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Purpose: To compare the clinical outcomes of intrascleral intraocular lens (IOL) fixation 
surgery with those of intracapsular IOL implantation in conventional cataract surgery.
Patients and Methods: Twenty-one eyes of 21 consecutive patients who underwent 
intrascleral IOL fixation (SF group) and 21 eyes of 21 patients who underwent IOL 
intracapsular implantation during cataract surgery (IN group) were retrospectively enrolled. 
For both groups, the same model of IOL was used in all cases. For all cases in the SF group, 
Yamane’s double-needle technique was performed.
Results: The mean corrected visual acuity (logMAR) after surgery was significantly better 
in the IN than in the SF group (−0.063 ± 0.12 vs 0.05 ± 0.14; p = 0.0083). The mean anterior 
chamber depth after surgery was significantly smaller in the IN than in the SF group (4.65 ± 
0.23 mm vs 4.98 ± 0.61 mm; p = 0.0231). The amounts of tilt and decentration were also 
significantly smaller in the IN group (5.21°± 1.47° and 0.22 ± 0.13 mm, respectively, vs 8.8° 
± 3.9° and 0.52 ± 0.35 mm, respectively; p = 0.0003 and p = 0.0007). The mean absolute 
refractive prediction error was significantly smaller in the IN than in the SF group (0.22 ± 
0.17 D vs 0.86 ± 0.59 D; p = 0.0002).
Conclusion: The intrascleral IOL fixation surgery proved to be highly effective. However, 
its clinical outcomes were slightly inferior to those of IOL intracapsular implantation, and 
further improvement of this surgical technique may be needed.
Keywords: intrascleral intraocular lens fixation, cataract, visual acuity, refractive prediction 
error

Introduction
Advances in cataract surgery techniques and devices have enabled patients to gain 
good uncorrected visual acuity after surgery. For improvement of uncorrected 
visual acuity, reduction of refractive prediction error is essential. In cases without 
sufficient support for the lens capsule, intraocular lens (IOL) suture surgery to the 
ciliary sulcus is widely performed, and various technical improvements have been 
made to this technique so far.1–6 It also has been reported that IOLs are inserted 
from a small incision using an injector.7 Although IOL suture surgery is an 
established technique with long-term stability, intra/postoperative complications, 
tilt, and decentration of the IOL have been reported after this procedure.5,6

IOL intrascleral fixation, which fixes the IOL haptics into the scleral tunnel, has 
become a widespread alternative to IOL suture surgery. This procedure was first 
reported by Gabor et al. in 20078 and has subsequently undergone multiple 
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technical improvements.9–12 Intrascleral fixation does not 
require complicated suturing techniques, can be performed 
with a small incision, and is not associated with suture- 
related complications. It is also reported to involve 
lessIOL tilt and postoperative astigmatism in comparison 
with the IOL suture technique.10–12

Due to the longer lifespan in recent years, IOL dislocation 
may occur due to the deterioration of capsule support over 
time after cataract surgery, and therefore, the number of cases 
requiring intrascleral IOL fixation surgery is increasing. In 
order to improve the accuracy of intrascleral IOL fixation 
surgery, this study was designed to determine differences 
between the intrascleral IOL fixation procedure currently 
performed in our hospital and conventional cataract surgery 
in terms of visual function and IOL condition.

Moreover, the IOL shows different spherical aberrations 
depending on the optical design and differences in the post-
operative effective lens position. Although several reports 
have described the refractive prediction error, IOL decentra-
tion, and tilt after intrascleral IOL fixation surgery,10–14 data 
comparing the clinical outcomes of intracapsular IOL implan-
tation in conventional cataract surgery and those of intrascleral 
IOL fixation using the same model of IOL are limited.

In this study, we evaluated and compared the visual 
function, refractive prediction error, and IOL conditions 
between patients subjected to intrascleral IOL fixation 

surgery and those subjected to intracapsular IOL implanta-
tion surgery using the same IOL.

