneal topography, and ab-
errometry including the OPD Scan III (Nidek, Gamagori, 
Japan) were also performed preoperatively. 

Femtosecond laser-assisted cataract surgery was per-
formed using a Catalys precision laser system (Abbott Med-
ical Optics, Santa Ana, CA, USA). All of the procedures 
were performed by one surgeon (HT). The sequence of laser 
treatment steps involved initial capsulotomy (4.8 to 4.9 mm 
diameter), lens fragmentation, and then intrastromal arcuate 
incisions at the intended meridian. The programmed intras-
tromal arcuate incision parameters were 20% uncut anteri-
or, 20% uncut posterior, and 90° side cut angle at an 8.0-mm 
optical zone. In the lens fragmentation step, the fragmenta-
tion pattern and number were decided according to the 
grade of nuclear and cortical sclerosis from 700 μm above 
the posterior capsule to 500 μm below the anterior capsule.

Ideal CCC size is generally 5.0 to 5.5 mm [13]. However, 
in this study, a relatively small CCC was performed during 
femtosecond laser-assisted cataract surgery. The main rea-
son for the small CCC size was to maintain the effective 
lens position to ensure the stability of CCC. Small-sized 
CCC deepens the anterior chamber so that the surgeon can 
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easily control effective lens position [14]. In addition, a 0.5-
mm minimum margin from the pupil is usually recom-
mended during femtosecond laser-assisted cataract surgery 
capsulotomy. There were several cases of poor pupil dila-
tion; thus, CCC size had to be smaller than usual.

Arcuate incisions were performed in eyes with corneal 
astigmatism over 1.5 diopters. To determine the arc length 
of the intrastromal incision, an Intrastromal AK nomo-
gram calculator proposed by Julian Stevens (http://femto-
emulsification.com/) was modified to take into account 
posterior corneal astigmatism. 

After the confirmation of incisions and capsulotomy flap 
creation using the femtosecond laser, hydrodissection and 
phacoemulsification with the OZil torsional system (Infini-
ti; Alcon, Fort Worth, TX, USA) were performed. A fold-
able posterior chamber IOL was implanted into the capsu-
lar bag. The IOLs used in this study were one-piece acrylic 
versions (TECNIS ZCB00, Abbott Medical Optics; Hoya 
iSert 250, Hoya Surgical Optics, Tokyo, Japan). No intra-
operative complications occurred. The power of the im-
planted IOL was calculated for each patient using preoper-
ative biometric data and the IOL power formula.

Analysis of the relative location of centers

As mentioned above, using the femtosecond laser Catalys 
system device and software, the locations of the PC, LC, 
and lens center can automatically be identified through the 
acquisition of transformed images and video files (Fig. 1). 
The location of the lens center is calculated via extrapola-
tion of the anterior and posterior capsule lines of the crys-
talline lens through the built-in Catalys system device (Fig. 
1, 2). The locational parameters of the centers were deter-
mined using ImageJ software ver. 1.46 (National Institutes 
of Health, Bethesda, MD, USA), and the relative location of 
and distance between each center were evaluated. The real 
distance per pixel (X-axis and Y-axis) was calculated, using 
images with the same resolution by dividing the real dis-
tance of the CCC diameter by the number of pixels of the 
CCC diameters (Fig. 3A-3C). CCC diameter, which varied 
from 4.8 to 4.9 mm, was shown in the femtosecond laser 
software. On the horizontal plane, the nasal side was de-
fined as a negative value, while the temporal side was de-
fined as a positive value. Location on the vertical plane was 
described using the same method, with the superior side 
defined as positive and the inferior side as negative. 

Using the angle kappa concept, the location of the VA 
can be calculated using corneal topography and aberrome-
try devices. In this study, the location of the VA was calcu-
lated using an OPD Scan III device. OPD Scan III images 
were acquired with the eyes in a preoperative pharmaco-
logically dilated state (Fig. 4). Since we could determine 

Fig. 1. Location of each center. (A) Lens center, (B) pupil center, 
and (C) limbal center.

a

B

C

Fig. 2. Extrapolation of anterior and posterior capsular lines in the 
crystalline lens.



73

WK Song, et al. Analysis of Various Centers in Cataract Surgery

the distance and relative angle between the PC and VA us-
ing the acquired images, the horizontal and vertical loca-
tions of the VA can be calculated based on the PC. Having 
established the relative horizontal and vertical coordinates 
of each center, the distances between the centers were cal-
culated using the Pythagorean formula. The parameters 
and values in each image were evaluated by an indepen-
dent examiner (WKS) who was blinded to all other test re-
sults and to the clinical information of the participants. 

Statistical analysis

All statistical analyses were performed using commer-
cial software (IBM SPSS Statistics ver. 24.0; IBM Corp., 
Armonk, NY, USA). The differences between the centers 
were evaluated statistically using one-way ANOVA. Rela-
tive horizontal and vertical locations were analyzed using 
Pearson’s chi-square test. The association between angle 
kappa and the distance between centers was evaluated via 
linear regression analysis, and the difference between the 
distances according to angle kappa was analyzed using in-
dependent sample t-tests. A p-value of <0.05 was consid-
ered statistically significant.

Results

Baseline and femtosecond laser-related characteristics

Thirty-five eyes of 35 cataract patients who underwent 
uneventful cataract surgery were included in this study. 
Mean age was 61.34 ± 17.64 years and 28 of the 35 patients 
were male. The mean nuclear sclerosis grade was 3.98 ± 
1.58, and the mean cortical sclerosis grade was 3.50 ± 1.00 
according to Lens Opacities Classification System III clas-
sification. The mean BCVA (logarithm of the minimum 
angle of resolution) before cataract surgery was 0.31 ± 0.19, 
and postoperative 1-month mean BCVA was 0.05 ± 0.07, 
showing significant visual acuity improvement (p < 0.001). 

Fig. 3. Calculation of the distances between the pupil, limbal and lens centers. Pixels for each center were acquired using ImageJ software. (A) 
Lens center, (B) pupil center, and (C) limbal center.

Fig. 4. Location of the pupil center and visual axis on OPD scan 
III in a pharmacologically dilated state. The blue and pink centers 
are the photopic and mesopic pupil centers, respectively, and the 
large central plus sign represents the visual axis. PDist and MDist 
denote the distance between the pupil center and the visual axis in 
the photopic and mesopic states, respectively.

a B C
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The mean preoperative astigmatism was 1.10 ± 0.75 D, 
while the mean 1-month postoperative astigmatism was 
0.70 ± 0.27 diopters, indicating a significant decrease in 
astigmatism (p = 0.013). The mean angle kappa value was 
5.14 ± 1.63°. Tables 1 and 2 summarize pre- and postopera-
tive clinical data. The mean CCC diameter measured by 
femtosecond laser software was 4.83 ± 0.13 mm. A paired 
arcuate incision was performed in 71.4% of all eyes. 

Distance of centers from the lens center

First, we analyzed the location of the centers by distance 
based on the location of the lens center and VA. The dis-
tance from the PC to the lens center was 0.147 ± 0.103 mm, 
the distance from the LC to the lens center was 0.205 ± 

0.104 mm, and the distance from the VA coordinates to the 
lens center was 0.296 ± 0.198 mm. The difference between 
the distance from the PC to the lens center and from the 
LC to the lens center was 0.058 ± 0.158 mm (p = 0.036), the 
difference between the distance from the LC to the lens 
center and from the VA coordinates to the lens center was 
0.091 ± 0.227 mm (p = 0.024), and the difference between 
the distance from the VA coordinates to the lens center and 
the distance from the PC to the lens center was 0.149 ± 0.34 
mm (p < 0.001). The PC was closest to the lens center, 
whereas the LC and VA were farther away on multiple 
comparisons analysis (Table 3 and Fig. 5A, 5B).

Distance of centers from the VA

Using the same method, we evaluated the location of the 
centers based on the VA. The distance from the PC to the 
VA coordinates was 0.283 ± 0.161 mm, the distance from 
the LC to the VA coordinates was 0.362 ± 0.153 mm, and 
the distance from the lens center to the VA coordinates 
was 0.296 ± 0.198 mm. There was no significant difference 
among these three distances (p = 0.125). According to the 
mean value, the PC tends to be located closest to the lens 
center compared to the other centers, but this difference 
was not statistically significant (Table 4 and Fig. 5).