Methods
Patients
A series of consecutive patients who underwent intrascl-
eral IOL fixation surgery at Japan Community Health Care 
Organization (JCHO) Chukyo Hospital from January 2016 
to May 2018 were retrospectively prescreened, and eyes 
showing ocular abnormalities other than refractive error 
and weakness of capsular support were excluded. Finally, 
we enrolled 21 consecutive eyes of 21 patients who under-
went intrascleral IOL fixation (SF group). The average age 
was 75.57 ± 10.10 years.

Similarly, a series of consecutive patients who under-
went cataract surgery with intracapsular IOL implantation 
at Japan Community Health care Organization (JCHO) 
Chukyo Hospital from September 2015 to July 2019 
were retrospectively prescreened, and eyes showing ocular 
abnormalities other than refractive errors were excluded. 
Next, after masking the postoperative results, age, axial 
length, and the average corneal refractive power (K value) 
were matched to those of the patients in the SF group. 
Thus, 21 eyes of 21 patients were selected in the intracap-
sular IOL implantation group (IN group). The average age 
was 69.71 ± 10.54 years.

Table 1 Preoperative Demographic Information in the Intracapsular and Intrascleral IOL Fixation Groups

Intracapsular Implantation Group Intrascleral Fixation Group P value

Age (years) 69.71 ± 10.54 75.57 ± 10.10 0.0733

Male: Female 10:11 17:4 0.027

Axial length (mm) 23.88 ± 1.14 23.66 ± 0.91 0.4946
Mean keratometric value (D) 43.69 ± 1.269 43.84 ± 1.39 0.7174

Corneal high order aberration (µm) 0.21 ± 0.09 0.31 ± 0.20 0.2969

Corneal astigmatism (D) 0.61±0.32 1.35±0.87 0.0009

Abbreviation: D, diopters.

Table 2 Patient Cataract Grade and Type in the Intracapsular Fixation Group

Emery-Little Classification 

n (%)

Grade I 1(4.8)
Grade II 7(33.3)

Grade III 10 (47.6)

Grade IV 3 (14.3)

Cataract Types 

n (%)

Nuclear 13 (61.9)

Cortical 6(28.6)
PSC 6(28.6)

Abbreviations: N, number; PSC, posterior subcapsular cataract.
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The mean IOL power used for surgery was 21.33 ± 
3.04 D in the IN group and 21.74 ± 3.33 D in the SF 
group. Preoperative patient demographic information is 
shown in Table 1. There were no significant differences 
in age, axial length, mean keratometric value and corneal 
high order aberration between the two groups.

Cataracts were classified according to the World Health 
Organization classification, and cataract grades were clas-
sified using the Emery-Little classification grade (Table 2). 
The causes of intrascleral IOL fixation are shown in 
Table 3.

This study was conducted in accordance with the 
Declaration of Helsinki, with the approval of the JCHO 
Chukyo Hospital Ethics Committee (approval number, 
2,018,035). The requirement for patient informed consent 
was waived by the ethics review board, and the opt-out 
method was approved alternatively.

Main Outcome Measures
The following items were compared between the SF and 
IN groups: 1) postoperative best-corrected visual acuity 
(BCVA); 2) postoperative anterior chamber depth (ACD) 
(distance from the anterior corneal surface to the anterior 
IOL plane); 3) IOL tilt and decentration; 4) higher-order 
aberration with a 4-mm analysis diameter; 5) manifest 
refractive and corneal power parameters; and 6) refractive 
prediction error at 3 months after surgery (postoperative 
actual refraction – predicted refraction).

Measurement of ACD and Angle to Angle 
(ATA) Depth
An anterior segment optical coherence tomography (OCT) 
device (CASIA 2, Tomey Corporation, Nagoya, Japan) 
was used for measurement of ATA depth and IOL tilt 
and decentration. OPD-Scan III (Nidek, Gamagori Japan) 
was used to perform aberration analysis.