Table 1. Preoperative demographic and clinical characteristics

Mean ± SD Range
Age (yr) 61.34 ± 17.64 46 to 91
Sex (male : female) 13 : 22
Eye (right : left) 16 : 19
Preoperative BCVA (logMAR) 0.31 ± 0.19 0.1 to 1.0
Preoperative astigmatism (D) 1.10 ± 0.75 0.25 to 3.5
Preoperative refraction (SE) -0.68 ± 2.25 -6.25 to +2.25
Axial length (mm) 23.44 ± 1.04 21.95 to 26.35
Endothelial cell count 2,635.32 ± 251.27 2,299 to 3,096
Nucleus grade 3.98 ± 1.58 2 to 6
Cortex grade 3.50 ± 1.00 2 to 5
Dilated pupil size (mm) 6.96 ± 0.67 6.1 to 8.5
Anterior chamber depth (mm) 3.56 ± 0.44 2.5 to 4.5
Lens thickness (mm) 4.44 ± 0.56 3.4 to 5.6
Angle kappa (°) 5.14 ± 1.63 3.01 to 8.92

Values are presented as mean ± standard deviation.
SD = standard deviation; BCVA = best-corrected visual acuity; logMAR = logarithm of the minimum angle of resolution; D = diopters; 
SE = spherical equivalent.

Table 2. Postoperative clinical characteristics

Mean ± SD Range
Postoperative BCVA (logMAR) 0.05 ± 0.07 0.0 to 0.2
Postoperative refraction (SE) -0.39 ± 0.75 -3.75 to +1.00
Postoperative astigmatism (D) 0.70 ± 0.27 0.25 to 1.25

SD = standard deviation; BCVA = best-corrected visual acuity; 
logMAR = logarithm of the minimum angle of resolution; SE = 
spherical equivalent; D = diopters.
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Table 3. Distance between the lens center and other centers

PC–lens center LC–lens center VA–lens center p-value*

Mean distance ± SD 0.147 ± 0.103 0.205 ± 0.104 0.296 ± 0.198 <0.001
Range 0.025 to 0.417 0.081 to 0.493 0.038 to 0.864

PC = pupil center; LC = limbal center; VA = visual axis; SD = standard deviation.
*One-way ANOVA, Bonferroni post-hoc test.

Fig. 5. Distance between centers. (A) Distance between centers and the lens center and (B) distance between centers and the visual axis (VA). 
PC = pupil center; LC = limbal center. *Statistically significant.

PC–Lens center LC–Lens center VA–Lens center
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Table 4. Distance between the VA and various centers

PC–VA LC–VA Lens center–VA p-value*

Mean distance ± SD 0.283 ± 0.161 0.362 ± 0.153 0.296 ± 0.198 0.125
Range 0.060 to 0.650 0.118 to 0.923 0.038 to 0.864

VA = visual axis; PC = pupil center; LC = limbal center; SD = standard deviation.
*One-way ANOVA, Bonferroni post-hoc test.

Table 5. Location of the pupil, limbal center and visual axis relative to the lens center

Superior Inferior Temporal Nasal
Pupil center 13 19 14 16
Limbal center 5 27 26 9
Visual axis 19 16 5 30
p-value* 0.004 <0.001

*Chi-square test.  
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Fig. 6. Location of the pupil, limbal center and 
visual axis relative to the lens center. (A) Relative 
pupil center location, (B) relative limbal center 
location, and (C) relative visual axis location.
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Location between the centers based on the lens cen-
ter and the VA

The location of the pupil, limbal, lens centers and VA 
are presented as a two-dimensional scatterplot with the 
position of the lens center or VA as the origin. Based on 
the location of the lens center, the PC, LC and the coordi-
nates of the VA showed had significantly different X and 
Y coordinate positions (chi-square test, vertical p = 0.004, 
horizontal p < 0.001) (Table 5 and Fig. 6A-6C). Based on 
the location of the lens center, the LC was significantly in-
ferior and temporal in location compared to the PC (chi-
square test, vertical p = 0.026, horizontal p = 0.023). Coor-
dinate values of the PC, LC and VAequal to the vertical 
and horizontal coordinates of the lens center were exclud-
ed from data analysis.

Based on the location of the VA, the respective locations 
of the pupil, limbal, and lens centers in two dimensions did 
not vary significantly (chi-square test, vertical p = 0.310, 
horizontal p = 0.926) (Table 6 and Fig. 7A-7C). 

Angle kappa and distance between centers

Among preoperative biometric factors, angle kappa has 
important clinical significance because of its impact on the 
postoperative visual quality. Therefore, we investigated 
the associations between angle kappa and distance be-
tween the centers using univariate regression analysis. 
Angle kappa affects the distance between the PC and VA 
(p = 0.017) (Table 7). Larger angle kappa is associated 

Table 6. Location of the pupil, limbal and lens centers relative to the visual axis

Superior Inferior Temporal Nasal
Pupil center 15 20 32 3
Limbal center 10 25 31 4
Lens center 16 19 30 5
p-value* 0.310 0.926  

*Chi-square test.

Table 7. Univariate analysis of associations between angle 
kappa and the distance between centers

 β (95% CI) p-value*

PC–lens center -0.142 (-7.183 to 3.049) 0.417
LC–lens center -0.048 (-5.835 to 4.428) 0.782
VA–lens center 0.195 (-1.172 to 4.173) 0.262
PC–VA 0.401 (0.723 to 6.872) 0.017
LC–VA 0.135 (-2.163 to 4.853) 0.441

β = standardized beta coefficient; CI = confidence interval; PC = 
pupil center; LC = limbal center; VA = visual axis.

Table 8. Difference in the distance between centers according to angle kappa

Angle kappa Number Mean ± SD Difference (95% CI) p-value*

PC–lens center <5° 15 0.257 ± 0.232 0.030 (-0.043 to 0.103) 0.406
 >5° 20 0.326 ± 0.169   
LC–lens center <5° 15 0.245 ± 0.081 0.069 (-0.001 to 0.139) 0.053

>5°  20 0.176 ± 0.113   
VA–lens center <5° 15 0.257 ± 0.232 -0.069 (-0.207 to 0.068) 0.314

>5°  20 0.326 ± 0.169   
PC–VA <5° 15 0.243 ± 0.158 -0.070 (-0.181 to 0.041) 0.209

>5°  20 0.313 ± 0.161   
LC–VA <5° 15 0.342 ± 0.129 -0.035 (-0.142 to 0.072) 0.505

>5°  20 0.377 ± 0.170   

Values are presented as mean ± standard deviation.
SD = standard deviation; CI = confidence interval; PC = pupil center; LC = limbal center; VA = visual axis.
*Independent sample t-test.
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Fig. 7. Location of the pupil, limbal and lens 
centers relative to the visual axis. (A) Relative 
pupil center location, (B) relative limbal center 
location, and (C) relative lens center location.Inferior
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with greater PC-VA distance (β = 0.401). Considering the 
definition of angle kappa, this result can be easily under-
stood. However, other distances between centers had no 
significant linear correlations with angle kappa (Table 7). 
To clarify the relationship between angle kappa and dis-
tances between centers, we set the angle kappa value 
based on a cutoff criterion of 5°. Distances between cen-
ters were not significantly correlated with angle kappa 
(Table 8).

Discussion

This study identified various locational relationships be-
tween centers in not only the PC and LC, which are easily 
recognizable and used conventionally, but also the lens 
center and VA, which have anatomical and functional im-
plications for visual outcomes. In terms of clinical signifi-
cance, the locations and positional relationships of various 
centers are applicable in the CCC of cataract surgery with 
MFIOL implantation.

Abnormal size, shape and location of the CCC can result 
in abnormal IOL position, such as tilting or dislocation [15]. 
These outcomes are related to postoperative refractive and 
high-order aberration changes, which are major risk factors 
for poorer visual outcomes after cataract surgery. There-
fore, numerous studies emphasize adequate CCC, especial-
ly in femtosecond laser-assisted cataract surgery [16-18]. 
Femtosecond laser-assisted cataract surgery is superior to 
manual cataract surgery due to significantly reduced IOL 
horizontal tilting and higher circularity, as well as de-
creased high-order aberration and mean refractive error, all 
of which are related to more precise anterior capsulorhexis 
in femtosecond laser-assisted cataract surgery [18-21]. 