In the SF group, since it was difficult to measure 
preoperative ACD, we measured the ATA depth, defined 
as the perpendicular distance between the posterior corneal 

surface and the intersection point of a line joining both 
angle recesses on the cross-sectional horizontal image, 
using anterior segment OCT as an alternative value.

Measurement of IOL Tilt and 
Decentration Using Anterior Segment 
OCT
The perpendicular bisector of the line connecting the inter-
sections of the front and back of the lens was defined as the 
“optical axis of the lens,” while the center of the intersection 
was defined as “the center of the lens.”15 Tilt was defined as 
the angle between the vertex normal and lens axis (Figure 1). 
In the current study, vertex normal was defined as the line 
connecting the fixation point to the corneal apex. 
Decentration was defined as the distance from vertex normal 
to lens center (Figure 1). In tilt and decentration analysis, 
3-dimensional analysis was performed based on two 
2-dimensional orthogonal surfaces. A swept-source OCT 
biometer IOLMaster 700 (Carl Zeiss Meditec, Jena, 
Germany) was used for measuring the axial length and 
corneal curvature. For both the SF and IN groups, X-70 or 
NX-70 IOL (Santen Pharmaceutical company, Osaka Japan) 
were used for all cases. X-70 and NX-70 have exactly the 
same IOL design, but X-70 is a non-colored IOL, while NX- 
70 is colored.

The IOL calculation was performed using the SRK/T 
formula. The A-constant was optimized in our hospital, 
and the value 119.53 was applied in both SF and IN 
groups.

Surgical Technique for IOL Intrascleral 
Fixation
According to previous literature,11,12 Yamane’s double- 
needle technique was performed for all intrascleral IOL 

Table 3 Preoperative Condition in the Intrascleral IOL Fixation 
Group

Diagnosis N (%) Subluxated crystalline lens 2 (9.5)
Aphakia 10 (47.6)

Dislocated IOL 9 (42.9)

Abbreviation: N, number.

Figure 1 Definition of decentration and tilt in anterior segment optical coherence 
tomography. The yellow dotted line indicates the lens center line. The blue dotted 
line indicates the corneal center line (vertex normal).
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fixation surgeries. Two experienced surgeons performed 
the surgeries (Surgeon A: 13 eyes, Surgeon B: 8 eyes). 
An angled sclerotomy was made through the conjunctiva 
using a 30-gauge thin-wall needle (TSK ultra-thin wall 
needle; Tochigi Seiko, Tochigi, Japan) at 2 mm from the 
limbs. The IOL was inserted and fixed at the 4- and 10- 
o’clock positions. The haptics of the IOL were externa-
lized out of the eye with a 30-gauge needle, and the end of 
the haptics was cauterized using an ophthalmic cautery 
device (Accu-Temp Cautery, Beaver Visitec, Waltham, 
MA) to create a flange shape.

Correlation Analyses
First, single-correlation analysis was performed to investi-
gate the factors associated with the refractive prediction 
error of IOL power calculation. Then, stepwise multiple 
regression analysis was performed to determine the factors 
affecting the refractive prediction error. The refractive 
prediction error was set as the dependent variable, and 
the following parameters were included as explanatory 
variables: preoperative axial length, corneal refractive 
power, postoperative ACD, IOL tilt amount, IOL decen-
tration distance, higher-order aberration, and coma aberra-
tion and sagittal aberration (trefoil).

Statistical Analyses
GraphPad Prism (version 5, Graphpad Prism Software 
Inc.) was used for statistical analyses in this study. For 
comparison between the two groups, normality was 
checked. Then, t-test or Mann–Whitney U-test was per-
formed. The chi-squared test was applied to compare the 

distribution of refractive prediction error between the two 
groups. SPSS (version 21, IBM) was used for multiple 
regression analysis. A p value less than 5% was considered 
to be statistically significant.

Results
Postoperative comparisons of measurements are shown in 
Table 4.

Postoperative BCVA
The mean BCVA at 3 months after surgery was signifi-
cantly worse in the SF group (0.05 ± 0.14) than in the IN 
group (−0.063 ± 0.12; p = 0.0083).

Postoperative ATA Distance and ACD
The mean preoperative ATA distance in the IN and SF 
groups was 3.91 ± 0.17 mm and 4.02 ± 0.34 mm, respec-
tively. There was no significant difference between the two 
groups (p = 0.1708). In contrast, the mean ACD 3 months 
after surgery was significantly larger in the SF group (4.98 
± 0.61 mm) than in the IN group (4.65 ± 0.23 mm; p = 
0.0231).

IOL Tilt and Decentration
The distribution of IOL tilt is shown in Figure 2, and 
IOL decentration is shown in Figure 3. In the IN group, 
the centroid of the decentration in the right eye was 
−0.042 ± 0.16 in the x-axis and −0.071 ± 0.18 in the 
y-axis; in the left eye, it was −0.0086 ± 0.16 in the 
x-axis and 0.049 ± 0.18 in the y-axis. In the SF group, 
the centroid of the decentration in the right eye was 

Table 4 Comparison of Postoperative Measurement Values Between the Intracapsular and Intrascleral IOL Fixation Groups

IN Group SF Group P value

BCVA (logMAR) (20/x) −0.063 ± 0.12 (16.73) 0.05 ± 0.14 (21.54) 0.0083

Refractive prediction error MAE (D) (MedAE) 0.22 ± 0.17 (0.16) 0.86 ± 0.59 (0.84) 0.0002
Percentages of the eyes within ± 0.5 D (％) 85.7 33.3 0.0177

Percentages of the eyes within ±1.0 D (％) 100.0 61.9 0.0425

Postoperative ACD (mm) 4.65 ± 0.23 4.98 ± 0.61 0.0231

IOL location Tilt (°) 5.21 ± 1.47 8.80 ± 3.86 0.0003
Decentration (mm) 0.22 ± 0.13 0.52 ± 0.35 0.0007

Intraocular aberration High order aberrations (µm) 0.17 ± 0.06 0.30 ± 0.13 0.0005

Coma (µm) 0.08 ± 0.03 0.12 ± 0.06 0.0585

Trefoil (µm) 0.11 ± 0.08 0.21 ± 0.13 0.0053

Abbreviations: IN group, intracapsular IOL implantation group; SF group, intrascleral IOL fixation group; BCVA, best-corrected visual acuity; MAE, mean absolute error; 
MedAE, median absolute error; ACD, anterior chamber depth; IOL, intraocular lens.
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−0.31 ± 0.36 in the x-axis and −0.14 ± 0.26 in the 
y-axis; in the left eye, it was 0.26 ± 0.36 in the x-axis 
and −0.082 ± 0.47 in the y-axis.

In the IN group, the centroid of the tilt in the right eye 
was −4.80 ± 1.66 in the x-axis and −2.26 ± 1.20 in the 
y-axis; in the left eye, it was 4.42 ± 1.12 in the x-axis and 

Figure 2 Distribution of intraocular lens (IOL) tilt. Tilt distribution in the intracapsular IOL implantation group (A) and intrascleral IOL fixation group (B) are shown. Black 
dots indicate right eyes, while white squares indicate left eyes.

Figure 3 Distribution of intraocular lens (IOL) decentration. IOL decentration distribution in the intracapsular IOL implantation group (A) and intrascleral IOL fixation 
group (B) are shown. Black dots indicate right eyes, while white squares indicate left eyes.
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−2.14 ± 1.00 in the y-axis. In the SF group, the centroid of 
the tilt in the right eye was 1.50 ± 5.10 in the x-axis and 
1.50 ± 6.26 in the y-axis; in the left eye, it was 3.40 ± 5.55 
in the x-axis and1.19 ± 7.71 in the y-axis.