Anatomically, if there are no intraoperative complica-
tions during cataract surgery, IOL optic and spring-like 
haptic structures are implanted into the capsular bag 
during the IOL insertion stage. The position of the IOL 
center will be similar to the center of the crystalline lens. 
Therefore, to counteract the contraction force that is related 
to IOL tilting and decentration that can occur after cataract 
surgery, CCC should be performed in centration with the 
lens center [19]. In conventional cataract surgery, most sur-
geons prefer to use the PC as the center for CCC because 
of convenience and the difficulty of detecting the actual 
lens center.

Unlike lens-centered capsulotomy, pupil-centered capsu-
lotomy does not provide 360° overlap of the optic edge. In 
one study that focused on optic edge overlap and IOL posi-
tion, the lens-centered method offered better IOL position-
ing in 82% of eyes while 9% were in a better position after 
pupil-centered capsulotomy. In addition, 100% of the eyes 
that underwent lens-centered capsulotomy exhibited 360° 
optic overlap by the capsule compared to only 78% of eyes 
that underwent pupil-centered capsulotomies [22].

The presence of angle kappa in normal human eyes is 
due to the eye not being a centered optical system. There-
fore, controversy remains over the correct centering loca-
tion for laser refractive surgical treatment and MFIOL im-
plantation. Temporal decentration of the IOL causes more 
problems when implanting a multifocal IOL. Especially 
with a high-angle kappa, the risk of postoperative photic 
phenomena is higher [9,23]. In corneal refractive surgery, a 
large angle kappa increases the risk for decentration of the 
optical zone from the VA if ablation is centered over the 
entrance pupil. Such decentration can cause many optical 
problems, induce astigmatism and prevent visual deficit 
correction, especially in hyperopic patients [11,24,25]. 

Both VA/angle kappa and the lens center can influence 
visual outcomes after cataract and corneal refractive sur-
gery. However, those values are typically not available in-
traoperatively in the surgical field. The results of this study 
suggest that the PC was close to both the lens center and 
the VA, but the lens center was significantly closer. This 
knowledge of the positional relationships of various centers 
will be helpful, especially in the capsulotomy stage.

Based on the lens center, the LC was more inferior and 
temporal in location compared to the PC. This finding can 
be understood based on physiologic phenomena. In previ-
ous studies, the PC is located more nasally and superiorly 
than the LC in the dilated state, and mydriasis causes the 
PC to be displaced nasally and superiorly [26-28]. However, 
there was no significant location difference between the PC 
and LC based on the VA; however, this could have been af-
fected by the small sample size of this study.

There are several limitations to this study. The location 
of the lens center cannot be measured based on the contour 
of the crystalline lens through the built-in Catalys system 
device. Since the 3D-OCT used in the Catalys system can-
not completely evaluate retro-iris structures, the software 
extrapolates the anterior and posterior capsule lines of the 
crystalline lens to calculate the lens center. However, in a 
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study on postoperative IOL center location, the scanned 
capsule and angle centers were similar to each other. In ad-
dition, according to a lens center location study that exam-
ined ex-vivo porcine eyes using high-resolution magnetic 
resonance imaging, the angle center is the nearest marker 
to the center of the lens equator, which is similar to the lo-
cation of the scanned capsule center [29].

The relatively small sample size of this study may have 
affected its statistical power. Therefore, the results should 
be interpreted with caution. We conducted a retrospective 
study, so additional research is necessary to compare clini-
cal outcomes between various centers as CCC centers. Al-
though we cross-checked the measurements, we used im-
age conversion and a processing program (ImageJ). As a 
result, there could be minor errors affecting the accuracy 
of location measurement. Finally, poorly dilated pupils 
need to be evaluated in future studies.

In summary, this study demonstrated the positional and 
locational relationships between centers in cataract and re-
fractive surgery. Surgeons should be aware of these posi-
tional relationships when performing conventional cataract 
surgery, especially in the capsulotomy stage.
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