The tilt angle was significantly larger in the SF group 
(8.8° ± 3.9°) than in the IN group (5.21° ± 1.47 °; p = 
0.0003). The decentration of the IOL was significantly 
larger in the SF group (0.52 ± 0.35 mm) than in the IN 
group (0.22 ± 0.13 mm; p = 0.0007).

Higher-Order Aberration Within 4-mm 
Diameter
The preoperative corneal higher-order aberration in the 
IN and SF groups was 0.21 ± 0.09 µm and 0.31 ± 0.20 
µm, respectively. There was no significant difference 
between the two groups (p = 0.2969; Table 1). The 
postoperative total, corneal, and intraocular higher- 
order aberrations were significantly larger in the SF 
than in the IN group (p = 0.0032, p = 0.0005, and p = 
0.0005, respectively).

The postoperative corneal coma aberration was sig-
nificantly larger in the SF than in the IN group (p = 
0.0044), while there were no differences in the post-
operative total (p = 0.0552) and intraocular coma aber-
ration (p = 0.0585).

The postoperative total, corneal, and intraocular trefoil 
were significantly larger in the SF than in the IN group (p 
= 0.0031, p = 0.0036, and p = 0.0053, respectively).

There were no significant differences between the pre-
operative and postoperative corneal higher-order aberra-
tions in either of the two groups (IN: p = 0.715; SF: 
p = 0.181).

Manifest Refractive and Corneal Power 
Parameters
The comparison of corneal parameters is shown in Table 5. 
The preoperative corneal astigmatism was significantly 
larger in the SF group (1.35 ± 0.87 D) than in the IN 
group (0.60 ± 0.32 D, p = 0.0009). The postoperative 
corneal astigmatism was also significantly larger in the 
SF group (1.60 ± 1.08 D vs 0.65 ± 0.29 D; p = 0.0002). 
In contrast, there was no significant difference between 
preoperative and postoperative cornel astigmatism in 
either group (IN: p = 0.4279; SF: p = 0.4064).

Regarding the mean K value, there were no significant 
differences between the preoperative and postoperative 
values in the IN and SF groups (p = 0.7728 and p = 
0.9591, respectively).

Regarding the manifest refractive astigmatism, there was 
no significant difference between the preoperative (0.79 ± 
0.56 D) and postoperative value (0.79 ± 0.68 D) in the IN 
group (p = 1.0000). Similarly, no significant difference was 
found in the SF group (pre: 1.10 ± 0.79 D, post: 1.64 ± 0.96 
D, p = 0.1169). However, the postoperative manifest refrac-
tive astigmatism was significantly larger in the SF than in the 
IN group (1.64 ± 0.96 D vs 0.79 ± 0.68 D, p = 0.0018).

Refractive Prediction Error at 3 Months 
After Surgery
There was no significant difference in the arithmetic 
refractive prediction error between the IN and SF groups 
(0.02 ± 0.29 D vs −0.16 ± 1.05 D, p = 0.4701). The 
absolute mean refractive prediction error was significantly 
larger in the SF group [0.86 ± 0.59 D, (median absolute 

Table 5 Comparison of Corneal Parameter (K, Astigmatism, Higher-Order Aberrations) Before and After Surgery Between the 
Intracapsular and Intrascleral IOL Fixation Groups

Before Surgery After Surgery P value

K values (D) IN group 43.69±1.27 43.80±1.29 0.7728
SF group 43.84±1.39 43.81±1.31 0.9591
P value 0.7174 0.9798

Corneal astigmatism (D) IN group 0.60±0.32 0.65±0.29 0.4279
SF group 1.35±0.87 1.60±1.08 0.4064

P value 0.0009 0.0002

Corneal high order aberration (µm) IN group 0.21±0.09 0.20±0.08 0.7146

SF group 0.31±0.20 0.35±0.15 0.1812
P value 0.2969 0.0005

Abbreviation: K, keratometric.
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error, MedAE): 0.84 D] than in the IN group (0.22 ± 0.17 
D, MedAE: 0.16D; p = 0.0002).

Moreover, fewer cases were accurately predicted 
within ±0.5 D of the predictive refractive power in the 
SF than in the IN group [33.3% (7/21 eyes) vs 85.7% 
(18/21 eyes), p = 0.0177]. Similarly, fewer cases were 
accurately predicted within ±1.0 D of the predictive 
refractive power in the SF than in the IN group 
[61.9% (13/21 eyes) vs 100.0% (21/21 eyes), p = 
0.0425].

Single Correlation Between Each 
Examination Item and Refractive 
Prediction Error
The factors showing significant correlation with the 
refractive prediction error were postoperative ACD (R2 

= 0.5513, p = 0.0001; Figure 4A), intraocular higher- 

order aberration (R2 = 0.2486, p = 0.0252; Figure 4B), 
IOL tilt amount (R2 = 0.296, p = 0.0445; Figure 4C), 
and intraocular trefoil (R2 = 0.1932, p = 0.026; Figure 
4D). In contrast, the refractive prediction error showed 
no correlation with the IOL decentration (p = 0.3259) 
and intraocular coma (p = 0.0720). In the IN group, 
none of the factors correlated with the refractive predic-
tion error.

Multiple Regression Analysis with 
Refractive Prediction Error as 
a Dependent Variable
The explanatory variables selected in the SF group were 
postoperative ACD (p = 0.000, β = 0.688, partial regres-
sion coefficient = 0.760, VIF = 1.018) and intraocular 
trefoil (p = 0.026, β = −0.349, partial regression coefficient 
= −0.509, VIF = 1.018).

Figure 4 Correlation of refractive prediction error with various parameters. (A) Correlation between the refractive prediction error and ACD in the intrascleral IOL 
fixation group. There was a significant positive correlation between the refractive prediction error and postoperative ACD. Note that the subjective refractive sphere 
showed a hyperopic shift when the ACD was deeper. (B) Correlation between refractive prediction error and intraocular higher-order aberration in the intrascleral IOL 
fixation group. There was a significant negative correlation between the refractive prediction error and the intraocular higher-order aberration. Note that the subjective 
refractive sphere showed a more myopic shift when the higher-order aberration was higher. (C) Correlation between refractive prediction error and tilt amount in the 
intrascleral IOL fixation group. There was a significant negative correlation between the refractive prediction error and the amount of tilt. Note that the subjective refractive 
sphere showed a more myopic shift when the tilt was higher. (D) Correlation between refractive prediction error and trefoil in the intrascleral fixation group. There was 
a significant negative correlation between the refractive prediction error and postoperative trefoil. Note that the subjective refractive sphere showed a more myopic shift 
when the trefoil was higher. 
Abbreviations: D, diopters; N, number; PSC, posterior subcapsular cataract; BCVA, best-corrected visual acuity; MAE, mean absolute error; MedAE, median absolute 
error; ACD, anterior chamber depth; IOL, intraocular lens; HOA, higher-order aberrations.
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Discussion
The current study was conducted to clarify the difference 
in clinical outcomes and IOL condition between intrascl-
eral IOL fixation surgery and general cataract surgery.

In a previous study, the corrected visual acuity after 36 
months of NX-70 intrascleral fixation was 0.04 (logMAR), 
and the postoperative refractive prediction error obtained 
using the SRK/T formula was −0.21 ± 0.99 D.12 In the 
current study, the corrected visual acuity (logMAR) at 3 
months after surgery was 0.05 ± 0.14, and the postopera-
tive refractive prediction error was −0.16D ± 1.05D, which 
was comparable to the previously reported findings.

The mean ACD at 3 months after surgery was signifi-
cantly larger in the SF group (4.98 ± 0.61 mm) than in the 
IN group (4.65 ± 0.23 mm). This may be due to the length 
of IOL haptics embedded in the sclera. In addition, when 
performing sclerotomy, the 30-G needle puncture position 
may be more than 2 mm away from the limbus.

The amount of tilt was also significantly larger in the 
SF than in the IN group. The amount of tilt was reported at 
3.4° ± 2.5° after intrascleral IOL fixation.12 However, in 
the present study, it was 5.21° ± 1.47° in the IN group and 
8.80° ± 3.86° in the SF group, both of which were larger 
than the respective values in the previous report. This 
discrepancy may be attributable to differences in the ana-
lysis method of IOL tilt. In the previous report, anterior 
segment OCT (SS-1000 CASIA; Tomey Corporation, 
Nagoya, Japan) was used to determine the intraocular 
lens tilt.12 Specifically, a straight line passing through the 
iris-corneal angles on either side of the image was marked 
as a reference line, and the angle between the reference 
line and the horizontal axis of the IOL was considered as 
the IOL tilt. The IOL tilt was measured in both the vertical 
and horizontal planes, and the average value was defined 
as the mean IOL tilt. In contrast, in this study, we mea-
sured the maximum amount of tilt by three-dimensional 
analysis from two orthogonal planes in 16 slices, using 
anterior segment OCT. Therefore, the tilt amount deter-
mined in the current study cannot be compared with those 
in previous studies. Further studies using the same analysis 
method are needed in the future.

In addition, IOLs in both right and left eyes tilted 
toward the lower lateral side in the IN group. In contrast, 
in the SF group, IOLs in both eyes tilted in a direction 
perpendicular to the fixed position of the IOL haptics. This 
result could be attributable to the fact that in intrascleral 
IOL fixation surgery, the IOL does not tilt in the direction 

of the fixed position because the two IOL haptics are fixed 
at an almost equal distance from the limbus. Thus, the 
cause of the tilt in the direction perpendicular to the fixed 
position may be different in the insertion angle between 
two haptics. The difference in the length of the haptics 
buried in the sclera may also have an effect.

Further, the decentering distance was significantly lar-
ger in the SF than in the IN group. According to 
a previous study, the modulation transfer function perfor-
mance decreases when the decentration distance of asphe-
rical IOLs increases.16 The same authors also reported 
that the IOL modulation transfer function performance 
decreases significantly when it is greater than 0.4 mm. 
In the SF group of this study, since the decentration 
distance was 0.52 ± 0.35 mm, the modulation transfer 
function performance could be greatly reduced. 
Therefore, the decentration distance may be one of the 
causes for worse BCVA in the SF than in the IN group. 
We speculate that the cause of the increased decentration 
in the SF group might involve the insertion angle of the 
30-G needle puncture, as, depending on this angle, 
a different load is applied to the IOL haptics. 
Furthermore, the length of the intrascleral tunnel may 
vary depending on the insertion angle, which may also 
affect the IOL decentration. A previous study showed 
a technique to avoid mechanical stress on IOL haptics.12 

According to this report, the haptics were stable when 
they were fixed inside the sclera at an angle of 20° with 
respect to the corneal limbus and an angle of 5° with 
respect to the iris surface. To fix the IOL in the stable 
position, another report showed that the double-needle 
stabilizer contributed to reducing the amount of tilt and 
decentration of the IOL.17 Shortening of the IOL haptics 
was reported to be effective in patients whose IOL was 
greatly tilted after intrascleral fixation.18 If the tilt of the 
IOL can be evaluated with an aberrometer or auto- 
refractometer during surgery, it may be possible to control 
any future tilt by adjusting the length of the IOL haptics 
during surgery. Further studies are needed to compare 
intracapsular IOL implantation and intrascleral IOL fixa-
tion surgery with techniques controlling the 30-G needle 
insertion angle.

Intraocular higher-order aberrations, coma, and trefoil 
were significantly larger in the SF than in the IN group. 
A previous report showed that coma aberration in eyes is 
significantly higher after IOL suture surgery than after 
intracapsular IOL implantation.14 Moreover, the authors 
reported that coma aberration increases as the amount of 
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IOL tilt increases after IOL suture surgery. In the current 
study, there was no significant difference in intraocular 
coma aberration between the IN and SF groups. Thus, 
intrascleral IOL fixation may involve lower coma aberra-
tion incidence than does IOL suture surgery.

We examined the correlation between intraocular coma 
aberration and IOL tilt, but no significant correlation was 
found (data not shown). In this study, we did not examine 
coma aberration before surgery and therefore cannot eval-
uate surgically induced coma aberration by corneal inci-
sion. In cases showing IOL dislocation, the IOL often 
needs to be removed and then re-inserted. Therefore, the 
size of the corneal incision may vary depending on the 
case. For evaluating coma aberration associated with 
intrascleral IOL fixation surgery, corneal incision-related 
coma aberration and coma aberration due to IOL tilt 
should be considered. Further multivariate regression ana-
lyses with a larger number of cases should be planned to 
reveal the cause of changes in coma aberration in the 
future.

The reason why preoperative corneal astigmatism was 
greater in the SF than in the IN group may be that cataract 
surgery and vitreous surgery had already been performed 
before the SF surgery in all but two patients in the SF 
group. Since there was no difference between preoperative 
and postoperative corneal astigmatism in this group, the 
effect of SF on the cornea is considered to be small.

A previous study showed that when the ACD becomes 
0.1 mm, the spherical equivalent power shows a 0.14-D 
hyperopic shift.19 In this study, the postoperative refractive 
prediction error in the SF group was highly correlated with 
the postoperative ACD. In addition, we found weak corre-
lations of the postoperative refractive prediction error with 
intraocular higher-order aberrations, IOL tilt, and intrao-
cular trefoil. In multivariate analysis, postoperative ACD 
and intraocular trefoil were selected as explanatory vari-
ables. Between these two variables, the ACD showed 
a higher odds ratio, suggesting its control can provide an 
accurate postoperative refractive value.

There are several limitations to this study. First, the 
number of cases was small after matching the two groups 
for specific protocol variables, including the type of IOL, 
axial length, and K value. Second, multiple surgeons per-
formed intrascleral fixation, and the surgeons’ learning 
curve can affect the outcomes of intrascleral fixation. 
Although all surgeons in this study had experience, having 
performed more than 50 cases of intrascleral fixation 

surgery, some differences in skill levels among surgeons 
cannot be excluded.

Moreover, in this study, the ACD and amount of tilt 
were larger in the SF group than in the IN group. The 
A-constant used for intrascleral fixation was the same as 
that used for intracapsular IOL implantation, assuming that 
the IOL fixation position would also be the same. 
However, the ACD of eyes subjected to intrascleral IOL 
fixation was significantly lower than that of eyes subjected 
to intracapsular IOL fixation. This result suggests that the 
IOL fixation position was deeper than that expected by 
intracapsular IOL implantation, which may have led to the 
hyperopic shift of the predictive refractive error. 
Therefore, a reduction in the refraction error can be 
expected by optimizing the A-constant for intrascleral 
IOL fixation surgery. We thus consider that it might have 
been necessary to adjust the length of the haptic in order to 
obtain the same ACD as in the IN group. However, since 
the effective lens position differs from person to person, 
the feasibility of techniques for shortening the IOL haptics 
should be evaluated in a future study. It may also be 
necessary to develop an IOL power calculation formula 
suitable for intrascleral fixation.

Conclusion
In this study, we compared intracapsular IOL implantation 
and intrascleral IOL fixation. Although intrascleral IOL 
fixation surgery was inferior to IOL intracapsular implan-
tation surgery in terms of refractive prediction error and 
higher-order aberrations, the difference was small, sug-
gesting that the technique needs to be refined to improve 
postoperative visual function. Nevertheless, we consider 
that intrascleral IOL fixation surgery is a highly effective 
procedure for eyes with insufficient capsular support of 
IOL. Since there is a paucity of studies comparing this 
method with IOL suture surgery, additional studies will 
also be needed to clarify its advantages and disadvantages.
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